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General Information
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o Project Organization and References
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o Inventory Reports
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KECI Personnel

J. F. Sulzbach
G. G. Aiken
C. J. Templain
G. F. Coope
R. B. Greenwalt
D. A. Neumann
D. F. Boyd
T. Johannesson
R. F. Lufkin
G. Sukaya
J. S. Lagarias
G. Fenity

ACB Personnel

Fayez A. Awadalla
Nabih S. Farag
Nabil H. Moussa
Mohamed L. Radi
Ahmed Hashem
Mamdouh El Arabi
M. Youssri
Dr. Gamil S. Salib
Amani A. Zafer
Tawfik M. Tawfik
Wagih Abdel Halim
Hemaya A. Hemaya
Mohamed M. Mahfouz
Mahmoud Z. El Hifnawi
Edward A. Awadalla
Dr. Adel Fareed
Omar N. Fawzy
Robert F. Awadalla
Suzane M. El Kholy
Samir H. Motawe
Mahmoud I. El Kholy
Ahmad H. Mahfouz
Hassanein H. El Kholy
Yehia I. El Kholy

Project Manager
Mining Engineer
Mining Engineer
Infrastructure Engineer
Metallurgical Engineer
Economist
Proc;:ess Engineer
Geologist
Administration - Oakland
Administration - Cairo
Environmental Engineer
Schedules and Implementation

Chief"Mining Engineer
Senior Mining Engineer
Senior Mining Engineer
Chief Mining Geologist
Mining Geologist
Mining Geologist
Mining Geologist
Chief Geologist

.Geologist
Geologist
Geologist
Chief Mechanical Engineer
Mechanical Engineer
Senior Civil Engineer
Senior Civil Engineer
Senior Civil Engineer
Architectural Engineer"~:

Architectural Engineer
Architectural Engineer
Chief Economist
Senior Economist
Chief Financial
Chief Administrator
Logistic Support - Abu Zeneima



Mining Engineer Ibrahim A. Kamel Chairman, EI Nasr Phosphate
Company
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KECI/ACB Consultants

John Winterhaller

Geologist Monir EI Kholy

Professor Dr. Geologist
EI Shazly M. EI Shazly

Geologist Galal A. Moustafa

Dr. Civil Engineer Fouad H.
EI Kholy

Geologist Abd EI Hadi Attia

Engineer Hassan H. EI Kholy

Economist Moustafa A. Mahfouz

Satra (Macalloy) Corporation

President, ACB

Chairman, Nuclear Materials
Corporation

Chairman, General Authority
for Geological Survey and
Mining Projects

Vice President, ACB

Consultant, ACB

Consultant, ACB

consultant, ACB



Ministry of Reconstruction & New Communities

Ministry of Social Affairs & Insurance.

Ministry of Housing

Ministry of Planning

Acct. M. Khodeir, Project Manager.

/

CONTACTED AUTHORITIES, ORGANIZATIONS,
COMPANIES & INDIVIDUALS

Ministry of Industry & Mineral Wealth
Directorate General for Mines & Quarries

Eng. H. E1 Kafrawi, Minister

Eng. S. Shaheen, Vice Minister,

Dr. Eng. A. Abu Zeid, Deputy Minister,
Chairman, Executive Organization for
Reconstruction of Sinai

Acct. S. Hedayah, First Deputy Minister

Eng. S. E1 Beheri.

Eng. M. A. Mahran, Office of the Minister.

Eng. A. Mansour, Deputy Minister for Research & Studies.

Geologist M. Sami, General Manager Mines & Quarries;

Eng. G. Attwa, Manager Mines Department.

Eng. Ibrahim Ratib, Manager Quarries Department.

Ministry of Electricity & Power

Egyptian Electricity' Authority

Eng. Dr. Kamel E1-Desouki, Chairman

Eng. Dr. M. Swidan, General Manager, Planning & Projects.

H. Abdullah, Manager of Commercial Affairs.
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7. Ministry of Transport

Ports & Lighthouse Administration

Eng. M.R. Abdel Malek, General Manager, Civil
Engineering.

General Egyptian Authority for Roads & Bridges,

8. General Authority for Geological Survey Projects.

Prof. G. Moustafa, Chairman

Geol~gist M. Zaatout, General Man~ger,

Geologist M. F. El Ramly, Director

Eng. Anwar Bishai, Director.

Geol. Sameeh Affia.

9. General or2anization for Industrialization

Chemist M.A. Ghoneim, Director Mineral Wealth Dep.

Eng. Kamel Saad, Man~ger, Industrial Site Selection.

Acct. M. El Fergany, Project Manager~

Geol.A. Hathout, Mineral Wealth Dep~

Eng. Janette

10, General Egypti~n Surveying Authority

Eng, K. El Sharabasi,

11. General Egyptian Astromineral Authority

M.A. Badran

12•. General Egyptian Authority for Sea Transportation

13. General E~ptian Authority for Nile Transportation



Nuclear MateE~a~s Corporation

Prof. Dr. S.M. E1Shazly, Chairman

Technical Board of Mining & Refractories

Acct. M. Eldin Abdel Rahman, Deputy Minister, President

Acct. S. Shehab, Member.
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14.

15.

16.

National Research Center.

1- Prof. Mohey Eldin Attia

2- Dr. Mechael D. Samoail

3- Dr. Mohamed Abdel Maksoud

4- Dr. Abdel Hady El Geaes

5- Dr. Nagy N. Yany

6~ Dr. Khairv M. Amer

7- Dr. Abdel Karim A. Salem

8- Dr. Makram H. Gergeous

9- Dr. Nabil Feliks

10- Dr. Nabil Ghoneim

11- Dr. Ibrahim Sayed A. Farag

12. Dr. Saad M.Ahmad

3.

Head of Fine Analysis Lab
(Deputy principle Investi
gator).

Assistant Research Professor
in the Earth Science Lab.

Assistant Research Professor
in the Refractories Lab.

Assistant Research Professor
in the Lab of Metallurgy.

Assistant Research Professor
in the Earth Science Lab.

Researcher in the Earth
Science Lab.

Researcher in the Earch
Science Lab.

Researcher in the Earth
Science Lab.

Researcher in the Lab of
Metallurgy.

Researcher in the Refractories
lab.

Researcher· in the Central Lab.

Researcher in the Glass Lab.
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17. Governorate of South Sinai

F. Aziz Ghali, Governor~

F.E. Wahba, Previous Governor
Eng. R.A. Sorrour, Planning Manager

S.M. Soliman, Mernberof Parliament.

18. Governorate of Suez

A. Fekry, Secretary General

Eng. Salah Aziz, General Manager of Engineering

19. Abu Zeneima City

Mohamed El Yamani, President

20~ Institute of Metallurgy

Prof. Dr. A. Youssef

Prof. Dr·. T• Boulos

21. .General Agency for Public Mobilization& Statistics

22. Egyptian General Petroleum Corporation

Eng. B. Faragallah Barsoum, Production Manager

Geologist~l Sayed G. Hantar, Prospection Manager
Eng. Halim Marcos Youssef, Distribution & Transport

Manager.
Eng. Abdul Azim El Darir, Production Engineer,

Sinai & Western Desert.

Chemist, Mary Isaac, Chief production chemist.

23. El Nile Company for Fluviatile Transport

Eng. M. Fathy, Chairman.
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24. National Cement Company

Acct. M. El Kholy, Director of Commercial &
Financial Sectors.

25. EI Dekheila Iron Project

Dr. Eng. S. Taher

26. Egyptian Copper Works Company

Acct. A.M.· Awad, Commercial Manager

27. EINasr Castings Company

Acct.M..Backoum, General Manager of Commercial &
Financial Affairs.

Acct. F. Khaled, Manager of Commercial Affairs.

28. The Egyptian Company for Ferroalloys

Eng. M. Baiom, Chairman.
Geoge Hanna, Ferrosilicon Plant, Idfu,
Eng. Ahmed Garnal, Ferrosilicon Plant, Idfu.

Eng. Ismail Farid, Ferrosilicon Plant, Idfu.

Eng. Drago Walts Cher, Ferrosilicon Plant, Idfu.

29. El Nasr Steel Pipes & Fittings

·30. El Nasr contracting Company H.M. Alarn & Co.

31. The Arab Contractors Osman A. Osman & Co.

32. Foreign Purchasing Committee for Metallurgical Industries

A. Tiarnrna, Secretary General.
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33. Middle East Maritime Services

34. Central Desert Mining Company.

Acct. S.H. Motawea

Gen. H. H. El Kholy

·35. Suez Quarries & Supplies Company.

Acct. A.H. Mahfouz

36. Delta Steel Mills Company

Eng. Moustafa El Sherif, Chairman

A.M. Tiamma, Conunercial Manager

37. National Metal Industries Company

Eng. K. Abadda, Chairman.

Eng. S.El Hadidi, Technical Manager.

38 •. Iron & Steel Company

Acct. S. Zakaria, Vice President, Commercial &

Financial Affairs.

Eng. A. Abdel Kerim, Vice President, Mining and

Quarrying Sector.

Acct. A. Abu Zeid, General Manager, Commercial
Sect.or.

Eng. M. El Ganaing,Head Furnaces Department

!\.cct. A. Sedky, Head of Sales Department.
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39. E1 Nasr Phosphate Company

Eng. I. Kamel, Chairman.

Acct. H.I. Hamdi, Commercial General Manager.

Eng. L. Wissa, Technical General Manager.

Eng. S. E1Masri, Mines General Manager.

40. Red Sea Phosphate Company

Acct. Metwa1i Hafiz Ragab, Chairman.

41. He1wan Iron Foundries Co. (Ex. 9 military factory)

42. United States Agency for International Development
•

James A. Norris, Project Economist.

R. Williams, Project Manager, Suez Cement.

43. International Monetary Fund.

James Prust, Representative.

44. Matthew, Johnson Marshall & Partners.

Eng. John Calder, Suez Master Plan Consultant,
Project Director, Suez Governorate
Technical Assistance Program.

45. Allis-Chalmers

Reduction System Division.

D.W. Rierson, Project Sales Manager

Shaochi Huang, Senior Process Metallurgist

46. Ray-O-Vac
Raw Materials Procurement Division,

Stuart Davis

7.



47. Kaiser Refractories International

8.

Dip. Eng. Drago Waltschev

50. Petrobel Oil Company

. Engineer GRAD

Eng. Emil Boulos, Operations Manager

Eng. Adel Aziz, Ass. operations Manager.
Eng. V. Sizostris, Abu Rudeis

Eng. F. Salem, Abu Rudeis.

Donald G. Lees, Manager International Sales Service

Mr. Detlef E.W. Alberts Manager. Mining Dressing

Eng. H.T. Tawfik
Ferro':"alloy plants Project Manager

49. Elkem-Spigerverket A-S.

Halldor Opedal, Group Manager

L. Grennes Hanssen, Mechanical Engineer.

Georg Elefsen, Manager Marleting Department.

Ola E. Laukvik, USA Branch Manager.

48. Brown Boveri Consulting Office for Egypt

Rouf Alexan, Manager Industrial Division.

53. KlocknerInc~

Eng. W.A. l~urz

52. Technokomplekt
Ferrosilicon Project, Idfu, Egypt.

51. Suez Oil Company

Eng. Midhat Hatata Project Manager

Eng. Malcom Bonsall, Chief Civil Eng. Dep.

Eng. Said Hilal, Civil Engineering Dep.
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9.

Eimco
Eng.~ ., S. Fezzi Sales Manager
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54.

55.

56.

Secoma

Eng. D. Vassan

Catterpillar

Mr. S.M. Butler
i 'I -

Mr. S. Khalil

Engineer Service Commercial

General Sales'Manager

Eorthmoring Sales representative
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DOCUMENTATION

i- SMC Documents

SMC kindly delivered to KECl the available documents, studies,
reports, maps and other data relevant to this project study,
included by the following letters:

No. 21/80 dated 26 January 1980
No. 26/80 dated 3 February 1980
No. 27/80 dated 17 February 1980
No. 189/80 dated 21 February 1980
No. 47/80 dated 10 March 1980
No. 138/80 dated 1'0 July 1980

These documents are classified as follows:

A. Fundamental Data

o Aerial photographs and mosaics:

40 aerial photographs scale 1:40000
4 mosaics scale 1:50000

o Triangulation points in study area.
o Meteorological data.

B. Geology & Ore Reserves & Mining Rights

o Technical report concerning the company's activi
ties in the Sinai before 1967.

o Technical report concerning the Mn ore reserves in
Om Bogma area.

o Technical report about the deposits in the Sinai.

o Technical report about the development and exploi
tation of Mn ore in Om Bogma area written by the
British export geology Stanley Ford.

o Plans and maps ore reserves calculation of man
'ganese ores.

o The full chemical analyses of the different,grades
of Mn ore in ,the Sinai.

o Technical report on the manganese ore reserves in
west central Sinai to 30.6.64.

o Report concerning the inquiries from manganese 'ore
to ferromanganese plant.



Working plan to productions lease No. 861-915
scale 1:2000

Working plan to productions lease No. Area 45
1:500

Working plan to productions lease No. 914
scale 1:2000

Working plan to productions lease No. 298-299
scale 1:2000

scale 1:5000

scale 1:5000

scale 1:5000

Contour map of Om Bogma - scale 1:12?00.

Map showing the rainfall drainage in Om Bogma and
Abu Zeneima - scale 1:50000.

Map showing the priorities for the aerial photos
scale 1:100000

Plan showing the ore reserves in the production"
lease 291-300 . scale 1:2000

Working plan to productions lease No. Ramsy zone
scale 1:2000

priority No. 1

priority No. 11

Priority No. III

Aerial ropeways project - scale 1:50000.

Executing drawings for the tower" bases

working plan to productions lease No. 296-297
scale 1:2000

Working plan to productions lease No. 293
scale 1:2000

Working plan to productions lease No. 291-300
scale 1:2000

World production of Mn and FeMn alloys.

Topographic map for the general layout of the
mines - scale 1:50000.

Topographic map showing the whole licenses and
leases issued to Sinai Manganese Company 
scale 1:50000.
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0 Isopach map scale 1:2QOO

0 Map No. 3/5 of Ain Abu Hamata Nahman'
area scale 1:5000

0 Map No. 4/6 of M.P. License,
613 scale 1:2000

0 Map of 10 Zone scale 1:3000

0 Map No. 4/9 of Nahman area scale 1:5000

0 Map No. 4/8 of Nahman ar~a scale 1:5000

0 Map No. 4/7 of Nahman Hill 'B scale' 1:2000

0 Map No. 4/12 of Wadi Nassib
area scale 1:2000

0 Map No. 5/37 of lease 9 scale 1:500

0 Map No. 4/32 of lease 9 upper
area scale 1:500

0 Map No. 3/26 of lease 170 scale 1:500

0 Map No. 5/20 of lease 9 main
south area scale 1:500

C. Ferromanganese Plant

0 Report on FeMn plant in Abu Zeneima.

0 Substantive terms of reference (presented from
U.N.).

,0 Report of the short technical advisary mission to
S.M.C. concerning the restoration of the Abu Zeneima
FeMn plant (presented by B.R. Nighwan Senior Inter-
regional adviser of (UNIDO).

~

J
J
J
J
o
L1

D

D
D
D

D

D

D

o
D
D
D
D

'0

o

o

o

Survey and damage report on gas turbine power sta
tion of the S.M.C. in Abu Zeneima (presented by
Brown Boveri and Co.) June 1976.

Report on technical inspection of the FeMn plant
at Abu Zeneima by Elkem-Spigerverket, in Nov. 1976.

Technical report from Electrokemisk in December 1960.

Report about the importance of making industrial
region in Sinai.
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Report of the industrial committee about FeMn
project.

Report of the financial and committee about FeMn
project.

Report of the general committee about the FeMn
project, power station, and distillation plant.

Report about the possibilities to use natural
gases at oil field in Abu Rudies.

Primary report in electricity for FeMn tin, lead,
and illmenite project.

Report of the power committee about the tender study
of electric power and distillation plant, presented
to Sinai Manganese Co.

Primary layout of Abu Zeneima.

Contract of executing the erection of the civil
structure of FeMn plant.

Gen~ral specification and conditions for the FeMn
Building.

Report on FeMn plant in AbuZeneima.

Report on Sinai smelting project written by Cambell,
Gifford & Morton Ltd.

Substantive terms of references.

Amendment to the contract of civil erection of the
FeMn loading platform in the harbour of Abu Zeneima.

Some correspondences and offers concerning the drink
ing water pump station.

Equipment specifications for gas turbine electric
generating station presented by Westinghouse Electric
International Co.

Tender for the power and water distillation plant
pr~sented by the Tractor and Engineering Co.

Executing of sanitary and drainage system project
in Abu Zeneima.

Conditions of tender and specifications for the supply
and erection of an electric power station and water
distillation plant at Abu Zeneima presented by the
Tractor Engineering Co.

Time schedules for executing the project.
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o Calculation sheets of the following:

Foundation
Roatary kiln (smoke chamber) and stairs in S.C.
Furnace building slab and beams
Column loads
Bar lists
Furnace building slab
Steel foundation structures
Frames
Bins
Tapping and backing hall
Floor elevation
Stairways - crushing table- water tank
Kiln foundation - rotary kiln - the chimney

158 drawings concerning the ferromanganese plant.
64 drawings concerning the ferromanganese plant.
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KECI's Library References

Manganese - Mineral Commodity Profiles, July 1979, Bureau
of Hines.

Two-Stage Electric Furnace Smelting of High-Iron Manganiferous
Materials for Producing Ferromanganese, F. B. Petermann and
R. S. Lang, Bureau of Mines. September, 1962.

Submerged-Arc Furnaces - Mannesmann Demag Brochure,._Jtrrfe·197l9o

Electric Reduction Furnaces - References - Metallgewinnung
Demag Brochure, #ebruary 1975.

Elkem-Spigerverket A/S, Engineering Div. Brochure, Cat No. 71,
August, 1977. .

Accar Presentation, 1980, Allis-Chaliners, Cement, Mining &
Metals Systems.

Industrial Electric Furnaces and Appliances, V. Paschkis,
John Persson, .~.

Electric Smelting Processes, A. G. E. Robiette~ ·1~l3.

1980 Annual Book of ASTM Standards, Part 2, FerrousCastingsi
Ferroalloys, ASTM

Electric Melting Practice, A. G. E. Robiette, 19~.

Production of Ferroallo s Electrometallurg , V. P. Elyutin, et aI,
, u.S. Dept of Commerce NTIS, TT 429.

Electric Furnace Proceedings, Vol. 32, Pittsburgh, 1974, Iron
and Steel Society of AIME. 1

ferroa11oys - A World Survey, Metal Bulletin, Londbn, 1978.
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iii- ACB's Library References

1. Birlec-Efco (Melting) Ltd. 1960.

project for the production of pig iron and ferromanganese

. -(to SMC). Deals with metallurgical process; technical data,

economic·appraisal& equipment specification.

2. 'ATKINS PLANNING (1977) A stratigic study of the Egyptian

metallurgical industry phase I report: (GOFI).

3. ATKINS PLANNING (1978) A stratigic study of the Egyptian

metallurgical industry - Summary report (GOFI).

4. MURALIDHARAN P. 1975 - Titanum mincrals and materials 

Chary Publications, Bombey, India. A world Survey through

the decade 1970-1980.

5. General ~gyptian Organization for Geol. Survey & Mining
. .

Projects 1973 - Mineral wealth in Sinai Peninsula.

6. Yousef, A.A., Boulos, T.R.; Ezz, S.Y. and EI Geassy, A.A.

(1976)- Magnetizing reduction of some iron ores with

respect to their chemical constitution (Aufbereitung-Technik).

7. Boulos, T.R., Yousef, A.A., tl Geasy, A.A. ~ Youssef, M.A.

1978) High manganese steel concentrates. from some Egyptian

iron ores - Aufbereitu~gs - Technik No.7.

8. M.alati, M.A.; Orphy, M.K. and Yousef, A.A .. 1961-Beneficiation

·of ~gyptian ma~gane~~ ores: part II: magnetic'separation of

reduced ores, Aufbereitu~gs technik No.9.

\
9. Yousef, ~.A.; Boulos, T.R.; EZz, S.Y. & EI Geassy; A.A. (1969)

Magnetic concentration of reduced manganese ores for the

production of ferroma~ganese. Journal of mines, metals &

fuels No. 6/2.
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10.

11.

12.

13.

14.

15.

16.

18.

..
EZz, S.Y.; Yousef, A.A.; Boulos, T.R. and El "Geassy,

A.A. Magnetic roasting of some Egyptian ferroginous

manganese ores - proceeding of symposium on Non Fer

rous Metals. Technology, Vol. III.

Boulos, T.R.; Yousef, A.A. El Geasy, A.Y. & Youssef;·

M.A. High manganese steel concentrates from some

Egyptian iron ores.

Egyptian Orga~ization for standardization 1970, Metal

lurgical coke.

SMC project for production & exploration of ~aolin ores.

SMC (1959) Report on possibility for using the gases

from petroleu~, wells at Easter~ Co. region at Sinai,

for elect. generating at elect. station in Abu Zeneima+

gas analysis.

SMC Report: Ferromanganese Co. plant in Abu Zeneima Sinai

(SMC project) includes the first combustion of gas turbo

generator with a distillation plant operated by the waste

heat of the turbines.

SMC Report: 5 boreholes at site of the ferromanganese

plant power station of Abu-Zeneima.

Report on Sinai Smelti~g Project: Campbell Gifford &

Morton LTD.

SMC Report on TEchnical inspection of the ferromanganese

at Abu Zeneima (Elkem~Spigerverket)•. Supply the equip

ment and bUildi~g and foundations.



'21~ Report on the short technical advisory mission to Sinai

Manganese Co. (1967 B.R. Nijhawan) concerning the resto-

ration of the Abu Zeneima ferromanganese plant in Sinai

Area.
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19.

20.

22.

23.

24.

25.

26.

27.

28.

29.

Report of the economical & legal comrneettee for studying

the offers for the ferromanganese, production (1961).
. ....

Report (SMC project) Ferromanganese plant in Abu Zeneima

Sinai, 1961.

Study of ore reserves in different concessions, Geo1.

Research Dep. of SMC.

E1ectrokemisk Report 1960 which deals with planned estab

lishment of smelting works based on electro smelting of

low grade ore.

Engineering/Economic Feasibility Study - Abu Zeneima fer

romanganese plant. Scope of work & instructions for pre

parationand submittal of technical proposals.

Survey,& Damage Report on the ABu Zeneima Power Station

w. Kessler - Broun Boveri & Co., 1976.

Geo1~gy of Sinai Peninsula from ERTS-1 - Satellite Image

Pro.ceedings of the UN/FaO, regional seminar on remote

sensi~g of earth resources &. environment 1974 (D.r.

Mohamed Abde1-Ha~y) •

Dem~g, Sinai Report Geo1~gica1 & Mining, 1961.

Encyclopedia of Sinai. The Supreme Council for Sciences,

1960.
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30.

31.

32.

33.

34.

35.

36.

37.

Memorandum, of the Mini~g Authority to its board of

Directors about the ·ore reserves of SMC i.n S:(~ai ~

by M. Zaatout.& M. Abu E1 Enetn.

Moustafa; G. 1961, Coal Prqject f Wadi Thora & Wadi

Buda West Central Sinai f Geologic report including

calculation of the coal reserves.

The ~gyptian General Mining Organization 1962-1966,

all the memorandums submitted to its Board of Direc

tors concerni~g the Sinai ferromanganese project.

Arab Consu1ti~g Bureau 1956, Geological Minera1o~ica1

and Chemical studies of E1 Rhoboba glass sand, Sinai,

~gypt.

Sinai'Ma~ganese Company 196~, Rao1in prospection and

pfoduction, l including white clay, carbonaceous ~lay,

glass sand & dolomite}.

Sinai Manganese Company ~964,. gypsum of Ras Ma1aab,Sinai.

Sinai Manganese Co., balance sheets and reports of its

Board of Directors for the years, 1958, 1959, 1960, 1961,

~st half of year 1962 (30.6.1962), 1962/1963, 1963/1964,1

1964/1965, 1965/1966, 1966/1967~. Also report of the

increase of company's capital 1963/1964 submitted to its

General Assemb1y~

~gyptian·Federationof Industries year Books 1956/1957,

till last year book.
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38.

39.

40.

41.

42.

43.

44.

45.

46.

Central AGency for public mobilisation and statistics,

Statistical Hand Books, (till last edition).

Central Agency for public mobilisation and statistics,

year books for general statistics (till last books).

Central AGency for Public Mobilisation & Statistics

Statistical parameters 1952/1972.·

Central Agency for Public Mobilisation & Statistics 

Year Book Statistics of Arab Countries 1976.

Central Agency for Public Mobilisation & Statistics,

Monthly Report of Foreign Trade Jan./Dec. 1977.

GOFI, Economic Study of Ferrosilicon Project at Idfu.

Sir William Halcrow & Partners, 1976 - Suez Master Plan

Study.

Gill, D. and Ford 1956 - Manganiferous iron ore deposits

of Um Bogma.

IDCAS, 1977 - Development of mineral resources in the

Arab World.
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47. Zaatout M., and Abu El Einein, M., 1964, Sinai Manganese
ore reserves and replanning of SMC's production during 1964/

1965.

48. Abu El Einein M. 1966, Sinai Manganese Ore Reserves.

49. Arab Consulting Bureau - File Geology, prospection & ore

produced from Abu Zeneima Urn Bogma area (including geological

maps, cross sections and analytical data).

50. El Alfy, E.M., 1946 - Mineral resources of Egypt

51. El Shazly, E.M., 1960 - Mining in Sinai Peninsula.

52. El Shaz1y, E.M., and Abde1 Hady, M.A., E1 Ghawaby, M.A.,

E1 Kassas, I.A. and E1 Shazly ,M.M., 1974 - Geology of

Sinai Peninsula.

53. E1 Shazly, E.M. and Saleeb, G.S. 1959, Constribution to the
mineralogy of Egyptian manganese deposits.

54. El Shazly, E.M., Shukri, N.M.& Saleeb, G.S. 1963- Geology of
Oleikat,Marahil and Urn Sakran Manganese deposits.

55. Saleeb, G.S. 1959 - Geological and Mineralogical Studies
of some manganese iron deposits in West Central Sinai (M.Sc.

Thesis).

56. Data, from Steel Complex Project.

57 Data, from Egyptian Electricity Authority.

58. Data, from the Egyptian"General Petroleum Corporation.

59. Data, from the Egyptian Meteorological Authority.

60. Data, from Middle East Maritime Service.

61. Data, from the Egyptian Authority for Geological Survey·

& Mining Projects.
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62. Data from Ministry of Reconstruction and New communities.

63. Data, from the Egyptian Authority for Bridges & Roads.

6a. Thomas R. 1980- Operating hanbook of Mineral processing, Me.

Graw-Hill.

65. Hoppe, R., 1980 - Operating handbook of Mineral surface

mining and exploration, Mc-Graw Hill.

66. Sirselmas, R., 1980 - Operating handbook of Mineral imder 

g-ound mining, Mc-Graw Hill.

67. Dietrich, R.V., 1980 - Mineral tables, McGraw Hill.

68. E/Mg Magazens, 1979, 1980.

69. Mining Engineer handbook (Peele).

70. Jerusalem, 1978 - Geological Survey of Israel research

in Sinai 1967 - 1978.

71. Westwood, M.A. 1978 - Deep Sea Mining of manganese nodules

72. Mart, J. and Sass, E. 1972 - Geology and origin of the

manganese ore of Urn Bogma, Sinai. Econ. Geol. V.67, No.2,

P. 145-155.

73. Weissbrod, T., 1969 - The paleozoic-outcrops of south

western Sinai and their correlation with those of southern

Israel : Bull. Geol~ Survey Isr. 48.

74. El Tarabili, E.S.and Adawy, N., 1972. Geologic history

of Nukhul-Baba area, Gulf of Suez, Sinai, Egypt. ARE. Bull.

Am. Ass. of Pet. Geol., V. 56, No.6, p. 882-892.
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75. Breuner, I.B. and Mart, J. 1970 - Geochemical prospecting
for copper in the Wadi Rirnthy area, southern Sinai,
Geol. Survey of Israel, 6p.

76. Magaritz, M. and Bremmer, I.B., 1979 -The geochemistry
of a lenticular manganese ore deposit (Urn Bogma, Southern

- Sinai). 'Mineral Deposits,13.

77. Lapedes, D. N., 1978 - Encyclopedia _of the geological

sciences, Mc-Graw Hill.
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KAISER
ENGINEERS

.
D. * Inventory Reports

The inventory reports dated 1979, conversing the SMC's
facilities. at Sinai.
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Tho tetel lenctll .r tIM DW areal repwq v.. '.9 n.
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VnS 1.'65.000 t.~.
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BEST AVAfLABLE COpy
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COHPLJ1TE A}'ALYSIS OF l"Al\tJAllESE DIOXIDE

•
CO~STrrUENl'S GRADE-- _.. --

] _L_ --Z-_ .....J- ..iJ,
-2__

'Hr,,02 Pe*ide of Hnnganese 89.870 S9.780 37.780 61.950 74.910

J
InH..

Mn° Mnnganous Oxide 3.250 2.010 2.190 4.210 1.700
I. ~,

F0 20) Pel oxide of Iron 0.330 1.000 0.900 3.360 3.360

J ~FeO ida of Iron Nil Nil lIil NU Truco

A12~ Almnina 0.550 0.300 1.100 1.240 0.8CO

0 T102 Titanium Dioxide 0.010 0.00 1 0.010 0.625 0.020

0
S102 Silica 0.200 0.570 0.480 6.600 0.600

CaO Colcium Oxide 0.450 0.050 0.030 0.080 4.780

0
HgO Mangasuim Oxide 0.550 0.380 0.300 0.200 1.760

BnO BariUJll Olcido Nil 1.6..10 2.600 2.500 1.250

0
B~0l" Barium Sulphate 0.200 0.100 11il T./.40 1.900

C~O COPPl1r Oxide o.ooa 0.I()3 O.m5 0.225 0.175

0
PbO Lead Oxide 'rraca O.Ot.O (1.130 l.C20 Truco

znO Zinc Oxide 0.450 0.220 0.220 0.320 0.160

0
NiO ' Nickol Oxide 0.030 0.030 0.020 0.030 0.030

COO Cobaltous O".<:ido Trace 0.030 0..032 .0.0/pO Trace

0
As{) Arsenious O".<:ide 0.005 O.W5 0.015 0.018 O.OIO

N~O Sor1iun Oxide 0.1.20 0.200 0.200 0.050 0.630

0 ~O PotassiUl:1 Oxide 0.280 0.3',0 0.700 Q.430 0.650

Ptls Phosphoric An.'lydrido 0.070 0.046 0.0/.,6 0.142 0.083

0 8'1 Sulphuric Anhydride 0.027 0.123 0.067 0.206 0.274

CO2 Carbonic Anijydrido C.1OO Nil Nil Trace 5.250

0 H2O Combined Hoisture 3.020 2.880 3.200 2.750 1.150

Undetermined 0.100 ~ 0.005 .0.I6!J: 0.008-
0

100.000 100.000 100.000 100.000 100.000

Mn Total Haneanese 59.3/,0 58.330 57.200 55.150 1.8.(-80
4B,U>

0
Fe Iron 0.230 0.700 0.630 la.350 2.700 '

Jl Phosphorus 0.031 0.020 0.020 0.062 0.03S

0 BEST AVAILABLE COpy
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COT-STITuEm'S J
0 GRADE

42$ 4B% Low--
0 Hu02 Peroxide of Manganese 65.53 67.710 32.760

'2.0, '71
}In° .. Manganous Oxide 4.00 II. laO 0.970

0.1";-0 Fe °3 Peroxide of Iron Yl.86 9.790 "51.990 S"1,~2.2
r\ot'~ ~t."I'FeO ~oxide of Iron t,111 I,T11 l-111

0 A120J Alumina 1.5 0.900 2.J80

Ti't.°2 Titanium Dioxide 0.04 0.033 !\Til

0 5i02 . Silica 3.00 1.160 5.800
CaD .Calcium Oxido 1.50 1.450 0.780

0 ¥.gO Manr,nesium Oxide 0.20 0.350 0.100
BoD Barium Ox:1de I .00 1.300 0.400

0 BaS04 u-
0.80 0.900Barium sp-phnte 0.150 ~

Cl..aCuO Copper Oxide 0.05 0.050 ~.050 v0 ~1'bO Lead Oxido Tr,,"e Trace 0.070
....,
t:::l
oq:BiO Bisl1"Uth Oxide Nil P:l1 ~

0 §
COO Cobaltous 'Oxide '£race 'trace Trace oq:

"~IHO Njckel Oxide 0.01 0.010 Traco O::.l0 t.J
Z~O Zinc Oxide 0.40 0.550 Trace
Na20 SOdium Oxide 0.20 0.300 0.1000 K20 Potassium Oxide 0.30 0.410 0.300
t.0g Arsen5.ous Oxide 0.02 0.0250
P205 Phosphoric Ariqydride 0.20 0.185 0.236

0 s Sulphur 0.15 O.~O

CO
2

~. .

COlftonic ,Anhydride 0.20 0.300 0.120

0 H2O Combined moisture 3.00 3.\Jo 3.250
<t~

Und'1fl'dned O.C/. 0.C1J'7 o. 049

0 100.00 100.00 100.00--
Mn Total Manganese /~3.69 51.51 2I./~6 '0 lo'e Total Iron II•.33 6.85 36.03 !
p Pho~phoru8 0.00 0.81 7 D.'()~

0 D.oll



MN02/~O
" 28.99/0.86

54.29

98."'89
\1",11

-.

0.780

O.lOO

O.lOO

0.015

0.120

0.900

Trace

0.236

0.250

0.050

3.250

Nil

Trace

,FlNE:MAmANIFEROUS ORE
'~--------------...--

a.• Q

8n.r.,plea i'rQl ore lots in tho mime
8.~ A.Z. ready tar sh.tpmont..

cOti6TrrUENrS-
Mn

Fa Total Iron

Al03
Alumina

2 ,
Ti02 , Titanium Dioxide

CaO ' Calc:1um Oxide

}fg0' 1!agnesium' Oxide
"

KO PotassiuniOxide
,'2 "

"

"';N~20 SodiUm Oxide

,BaO Barium Oxide

BijS04 Barium Sulphate

8i0
2

Silica

P205 Posphorio Anhydride

SO Sulphuric Anhydride. - ~..,'
Cw-O Copper Oxide

PbO Lend Oxide

ZnO Zinc Oxide

Nica Nickel and Cobalt Oxide
CoO
As f.rsenic

CO
2

Carbonic Anhydride

H2O Combined' Mo, sture

Undeteemined

o
o
u
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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l! .. ~, 1irl~'1 b1o,;k~ e ,ch .r b r ...o~·1 ~ T.nbeir OQJoyj.C08.

tt.'1:'" h'Jll<iin~ ror o1nvle Urorl.a:-rlect P"l"3o:1nol •
lui) ';1 r:: hlac(es e ll~h .r I. TM:::a fQl' £.-'1 lnbrolrr~l o~h.
!1:lHlnr.a ••ch.r t.\J~ "'111',': !"vr (/) rD,fliee.
A::;:·.I.~~!'!""It1ve b·}!:·I~·;~:t o~· J rlQ)ra.
!dl,lllle for th" ri!ITKet. .'l~'i h.u·1I'.lFi...rl1~c.e.
!\iil':;!"~ ~or thB retstu:a.t.
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Shadow Pr!~e

Shadow price is the price of good, factor or even money when it is

determined solely by the competitiv~ market forces. A shadow price
• !

is the equilibrium price when there are no outside forces interfering

with the workings of market forces.

In project anillysis, often it is necessary to shadow price wages and

foreIgn l·xt·II:lllgl~. lIowevl'r L1u:re ure uther prJI~eH thaL ne~d to be

. tihw,jow prIced dependIng un the nature of the project.

Wages ...• b~cause of unions, minirn~m wages and other n6n~market

forces. the actual wage may be higher than the wage rate if there

were no interference. Particularly then when there are large

unemployed unskilled labor in :he ~oun~ry. shadow wage ~heoretically

should equal zero fOL unskillec. S~i~~e~ ~abor may be an entirely

different story.

Foreign exchange •••. the p~~ce of f~~~1g~ ex~hange in the absence

o.f 'X control often the b:ack Qar:<e~ exchange rate :f.8 used 8S

a proxy for shadow price of eX

qpods .••• use world market prices.'

BEST AVAILABLE COpy
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DATE:

REPLY TO
ATTN OF.

SUBJECT:

TO:

't1l(\I'T~D S:ATES GOVERNMENT

~
it~·~::::·~:':~"8.ndum

Do~enick J. Sca~fo, U.3.:.~-D. ~ v '

. Sinai Manganese Co. (SHC) Pre roposql Conference He~d in
SHC' S ma~_l) offic~ in Cairo on Jan. 30, 1979

List of Attendees

o
o
o
o
o
o
o
o
o
o
o
o
o

Attendees: See Attached List. i

The purpose of this memorandum is to record the minutes o,f the subj ect

conference. Tile following is an attempt t~ record the qu~stions, .

answers and statements al:ticulated dqring.the Conference. However,

because GiSCU8eion was active during ~he conferen~e these

minutes are by no means conlplete. To iOlmre that all pertinent

questions and responses have been satisfactorily recorded, Mr.

Scarfo requested' that all f~.:':"ms e·l')m:l..~ ·;h~~.~ (Juest~.ons. in writing

and these would be answered in writillg. This has, ~n fac;':,
,

been accomplished a!1d ';~"~3~ -"::-',::: f:- r: ~s ':ic!ls, '7~s;Jo":'.ses 9,::e attached

hereto.

The Chairman of SHe Mr. 11.A.!':)01~ v.f)I'Bs~f :)I)enedthe conference. . I .. I'

at 10:15 AM. He welcomed everyo..,.2 and made some general opening

remarko. Mr. Shawky El-Ntihaa of GO!,"J then lTulliesome general

reDlarks and introduced everyon~ attending the confereul;e.

Hr. Salah Damardash of SHe, tll~I. read n statement .which pre8ented

a historical overview of th~ ?~o~ect: 9rovided data un raw

BEST AVAILABLECOPY
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o
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Buy U.S. Savings Bonds RegL11crly on the Payroll Scvings Plan OPTIONAl. FORM NO, 10
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materials, mining and transpaftatian. This statement will

be typed and distributed to all attendees.

Following are salient questiops, responses and announcements:

1. Q. Are photographs perm1~ted to be t~ken at the
plant site?

A. No.

2. S. Helwan is to be striken from the scope of work
everywhere as an alternative site.

J. S. The words, " •.. and smelting of ilmenite ore
is to be deleted from p. 21, line 3 of the
scope of work and anywhere else found in the
scope.

4. Q. Is SMC. entering into any contract fa:: the importation
of high grade (48%) manganese ore?

A. No.

A. No.

6. S. The plant at ~bu-Zen~~a used 70,000 MTA o~ low grade
ore and 5,000 MTA of high grade ore.

7. Q. What is composition and condition of raw material
handling equipment for the Abu-Zenima plant which
is presently ~eing stQ~ed in Cairo.

A. There is no such equipment stored at this time.

8. Q. What degree of investigation should be devoted
to examination of alternate site?

A. This is a ~ecision that proposers would have to make.

9. S. The definition of "shadow prices" would be given
to each firm on Feb. I, 1979.

BEST AVAILABLE COpy
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11. Q. What is the content ot the ores available to SMC?

12. Q. What is source restrictions on sub-contractors or use
of personnel to work on study.

A. Each firm should include in its technical proposal
what it considers a r~asonable time to accomplish
the work.

A. This question was answered verbally in some detail.
SUC promised to distribute or make available
this information in written form.

Is there any or~ deposit information available
from data gathered by satellites? .

No. However. huge quantities of these materials are
available in Egypt.

A.

17. Q.

A. Forty-five (45) days.

14. Q. Is test data available on ores?

A. Yes.

15. Q. Does test date i~lude geological cross-section?

A. 'Yel. however. eompletllll data not available.

16. Q. Is there data on availability of limestone and
I

dolemite?

A. Study personnel will be either U.S. or Egyptian.
u.s. personnel will be paid in U.S. Dollars
and Egyptians in LE.

13. Q. How much time will be neerled by SMC and GOFI
a~~e= receipt of P~a3e : s~cdy repo~t be~ore a
decision is reached to proceed with Phase II?

,
lO~ Q. Is the length of time to accomplish .the actual work

as described in the scope of work to be rigidly
adhered to?J

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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lIDPS:DJScarfo:8t:1/30/7~

Clear:l~ :DCWoody _..../".....( _

S. Mr. Woody explained A.I,D.'s interest and
extent of its involvement in the study. Also,
dollar and LE financing was described.

S. It was agreed by all that the TECHNICAL PROPOSALS
WOULD BE RECEIVED IN EGYPT BY MARCH 31, 1979.
PROPOSALS RECEIVED AFTER APRIL 1, 1979 WOULD
NOT BE CONSIDERED.

Scope of Work was amended to include the fact that
COFI wns:Jalso receive tnree (3) copies of the'
tcchn~l proposals.

"4( .

s.

S. SMC and GOFI wish that the firm who undertakes
the study to provide an executive summary of
impvrtant findings and recommendations which will
appear in the body of the final study report.
This requireOlcnt will be incorporated in the
contract between SHC and the U.S. firm.

A. No. However, to be certqin, SMC will check with
appropriate Egyptian entity responsible for remote
sensing activities and 4dvise the attendees prior
to their departure from'Egypt.

21.

20.

19.

18.
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~;ub I 1'0 .~i1.. Project nt
Abu-Zonlrn ,

..

Blw Silla; /l1aHgallese COUlpL1lIl/

THE EOVPTIAN OI:iNERAl ORGANIZATION
FOR THE. METALLUROICAL INDUSTRIES

tn·.~. 1l.A.Abuu-!otl!~t:of

( dlit:!.b~;;tan)

BEST AVAILABLE COPY.

MISER EI'lGINEf.RS INC.

~'fO tlanlc you. ror yourattc.mdwlov ~~;'lcl kiml co-ope

ra.tion in thio I'c::lpect , o(~onwh11o wo l"CJ!~1tl1n I nNl~ ;;11"£:1.

H..."I ..me" 1 Kasr EI Nil St. C"h·... A.R.l<:.-'l'uJ. 7tJ395-Cnble8 : l)imang Cairo

crnL.~ eof:'\() qUl):::tlon:t which wore not al/a,ll.aula .ur1n:1 thin

l~of('rrin:; to the pl"o-Jlr",r:onod confcron.ce CrJ110Cl~n

ill,:; the l.lLvvO ;.,ontion(~d [Jt.1bje~t "tliich wn::: hcJ.J rlt the 1:'t..1.i.l'l

orfico of n•.f.1. .~o. in Cnl1'o t Jo.n.JO~I979 • ·one} the vJrli t
r.z.,~ vo:a\ .

o~· Abu-~imblO. :~itc d1..irll~.~ r-.'~ 2 ;-'0b. r979.

-..
.. ~Ort; r:.:.

Om"
Kaiser Engineers and .Constructors,Inc
300 Lakeside drive .
P.O.Box 232IO.
OAKLAND California 94623
USA.·
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QUI~o·tion I by BECHTEL s-

Vlhat io tho annual c,onoulIIption. or ferro-manHune:J(J ~t

H01l'(lo.n o1reel plant '1

AnElwer J

Tho clxact r:,rouent allllUlll conClur.tpt ion of ferl:·o-mF.L(~n:lrI

one ,.D.t thfl lIclwu.n plant tn not; lJ.·/ailo.t:le at the moment., u

roueh .cotj,mll.t'o ~:ould be 1.11 the rep;ion of 7000 tOllO metric.

When the Hcrlwnn pllllit reuchC9 full capa.city aft~l' bl

owing in lllllot furnace 4 ami adding tr.,e noedr; of tilo three

oxiotine t1cmi-hltcgrnted steel p,lant$ , the ectilDat'cd nnn

unlconoUUII,tion in 1980 ·,l982 ~ould t,C in the r~3gion of,
2lOOO tonl:..-'l'"

The ,;Ionoump'i: ion of jferro-m.:l,ena.eo<l in thn plr!l.nr.ed into

;~ra.ted plll,llt at Dikheila, AlexaGldria r would add Itl.rlc·t~.f~r

gliOOO ton,;1 p~r nnnuin •

Thuo the I;otal uxpected :require\llon·tu of f*3rr()-ml1n;I:i;n"~:;i: j n.
. '~':-IO:-O

198;· would be ;In the rel~ion of)OOe tons' lH:r a.nnl.lffi •

Ac;c\,.ratc rierurl~D / eetilpatf!3 I timinl~ will be obt~Linr~J ;'n,lil

the ,mo.rkeli EitUlly '1I:~en it is carried out by the cou~;ult:u"lt.

Quo.otiono by U.~.Stee~

Vlhllt is thle·preVij.~ling wi~l direction in A.Z. and 'tiyp-.

ieo.l wind velocity '1

Annwer I

l'erct~nt:lfJ;~ of the number of· timen~.of Dur'face wind:J. ,~. .

dl.lr:.n1;~ th,:t Y'!llr, from thp. d irac'tic no attho W(.Hlthor fOrfJl:lnnt'

01i£.i1;ion at J.bu. Zenima , (Calcula'~eq. from the woat-he;r fori:

cno 1;13 tak!~n 3 times daily at 80p/J:400/2000' hOurEI l,:lcally) .

D:Lroctioll I North N.E l~a~lt S.ESouth S.'\/.

r(~rl:enta~I': 18.5 4.8 ,0,,8 l.9 I 4,7 . I.

D(~ireotiQ;f'l: West N.W. No wind
Percento.e~: 6.4 41~3 23~6

BEST AVAILABLE COpy
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Qur,ution I'
In 1JlrOpOUClI~ omcltinl.: plllnt whnt metho.l , if all.Y of

dl~IJ1.O~I,-d I~f dunt from rotar,; k1~~n Vlan forcr:onn ?

AnmHlr %

o:ll ~inld,EJ ? Are "there any oth(!ji plan.o for u t ilj zll~ion 0 f.'

t!1i:~ gao ,r ( pipelino to ~nu;/J~ f,;)r 1notonco for (:ol1,~tructiCtll

or JLrnmoni,~ plant for fertilizor? )

AI1Ul
t
ver I

Unofficial irif(Jrm..~tiCln to-datl'l ind icatr::: thot no

lJ\lI',pluD f~r1A iu availahle from Pi3.1c41m oil finldn .11' t:i l:~

Ditl~utionG changeathe jnfcn'JIVltlon will he maue uV:lil:::..·~·!l(:.

Q,m:~tion:1
Wha.t io til,e expocte!dnulph,or contony.nn.tur:;ll 'r.U!.~. del

ivorad to Abu...2cni~?

At1!JrVor :

Not Avuil~.ble.

·Whcn.minine op~lrationB E~re rcsl.1mcd w~,at in,cxp(:p~p.d H.C.T,l

::: Lzocon::~ ist oi'ore 'I

A21~:wcr S

~. To bo dctorminud latf,u' '.

BEST AVAILABLE COpy
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I. Site

~ ..~-,---
I.Kasr El-Ni...l st., tgjrlJ E GYP T----------------_---...----~-

PRGGRAMME
!

of visit to ADOU-Zel ~hla In SIN A I
at thus.!ot & Fr:t.2M tl'e1Jreuary I C) 7 , •
..----~--------~-------

s' 120 3m. e8Uth Suez.

: VifJit~ the F~rreJl.aI'~anefeplant, and tJ:l, har'l:twr 1nf'ra
structure.

. .
Thurllli& 19:t•..!~1 rm!-
A.D. c)~39 ':'!'ansport )1 bur. rr-. the hea" quarter or the

Sinai1l18g~I)tJe f e. (I.kasr El-F.1J. st. Kk-Tahrir Sq.)
Cairo , To the Airp.rt. . .

II.~ Depa..-ture 'ky plEne.
12.00 ArriT~ to AMu··RJ:1ci!ee.

'~IJQ\1fS

p. . 12.3G Lunch at Reu,t hGUee e! 1!elqim. Oll ~1e1ds Co •. at
,lbeu-Rud:!.es.

13.30 Transpert by lDu: t. Abw~Zelleliaa ant start1llc the:.
vild t t«J the Fe:' reIl'.a.nza.neae plant.

I9.e0 Retrun by \:18 t .. ' Abeu-Ruiie".

20.00 Supper at Abeu-: udies.

20.45 Dulc t. Aaeu-Ze:ew

Friclu 6eL~'breua.r:r.~!

a.lI. 8.00 Jreak-fast at A"; ou-Zene:baa.

9.00 C.ntimd~ the' 'iait of the site.

12.~ Return back ttl J 1Jeu-~die8.

p.ll. 12.30 Lunch at A\)eu-R~dies.

14.30 J)enarture -t e Ca:re •
"

15.36 .Arrival tft Cair ~ert •

1'.30 AI"riT& to Roai qU8rter Gf tM Co. at Cair.. .

BESTAVAILABLE COpy



SINAI MAN:iANESE C()~AN!

., .

- Technical report concernin.a; the cC/J!Ps.zx;," activities in SIli.I ;

. . /( .'betor 19'7. . . . j

, ~\il~ TechlJ1cal re~rt cGncermn~ theMa. ere r"lI8l"TGs in __

~ I . area.

- Technical report abeut the depos1tes ill SINAI •

I -

S!M.C. in A.Z. ( presentei !ly hewn leven and. Co. ) June 7'~
I

L1et of the a.vail&:': le • eCUll.eIt "

- . . 're1')ort '..
Techn:1~fr$!n Kr..EIcrR01tEMI3!: in Deo•.I960.

- Re~rt en Technical inspect:ten at the !'e.Mn. pJ.,ant at A.Z. 'by

Elks - Spiger?erket ~ in ~T" 7'.

- Re,ort <in Fe.MD. Jl'lnnt in A.Z•.

- SUstantlve terms G.( Rer-r·~nce (preaentei from U.N.)

Repert or the short tl'Jchd.oa1 aivisor;r :mission to S.M.I.

concernin.! the restGlratiClnB of the A.Z. Fe_l.ln. plant (pr&

eente« by B.!t. N1:hn·,,~.n Senior Interre~i.nal. aiviger or (UNIDO).

A)

- Technical re:pert abeut tb! deTelepmeJ1't and. ~lo1tati.. _t

Nn. ere inOJl!.~ ar:h. ~tten by the ~r:ttiah expert 1:80J.0I1':

?.f)ST.A:NL'I FORD • (EmLISR.}. •
l"

oJ~- Th.. fuJ.l c-cal """,ys&s., or the dl.f£sr<mt ~"8 sf Milo......

in SINAI •.

C) Fil fret!. THE miYPTIAN GEOLOOICAL SURVEY AND MINIm AurItORITY
cQnl'1tina : (Arabic) . . •

_ Technical repert on the manganese ore reserves 1n vest
central SH1AI till 30 june·. '4.

_ Report concerning the inquirs trem manganese ere to Ferr...
D.Il~anese plant.
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I. l"n contaiM I ( In 'Arabic)

S!NAI MAGNANl!SE co.

... Re!,ort nbeut I"e-:!tlannine; A.Z.
'ID. lteueh ple.ne sh.ldnf actiTity areas or the Ce.

c. " """ " "

conditians tar t1:B Fe.Mn. lniiJ.«:1n:

eree,tien.r the cirll structru:e ef'
.' ~. ,

a) 'Contract er excutin~ ,the
Fe.MD. :Plant. (Arabic)

...) General apecitication aM
(~.io). '•

3.

4. 1'11 contains_I ~J.~c) ic) (Enttieb)

11) ,Report en Fe .MIl. :Plant., in .A.\au-Zenei:aa • .
'b) !tepert en Sinai SlIleltin: )Dr.ject "!rltten "" CMEL!. ,GIFP'OU

& MOR1'ClN L"ti.
c) SU]!'staintiTe tcrml!l or refeITenoe •

5. .A1IDe'Diment t. the contract of: ci~ erectiel1 _r the Fe.1m. Lea~
platererJll in the har'DWT (IT A.Z. (Arabie) •

,. "11 colltainl!l % (AraDlc)

2. l"U.,.csontainl!l I (In .!raDic)

a. RerJerl abeut the iDlp~tancf; or maldn: l!1n inciustrial re~leD in
SINAI •

'b. Re]t4trt or the induB\.rial c:emnd.ttee a\.-ut Fe .MD. Preject.
c. Re:port of the FinanoLl1 anti: eemm1ttee. altttUt Fe.Mu.haject.
e. 1te}tert or the eeneral committee a.eut the :Fe.Mn. preject &:

~-wer etation ani distUlatien plant.
f. :Rep~rt air.eu.t the :posa~.Ui~ies t. UI!I$ natural cases at en

fielcl in }.\teu-Ructles. ;
j.~ 1'flltort in Electric:i,ty for Fe.~ , '1'i21 leU. aM K,'.-

Ilmonite pr.jeet • -
k. :Repert lIr thel'G'Wer ~trlrnd.~tee a1t~t the tenier etull1;r er Xl&

ctric power 20m. f..:istillation plant, presented 'tie Sinai Ka!Jga
~se Ce.

i. haary l83"eut or A.Z.

C.nca.itions ~f tenier and spe( ificatienA fer the ..,~ I!UJ'Ply
ani erection .r. an '{ nec-a-ic 1. -ever statien a.na. wQ,ter ui.,tillat1eJi
plant at £.z. prel!lent.et1·Wy tl··.e ~ractAr anGlXntineerb.c Ce. '

See ceres"P0niances am .ffeI"s cencerninr; tm o' erirJd.ac vater
J'U11'P station •

7. Jl"U eontu.i~ : ( En::llBh )
Equipme~ r;peci!'1eat:l.ona for a ~as turbln electrio cenerat~

stlll.tion presented Dy westin::: !-w.se electric inte:rnatiitnal GG.
I. FU ccmtaintl t (Eng:lis:t) .

Tencior fer the p.wer and ~Il,tr.r dist1.1J.atu,n Jllant pre8enteCl ..".
The Tractor ani! ~neorine Cp.

,. "U contains (Ara'i>ie)-------
Exacittion or se.D1tGl"y a~ llrli llate 81StlB1 preject in A.Z.

IG. "il c.ntains I (~ish)
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II. Fn centrlns l (Arabic)----....---.....--- _.

TiRe eebeduels f'erexecutinc the preject •

12. ~eeL~!!)~!!!_th~!£~£·tien!_f!beet8..!L.~!ellewi.,.S~1~)I,

a. FOUDdatien •
'it. R.ta.ry kiln. (BlRoke chd Iter) 1M stair., in B.C.
c. :rurnace 1Du1ldin: Blu & ~al" B. '

d. C.lumn Ifll8.QB •

e. J3a.r litJt~.

f. Furnace bunting slab •
~. Steel f'ouniatien structures.
h. ?r8Jl88.
1. ]:ins.
j. Tappin: and bacld~ hall •
u. ~l..r elev.
k. Sta1'1illJ"B - cruchiDg' table ..; vater tank •• etc.'
1. lCiln foundll.tien - Iteta:ry ki1.n - the c~. .

13. lPil. centains ( Arabie & Engli sh)

Correspend.aneelJ and reports ll.beut tbe v~ anciI.test _r tb!s 8e11 in A.Z.
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List .f the. ayailable d JC1Illltfts co neerni~

the Ferr__IlIa~;Ule8e plant •

We have the dravings of the . fOllowing I - (English )

_ General lay-w.t of the peloo-er atatl.O::t •

_ General l~.-out efthe A.Z. port.

- Retar:r k"..J.n plant.

- Tappi~ a~ paokin& hill .•

- ~nace.

- C0nTeY0r •
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Climatic Data (Abu Rudies ) Meteorologic~l Authority

Jan. Feb. March Apr. May June July Aug. Sep. Oct. Nov. Dec. Period

Average of Air temp. CO 16.0 16.8 19.2 22 25.1 27.6 28.6 29.6 27.9 25.9 22.1 17.6 1961-1967
Average of Maximum Air temp. CO 20.8 21.1 24.1 26.9 27.7 31.7 32.3 33.1 30.8 28.7 26.6 22.6 "
Average of Minimum Air temp. CO 11.0 12.2 14.3 17.7

I
20.9 24.1 25.0 26.4 24.9

21.
9

1
17.3 12.7 "

The highest Maximum Air temp. CO 28.5 31.1 34.3 38 40.6 41.5 39.5 43 38 I39.4 37 30.3 "
The lowest Minimum Air temp. CO 6 7.3 9 10.9 15.5 21.3 22.6 23.8 21.5

16 I 9 7.8 "
The average of relative humidity 2: 57 55 53 53 55 55 59 59 62 I 61 58 58 "
The highest value of relative humidity 2: 96 100 96 89 92 85 90 87 92 I 96 93 100 "
The lowest. value of relative humidity 2: 22 18 6 7 10 13 19 10 21 I 13 I 12 17 "
The average of total quantity of rain Mm 4.8 1.0 0.2 0.2 Trace 0.0 0.0 0.0 0.0 0.1 I 0.2 15.0 "
The greatest quantity of rain in one day

Mm 8.3 3.3 0.8 0.3 Trace 0.0 0.0 0.0 0.0 0.3 1.3 32.9 "
The average speed of surface wind Knot 5.3 7.5 8.4 7.8 12.5 13.1 13.3 12.4 11.4 9.4 4.4 7.2

Knot 33 39 45 39 41 39 40 41 38 38 35 41
The predominant direction of surface wind NW NW NW NW NW NW NW NW NW NW NW NW
The average days of the occurance of the

Ifollowin9 phenomena

ISand stonn-Horizontal view less than
0.0 I

.
I

I1000 M 0.0 0.0 I 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.2 0.2 "
Excited sand-Horizontal view more than I
1000 M G.8 1.5 3.0 2.7 2.4 1.4 1.0 2.0 1.0 I 0.2 0.0 0.7 "
F09 - Horizontal view less than 1000 M 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 "
Thunder stonns 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 "
Thick mist - Horizontal view more than
1000 M 0.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 "
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I. GEOLO<;Y OF THE MINING DISTRICT

A. Geologic Setting

The study area is covered by rocks of the following ages from
oldest to youngest:

o Precambrian: igneous and metamorphic rocks.
o Carboniferous: sandstones, dolomites, clays, and siltstones

with local manganese-iron deposits.
o Permo-Triassic: basalt sills at the top of the Paleozoic

section.
o Cretaceous:

Early Cretaceous represented by sancstones of the Nubia
Formation.
Late Cretaceous represented by limestones, marls, and
clays (Cenomanian, Turonian, Santonian, and· Campanian) •

o Eocene: limestones and clays.
o Miocene: conglomerates, sandstones, siltstones, and lime

stones together with basalt and dolerite intrusions.
o . Pleistocene and Recent: alluvial gravels and sands.

B. Stratigraphy of Carboniferous Succession

The carboniferous rocks which enclose the manganese-iron deposits
are briefly described below:

1. Lower Adedia Formation

This lower sar-estone formation lies on the nearly leveled
surface of the peneplained Precambrian igneous and metamorphic
complex. No clear unconformity could be observed with the
overlying am Bogma Formation, although Mart and Sass (1972),
indicated a surface of unconformity in between. The formation
is represented by fine sandstones, reddish brown in color, wit
many lacustrine shallow water intercalations of glauconitic
shaley beds. The total thickness is about 130 m with the
following general succession:

o Reddish and brownish sandstone 70 meters
o Greenish shaley beds 30 meters
o Red sandstone and grit 30 meters

These sandstones are harder and more compact than the upper
Abu Zarab Formation since they contain more kaolinitic cement.

According to Weissbrod (1969), the lower 100-meter thick
succession of these sandstones, with local spotty copper
mineralization, is of Cambrian age.

2-1
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It is separated from the overlying 3D-meter thick succession
of poorly bedded nonfossi1iferous sandstones by unconform
ity. At a horizon near the top of these sandstones tur
quoise occurs at some localities associated with film of
copper carbonates.

On local structural highs of basement rocks, generally
trending northeast-southwest, the lower sandstones are
either highly reduced or totally missing, e.g., at Gebel
Nukhu1 near the high reaches of Wadi Khaboba. In this
case, the younger Om Bogma Formation lies directly on
the penep1ained surface of the basement.

2. Om Bogrna Formation

This formation has a maximum thickness of 40 meters, but
usually does not exceed 20 meters. It is composed of hard
crystalline dolomite and soft marly limestone and dolomite
with lenses of ferruginous manganese materials at the base
with few sha1ey and silty intercalations. According to
Ball (19~6), it belongs to Middle Carboniferous, but Mart
and Sass (1972), assign a Lower Carboniferous age.

Four members can be differentiated from bottom to top:

a. Dolomite and Manganese-Bearing Member

The dolomite is crysta11ine,thick1y bedded, and pink
in color, and shows a mosaic texture with crystals
0.5 -1 rom. Ghosts of ooids with skeletal fragments
and/or quartz grains as cores are locally observed,
e.g., at Gebel Zobeir.

The manganese bodies lie nearly at the same stratigraphic
level as the basal dolomite and usually have abrupt con
tacts. The manganese bodies are usually surrounded by
a zone of calcareous shale, siltstone, or sandstone that
forms a transition with the surrounding dolomite. The
base of the manganese lenses is frequently topographi
cally lower than the base of the dolomite, filling
depressions in the underlying sandstone of the Adedia
Formation.

The thickness of this member is a maximum of 15 meters
in the non-mineralized areas, but usually is 4 to 8
meters where manganese iron bodies occur.

b. Silt Shale Member

Purple to yellow ocherous silty shales are conformable
with the lower member. The maximum thickness is about
2 meters but the average is 0.5 meters. Some crystal
aggregates of dolomite occur, e.g. Hill 8 of Om Eogrna.

2-2
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The formation is evidently correlated with presence
of mineralization; otherwise silt-shale is absent.

c. Marly Dolomite and Silt Member

This overlies unconformably either the silt-shale
member or the basal dolomite and ore member, and
is represented by alternating layers of dolomite
and marl 10 to 50 em thick. Ghost ooids and fossils
are also recorded. Silty quartz grains are coro~on,

toward the southeast, gradually forming well-bedded
siltstone with some ferruginous lenses. The maximum
thickness in the northwest parts of the area is about
15 meters.

d. Upper Dolomite Member

This is a yellow-pink and greyish crystalline dolo
mite, poorly bedded and cliff-forming. The formation
is best developed in the northwest at Gebel Nukhul
reaching 8 to 10 meters, but at Om Bogma it is only
about 5 meters thick.

The Om Bogma Formation shows a very marked lateral
lithological and thickness variation. The thickness
isopach contours run roughly from northeast to south
west, and the thickness varies from 0 in the south
east to about 40 meters in the northeast, e.g. 5 meters
at Gebel Marahil, 10 to 20 meters at Om Bogma, and 40
meters at Gebel Nukhul.

The rock type variation is mainly demonstrated by the
clastic/dolomite ratio, whose contours run roughly
parallel tofue manganese isopach contours. Thickening
is correlated with lower values of this ratio. The
contour of 1/1 ratio separates a detrital (silty)
facies in the southeast from a dolomitic one to the
northwest. The area of Om Bogma lies along the transi
tion zone which contains better development and thicker
ore bodies.

3. Abu Zarab Formation

This formation, about 150 meters thick, is represented by sand
stone, medium to'coarse grained, with lepidodendron prints.
In some places it is dark red or brown in color. Some beds
are almost snow-white and friable, where they are exploited
as glass sand. Three layers of kaolinitic clay can be recog
nized, passing locally into black shale and coal.

This formation is locally covered by basalt sheets {Permo
Triassic?} that caused the immediately underlying beds, up
to 2 meters, to become quartzitic. At Farsh El Azraq, the
basalt sheet {Permo-Triassic?} attains 70 meters in thickness.

2-3
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C. Structures

In the study area, faulting is much more pronounced than
folding.

1. Folding

Locally, folding influences the Carboniferous sediments
having axes trending nearly north-south. Folding is
most conspicuous in the central parts of the area around
Om Bogma. A late Paleozoic age (Permian ?) can probably
be assigned to this weak folding phase since the basalt
sheets covering the Carboniferous succession are not
affected.

2. Faulting

Four main directions are recognized in the study area:
east-northeast to west-southwest, north-northwest to
south-southwest, and north-northeast to south-southwest.
These faulting systems form a complex structural setting
with local tilting of the faulted beds and shearing near
the fault planes. These faults have a great influence
on the prominent surface relief, but faulting does not
seem to have any direct relation to the manganese-iron
mineralization. It is only through faulting's indirect
effect of exposing the ore bodies that an intermediate
relationship is noted.

Since Miocene strata have been displaced by faulting,
faulting is believed to have taken place at about the
close of the Miocene. Faulting may have occurred along
with the intrusion.of the Tertiary volcanic sheets and
dikes. However, the fault systems were probably inheri
ted from the older structural directions developed in
the Precambrian basement. This was followed repeatedly
by rejuvination during the time period until the Miocene.
By this time the final deformation of the area had been
established and was repeated by the Red Sea tectonic
development.

In the larger ore bodies, a sort of zoning with a rnay.imQ~ of
three zones can be recognized through their different struc
tural and mineralogical characteristics.

2-4
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o The inner zone is usually massive and contains radial
concretions of pyrolusite needle crystals. Themain
ore minerals include psilomelane and pyrolusite, with
some hematite, while the gangue minerals are represen
ted principally by montmorillonite and illite.

o The intermediate zone usually forms the major part of
the mineralized body, which is massive and crossed by
veins of pyrolusite, commonly contair.ing barite. The
main ore mineral constituents are psilomelane, pyro
lusite, and hematite, with minor goethite. Barite and
clay minerals are the main gangue minerals.

o The outer zone is composed mainly of hematite and goe
thite with minor psilomelane and spherulitic concretions
of pyrolusite•. Detrital quartz is common near the body
margins.

It is clear that the manganese and iron minerals are exclu
sively represented by oxides. Manganese minerals of a high
oxidation state, psilomelane and pyrolusite, are by far the
most dominant, while those of a low oxidation state, mangan
ite, pyrochroite, and hausmannite, are only rare constitu
ents.

2-5
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II. PROSPECTION FOR ~~NGANESE OP~S

A. Introduction

Prospection programs for manganese ores in the Om Bagma
district were previously sponsored by several workers.
Those who proposed prospection programs based on avail
able geological information include Demag (1961), and
Ford (1963), and Mart and Sass (1972). In determining
earlier proposed prospection programs, methods were
based on then currently accepted hypotheses for manganese
formation.

Before describing the methodology for manganese ore pros
pection in the Om Bogma district and surrounding areas,
data pertinent to the exploration problem are discussed
below.

The genesis and mode of formation of the Om Bogma manganese
deposits is covered by two major hypotheses. The first
suggests a hydrothermal epigenetic or metasomatic or1g1n
and the second a sedimentary or epigenetic origin.

The hypothesis suggesting a hydrothermal origin was formu
lated by Ball (1916), and adopted by Fennine (1931), Attia
(1956), Gill and Ford (1956), and Ford (1963). It suggests
that the ore was formed in Late Miocene through the disso
lution of Carboniferous dolomite by thermal waters related
to volcanic activity. According to Ball (1916), these
thermal waters, ascending along fault fissures, affected
the concentration and oxidation of the manganese and iron
carbonates originally contained in the calcareous rocks.
However, Fennine (1931), believed that the manganese and
iron compounds were carried by the thermal solutions derived
from deep acidic igneous rocks. The thermal solutions dissol
ved the dolomite by varing degrees and deposited the manganese
and iron minerals in place. Attia (1956), believed that the
mineralized bodies were associated with the abundant faults
and volcanic dikes.

On the other hand, a sedimentary or1g1n was first proposed
by Barthous (1923). In this theory, ores were deposited as
a result of the alteration by submergence of the eruptive
rocks at the begir~ing of a marine transgression over a con
tinental surface of granites, schists, and diorites. How~

ever, no arguments were put forward to support his theory.

El Shazly, Shukri, and Saleeb (1963), adhered to the sedimen
tary hypothesis and gave arguments in support of their modi
fied hypothesis. The latter assumes that sedimentation of
the ore took place in a Carboniferous sea of shallow to
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moderate depth. Iron minerals were concentrated nearer the
shoreline, while manganese minerals tended to be relatively
more abundant further away. Both are believed to be derived
from the weathering of basement rocks. The probable presence
of a minor stratum or formation at the base of the Middle
Calcareous Series may have played a part in the preliminary
concentration of the ore minerals. Later modifications due
to intermediate sediment changes, and tectonic, and volcanic
activity have brought the ore bodies to their actual state.
Recently, Mart and Sass (1972), advocated the sedimentary
hypothesis and recognized two stages of ore formation:

o An accumulation stage, during which manganese and iron
oxides were absorbed and finely particulate forms were
trapped in tidal pools of low mechanical energy, while
ooids accumulated in the high energy areas surrounding
these pools.

o A differentiation stage, during which the cores of the
lenses were enriched in manganese and the margins, in
iron. This differentiation process took place concurrently
with the dOlomitization of the surrounding ooids. Both
processes were intermediate to sedimentary rock formations
and terminated before deposition of the overlying strata.

B. Mode of Formation and Genesis

In the present work, and based mainly on previous and recent
field observations, KECI and ACB are fully convinced of the
validity of the sedimentary origin of the deposits. However,
additional modifications and details of the hypothesis pre
viously proposed by EI Shazly, Shukri, and Saleeb are presen
ted to support the observations recently completed in the
field.

The main criteria characterizing the studied deposits, which
represent the basis for adhering to the sedimentary hypothesis,
are critically discussed below. The whole hypothesis on the
mode of formation and genesis is then formulated, followed by
the appropriate recommendations for prospection methods.

C. Main Criteria Characterizing Ore Bodies

Four major topics are briefly illustrated in the following
pages which are:

o Form and stratigraphic position of ore bodies.
o Facies evolution.
o Relation between mineralization and faulting.
o Structures, nuneral formation, and textures in the ore

bodies •.
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1. Form and Stratigraphic Position of Ore Bodies

Most, if not all, previous workers agree that the mangan
ese ore bodies occur in lenticular shape more or less
regular in form at or near the base of the dolomitic Om
Bogma Formation. However, discrepancies between the views
of different authors should be noted in reference to form
ing any concrete hypothesis on the ore formation and its
prospection methods.

El Shazly (1956), mentioned that the ore occurs in the
form of lenses or lenticular beds which vary greatly in
thickness and extension. Usually the thickness.varies
from tens of centimeters up to 8 m, while the extension
is only a few meters in the small lenses and reaches hun
dreds of meters in the lenticular beds.

Attia (1956), noticed that the small lenses are usually
formed of pure manganese minerals, whereas the lenticular
beds are composed mostly of a mixture of manganese and
iron minerals.

Demag (1961), indicated that every possible form and
orientation of ore bodies occur. Cornmon to all, with few
exceptions, is an unusually constant stratigraphic hori
zon at the base of the middle, thin bedded, platy dolomite
unit. The ore bodies lie either superjacent to the lower
sandstone in the areas where the pink basal dolomite has
eroded or, where present, on the upper boundaries of this
dolomite. The ore bodies may be accompanied both in the
underlying or overlying stratum by argillaceous and ferru
ginous friable sandstone layers.

According to El Shazly, Shukri, and Saleeb (1963) the
deposits are of the stratiform type though tending to be
of lenticular shape, almost flat, slightly inclined, or
gently folded. They occur in the lowerpart of the Middle
Calcareous Series either immediately overlying the Lower
Sandstone Series or separated from it by one or more
layers of a maximum of a few meters thick~

Ford (1963), indicated that economic concentrations of
manganese minerals virtually always occur either imme
diately above the top of the lower sandstone which is
cOIllIP.only known in the mines as the "sandstone pavement,"
or S.P., or separated from·it by less than a meter of
"pavement shale." The S.P. is thus the most important
marker horizon in the manganese field and is the only
one worth investigating. Ford adds that the individual
ore bodies tend to be tabular and follow the S.P. Depo
~its_",!ary from a .~ew centim~ters to ten or fifteen meters

. '. __.. --_.----- -_ ..- .-

----_._---.------.--_. _.- - -_._-------- ._----- --
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in thicY~ess, averaging about 2 meters, and from a
meter or two to several hundred meters in lateral
extent. In areas of less wide-spread mineralization,
ore bodies tend to be elongated or grouped along axes
striking northeast to southwest. Locally persistent
fractures, stained with iron and ~anganese can be
seen in the lower sandstone near ore deposits and on
the northeast to southwest strike. In more strongly
mineralized areas the isopaches for the thicker parts
of the ore beds sometimes also trend in this direction.

Mart and Sass (1972), ffientioned that the deposit comprising
lenses of manganese and iron oxides is restricted to a
6-meter thick zone at the base of the Om Bogrna Formation.
The lowest member in this formation, dolomite and ore,
is composed of two rock facies: a dolomitic facies and
an ore facies. The quartz content of the dolomite
increases laterally toward the contact of the ore lenses.
The ore forms lenses in this dolomite rock facies. The
bases of the lenses are topographically lower than the
base of the dolomite and fill depressions in the under
lying lower sandstone. They vary from 1 meter to 200
meters in diameter and from 0.2 to 6 meters in thickness.
The transition between the ore bodies and the surrounding
dolomite is abrupt and is distinguished by enrichment in
quartz sand.

Based on recent detailed field investigation by KECI and
ACB, it can be stated that the manganese deposits of the
Om Bogrna district and surrounding area occur in the form
of tabular and lenticular deposits. These belong to a
well defined time stratigraphic level, showing evident
later facies variations. The deposits are invariably
flattened parallel to the stratification, i.e., they are
stratiform bodies. In the rare cases where the largest
dimension of the ore body is oblique or perpendicular to
stratification, these deposits have been formed by later
secondary processes well after the main period of ore
concentration. This corresponds to the gap between the
termination of deposition of the lower member of the dolo
mitic Om Bogma Formation, and the start of deposition of·
the unconformably overlying thin bedded platy do1orr~te.

In other words, the ore bodies are neither earlier nor
contemporaneous with the lower pink dolomite ffiernber of
the Om Bogma Formation. They are most frequently adja
cent and occur at the same stratigraphic level. This
can be explained by the following:

a. When the pink basal dolomite is present and adjacent
to ore lenses, a rather sharp contact exists with the
ore and partly underlies the ore lenses. The situa
tion simulates filling of cavings and pits in the
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dolomite. In many cases, rounded and highly
polished boulders of this dolomite are observed,
indicating reworking. In some cases, and in the
absence of ore, these worked dolomite boulders
lie adjacent to and below the your.ger platy dolo
mite sequence. The lowest beds arch up against
the boulders and the following beds become flatter
and flatter. It is thus evident that the lower
dolomite merr~erhas been exposed to a process of
emersion and erosion during a period of regression.
At that time there was active chemical weathering
of both the basement and the sedimentary cover.
Insoluble manganese and iron oxides were thus con
centrated in the residual phase. During the subse
quent transgression, these oxides were driven to
the shallow water basins to be deposited in the
form of a gel. This filled the cavings and pits
produced by previous partial erosion of the basal
dolomite.

b. It has been discovered during the present field
investigations that in some localities, e.g., Om
Rinna and Tafeiria, manganese oxides pseudomorphose
coral reefs. It is evident that such a pseudomor
phism cannot take place during the growth of the
reefs. Replacement has taken place later during a
subsequent period of submergence.

c. In some cases, e.g., at Sid El Banat, the bases of
the ore lenses are topographically lower than the
bases of the adjacent lower dolomite merr~er and fill
depressions in the underlying sandstone. This occurs
when ore material fills up relatively deep erosion
pits during later submersion. In other words, the
position of the ore in the stratigraphic succession
does not perfectly coincide with its period of forma
tion.

d. The ore lenses in most cases are intimately associated
with a fine detrital facies, either underlying, over
lying, or lying laterally within the ore body. This
detrital material must have 'accompanied the are during
its transportation from the land weathering surface,
to be deposited together in the depressions on the
floor of the invading shallow sea.

e. At the plateau of Gor to the north and northwest of
Om Bogmaarea, the mineralization, whose widespread
extension was indicated during the present work,
occurs in the form of more regular beds. But these
still have a tendency toward lateral tapering and
are underlain by a relatively thick dolomitic material
apparently with no replacement textures. This is
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material that was deposited a great distance from the
Carboniferous shoreline where older dolomite unit was
preserved under water during the period of regression
and thus protected from the action of weathering.
Sedimentation of calcareous (generally marly) material
was then taking place contemporaneously with erosion
in other emerged areas. During the later phase of
transgression, the ore material carried from the contin
ental surface partially escaped deposition in the near
est ore zones and reached the zone of deeper waters.
There, deposition of ore material took place over a
relatively even sea floor, thus producing more regular
stratigraphic deposits with less pronounced thickness
variations. The ge1ly nature of the deposited ore
material would indicate a tendency towards tapering
and lensform. Contemporaneously with ore material
accumulation, dolomite deposition in these deeper
zones resulted in an intimate admixture of ore with
a dolomitic "matrix." ",ve are confronted wi th a case
in which there is a seaward border to a zone of ore
deposition. Although the stratigraphic position and
form of the ore deposit in this area may appear to
be unusual when compared to the major part of Om Bogma
district, it is actually in its proper time strati
graphic position and it was only due to local varia
tions in the paleogeographic conditions that it
acquired such a form and position in the rock strata.

The case is much simpler in the southwestern parts of
the area (Adidiya and Marahil) where the ore forms
relatively regular beds directly overlying the lower
sandstone and underlying the upper sandstone successions.
The ore is highly ferruginous and rich in detrital
quartz grains. Located nearest to the Carboniferous
shoreline, the basal carbonates were lacking, and
chemical weathering during emersion periods was not
effective. During the subsequent period of sub~ersion,

the ore was deposited on a relatively even floor. Sand
and silt-sized materials were actively deposited along
with the ore in these shallow zones, where iron oxides
tend to be particularly concentrated (appropriate Eh/pH
condi tions) •

It was concluded that the ore was deposited in a shallow
transgressing sea after a period of emergence. Therefore,
its principal control was its stratigraphic position by
time. Variations in the paleogeographic conditions within
the depositional zone resulted in discrepancies in the form
and the rock stratigraphy of the mineralization.

2. Facies Evolution

All previous workers agreed that the main manganese deposits
in the study area occur associated with and belong to the

2-11
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dolo~itic Om Bogma Formation. Most investigatcrs agree
that a number of ore bodies are not wholly cor-fined to
the dolomitic facies but also cccur in siltstones, e.g.,
at Adidiya and Om Riglien, not as cementing material
for sandstone but as ore-rich bodies. In.the absence of
a chemically reactive facies, the hypothesis of ffieta
somatic replacement by ascending hydrothermal solutions
loses a great deal of its basis. Therefore, the state
ment of Ford (1963), that minerals of the host roc}~s have
been selectively dissolved, should have very limited
application.

The work carried out by Mart and Sass (1972), shows that
there is an intimate correlation between the thickness
changes and the facies changes of the Om Bogma Formation.
Three main features are recognized:,

o The manganese mineralization isopach contours run in
a general northeast to southwest direction; the forma
tion thickens from zero in the southeast to 41 m in
the northwest, with a local thickening around the Om
Bogma mines. .

o The contours of the clastics/dolomite ratio run parallel
to the manganese thickness isopach contours with a corres
ponding increase in the dolomite content around Om Bogma.
Thus, based on the 1/1 contour, two facies are recognized:
a detrital one, mainly silty, southeastwards, and a dolo
mitic one northeastwards from Om Bogma.

o The better-developed and thicker ore bodies are located
close to the transitional zone between the detrital and
dolomitic facies where the formation thickness is 10 to
20 meters.

The theory developed with regard to the lateral. facies
changes of the Om Bogma Formation is highly consistent
with the conclusions reached in this study, after a review
of the previous data. Towards the east-southeast, near
shore deposition was predominately detrital. In this area,
during the time of ore deposition, sandy and silty material
was accumulated with the ore. Towards the west-northwest,
on the other hand, relatively deep water deppsition result
ed in the building up of a thicker succession of dolomite
conformably overlain by tapering ore, stratiform-bodied,
containing appreciable amounts of contemporaneously preci
pitateddolomitic matrix. No interruption of sedimentation
can be observed in these northwestern areas.

Still further northwest, e.g., at Gebel Nukhul and the lower
reaches of Wadi Khaboba, the still deeper waters were exclu
sively carbonate precipitating. No appreciable amounts of
ore oxides reached these sites, and they are generally
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barren. Facies contour lines passing near Om Rinna ana
Tafeiria show the occurrence of coral reefs pseudoffior
phosed by manganese-iron oxides. This seems indicative
of the seaward limit of the manganese depositional basin.

In the medium water-depth zor.e, it is, evident thClt th.e
basal dolomite me~ber has been subjected, during 'a phase
of regression, to a process of mainly chemical erosion.

,Subsequent resubmersion under medium-depth waters, with
a local semi-closed inland ernbaynent at the site of the
Om Bogrna mining area, resulted in the deposition of
manganese-iron oxides. Mainly, this occurred in the ero-

, sion depressions along the sea floor. The resulting ore
bodies are of lenticular or irregular shape with marked
local thickness variations. There is also rapid lateral
change to the older dolomitic host rocks. Moreover,
water depth conditions did not permit important accumu
lations of detritals nor precipitation of chemicals.

Thus, the following conclusion can be drawn: It may be
possible to predict partially the form, mode of occurrence,
rock strata position, relative abundance, and purity of
the ore through the facies setting, yet the
mineralization is not confined to a single "facies but
occurs in a broad zone manifesting important lateral
facie changes.

3. Relation Between Mineralization and Faulting

Those advocating the metasomatic hypothesis suppose that,
the ore deposits are always connected with fault fissures
since these serve as channels for the mineral solutions
corning from the depths. However, this belief, without
prejudice to its validity, can be seen from a different
point of view: While the area is so dissected by faults
and fissures that there are few important ore bodies that
might not be related to a fault passage, there are many
examples-of ore lenses with their greatest extent and
thickness distant from any apparent relation to faulting.

Close field inspection has indicated that the ore deposits
are older than the predominant faulting in the district.
In many cases, the deposits are seen cut and displaced
by faults and even dragged along the fault planes. More
over, no hydrothermal phenomena are associated with the
ore deposits, either within the deposits themselves or
at their contacts. The white clay containing alunite,
occasionally associated with some alunite deposits, is
considered to have been developed later than the ore _
deposition. This was associated with near-surface second
ary alteration to which the ore deposits were SUbjected
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after their initial formation.

The theory advanced by the advocates of the hyd~othermal

hypothesis - that many fault plar..es contain small amounts
of iron and manganese minerals - does not ccntradict the
sedimentary hypothesis. These fault a~d fis£ure-plane
fillings represent, most probably, cavity filling by ore
material leached and transported by surface w~ters and
deposited in the fissure openings during the downward
percolation of these waters. Supporting this is the fact
that these fillings are limited almost exclusively to
levels lower than those of neighboring ore bodies, i.e.,
along the lower sandstone, whereas the upward extension
Of the fissure plane above the ore level is usually barren.

In conclusion, it maybe stated that the relation bebleen
faulting and outcrops of ore bodies is not one of direct
cause and effect, but is rather an indirect relation. As
the main water courses in the area follow the random planes,
exposed outcrops of ore bodies are thus more noticeable
along the sides of their linear directions. The main
faulting process is clearly later than the ore formation
and the ore bodies are very frequently affected by faults,
particularly the smaller one. Even Ball (1916), an advo
cate of the metasomatic theory, admitted the effect of
faults on ore bodies.

4. Structures, Mineral·Origins, and Texture in Ore Bodies

El Shazly, Shukriand Saleeb (1963), have reported that
the normal ore mineral association in the deposits includes:
pyrolusite manganite, psilomelane, and cryptomelane, together
with goethite and hematite. Another minor or uncommon
mineral is rarnsdellite. The gangue minerals include dolo
mite, barite, calcite, gypsum, shale, and occasionally
alunite.

It was stated that, among the manganese minerals, ramsdel
lite was the first to be precipitated, followed by manganite.
The main part of the psilomelane and cryptomelane is later
than the manganite. Pyrolusite was the last to be formed,
partly by dehydration of manganite. Regeneration and re
crystallization of pyrolusite is a co~~on feature. The
above authors noted that colloform and related textures,
which are cow~on in the ore minerals, indicate their deposi
tion from low temperature gels, in most cases recrystallized.

In the more recent work of Mart and Sass (1972), the large
ore bodies are differentiated into three zones:

o The inner zone is large~y composed of psilomelane and
pyrolusite, with rare manganite, hausmannite, polianite,
and pyrochroite. Hematite and clay minerals usually
do not exceed 25%. The structure is massive, but radial
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concretions of pyrolusite are found locally.

o The intermediate zone consists mainly of psilome
lane, pyrolusite, and hematite, with seme, up to
15% goethite, quartz, barite, and clays. The ore
is massive and constitutes the main ore reserves
at Om Bogma.

o The outer zone 1S composed mainly of hematite and
goethite with minor psilomelane. Detrital quartz
is COITIDOn, and spherulitic concretions are frequent.

Mart and Sass believe that in the inner zones, manganese
minerals of low oxidation state were first formed and
later replaced by oxidized minerals. In the outer zones
only oxidized manganese minerals were precipitated. Pri
mary geochemical separation of manganese from iron usually
results in shallow water deposits being richer in iron,
and in deeper water deposits being richer in manganese
(similar to the southeastern and northeastern occurrences
in the Om Bogroa district). The zoned ore lenses indicate
low pH- high Eh at the rims, and high pH - low Eh in the
cores. This implies that during intermediate phases,
after the deposition of undifferentiated ~~terial, mangan
ese migrates away from the rim and precipitates in the
cores, whereas iron migrates in an opposite direction.

The mineral-forming associations of the studied depcsits
are all of low temperature formation, with a high or low
degree of oxidation. The associations are typical for
sedimentary manganese deposits.

D. Proposed Model for Genesis and Mode of Formation

According to findings in this study, a proposed theory has
been developed for the genesis and mode of formation of the
manganese deposits of the Om Bogma district. The theory is
based on the previously discussed criteria taken from infor
mation given in previous works and from current field obser
vations. It might be emphasized, however, that the proposed
theory should not be considered as the only possible theory.
This theory is the one that best fits the available data and
presents the most convincing arguments on the subject. The
sedimentary origin theory will have to be amended and hope
fully will seem most likely when the exploration program now
in progress is completed. It is believed that most of the
principles supporting this theory are based on solid criteria.
New information is unlikely to cause any significant changes.

The sedimentary hypothesis is described, as follows, in the
form of the visualized geologic history of the period related
to the formation of the studied depcsits. During the Carboni
ferous era and after the hiatus following the deposition of
the lower sandstone succession, the terrain was submerged
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below a shallow-to-moderate transgressing sea with a shore
line running roughly north-northeast to south-southwest and
with an open sea towards west-northwest. The tidal zone was
limited in the seaward direction by coral reefs. In the
shallow vlaters, i. e. near shore zones, detritals were deposi
ted, resulting in silty and sandy facies. Further seaward,
and up to the reef zone, some detrital material deposition
occurred. Beyond the reefs, more active carbonate rock preci
pitation resulted in a thicker succession of purer carbonate
beds.

During subsequent regression, a new shoreline was established
far from the coral reef. Erosion started to the south and
southeast, and further northwest, sedimentation continued.
The erosion, mainly of a chemical nature, created an irregular
surface with pits and caves. Leaching of the different rock
types resulted in aGcumulation of a residual rich in iron and
manganese.

When the following sea transgression began, the residual iron
manganese rich material was transported to the rising shore
line. Close to the shoreline, ore minerals were deposited
together with some detritals. Further out, the finely divided
particles of iron-manganese minerals were trapped in the
eroded dolomite, filling pits, caves and other irregularities
of the rock.

In some cases, erosion has broken across the upper contact of
the lower sandstone succession causing the base of the deposi
ted ore bodies to lie at lower levels than the contact line.
The resulting ore bodies are thus more lenticular and tend to
be irregular, with rapid thickness, shape, and grade variations.
The isopach and facie contour distribution of the Om Bogma
district, as studied by Mart and Sass (1972), points toward a
local, semi-closed embayment of the sea at the location of the
Om Bogma mines. There, ore deposition would have been most
pronounced. The older coral reefs which were bordering the
tidal zone were also important loci of ore deposition, and of
pseudomorphism with the filling of the animal structural
cavities.

Further northwestwards, until the start of deep waters, the
material rich in ore minerals was precipitated on a rather even
surface of older impure dolomites. This produced regular
stratiform ore bodies with relatively consistent thickness
and grade. Deposition of·carbonate material in these deeper
zones resulted in an intimate admixture of ore dolomite consti
tuents. The iron is, then, expected to be comparatively low.
The available ore material has apparently precipitated in this
zone, in such a manner that no significant deposits were formed
in the deeper zones.
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Once the source of ore material on the land was exhausted, only
some shales and ~iltstones were carried to the sea to be deposi
ted mainly in the near-shore, shallmwr 'tvC1.ters, conformably over
the ore bodies and enclosing rocks. In deeper waters more
carbonate chemical facies continued to be deposited. Inter
mediate changes resulted in the redistribution of the collec
tively deposited iron and manganese oxide gels which adapted to
the physio-chemical conditions. Zoning of the ore bodies
resulted. The inner zones were enriched in manganese and the
outer zones enriched in iron. Dolomitization of the enclosing
carbonate rocks may have taken place contemporaneously with the
secondary differentiation of the ore bodies.

Later, near-surface modifications in the ore bodies took place
due to recrystallization, to tectonic effects, and to vUlcani
city. Surface waters locally leached some exposed ore eodies
and deposited the iron-manganese oxides out of solution along
some of the open fault and fissure planes at lower levels.

E. Proposed Principles Guiding Prospection in study Area and
contiguous Areas

A successful prospection work depends principally on three main
factors:

o The presentation of a logical theory for the mode of forma-·
tion and genesis of the prospected ores is required. The
hypothesis should explain most, if not all, of the geologic
observations, and account for the discrepancies in the mode
of occurrence and geologic setting between various locations
within the mineralized district.

o A very good understanding of the geology of the prospected
area is necessary for a comprehensive extrapolation of sur
face observations to the subsurface. This should be combined
with regional observations, a detailed and critical inspec
tion on a small scale of the rock outcrops, and structural
studies in the prospected area. Associated geologic mapping
and profile construction are necessary and should require a
great number of outcrop sketches.

o Lastly, a well-conceived prospection program that supports
both the hypothesis and the geology is indispensable. The
choice of the areas to be prospected in detail and the methods
to be applied should be based on theories developed from
geologic observations related to ore formation.

Based on the advocated theory of ore formation in the contigu
ous and study areas, general principles can be formulated that
help to define the prospection program. These principles. are
based on the observation of regional geologic features. ~~en

precise, local, detailed knowledge of the geology is available
for a defined area, a well designed exploration program will
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result. However, the exploration program should conform to
the broad Frinciples developed by field investigations and
discussed belo\-,.

1. Manganese mineralization appears to be characterized broadly
as:

o Dolomitic occurrences associated with a carbonate facies~

o Sandy occurrences having a sandy or a silty facies.
o Manganese in isolated occurrences in small low grade

quantities.

Theory indicates that manganese mineralization represents
a well defined time unit, but its rock strata position has
only local significance. Related to the sandy or silty
facies is manganese in the southeast areas occurring and
interbedding between the lower and upper Carboniferous
sandstone strate. In the northern area, manganese is found
overlying the om Bogrna basal dolomite formation, occurring
at the same relative elevation as the Om Bogma Formation,
or cutting across the top of the lower sandstone. The
latter is defined as the "sandstone pavement," S.P., by
Ford. Toward the northwest, the ore is underlain by silty
and sandy dolomite covered by a thick succession of dolo
mite capping. The overlying dolomitic rocks frequently
contain a matrix of manganese minerals that may contain low
grade dolomitic manganese mineralization.

2. Variations in the rock strata succession comprising the
manganese mineralization are a reflection of the changes
in the paleogeographic conditions during the period of
manganese deposition. The position of a locality relative
to the old shoreline, and the limits of the tidal shallow
water zone in the basin of deposition, are highly determina
tive in the ore formation, its quality and quantity, and
the enclosing rocks.

3. The structures, mainly faults, are of secondary effect on
the mineralization. It is in the dislocation of the ore
lenses and beds that faulting plays a role determining
final configurations.

4. It is only through understanding the detailed geology of
a ·given area that successful exploration can be undertaken.
With a good understanding of ore genesis and a detailed
geological map with relevant sections, one can formulate
a reasonably logical program for prospection. Good identi
ficiation of rock varieties and structural detail are use
ful in mineral target identification.

5. The summary of the sedimentary theory for ore genesis has
given rise to an interesting shape for the study area
(Figure 2-1). The various mineralized areas have been
dotted on a map using the three main category definitions.
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The isolated occurrences represent local concentrations of
ore material escaping deposition after reaching relatively
deep waters. The physio-chemical conditions are not appro
priate for concentration of manganese iron oxides and the
formation of deposits.

6. Inspection of Figure III.E-l indicates two main areas likely
for detailed prospection:

o The area to the south of El Qor and north of Wadi Baba,
which may prove to contain high or medium quality ore
with important reserves. A short-term program of pre
liminary prospection in this area can highlight its
potential. It is recoromended that such a preliminary
prospection program be implemented as soon as possible.

o The area of Farsh El Azraq, north of Wadi Saaho and
south of Abu Zarab (covered by a thick succession of
upper sandstones and basalt). Although this area is
promising for finding good quality ore and important
reserves, the thick cover renders its prospection
relatively costly and should be a long term target.

On the other hand, it is almost certain that the vast
areas of El Qor, Gebel Nukhul, El Queir, and Dibbet El
Qeri seem to be barren of mineralization. A few deep pits
would assure the validity of this assumption. Toward the
east and southeast, the field inspection has already proved
the absence of ore occurrences.

It has been concluded, from study data, that the manganese
mineralization as a whole lies within a zone, at its maxi
mum 10 km wide, running roughly northeast to southwest with
two sinuous flexures. The southern boundary of this zone
roughly represents the shoreline of the depositional base
ment. The northern border corresponds to the limit of the
water depths appropriate for manganese~iron deposition,
i.e. the tidal zone. The finding of pseudomorph coral
reefs along this northern border, e.g. at Om Rinna and
northeast of Abu Thor, is corroborative criteria.

It is worthy of note that most of the mineralization locali
ties in the southeastern parts of the mineralized zone belong
to sandy-type occurrences. This most southeasterly strip
is believed to correspond to the shallow waters, with rela
tively high mechanical energy, high eH, and low pH. Iron
was precipitated here more dominantly than manganese in a
silty and sandy facies. .

Along the northern border of the mineralized zone, all the
minor manganese concentrations lie dispersed among nearby
dolomitic occurrences. This can be explained by a relatively
rapid deepening of the basin waters beyond the reef line.
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III. GENERAL DATA REVIEW

A. Location

2-25

Historical Review

The total area, embracing SMC mining leases, is located
between

Longitude

33 0 18' 00 11

330 26' 0011

Latitude

270 55' 00"

29 0 04' 00 11 .

Manganese oxides were used in ancient Egypt to give glass or
glass glazing a red-purple color. Pyrolusite was used in color
ing a tOLID during the 12th dynasty. It was also used as eye
powder.

The geologist Barron, working for the Egyptian Geological Sur
veying Department, discovered the manganese deposits in the
southwest part of Sinai between October 1898 and March 1899.
In 1907, he published a report on the topography and geology
of the southwest part of Sinai. This included general geology,
and a description and analysis of the deposits of manganese
and iron. In 1910 the first prospecting license for manganese
was issued.

o The second sample of pyrolusite dates from the 18th dynasty.

o The third sample of psilome1ane is of unknown date. It
mayor may not be ancient.

o The first sample of wad. type which is clayey uncrysta11ine
manganese dioxide dates from the 12th dynasty.

Ball (1916) found four prospecting adits on the west side of
Gebel E1 Ramsy and illustrated their exposed section in his
book. These adits were presumably ma~e about the end of the

o The lease 288 area 8.
o The leases 296 and 297 area of Abu Hamat Shemal.

o The leases 293 and 402 area of Abu Thor.

Petri mentioned that three manganese oxide samples had been
found in ancient Egyptian sites. These samples were described
as follows:

The number of leases for manganese ore exploitation is 27,
while the main mines are:
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last century. Ball planned the first mine layout of the
Sinai Manganese Company. Presumably the approximately
7-m-deep pit in the err~ayment of the upper sandstone in the
southwest part, as well as the fifth anc sixth tunnels in
the northeast, were part of this explcration work.

During World War I, production ceased. In 1918, mining opera
tions were resumed. An annual production of about 190,000.
tonnes continued until the beginning of World War II. Dur~ng

World War II, production stopped.

In 1945, mining started again reaching an annual production
rate of 200,000 tonnes and continued until October 1956, the
time of the Suez Crisis.

In 1957, the mines and the mine management were taken over--py
the Egyptians. Production started after overcoming difficul
ties and reached about 750 tonnes per day until June 1967.

In June 1967, production stopped again and has been suspended
until the present time.

About 5 million tonnes of run-of-mine ore is the total amount
of manganese material which was produced in the southwest part.
of Sinai, mainly from the Om Bogma district from 1918 to June
1967.

Before nationalization of the mining industry in 1961, private
companies and individuals rather than The Sinai Manganese
Company were active in the exploration and exploitation of
high grade manganese ores and dioxides. The private sector
companies at work were:

o Technical Bureau for Mining & Commerce (TBMC) - Monir El
Kholy.

o Soc. Misr. Mines Union in partnership with TBMC - Monir
El Kholy.

o Labib Nassim and Sons Co.

o Khalil Toubia Brothers Company in partnership with Monir
El Kholy.

o Mr. Robert Hakow.

o Manganese Mining Co. - Monir El Kholy and Company.

.0 Egyptian Manganese Mining Ccmpany, S.A.E. (El Kholy).

After July 1961, The Sinai Manganese Company became the only
company responsible for the exploration and exploitation of
the manganese ores in Om Bogma and its contiguous areas.
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C. Existing Data

SMC delivered to KECl the available documents, studies,
reports, maps, and other data relevant to this project
study, covered by the following letters:

0 No. 21/80, dated 26 January 1980
0 No. 26/80, dated 3 February 1980
0 No. 27/80, dated 17 February 1980

0 No. 189/80, dated 21 February 1980

0 No. 47/80, dated 10 March 1980

These documents are classified as follows:

1. Mapping and Weather

o Aerial photographs and mosaics.

o Forty aerial photographs - scale 1:40000.

o Four wDsaics - scale 1:50000.
o Triangulation points in study area.

o Meteorological data.

2. Geology, Ore Reserves, and Mining Rights

o Technical report concerning SMC's activities in
Sinai before 1967.

o Technical report ccncerning the manganese ore reserves
in Om Bogma area.

o Technical report about the deposits in Sinai

o Technical report about the development and exploita
tion of manganese ore in Om Bogma area written by
the British geologist, Stanley Ford.

o The full chemical analyses of the different grades
of manganese ore in Sinai.

o Technical report on the manganese ore reserves in
west central Sinai until 30 June 1964.

o Report concerning questions about the manganese ore
going to the ferromanganese plant.

o World production of manganese and ferromanganese
alloys.

o Topographic map for the general layout of the mines 
scale 1:50000.
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o Contour map of Om Bogma - scale 1:12500.

o Map showing the rainfall drainage in Om Bogrna and
Abu Zeneima - scale 1:50000.

o Topographic map showing all licenses and leases
issued to The Sinai Manganese Company - scale
1:50000.

o Construction drawings for the tower bases.

o Working plan to production lease No. 291-300 - scale
1:2000.

Working plan to production lease No. 293 - scale
1:2000.

Working plan to production lease No. 298-299 - scale
1:2000.

Working plan to production lease No. 296-297 - scale
1:2000.

o Working plan to production lease No. 861-915 - scale
1:2000.

Working plan to production lease No. 914 - scale
1:2000.

Working plan to production lease No. Rarnsy zone 
scale 1:2000.

Working plan to production lease No. Area 45 - scale
1:500.

o Map showing the priorities for the aerial photos scale
1:100000 •.

Priority No.1 - scale 1:5000.

Priority No. 11 - scale 1:5000.

Priority No. III - scale 1:5000.

o Plan showing the ore reserves in production lease No.
291-300.

o Isopach map -scale 1:2000.

o Map No. 3/5 of Ain Abu Hamata Nahman area - scale 1:5000.

o Map No. 4/6 of M.P. License 613 - scale 1:2000

2-28
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o Map of 10 Zone - scale 1:3000.

o Map No. 4/9 of Nahrnan area - scale 1:5000.

o Map No. 4/8 of Nahman area - scale 1:5000.

o Map No. 4/7 of Nahman Hill B - scale 1:2000.

o Map No. 4/12 of Wadi Nassib area - scale 1:2000.

o Map No. 5/37 of lease 9 - scale 1:500.

o Map No. 4/32 of lease 9 upper area - scale 1:500.

o Map No. 3/26 of lease 170 - scale 1:500.

o Map No. 5/20 of lease 9 main south area - scale
1:500.

3. Ferromanganese Plant

o Report on ferromanganese plant in Abu Zeneima.

o Substantive terms of reference (presented by U.N.).

o Report of the short technical advisory mission to
S.M.C. concerning the restorations of the Abu Zeneima
ferromanganese plant (presented by B. R. Nighwan,
senior interregional advisor of UNIDO) •

o Survey and damage report on gas turbine power station
of the S.M.C. in Abu zeneima (presented by Brown Bovari
and Co.) June 1972.

o Report on technical inspection of the ferromanganese
plant at Abu Zeneima by Elkem-Spigerverket, in Noverr~er

1976.

o Technical report from Electrokemisk in December 1960.

o Report about the importance of making an industrial
region in Sinai.

o Report of the industrial committee about ferromanganese
project.

o Report of the financial committee about ferromanganese
project.

o Report of the general cowmittee about the ferromanganese
project and power station and distillation plant.

2-29
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o Report about the possibility of using natural gases
atcil field in Abu Rudeis.

o Primary report in electricity fer ferromanganese; tin,
lead, and illmenite project.

o Report of the power committee about the tender study
of electric power and distillation plant, presented
to The Sinai Manganese Company.

o Primary layout of Abu Zeneima.

o Contract for construction of the civil structure of
ferroreanganese plant.

o General specification and conditions for the ferro
manganese building.

o Report on ferromanganese plant in Abu Zeneima.

o Report on Sinai smelting project written by Cambell,
Gifford & Morton Ltd.

o Substantiveterrns of references.

o Amendment to the civil work contract for the ferro
manganese loading platform in the harbor of p~u Zeneima.

o Correspondence and offers concerning the potable water
pump station.

o Equipment specifications for a gas turbine electric
generating station presented by Westinghouse Electric
International Co.

o Tender for the power and water distillation plant pre
sented by the Tractor and Engineering Co.

o Construction of sanitary and drainage system project
in Abu Zeneima.

o Conditions of tender and specifications for the supply
and erection of an electric power station and water
distillation plant at Abu Zeneima presented by the
Tractor Engineering Co.

o Time schedules for constructing the project.

o Calculation sheets of the following:

- Foundation.
- Rotary kiln (smoke chamber) and stairs.
- Furnace building slab and beams.
- ColuIlm loads.
- Bar lists.
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- Furnace building slab.
- Frames.
- Bins.
- Tapping and backing hall.
- Floor elevation.
- Stairways, crushing table, and water tank.
- Kiln foundation, rotary kiln, and chimney.

o One hundred fifty-eight drawings concerning the
ferromanganese plant.

o Sixty-four drawings concerning the ferromanganese
plant.

4. Inventory Reports

The inventory reports dated 1979, covering the SMC's
facilities at Sinai were delivered.

5. ACB References

ACB forwarded to the study team its library's available
references about this project. These references follow
this report.

D. SMC Declared Manganese Ores Reserves

The reserves at Om Bogma mines are classified into three cate
gories:

o Proven reserves.

o Probable reserves.

o Possible reserves.

The proven reserves are found in two groups.. Group number 1
includes the production areas which have accessible transpor
tation methods such as aerial ropeway or trucks. The follow
ing table shows the proven reserves at various such production
areas:

Area Reserve Average Units

1000 tonnes Mn% Fe% Mn Fe

286 3 16.0 37.0 48.0 111. 0

288 308 19.5 38.4 6,.006.0 1,827.2

296 30 21. 9 38.0 38.0 1,140.0

292 52 28.3 27.7 1,471.6 1,440.4-- -- --
TOTAL 393 20.8 36.9 8,182.6 4,518.6
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The total proven, possible and probable ore reserves calculated
as fo11o\<lS:

393,000 tonnes
1,295,000 tonnes

1,000,000 tonnes

1,330,000 tonnes

4,018,000 tonnes

Proven Reserves

Production Areas
Prospecting Areas

Total

Probable Reserves

Possible Reserves

Area Reserve Average Units

1000 tonnes Mn% Fe% Mn Fe

291 251 20.7 33.3 5,194.6 4,065.8
Ramsy 364 16.6 36.3 6,060.0 13,237.1
401/402 30 22.3 31.5 670.8 946.8
294 64 30.5 25.4 1,950.7 1,925.1
298 230 17.2 38.6 3,956.6 8,754.3
861 231 21.1 33.9 4,986.6 7,841.4
658 21 22.1 33.9 464.1 711.9
293 104 36.2 20.7 3,765.0 2,154.3

Total 1,295 20.9 34.2 27,048.9 44,336.7

Total 1,688 20.8 34.8 35,231.5 58,855.3
Proven
Reserves

Group number 2 includes the prospecting areas which can pro
duce high-grade ore only. The following table shows the
proven reserves at such prospecting areas:

There are approximately one million tonnes of probable reserves
and approximately 1,330,000 tonnes of possible reserves.

E. SMC-Declared Chemical and Physical Characteristics

Table 2-1 on the following page shows the chemical analysis of
manganese ores.
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IV. MINING RIGHTS REVIEW

A. Introduction

2-34

The mining rights of SMC in the study area are summarized in
the following table.

During this study, on May 11, 1980, KECI/ACB submitted to SMC
a report on additional exploration requirements for manganese
ore in the om Bogma district and contiguous areas. In this
report the discovery of two major areas of mineralization,
which were not yet covered by SMC leases, were registered.
KECI/ACB recommended that SMC should immediately apply for a

Purpose

Manganese exploitation
White clay exploitation
Kaolin exploitation
Gypsum exploitation
White sand exploitation

Land contract
Pipeline contract
Aerial ropeway contract
Telephone cables contract

Railway contract
Jetty contract

27
1

8

1

5

22
2

1

1

1

3

Number of leases/contracts

The Sinai Manganese Company, in -its letter no. 37/80 of March
3, 1980, has indicated its mining rights in the study area.

ACB verified the accuracy of the given data about SMC's mining
rights with the regulatory authority which is the General
Administration of Mines and Quarries, Ministry of Industry
and Mineral Wealth.

Ferruginous Manganese Ores Mining Rights

According to law 86 for the year 1956, SMC is granted by the
Egyptian government 27 mining leases for the exploitation of
manganese ores. Two mining leases were granted for the exploita
tion of manganese ores. Two mining leases were granted for
the exploitation of manganese and colors while 18 mining leases
were granted for the exploitation of manganese and iron, and
the remaining 7 mining leases were granted for the exploitation
of manganese.
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prospection license or licenses which cover the two new areas.
SMC acted accordingly and applied for two prospection licenses
which, at the time of drafting this report, are under issue.

The 27 manganese mining leases' total area covers 784.61 hec
tares, which vary in size between 70.0 and 0.35 hectares •

. The geographic locations of the 27 manganese concessions are
illustrated in Figure III.B-l and in Table 2-2 below. After
reviewing the mining rights and making field visits to the
27 manganese mining leases, we have the following comments:

1. A Missing Mining Lease - El Ramsy (367)

Mining lease no. 367, located at El Ramsy, was not indi
cated in the list forwarded to us by SMC in its letter
no. 37/80 dated March 3, 1980. It was mentioned in SMC's
letter No. 52/80 of March 12, 1980, concerning ore reserves.
Also, this mining lease was recorded in SMC's report on
ore reserves.

2. Mining Leases' Locations and Names

Some concessions are not named in official documents by
their proper locations. Several other mining leases were
granted under the same location name. This formula for
naming mining leases causes confusion. Table 2-3 shows
the official name of each concession and the proper known
name.

The following examples illustrate the naming confusion:

a. Example B-1

Seven mining leases which have the location name of om
Bogma should have been nominated by their proper location
name. The individuals of the Om Bogrna family are listed
hereunder.

0 Lease 286 Om Bogrna known as Hill 5

0 Lease 288 Om Bogma known as Area 8

0 Lease 291 Om Bogma known as Abu Hamat Yemin

0 Lease 300 Om Bogma known as Abu Hamat Shemal

0 Lease 353 Om Bogma known as E1 A1luga

0 Lease 354 Om Bogma known as El Alluga (also)

0 Lease 426 Om Bogma known as Ras El Homarra
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TABLE 2-2

LOCATION OF MINING LEASES

THE SINAI MANGANESE COMPANY

Remar.

85"24'00"

85°24' 00"

85°24'00"

60054'00"

60°54'00"

60°54'00"

46°00'00"

77°00'00"

81°29'00"

AzimuthLatitude

28°58'47.00"

29°01'42.0"

29°00'49.2"

29°01'23.44"

29°01'05.3"

29°01'11.8"

28°58'56.94"

33°24'52" 28°58'00" 59°30'00"

33°25' 21" 28°57' 09" . '144°00' DOli

33°24'30" 29°01'50" 90°00'00"

33°24'47" 29°03'50" 112°30'00"

33°24'01" 28°58'24" . 59°30'00"

33°18'36" 28°56'21.03", -33°41'36"

33°19' 20.02" '28°55' 45.9" 33°41'36"

33°25'16.27"' 28°56'36.45" 127°00'00"

Longitude

33°22'22.709" 29°00'30.962"

33°22'34.0"

33°23'20.0"

33°23'40.9"

33°23'42.45"

33°22'47.811

33°22'45.7"

33°20 '33.23 11
.

4.00

15.00

50.05

48.00

35.00

15.30

49.00

70.00

23.50

20.00

16.50

29.75

16.00

46.80

24.50

42.00

20.00

5.16

18.00

7.00

50.00

64.00

60.50

49.50

1.70

0.35

3.00

Area
in

Hectares

700

500

700

510

240

700

927

800

200

600

500

1,000
750 .

850

400

1,000

700

700

500

1,000

1,000

800

1,100

900

170

70

300

50'

540

200

220

350

400

468

350

600

400

215

700

700

300

200

300

300

600

470

500

100

500

800

550

550

100

100

Di..rrensions
W L

Meters Meters

Wadi E1 Shalal

Wadi Abu Hanra

em Bo:3Jna.

Wadi Abu Hanata

Wadi El Noaman

District as in
Mining Lease

Wadi E1 Saaho

~1 E1-Adediya

Wadi El Lahian

Wadi E1 Lahian

Wadi E1 Saaho

Gebel Abo Kafas

Gebel Abo Kafas

~1 E1 Adediya

On Bogma

wadi E1 Noaman

Wadi Abu Hamra

Wadi E1 Noaman

Wadi E1 Noarnan

Wadi E1 Hessenia

Wadi Nassib

Qn Bogma

Om Bogma

Abu Thora

Abu 'l1J1ora

O:n~

Mining
Lease P.L.

No. No.

239 .608

240

253

256

265 608

266 669

267 669

283 815

286 instead
of 177 .

288 instead
of 179

291 instead
, of 183

292 instead
of 184

293 instead
of 185

294 instead
o~ 233

295 instead
of 234

·296 instead
of 241

297 instead
of 242

298 instead
of 243

299 instead
of 244

300 .instead
of 250

311 637

312 612

353 861

354 861

401 914

402 914

426

1

2

3

4

5

6

7

8

9

10

20

16

11

14

12

17

18

13

19

15

21

22

23

24

25

26

27

Serial
No.



0 KAISER
ENGINEERS

0
n TABLE 2-3

NAMES OF M1NING LrnSES

;

0 THE SINAI MANGANESE COMPANY

Mining Duration Annual
Serial Lease Actual Location Area in of Lease E>lpi.J:y Rent

0 No. No. Minin:J Lease Nemes and KnCMn Name Meters Year Date LE

1 239 wadi El Saah::> em Ratarn 1000 x 200 30 6.6.1997 50.01

0
2 240 Gebel El Media Gebel El Media 750 x 220 30 6.6.1997 42.5
3 253 wadi El Lahian South Lahian or 850 x 350 30 9.4.1998 75.0

IOn] hill

0
4 256 Wadi El Lahian ZOber-Lahian or 400 x 400 30 9.4.1998 40.0

V-shaped hill

5 265 Wadi El Saahu El Hashash 1000 x 468 30 11.6.1998 235.0

0
6 266 Gebel Abu Kafas G. em Tmayim 700 x 350 30 12.3.2000 125.0

north

7 267 Gebel Abu Kafas G. em 'nnayim 700 x 600 30 16.3.2000 210.0
north

0 8 283 Gebel El Media Gebel Adedia SOO x 400 30 6.2.2000 100.0

9 286 em Bogma Hill 5 240 x 215 30 18.6.1999 40.0

0
10 288 em Bogrna Area 8 927 x 540 30 18.6.1999 255.0

11 291 em Bogrna Southern Abu 1000 x 700 30 18.6.1999 350.0
Hamat Yanin

0
12 292 Wadi El Shalal wadi El Shalal 700 x 700 30 18.6.1999 245.0

13 293 Wadi Abu Hanata East Abu Thor 800 x 600 30 18.6.1999 240.0

14 294 Wadi El Noarran E1 Koma. 500 x 300 30 18.6.1999 75.0

0 15 295 Wadi E1 Noaman El Beida 510 x 300 30 18.6.1999 80.0

16 296 wadi El Noaman Abu Hamat Shemal 500 x 470 30 18.6.1999 120.0

17 297 Wadi El Noarran Abu Hamat Shem3l 700 x 500 30 18.6.1999 195.0

0 18 298 Wadi Abu Hamta East Abu Zarah 600 x 300 30 18.6.1999 90.0

19 299 Wadi Abu Hanata \'est Abu Zarah 200 x 200 30 18.6.1999 40.0

0 20 300 em Bogrna Northern Abu Hamat 700 x 100 30 18.6.1999 40.0
yemin

21 311 Wadi El Hessenia Gebel em Sy1at 1000 x 500 30 9.10.2000 250.0

0 22 312 Wadi Nassib Wadi Nassib 800 x 800 30 9.10.2000 320.0

23 353 em Bogrna Gebel El Al1uga liOO x 550 5 4.11.1983

24 354 em Bog:na Gebel El Alluga 400 x 550 5 4.11.1983 250.0

0 25 401 Abu '!her Southern \'est 170 x 100 30 6.1.2006 40.0
Abu Thor

26 402 Abu Th:>r Northern West 70 x 50 30 6.1.2006 40.0

0 Abu Thor

27 426 On Bogma Ras El HanaJ:ra 300 x 100 30 4.11.2007 40.0

0 2-36
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b. Example B-2

The mining leases (239 and 265) are named Wadi El Saaho.
Wadi El Saaho is a very long wadi, hence the name does
not define exact location. Accordingly the concessions
are known as Om Ratam and El Hashash respectively, these
names describing location properly.

c. Example B-3

Two mining leases (266 and 267) are named Gebal Abu
Kafas, although they are not located near Gebal Abu
Kafas. They are located in an area known as Om Tmayim.

d. Example B-4

Two mining leases (253 and 256) are named Wadi El Lehian,
an area to which the manganese ore is hauled. The known
names are the following:

o L 253 - the South Lahian or the long hill.

o L 256 - the Lahian-Zobeir or the V-shaped hill.

e. Example B-5

Four mining leases are named Wadi Noaman but known as
follows:

o L 294 - El Korba

o L 295 - El Beida

o L 296 & 297 - Abu Hamat Shemal

f. Example B-6

Two mining leases (298 and 299) are named Wadi Abu
Hamat, but known as Abu Zarab after Abu Zarab hill.

g. Example B-7

Mining lease 311 is named Wadi El Hessenia, this being
far away from the location of the mining lease. Hence
it is known as Om Sylat after Om Sylat hill.

3. Northwestern Corner as a Claim Corner

According to the mining lease contract model stated in law
no. 86 from the year 1956, the northwestern corner of the
mining lease should be identified as the claim corner of
the mining leases. In some leases other corners were
considered for the claim corner, but not in accordance with
the law. .
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4. Labeling of the Location and Direction Beacons

According to law 86, the northwestern corner of the m1n1ng
lease should be identified by a claim corner built of stone
and cement. The number and name of the mining lease should
be written on the marker. Also, at a reasonable distance
another marker, a direction marker, should be constructed
and labeled.

Most of the location and direction beacons which were
inspected had no written labels to identify the number and
name of the mining leases.

5. Mining Leases not Including Manganese

During field studies, it was noticed that some manganese
workings are partly or wholly outside the boundaries of the
mining leases. This is true of two mining leases (353 and
354) of Al1uga.

6. OVerlapping Mining Leases

It was recorded during the field studies that two mining
leases overlap, namely leases 293 and 312.

7. Small Mining Leases

The annual assessment due on each mining lease is LE5
(five Egyptian pounds) per hectare. A minimum rental charge
per each mining lease should be not less than LE40 per year.
Hence, the Sinai Manganese Company can enlarge the following
small mining leases, whose areas are less than 8 hectares
with the same rental charges: 286, 299, 300, 401, 402, and
426.

C. Land Contracts

According to article No. 37-A of law 86, 1956, SMC is entitled
to be granted land contracts required for one or more of the
following purposes:

o Housing of laborers.

o Offices, workshops, and garages.

o storage of ore.

o Construction of explosives magazines.

o Ore beneficiation and industrialization.

Table 2-4, below, lists the land contract number, the district,
the area, the duration, the starting date, the expiration date,
the annual rent, and the known name of each land contract.
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TABLE 2-4

LAND CONTRACTS

THE SINAI MANGANESE COMPANY

Land Size Duration Annual
Sere Contract in in Starting Expiration Rent
No. No. District Meters Years Date Date LE Known Name

1 122 Abu Zeneima 18 Hectares 1 26.7.1979 25.7.1980 90

2 145 Abu Zeneima 250 x 40 1 26.7.1979 25.7.1980 5

3 161 Abu Zeneima 250 x 40 1 26.7.1979 25.7.1980 5 Jetty-El Alfi

4 162 Abu Zeneima 250 x 40 1 26.7.1979 25.7.1980 5 Jetty-El Khol

5 164 Abu Zeneima 250 x 40 1 26.7.1979 25.7.1980 10 Jetty-El Khol

6 165 Abu Zeneima 700 x 500 1 26.7.1979 25.7.1980 160

7 166 Om Bogma 228 x 132 1 26.7.1979 25.7.1980 15 Ras El Momarr

8 167 Abu Zeneima 269 x 150 1 26.7.1979 25.7.1980 20

9 168 Om Bogma 100.56 x 85 1 26.7.1979 25.7.1980 5 K.9-Wadi EI
Markha

10 169 Om Bogma 1200 x 600 1 26.7.1979 25.7.1980 360 Allowat EI
Markha

11 170 Om Bogma 195.63x195.5 1 26.7.1979 25.7.1980 20

12 171 Om Bogma 100 x 100 1 26.7.1979 25.7.1980 5 Bir EI Soofi

13 172 Abu Zeneima 530 x 231 1 26.7.1979 25.7.1980 65 Depot 2

14 207 Om Bogma 200 x 200 1 26.7.1979 25.7.1980 20 Wadi Om Saka-
ran/EI Kholy

15 208 Om Bogma 100 x 100 1 26.7.1979 25.7.1980 5 G. El Marahi!
El Kholy

16 213 Om Bogma 100 x 16.5 1 26.7.1979 25.7.1980 5 Abu Natsh/
EI Alfi

17 224 Om Bogma 540 x 350 1 26.7.1979 25.7.1980 95

18 225 Om Bogma 100 x 600 1 26.7.1979 25.7.1980 300

19 226 Om Bogma 300 x 250 1 26.7.1979 25.7.1980 45

20 235 Om Bogma 320 x 270 1 26.7.1979 25.7.1980 40 Abu Thor

21 236 Om Bogma 300 x 100 1 26.7.1979 25.7.1980 15 El Ramsy

22 248 Om Bogma 100 x 50 1 26.7.1979 25.7.1980 5 Abu Natsh-
Budra

KAISER
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D. Subordinate Contracts

According to article No. 37-B of law 86, 1956, SMC is entitled
to subordinate contracts which are required for one or more of
the following purposes:

0 Water pipelines.

0 Gas pipelines.

0 Electric cables.

0 Telephone cables.

0 Aerial ropeway.

0 Railway.

Table 2-5 illustrates the subordinate contract number, the type,
the district, the duration, the starting and expiration dates,
the annual rent, and the purpose of each contract. SMC has
been granted five subordinate contracts.

E. Jetty Erection Licenses

According to article No. 37-C of law 86, 1956, SMC is entitled
to be granted licenses to erect the jetty or jetties which are
required for the exploitation of the granted mining leases.
SMC has been granted three licenses for jetty erection.

Table 2-6 gives the jetty erection license number, the district,
the duration, the starting and expiration dates, the annual
rent, and the known. name of each jetty.

F. Other Mineral Mining Rights

According to law 86, 1956, SMC is to be granted 10 m~n~ng leases
for the exploitation of white clay, kaolin and gypsum, as well
as five quarrying leases for the exploitation of glass sand.

Table 2-7 illustrates the type of lease, the number, the ore,
the district, the area, the duration, the expiration date, and
the annual rent of these mining leases.
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TABLE 2-5

SUBORDINATE CONTRACTS

THE SINAI MANGANESE COMPANY

J
o
o
o
o
o
o
J
o
o
o
o
o
o
o
o

Expira- Annual
Sere Contract Type of Dura- Starting tion Rent Remarks
No. No. Contract District tion Date Date LE (Purpose)

1 25 Pipeline El Markha- 1 26.7.1979 25.7.1980 117.5 Water
Om Bogma

2 28 Pipeline Balaim-A.Z. 1 26.7.1979 25.7.1980 260.0 Gas

3 6 Ropeway Om Bogma 1 26.7.1979 25.7.1980 58.890 Ropeway

4 3 Telephone A. Z. - O.B. 1 26.7.1979 25.7.1980 205.500 Telephone
. line

5 34 Railway A.Z. - O.B. 1 26.7.1979 25.7.1980 94.250 Railway

TABLE 2-6

JETTY ERECTION LICENSES

THE SINAI MANGANESE COMPANY

Dura- Expira- Annual
Sere Contract tion Starting tion Rent
No. No. District Years Date Date LE Remarks

1 25 Abu Zeneima 1 26.7.1979 25.7.1980 20 Labib Nissim Jetty
(Sinking Jetty)

2 28 A. Z. Gulf 1 26.7.1979 25.7.1980 20 Old Manganese Co.
(Ship Loading Plant)

3 30 Abu Zeneima 1 26.7.1979 25.7.1980 20 El Kholy Jetty
(Main Abu Zeneima)
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V. REMEDIAL SURVEYS AND MINE MAPPING
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SMC delivered to KECI and ACB in two lots the available mine maps
of the leases and concessions of SMC manganese ores. After reviewing
these maps, we found that they do not represent the actual conditions
of the mines as of June 1967, the last date of mine operation.

The following list shows the preparation dates of each map which
varies from 1930 to 1963:

J
]

J
J
~

J
o
o
o
o
J
J
o
o

Serial
No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Description

Lease No. 296-297

Lease 45

Lease 179 (old lease drive 12/13)
A11uga District (concession 811,915)

E1 Ramsy
Lease No. 293

Lease 291-300

M.P.L. 665, 666 Wadi Nassib

Lease No. 170 12 W, 16 W, 20W

Lease No. 613

Ain Abu Harnata'Nahman areas from
Lease 8

Lease 9 Main South & drive 15 areas

Nahrnan area: Hill B

Nahrnan area: Areas B & C license 231

Nahrnan area: Areas A & license 228

Lease 95 upper area

Scale
1:2000

1: 500

1: 500
1:2000
1:2000

1:2000

1: 200

1:2000

1: 500

1:2000

1:5000

1: 500

1:2000

1:5000

1:5000

1: 500

Date

13.2.1963

31.12.1962

29.11.1962
13.7.1962
1.2.1962

22.3.1961

January 1960

22.9.1955

8.6.1955

22.8.1954

19.9.1951

January 1949

25.8.1937

3.3.1934

2.3.1934
10.8.1930

o
o
o
o
o

It is critical to the present study to know what changes, if any,
should have been made to reflect actual operations until June 1967.
KECI proposed on March 1, 1980, that SMC's surveying department
begin updating these maps as soon as possible, with priority given
to those areas known to have had the greatest production activity.

On March 11, 1980, SMC inquired about the types and extent of the
mine maps which required updating. On April 3, 1980, KECI submitted
to SMC its recommendations for remedial surveys and mine mapping.
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The recommendations defined scope, schedule, and priorities which
were needed to provide basic data for the ore reserves and mine
planning parts of this study.

The proposed remedial surveys and mine mapping were as follows, in
descending order of priority:

o Update surveying and ~apping for pillars and rooms in the
following area:

Lease 288 (District 8 of Om Bogma).

Lease 296 and 297 (Abu Harnat Shernal).

Lease 300 (AbU" Hamat Yemin).

o In the following leases, no mine maps have been provided, so
complete mine surveying and mapping is required:

Leases 266 and 267 (Wadi Shalal).

o Plotting all outcrops of manganese ore on topographic maps with
scale 1:500 and a contour interval of 1 meter in the following
areas:

Leases 298 and 299 (Abu Zarab - area about 1,500 x 1,000
meters) •

Lease 253 (El Lahian).

Lease 256 (El Lahian-El Zobeir).

Lease 353 and 354 (Alluga).

Lease 312 (Wadi Nassib).

Lease 311 (El Hessenia).

On April 17, 1980, SMC accepted, contingent uponforrnal approval
of U.s. AID and GOFI, the proposal for the KECI and ACB remedial
mine surveying and mapping program. The field work started on
April 21, 1980. The remedial mine surveying and mapping program
was finished on June 5, 1980. This was the same date on which
U.S. AID informed SMC that it had approved Amendment No. 1 covering
the services of this program.

The updated maps were utilized in calculating the ore reserves and
mine planning studies.

2-44
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VI. ESTIMATED ORE RESERVE QUANTITIES

A. Ore Reserves Classifications

For many years it has been recognized that the reliability and
uniformity of the classifications for in situ ore reserves vary
widely. This economically important fact has been reflected in
various proposals for systems to classify ore reserves. The
first classification (Argall's) appeared in the United States
in 1902. Hoover's system, 1909, divided all reserves into
three classes: proved, probable, and possible. Hoover's system
became more popular than Argall's in the United States as well
as in other countries. It was adopted in Great Britain and the
British Commonwealth in 1946.

Following discussions in 1943, a new system of classification
was adopted by the U.S. Bureau of Mines. This system used the
terms measured, indicated, and inferred reserves. The term
measured in this system calls for a computation within a margin
of error not exceeding ± 20%.* On April 15, 1974, the U.S.
Bureau of Mines and the U.s. Geological Survey adopted as their
recognized terminology for mineral resources the terms proven,
probable, and possible. These correspond to the previous terms
of measured, indicated and inferred.

The first Soviet system, introduced in 1927, identified
measured, indicated, and inferred reserves by the same three
classes but used the symbols A, B, and' C. New Soviet classifi
cation systems were successively introduced in 1932, 1941, and
1953. In 1960 the terms A, B, C, and C2 were established. This
latest system is accept~d as having the standing of law.

The classification of reserves under the different headings
depends on:

o The reliability of the estimated reserves.

o The knowledge of the geological conditions of mineralization.

1. System Adopted by KECI and ACB

The system of the U.S. Bureau of Mines and the U.S. Geologi
cal Survey as adopted April 15, 1974, is used as the basis

*See Mining Engineering, July, 1975, pp. 74-78, which is
included at the end of this section.
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of the classification in this report. According to this
classification, the definition of the three categories is
as follows:

a. Possible Ore Reserves

Mineralized material, the dimensions and grade of which
are based on geologic correlations between samples so
widely spaced or so erratic that additional eXploration
is required to establish whether ore reserves are
present.

b. Probable Ore Reserves

An ore reserve for which sufficient continuity of
dimensions and grade can be assumed for preliminary
financial planning, but for which the risk of failure
in continuity is greater than for proven ore.

o
o
o
J
J
o
o
o
o
o
o
o

c. Proven Ore Reserves

Any ore reserve so extensively sampled that the tonnage,
grade, geometry, and recoverabi1ity of the ore within
the block or blocks of ground under consideration can
be computed with sUfficiency, so that the uncertainties
involved would not be a factor in determining the
positive feasibility of a mining operation. The degree
of accuracy is estimated to be =20% by definition. In
addition, proven ore reserves are classified into two
types:

(1) Geologic Ore Reserves

These comprise. reserves whose grade of valuable
mineral content meets industrial use specifications
and whose quantity, mode of occurrence, and other
conditions made their presence indisputable.

(2) Mineable Ore Reserves

These are equal to the geologic reserves minus the
overall losses as envisaged by the selected scheme
of mining operations.

See Table· 2-8.
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TABLE 2-8 ~~
CLASSIFICATION OF ORE RESERVES ~~

~1l1
~:o

Soc. Econ. Geol 1957 GDMB 1959
U.S. Bureau

of Mines Potential Soviet Mineable Potential
1903 1974 Reserves Mineral Union Mineral Mineral International

Visible Proven Proved Al Proved A ·a Visible

Demonstrated A2 Probable B b

Probable Probable Probable B Probable

CI Indicated CI C1
Possible Possible Possible Inferred C2 Indicated C C

2
Possible

Prognostic d

Possible:

Probable:

Proven

B

The tonnage is computed from its well-known dimensions and the grade determined from detailed sampling.

The tonnage is partly computed from measurements and partly deduced from projections for a reasonable distance
according to the geological evidence.

The estimation is based on the broad knowledge of the geological character of the deposit.

The contours of the deposit are known completely and so are the technological properties. Ready for exploi
tation.

The contours are sufficiently exposed,' the technological properties are known by large scale tests on typical
deposits. The reserves allow the planning of exploitation.

The contours are approximately known and properties of the mineral are investigated by no more than a few tests.
The reserves allow the elaboration of projects.

The reserves are known from several exposures and deductions from the geological evidence. The general
properties. of the mineral are known from a few samples. Deposit allows investments for a research program•

. : The reserves are inferred from geological conclusions. Geological and geophysical investigations can be
started•.
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B. Estimated Geologic Ore Reserves

1. Quantity

a. Data

o Natural boundaries.

o The volume in cubic meters.

o The thickness of· the body in meters.

Ore areas are deliniated by:

lease were shown to the
Reserves of the leases

material from the new

Thickhess

The natural boundaries of each
field team by an SMC delegate.
shown below do not include any
exploration areas.

o The area of the mineral body in square meters.

Thickness is determined by direct measurement. Provided
the measuring points are distributed, the average
thickness of a deposit segment or block is determined by
the arithmetic mean method.

In calculating the geologic reserves the mineable
thickness is not considered.

The basic data for ore reserves quantity estimations
are as follo\'lS:

The ore reserves are calculated on the basis of their
geometric area. The method of estimating the area is by
planimeter measuring of most of the areas except pillars
which are computed by means of a measuring grid drawn on
a tracing paper ruled into squares. The grid is imposed
on the plan and the number of squares inside the contour
of the area of each pillar is counted for the area of
each pillar. The areas of the pillars are added and
subtracted from the total area, giving the net area.

o The specific weight in tonnes per cubic meter.

Calculations

o Estimated boundaries outlined by exploratory
openings.

o Geologic interpretation by structure or exploration.

c.

b.
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d. Volume

By multiplying area in square meters by thickness in
meters, the result in volume is cubic meters.

e. Specific weight

For the calculation of the SMC manganese ore reserves,
the applied average specific weight is 3 tonnes per
cubic meter. The calculations by Demag in their ore
reserves estimate used the same weight.

2. Quality

a. Method of Estimation

The quality of the proven ore reserves is based on the
mean percentage of manganese and iron in each block and
each mine. This figure can be derived by two methods,
arithmetic and geometric.

If one sample represents the block, its analysis is
considered to represent the block by both arithmetic
and geometric methods.

Ifa block is represented by more than one sample, the
mean percentage .of manganese and iron is obtained as
follows:

(1) Arithmetic Method

The manganese percentages of the samples are added
together and then divided by the number of samples
to obtain the mean arithmetic percentage of
manganese and iron.

(2) Geometric Method

The thickness is multiplied by the percentage of
manganese in the sample. The results of the
multiplication of all the samples of the block are
added together. They are then divided by the total
thicknesses represented by samples to obtain the
geometric mean percentage of manganese of the
block. The same is done when obtaining the percent
age of iron in the block. To calculate mean
percentage of the mine, the tonnage of each block
is multiplied by the mean percentage either for
manganese or iron. These results are added, -.then
divided by the total tonnage of the mine, to obtain
the mean percentage of manganese and iron.
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a. Ore Reserves

Total 25,938 tonnes

c. Mineable Ore Reserves

2,670 tonnes

4,020 tonnes

4,987 tonnes

175,761 tonnes

166,754 tonnes

187,670 tonnes

189,445 tonnes

1,512,165 tonnes

1,135,050 tonnes

Ore in the main bunker

Normal grade ore in bunkers

Stockpile

Stockpile of fine manganese

The mining ore reserves are estimated to be 75%
of the proven ore reserves, that is,
925,868 x.75 = 694,401 tonnes.

1 - The method of mining which will be used.

2 - The method of supporting, which will be roof
bolting.

Normal grade ore in stOCkpiles 22,028 tonnes

High grade ore in stockpiles 1,240 tonnes

Grand total 1,713,864 tonnes

This takes into consideration the following factors

(1) Underground Mines

(2) At the Mine

(1) At Abu Zeneima

Pos~ible ore reserves

Probable ore reserves

Proven ore reserves

The total ore reserves as of June 1, 1980, are as
follows:

b. Manganese Ore in Bunkers and stockpiles

Estimated Total Ore Quantity3.
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TABLE 2-9

0
PROVEN ORE RESERVES

by KECI/ACB

0
X 100-"

Mineable Cum Cum Cum Cum-
0

O.R. O.R. Mn/Fe Mn Fe Tonnes

1. Abu Thorl293 2.30 42672 u, 32004 2.30 38.81 16.85 3200

0 2. Lahian dump 2.18 98533 98533 2.21 35.85 16.20 1305
3. Abu Thor/401-

0 402 2.03 20475 u 15356 2.19 35.60 16.32 14589
4. E1 Korba 1.84 ' 2000 Nil

0
5. Nassib/312, 1.83 3600 Nil

6. Area 45/292 1.77 16137 u 12102 2.16 35.32 16.37 15799
7. Lahian/253 1.64 7812 0 7030 2.13 34.99 ·16.39 16502

0 8. Om Sy1at 1.32 54855 0 49369 1.89 34.09 18.02 21439
9. Al1uga 1.17 78520 u 58890 1.69 33.08 19.57 27328

0 10. Abu Zarab 1.13 116370 u 90266 1.51 32.45 21.43 36355
11. Abu Kafas 1.05 9293 u ,6969 1.50 32.30 21.47 3705

0
12. Lahian/256 1.02 24450 0 22005 1.47 32.16 21. 90 3925

13. E1 Ramsy 0.87 343071 u 267303 1.20 28.62 23.81 6498

14. Abu Hamat u

0 Shema1 0.84 46794 u 35095 1.18 28.45 24.51 6849

15. Area 8 0.81 160494 u 120370 1.11 28.03 25.28 8052

0 16. Abu Hemat

Yemin 0.62 106974 80230 1.05 27.54 26.28 8855

0 17. HillS 3000 Nil

0
1,133~OSO' 885,522

0
0
0 2-51
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3 - The hard dolomite roof of most of the manganese
mines.

4 - A review of the existing old work.

(2) Open Pit Mines

The open pit mines are at Abu Zarab, Lahian, Lahian
Zobeir, and Om Sy1at. These ore reserves totaL
110,649tonnes. The mineable ore reserves for the
open pit are estimated to be 90% of the proven
reserves, that is, 110,649 x .90 = 99,584 tonnes.

(3) .Previous1y Dumped Ore

There are 98,533 tonnes of ore in dumps at Lahian
Zobeir.

(4) Stockpiled and Bunker Ore

'There are 201,699 tonnes of ore in stockpiles and
bunkers.

(5) Summary

The total of the mineable ore reserves is as
follows:

Underground ore reserves 694,401 tonnes

Open pit ore reserves 99,584 tonnes

Subtotal 793,985

previously dumped ore 98,533 tonnes

Subtotal 892,518

Stockpiled and bunker ore 201,699 tonnes

Grand Total 1,094,217 tonnes

The following table shows the present reserve tonnages
and manganese-to-iron ratios resulting from the current
KECI/ACB field work. out of the 27 manganese leases
granted to SMC, 14 have been calculated as having 1,135,050
t of proven ore at a grade of 27.54%Mn and 26.28% Fe.
This is a cumulative Mn/Fe ratio of 1.05:1. Converted to
actual mineable reserves, this is 885,522 t, omitting 3
areas of very small tonnages. Mining at about 70,000 t/yr,
this reserve will be exhausted in 12+ years, or typical of
the case I example.
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f. Ore Reserves

a. Location

e. Mode of Occurrence

76,041 tonnes

343,071 tonnes

o Probable ore

·0 Proven ore

on ore reserves.

See figures at the end of this section for more details

No production has been made in this area. The total ore
reserves are estimated at 419,112 tonnes as follows:

The ore horizon is covered by the Abu Zarab Formation·
in the northern part of the hill, whereas to the south
it is uncovered. The underground tunnels for ore
development show that the ore bodies are highly differen
tiated into an inner richer zone and an outer ferruginous
one.

b. Topography

It is a relatively low-lying elongated hill along the
eastern flanks of Wadi Baba.

Its surface area is 1300 x 500 meters.

It is to the north of Abu Thor, along Wadi Baba.

c. Surface Area

d. Geology

At wadi floor, lower sandstones of the Adedia Formation
outcrop, are overlain by the Om Bogma For~mation and the
upper sandstones of the Abu Zarab Formation. The hill
is cut near its northern extremity by a fault running
N 600 W, passing across Wadi Baba. Another fault plane
running N 300 W, passes on the eastern side of the hill,
where the ore horizon lies against basement rocks.
Other small faults dissect the hill resulting in local
minor displacements of the ore horizon.

C. Mining Leases

1. El Rarnsy - Lease 367

This area has no lease according to SMC letters of leases,
but it is recorded in the SMC letter of ore reserve.
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g. Transport and Haulage

The desert road to Ramsy bifurcates the ·Abu Zeneima/Wadi
Nassib asphalt road at Dababat, then continue~ through
Wadi Baba to Bir Rakaiz. It was decided to extend the
bi-cable tramway for 2.5 kilometers from Abu Hamat Shemal
to El Ramsy in order to accommodate the .need for ore
haulage. This was called leg 4.

2. El Alluga - Leases 353-354

a. Location

They are located on the western side of Wadi Nassib at
its upper reaches.

b. Surface Area

o Lease 353 is 1100 x 550 meters.

o Lease 354 is 900 x 550 meters.

.c • Topography

They are on relatively low-lying hills, except in the
southern parts of the area which forms the northward
continuation of the high topography of Abu Zarab.

d. Geology

The fault running through Wadi Nassib has a marked down
throw (about 100 m) to the west. On the eastern side of
this fault plane the basement is covered by a thick
succession of the Adedia Formation. On the western side
only a part of this formation is visible overlain by
theOrn Bogrna Formation and a part of the Abu Zarab
Formation. It is only in the southern parts of the area
that this latter formation is complete and is overlain
by basalt sheets.

e. Mode of occurrence

The ore outcrops at three main locations. The northern
location is a small faulted block along the floor of
Wadi Nassib, with little overburden. Half a kilometer
further south, the second occurrence is in a low lying
hill, 20 to 30 m above wadi level, where the ore is
covered by dolomitic rocks of Om Bogma Formation. At
the southernmost occurrence the ore outcrops along the
hillside, where it is overlain by Abu Zarab Formation
and basalt sheets.

f. Ore Reserves

The total ore reserves are estimated at 102,048 tonnes
as follows:
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o Proven ore - 78,520 tonnes

o Probable ore - 4,251 tonn~s

o Possible ore - 19,277 tonnes

See figures at the end of this section for more details
on ore reserves.

a. Location

This lease is to the north of area 9 by about 800 meters
and southwest of Abu Harnat Shernal.

b. Surface Area

Its surface area is 926.85 x 540 meters.

c. Topography

The relatively high-lying hill is bordered on the north
and northeast by Wadi EI Himera of EI Dissa.

d. Geology

The floors of the Wadi bordering the higher topography
are occupied by basement rock overlain by sandstones of
the Adedia Formation which form the hill slopes. Rocks
of the Om Bogma Formation outcrop along the hill slopes
all around. These are overlain by sandstones of the
Abu Zarab Formation. The area is cut by two main faults
running roughly in a north-south direction. The western
one cuts only the northern extremity of the area. On
the other hand, the eastern one (N 15° W), with a down
throw of about 40 m on the western side, has a marked
effect on the ore horizon.
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e. Ore Occurrence

This area was one of the richest at Om Bogma and has been
extensively ored and mined. The ore occurs in large, thick
lenses bodies. Outcrops on the hillsides appear here and th r
in a discontinuous but frequent manner. The ore was exploit a
by underground method. .

f. Ore Reserves

The reserves still in the underground mine are estimated at
160,494 tonnes of proven ore. See figures at the end of thi
section for more details on ore reserves.

g. Transport and Haulage

The road from Bir Nassib to Om Bogma passes by the area.
Ore haulage was by the main bi-cab1e tramway connection
joining the area with the station at area 9 which acts as
a transfer station.

4. Abu Thor - Leases 293-401-402

a. Location

These leases are to the north of Abu Zarab and west of
Wadi Nassib.

b. Surface Area

o Lease 293 is 800 x 600 meters.

o Lease 401 is 170 x 100 meters.

o Lease 402 is 50 x 70 meters.

c. Topography

There is :hi11y country to the south and a flat plain to
the north. The area is bordered by Wadi Abu Thor on the
west and branches of Wadi Abu Hamat on the south.

d. Geology

The lower sandstones of Adedia Formation are overlain
by the Om Bogma Formation and the Abu Zarab Formation.
No major faults were detected in the area.
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5.

e. Mode of Occurrence

In the northern plain area, the ore outcrops on the
surface and was open pit mined. To the south the ore
outcrops along the hill slopes and was mined underground.

f. Ore Reserves

The total ore reserves are estimated at 85,317 tonnes
as follows:

o Proven ore in lease 293 - 42,672 tonnes.

o Probable ore in lease 293 - 3,813 tonnes

o Proven ore in leases 401-401 - 20,475 tonnes.

o Probable ore in leases 401-402 - 18,357 tonnes.

See figures at the end of this section for more details
on ore reserves.

g. Transport and Haulage

The area lies along the Bir Nassib/Om Bogma road. No
ropeway legs connect the area with Om Bogma.

Abu Hamat Shema1 - Leases 296-297

a. Location

These leases are to the northeast of area 8, and north
west of Abu Hamat Hemin.

b. Topography

They have a relatively high topography bound from the
north, east, and southeast by Wadi Abu Hamat and from
west by Wadi Hemera.

c. Surface Area

o Lease 296 is 470 x 500 meters.

o Lease 297 is 550 x 700 meters.
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d. Geology

The wadi floors surrounding the area are occupied by
basement rocks, overlain by the succession of Adedia
Formation, Om Bogma Formation and Abu Zarab Formation.
The southern parts are cut by a north-northwest to
south-southeast fault with the downthrow on the eastern
side.

e. Mode of Occurrence

outcrops of the ore can be observed all around the hill
as 1ensitic bodies separated by dolomite and ferruginous
clays. It is only at a few sites that ore is covered by .
only a thin overburden of rocks belonging to Om Bogrna
Formation where mining was carried out in open pits,
but now the remaining part of the area is pillars which
will be exploited by underground method.

f. Ore Reserves

The area is exhausted and the rema~n~ng reserves are
estimated at 71,523.6 tonnes as follows:

o Proven ore - 46,794 tonnes.

o Probable ore - 10,00S tonnes.

o Possible ore - 14,721.6 tonnes.

In block SA the cross cuts were driven in the hanging
wall and, because ore was exposed in some winzes across
the adits, it is considered possible ore. Also, two
tunnels around trangu1ation point M 68 contain some
very low-grade ore with small thicknesses rang~ng ~rom

0.02 meters to 0.40 meters, considered negligible
reserves. See figures at the end of this section for
more details on ore reserves.

g. Transport and Haulage

A special road joins the area with the main road of Bir
Nassib/Om Bogma. Moreover, a leg of the main bi-cab1e
tramway joins it with hill S, then area 9 and area 10 of
Om Bogrna.

The area is considered to be the center for the bi-cab1e
tramway. From this area a leg of the tramway was under
construction to Abu Hamat Yemin, joining Abu Zarab and
El A11uga. It was suggested that the other leg join
E1 Ramsy.

The ore was hauled from working points to the bunker of
the tramway by railway and locomotives.

2-
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6. Area 45 - Lease 292

a. Location

This area is to the southwest of Ras El Homarra and on
the northern flanks of Wadi Shalal.

b. Topography

The ore occurs on the northern slopes of Wadi Shalal,
at a relatively low height.

c. Surface Area

The surface area is 700 x 700 meters.

d. Geology

The floor of Wadi Shalal is occupied by sandstones of
the Adedia Formation which outcrop for some meters along
the northern hill slopes. Along Wadi Shalal and one of
its branches (Himera of Shalal), the Om Bogma Formation
outcrops above these lower sandstones and is overlain in
turn by the upper sandstones of Abu Zarab Formation.
Along Wadi Shalal, a fault plane running east-west,
having its downthrow to the south, results in the out
cropping of the Om Bogma Formation at wadi level.

e. Mode of Occurrence

The ore lenses crop out both on the southern and eastern
slopes of the hill in discontinuous lensitic bodies. On
the southern side of Wadi Shalal (on the southern down-

I thrown block of fault plane) outcrops ot ore appear
just at the wadi level, overlain by upper sandstones.

f. Ore Reserves

The ore reserves in this area are estimated at 18, 321
tonnes. The breakdown is as follows:

o Proven ore - 16,137 tonnes

o Probable ore - 2,184 tonnes

See figures at the end of this section for more details
on ore reserves.

g. Transport and Haulage

The road joining Depot 2 with Ras El Homarra,and Om Bogma
through Wadi Shalal passes the foot of the h~ll. ~
branch of this road joins the level of the ~re.hor~zon
with that of the main road on the floor of Wad~ Shalal.
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The area was exploited by underground methods, and the
ore of this area was used for sweetening the low grade
ore of other mines.

7. Abu Hamat Yemin - Leases 291-300

a. Location

These leases are located to the east of Om Bogma area
and to the west of Abu Zarab and Abu Thor.

b. Surface Area

o Lease 291 is 1000 x 700 meters.

o Lease 300 is 100 x 700 meters.

c. Topography

The area is bound on the west, north, and east by
branches of Wadi Abu Hamat. The ore outcrops at more
than 100 m above wadi level, and the hill forms a north
wards protruding tongue more than a km long and 0.5 km
wide.

d. Geology

A thick succession of sandstones, the lower Adedia
Formation is overlain by the Om Bogma Formation inclUding
the ore horizon, followed by the upper sandstones of the
Abu Zarab Formation. A major north-south fault borders
the area on the east, with its downthrown side to the
west.

e. Mode of OCcurrence

The are outcrops along the scarp faces of the hill on
the west, north, and east. It forms a well defined
horizon, though the ore outcrops in a discontinuous
manner.

f. Ore Reserves

The area has been developed by tunnels and only limited
extraction has been undertaken. The total ore reserves
are estimated at 192,583 tonnes as follows:

o Proven ore - 106,974 tonnes.

o Probable ore - 45,531 tonnes.

o Possible ore - 40,078 tonnes.

See figures at the end of this section for more
details on ore reserves.
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g. Transport and ore Haulage

The Abu Thor- Om Bogma road passes by the area of Abu
Hamat Yemin.Haulage of ore was planned to be through
the leg of the aerial ropeway to Abu Hamat Shemal and
then to hill 8, area 9, area 10, and Om Bogma.

8. Abu Zarab - Leases 298-299

a. Location

These leases are to the south of Abu Thor and to the
east of Abu Hamat Yemin.

b. Surface Area

o Lease 298 is 200 x 200 meters.

o Lease 299 is 300 x 600 meters.

c. Topography

This is an elevated area bordered on the west by Wadi
Abu and on the north by the upper reaches of Wadi Abu
Thor.

d. Geology

The wadi floor is occupied by the lower sandstones of
the Adedia Formation, overlain by the Om Bogma Formation
and the Abu Zarab Formation, which are followed upwards
by basalt sheets. Two rather parallel faults border the
area at the west. A horst uplifted block is included
in between these two fault planes.

e. Mode of Occurrence

The ore outcrops along the western slopes of the area in
a discontinuous manner, forming relatively big lenses.

f. Ore Reserves

The total ore reserves including the two leases are esti
mated at 183,708 tonnes as follows:

o Proven ore - 116,370 tonnes.

o Probable ore - 14,940 tonnes.

o Possible ore - 52,398 tonnes.

The quantity of the ore in block 4 was not reviewed due
to the collapse blocking the entrances and, therefore,
should be considered possible ore.

See the figures at the end of this section for more details
on ore reserves.
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g. Transport and Ore Haulage

The area of Abu Zarab is connected by a desert track
which connects with the Abu Thor - Om Dogma road.
Previous planning was to connect the area by aerial
tramway leg 3-b to Abu Hamat Yemin. There exists an
old jigback cab1eway to get the ore from the open pit
to the wadi floor. From the wadi it would go by truck~
car to Abu Zeneima.

9. E1 Korba - Lease 294

a. Location

It is located to the east of Wadi Beida and to the west
of Abu Harnat Yemin.

b. Surface Area

The surface area is 500 x 300 meters.

c. Top?graphy

The hill forms a small northward protrusion bounded on
the north and east by Wadi Abu Hamat and on the west by
Wadi Beida. At Abu Harnat the ore horizon is some 100
meters above the level of Wadi Abu Hamat.

d. Geology

The geology is the same as for Abu Hamat Yemin. The
Adedia Formation is overlying by the Om Bogma and Abu
Zarab Formations. On the western side the hill is
bordered by a fault plane running north-south with the
downthrow toward the east. The block inc1uding'Abu
Hamat and El Korba is a down-faulted graben area.

e. Mode of Occurrence

The ore outcrops on the hill slopes are only at a few
locations.

f. Ore Reserves

Total ore reserves are 2500 tonnes as follows:

o Proven ore - 2000 tonnes.

o Probable ore - 500 tonnes.

g. Transport and Haulage

The Abu Thor - Om Bogma road passes by the area. This
road is the only way for both transport and ore haulage
to the area 8 bunker.
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10. Abu Kafas - Leases 266-267

a. Location

These leases are to the south of Wadi Shalal and north
of Wadi Budra.

b. Surface

o Lease 266 is 350 x 700 meters.

o Lease 267 is 700 x 600 meters.

c.. Topography

This is a relatively low to moderate lying hilly area
bordered on the north by Wadi Om Tmayim.

d. Geology

The lower sandstones of Adedia Formation are overlain by
the Om Bogma Formation which is reduced to 8 to 10 meters
of ferruginous shale and marly dolomite with ore lenses.
This formation is overlain by the upper sandstones of
the Abu Zarab Formation.

e. Mode of Occurrence

The ore occurs either on the surface with only a thin
cover of shales and marly dolomites, or along the hill
slopes covered by Abu Zarab sandstones. Along Wadi
Shalal, a fault has lowered the ore horizon to the Wadi
level.

f. Ore Reserves

The total ore reserves are 35,093 tonnes as follows:

o Proven ore - 9,293 tonnes

o Probable ore - 1,302 tonnes.

'0 Possible ore - 24,498 tonnes.

See figures at the end of this section for more details
on ore reserves.

g. Transport and Haulage

The road from Depot station 2 to area 45 passes by
che western extremity of the area. A branch road
joins the various locations with this main road, making
trucks the best transport method.
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a. Location

This lease is to the east of Bir Nassib, south of
Zobeir Lahian (V-shaped), and northeast of El
Alluga. It is known as the long hill.

b. Topography

This is a topographic high, limited from the east and
northeast by Wadi Lahian and from the west by Wadi
Nassib.
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c. Surface Area

The surface area is 850 x 350 meters.

d. Geology

The basement rocks forming the floors of Wadi Nassib and
Wadi Lahian are overlain by the sandstones of the Adedia
Formation. The latter are locally covered by patches of
rocks belonging to Om Bogma Formation (including the ore
horizon.) From the east, along Wadi Lahian the area is
bordered by a north-south fault with the downthrcw on the
western side. The northwest-southeast fault passing along
Wadi Nassib borders the area in the west. The area was
worked by open pit method.

e. Mode of Occurrence

The relatively small patches of Om Bogma Formation
lying on the top of the topographic high enclose ore
lenses of variable sizes covered by only a few meters
of overburden.

f. Ore Reserves

The reserves are estimated at 7,812 tonnes of proven
ore. This ore will increase with the prospection of
the continuity of the hill. This ore was used as
sweetener ore.

See figures at the end of this section for more details
on ore reserves.
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g. Transport and Ore Haulage

The area is connected by two roads, one passing along
Wadi Nassib and the other along Wadi Lahian. However,
no roads go up the hill and ore haulage was affected
by means of a double drum bi-cable to Wadi Lahian and
Wadi Nassib where it was stockpiled. With trucks the
ore was transported from the stockpiles to Abu Zeneima.

12. Om Sylat (El Hessenia) - Lease 311

a. Location

This lease is two kilometers to the west of Sheikh
Hashash, on the western flanks of Wadi Saaho, south of
HillS.

b. Surface Area

The surface area is 500 x 1000 meters.

c. Topography

The topography is in two main parts:

An eastern downthrown block a few meters higher than
the level of Wadi Saaho, forming a protrusion into
Wadi Saaho.

A western upthrown block forming a high summit called
Gebel om Sylat.

d. Geology

The downthrown block begins with a few meters of lower
sandstone covered by the ore-dolomite horizon. The
latter is overlain by the upper sandstone toward the
south with a gradually increasing thickness. A major
fault plane trending north-northwest to south-southeast
(N 200 W), with a downthrow of about 150 meters, sepa
rates the upthrown and the downthrown blocks.

In the upthrown block, a few meters of basement are
exposed at the hill foot, covered by some 120 meters of
lower sandstone. The dolomite (with ore) forms the
summit plateau.

e. Mode of Occurrence

In the downthrown block, the ore bodies are well exposed
and frequently form small outliers. Outcrops of ore
are indicated on both the eastern and western sides of
the low hill (15 meters from wadi level). Toward the
south and southeast, the ore is covered by a small over
burden of thinly bedded dolomite and then by upper sand
stone. On the eastern side of the hill, the ore outcrops
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at two sites, with a thickness of about two meters and
extension of 50 meters. A vertical shaft near the
northern-most extremity cuts across ore. On the western·
side, the ore outcrops for about 70 meters, with three
local thickenings. At the northern site of opencast
extraction, the ore thickness reaches 7 meters, while
to the south it is reduced to 3 meters. Here, an
inclined shaft is driven in the ore horizon.

In the upthrown block, the ore occurs at the hilltop
overlain only by a few meters of dolo~ite. The ore
bodies vary in thickness from 1 to 3 meters, with a
thin intercalation of a red sandy shale band (maximum
1 meter thick). This intercalation is best developed
in the opencast face on the western edge of the hill.
The ore shows a tendency to uniform spreading and a
differentiation between manganese and iron minerals.
Thus, small high-grade bodies of manganese oxides
(commonly pyrolusite) are interbedded in a more ferru
ginous ore material. Toward the southern extremity of
the hill, the ore horizon is highly affected by erosion,
and only the ore below the shale intercalation persists
(either as outliers or floats), while that above the
intercalations is completely missing.

In addition, there are indications of the presence of
ore as a continuation of the down-faulted block
running southeast ana east. Similarly, ore indications
have been observed in a peak to the south of the main
Om Sylat hill, from which it is separated by a small
fault plane trending east-northeast to west-southwest.
Here, an occurrence of some 10 meters extension and
3 meters thickness outcrops on the southern slopes.
Both these two sites of ore indications have to be more
thoroughly explored.

Along the main fault plane separating the om Sylat hill
from the ore near the wadi level, small dislocated
bodies of ore are observed, but with no extension on
either side.

f. Ore Reserves

The estimated ore reserves for the whole area comprise:

0 Proven ore - 54,855 tonnes.

.0 Probable ore - 10,743 tonnes.

0 Possible ore - 34,573 tonnes.

But there are many stockpiles of low-grade and medium
grade ore due to the selection of the dioxide manganese,
which was worked before at the period of Labib Nissim.

See figures at the end of this section for more details
on ore reserves.
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g. Mining

The opencast method of m~n~ng has been used, and is the
most suitable for both the upthrown and dmmthro\'ln
blocks, since the overburden is relatively thin in
almost all cases. But for the downthrown block, in
future operation a part of it will be open cast, while
the other will be underground for the thick overburden.

h. Transport and Haulage

The down faulted block is easily accessible from Wadi
Saaho, whereas the summit is connected to the wadi by
a drum ropeway starting from the northern edge. The
transportation will be done by trucks,so the company
must repair the road of Shalal because it is the most
suitable road and the shortest one.

There is also another road between Wadi El Saaho and
area 9, but this road is not in use because of the war.
If it is used, the ore can be transported by truck to
the bunker of area 9.

13. Lahian-Zobeir (V-Shaped hill) - Lease 256

a. Location

This lease is to the south of Om Rinna, bordered from
the east by Wadi Zobeir, from the west by Wadi Lahian,
and from the north by Wadi El Sih.

b. Surface Area

The surface area is 400 x 400 meters.

c. Topography

The area is formed of two elongated hills joined from
the south to form a V-shape, with eastern (Zobeir) and
western (Lahian) wings. The two wings are separated by
a small north running khor. A small separate summit is
found to the south of the V-shaped hill.

d. Geology

Basement rocks from the lower parts of the area are
overlain by a lower sandstone succession. The top of
the V-shaped hill and the small separate sumrn~t are
covered by a few meters of dolomitic rocks and ore.
From the east the area is bordered by the major Lahian
fault which runs, basically north to south.
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e. Mode of Occurrence

Ore bodies are found at many sites, sometimes covered
by a few meters of dolomitic and shaley rocks or with
no overburden. The thickness of ore varies from one
to four meters, and the lenses tend to be flattened,
i.e., ore tends to be stratiform. Pisolitic, reniform
structures are predominant, while oolites are frequent.
Few samples give the impression of coral reef structures
pseudomorphosed by ore minerals, particularly in the
western wing (Lahian hill). Yet such reefal structures
are not as well developed as atOm Rinna. Concretions
and bombs of variable sizes formed principally of
pyrolusite are very common, causing surrounding ore to
be more ferruginous than elsewhere.

f. Ore Reserves

There are 24,450 tonnes of proven ore but there are
stockpiles due to the exploitation of dioxide ore,
stockpiles of medium and low-grade ore, total about
98,533 tonnes. More accurate reserve figures will be
available after further exploration.
-See figures at the end of this section for more details
on ore reserves.

g. Mining

In the western wing there is an open pit which was
undergoing extraction and several sites with small
scale workings. The ore in the eastern wing was
exploited for dioxide only, leaving medium-grade ore
as waste. All work was by open cast method.

h. Transport and Haulage

The ore from the western wing was hauled downhill by
a drum ropeway to Wadi Lahian. Two ropeways were
installed at Wadi Zobeir for the ore from the eastern
wing. From both wadis a short distance (maximum 4 km)
connects to the asphaltic road of Abu Zeneima and Abu
Thor at Diret El Nasb. Trucks can be used for transpor
tation of ore.

14 • Gebel Om Rinna - Lease 368

a. Location

This lease is two km north of the V-shaped hill, about
five km northeast of Bir Nassib, 8.5 km from the entrance
of the main asphalt road, and about 45 krn from Abu
Zeneima.
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b. Surface Area

The surface area is about two square km. However, the
lease had been cancelled.

c. Topography

This is a relatively high plateau divided into two main
parts. The western part is lower in elevation than the
eastern one.

d. Geologic Setting

Basement rocks at the foot of the hill, particularly
exposed along Wadi Om Rinna, are overlain by lower
sandstone. The hilltops are covered by dolomite and
ore forms the plateau cap. Toward the north, the area
is limited by a fault plane trending roughly east to
west, and the capping dolomite to the south passes into
upper sandstone toward the north. A major fault plane
passing along Wadi Om Rinna (a continuation of the
Lahian fault) separates the eastern topographically
higher upthrown block from the lower western downthrown
part. This fault trends north-northwest to south
southeast with a downthrow of about 70 meters.

e. Mode of Occurrence

The ore horizon is infrequently exposed at the surface,
usually covered by a few meters of dolomite (maximum
5.0 meters). The outcrops of ore appear sporadically
along relatively long distances and are thus well ex
tending particularly in a northeast to southwest trend.

In the downthrown block, the ore which has been partially
extracted is covered by few meters of dolomite but is
also sometimes exposed on the surface. In the upthro\~

block, natural outcrops of a 2-meter average thickness
are seen at several sites below the dolomite cover.
Along the east-west fault, and at some 1.5 km to the
west of the main upthrown mineralized area, an ore bed
1.3 meters thick (sample 133) is shown to extend for
50 meters along a gentle slope to the south of the
upper sandstone hill.

Whether this occurrence covered by a thin layer of
erosion debris continues farther northwards below the
sandstone cover or stops against the fault plane is
not clear. Further exploration work may provide a
satisfactory answer.
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f. Ore Reserves

In the downthrown site, reserves are estimated at 7,500
tonnes of probable and 10,000 tonnes of possible ore.
More prospection and development can prove additional
reserves and assure those already known.

In the upthrown part, there are believed to be 150,000
tonnes of possible reserves on the basis of the infor
mation supplied by existing exposures. An accurate
calculation will be possible after exploration program
and topographic surveying.

g. Mining

Previous m1n1ng in the downthrown block was by the open
cast method. No mining was undertaken in the upthrown
block, but there was work in the float at the western
part of the upthrown block near the fault.

h. Transport and Haulage

Transport and haulage from the whole area is feasible
using the truck road that starts from the upper reaches
of Wadi El Khefi. This road, accessible for trucks
carrying 20 tonnes of ore or more, is connected with
the asphalt road of Abu Zeneima via Wadi Nassib. There
was no program to connect this area to the bi-cable way.

15. Hill 5 - Lease 285

a. Location

This area is to the south of area 9 of Om Bogma and to
the east of area 10.

b. Surface Area

The surface area is 700 x 1000 meters.

c. Topography

The lease is on an elevated hill above the level of
area 9.
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d. ~ology

A major fault running north-northwest to south-southeast
has its downthrown side to the west. The ore of Hill 5
lies on the upthrown eastern side of this fault plane.
The lower sandstones of the Adedia Formation are over
lain by the Om Bogma Formation and then by the Abu
Zarab Formation. The Om Bogma Formation is reduced to
5 to 7 meters of highly contorted ferruginous siltstones
and calcareous shales, including the ore lenses.

e. Mode of Occurrence

Ore occurs both on the surface, where it was mined by
opencast method, as well as along the hill slopes where
it was extracted from underground tunnels. In these
tunnels the ore is.cut at the west by the major fault
plane. It seems, then, that no extension of ore should
be expected in this direction.

f. Ore Reserves

The reserves are estimated at 3000 tonnes of proven ore.
This ore may. be exploited by the underground method
because opencase mining has already reached high over
burden.

g. Transport and Haulage

The ore is transported by railway cars to the bunker.
From there it is carried by bi-cable tramway with one
carriage on each cable. The ore is discharged on a
bunker at area 9. From these the ore is transported
by railway cars and locomotive to bunker no. 9 and then
to depot 2 by the main bi-cable tramway.

16. Om Ratam eEl Saaho) - Lease 265

a. Location

This lease is to the southwest of the junction of Wadi
Om Ratam and Wadi Saaho, about 1 km to the northwest
of the northern hill of Adedia.

b. Surface Area

The surface area is 468 x 1000 meters.

c. Topography

The area is bounded by Wadi Saaho to the north and Wadi
Om Ratam to the east, and is formed by a relatively
high hill.
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d. Geologic Setting

Two main faults intersect with each other, one running
northeast to southwest with the downthrow in the north
western side, and the other running northwest to south
east with the downthrow on the northeast side; as a
result, the ore-bearing horizon occurs only in the two
western blocks. In the northern block a few meters of
the lower sandstone crop out. The sandstone is covered
by the ore-horizon, then by the upper sandstone, and
finally a basalt sheet. In the southern block a few
meters of basement rocks crop out. These rocks are
overlain by a thick succession of lower sandstone,
followed by the ore horizon and a small thickness of
upper sandstone. In the two eastern blocks only basemen
rocks and overlying lower sandstone outcrop, while the
ore horizon is completely absent.

The general dip in the area is about 100 toward the
northeast. "

e. Mode of Occurrence

On the northwestern block the ore occurs in the form of
1ensitic bodies, forming a discontinuous outcropping
bed on the hillside about 20 to 60 meters above the
wadi level. The outcrops appear for about ~ km and vary
in thickness from 1.5 to 3 meters. The ore is found in
a sandy-silty horizon and dolomitic rocks are completely
lacking. In the thicker parts of the ore, a silty
intercalation of about SO cm separates an upper and a
lower ore "bed."

In the southwestern· block the ore occurs in a si1ty
dolomitic horizon intercalated between the lower and the
upper sandstone successions. The dolomitic bands over
lying the ore are thin-bedded and silty, with shale and
siltstone bands alternating between them. The ore
horizon outcrops in two main sites. The first is along
the southern slopes of the hill covered by basalt. The
second is on both the northern and southern slopes of
the L-shaped hill covered by upper sandstone. These
two occurrences are separated from each other by an
east to west fault which follows the course of Wadi
Ta1et-E1 Zarqa. Six to seven main 1ensitic bodies are
apparent on these outcrops. The ore thickness is 2 to
3 meters. -

f. Ore Reserves

Based on the exposure outcrops, there is an estimated
250,000 tonnes of possible are reserves. This estimate
will be verified after prospecting is completed.
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g. Mining

Due to overburden thickness, the underground mining
method .may be used.

h. Transport and Haulage

The ore from the northern block is about 3 meters higher
than the wadi level, and hence can be transported along
Wadi Saaho. Since the difference in level between the
outcrop of the southern block and the Wadi Om Ratam
level is about 10 meters, it can be hauled through a
main tunnel which enters at Wadi Om Ratam. The outcrop
can be used as a bunker for loadina trucks. The ore
can be transported to Abu Zeneima by trucks through the
Wadi El Saaho after the El Shalal road is repaired: the
ore can also be transported to the area 9 bunker of the
bi-cable way after the hill road is continued.

i. Comments

The El Shalal road must be repaired and the hill road
between area 9 and Wadi El Saaho must be continued.

17. Wadi Nassib - Lease 312

a. Location

This area is to the west of El Alluga, southwest of Bir
Nassib and northeast of Abu Thor. It can be considered
the continuation of the Abu Thor area.

b. Topography

The lease is a low topography area with a plain surface
and low hillocks.

c. Surface Area

The surface area is 800 x 800 meters.

d. Geology

The area is covered mainly by the Om Bogma Formation, and
is locally covered by a small thickness of Abu zarab
Formation. No important fault planes were detected in
the area.

e. Mode of Occurrence

The main bulk of the ore occurs on the plain surface and
extends below the local patchy covers of Om Bogma Forma
tion and Abu Zarab sandstones.
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f. Ore Reserves

Despite the previous open cast mining of the ore,
reserves are estimated at 7,500 tonnes as follows:

o Proven ore - 3600 tonnes.

o Possible ore - 3900 tonnes.

See figures at the end of this section for more
details on ore reserves.

g. Transport and Haulage

The area is connected with the Bir Nassib - Om Bogma
road by a smaller road. Another road connects. the area
with El Alluga. The low relief topography facilitates
ore haulage along this road, so trucks were used to transp !

the ore.

18.Mining Leases - Drawings

The following drawings are presented immediately after this
list:

Mining Lease Drawing NUmber

Abu Hamat Yemin, 291-300 1:2900. 102-G
Abu Hamat Yemin, 300 1:500 103-G
El Alluga 353-354 1:2000 104-G
El Alluga,~l~ .353-,:354A 1:500 105-1-G
El Alluga 2, 353-354A 1:500 105-2-G
El Alluga 3, 353-354A 1:500 105-3-G
El Alluga 1, 353-354B 1:500 106-l-G
El Alluga 2, 353-354B 1:500 106-2-G
El Alluga 3, 353-354B 1:500 106-3-G
Abu Thor, 393 1:2000 107-G
Abu Thor, 401-402 1:2000 108-G
Abu Kafas 1, 266-267 1:2000 109-l-G
Abu Kafas 2, 266-267 1:2000 109-2-G
Abu Kafas 3, 266-267 1:2000 109-3-G
Abu Kafas 4, 266-267 1:2000 109-4-G
Abu Zarah, 298-299 1:2000 110-G
Abu Zarab, 298 1:500 lll-G
Abu Zarab 1, 298 1:500 lll-l-G
Abu Zarab 2, 298 1:500 lll-2-G
Abu Zarab 3, 298 1:500 lll-3-G

IL- _
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Mining Lease

Abu Zarab 4, 298
Abu Zarab 5, 298
Abu Zarab 6, 298
Abu Zarab 7, 298
Abu Zarab 8, 298
Abu Zarab, 299
Lahian- Zobier, 256
Lahian-Zobeir 1, 256
Lahian-Zobier 2, 256
Lahian-Zobier 3, 256
Om Ratam, 265
E1 Hessenia 1, 311
E1 Hessenia 2, 311
E1 Hessenia 3, 311
E1 Hessenia 4, 311
E1 Hessenia 5, 311
E1 Hessenia 6, ]11
E1 Ranisy, 367
Area 8, 288
Abu Hamal Shema1, 296-297
Abu Hamal Shema1, 296-297
Lihian 1, 253
Lihian 2, 253
Area 45, 292
Wadi Nassib 1, 312
Wadi Nassib 2, 312
Wadi Nassib 3, 312
Wadi Nassib 4, 312
Wadi Nassib 5, 312
E1 Himera
Area A
Area B
Key Survey Map
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1:500
1:500
1:500
1:500
1:500
1:500
1:500
1:500
1:500
1:500
1:1000
1:500
1:500
1:500
1:500
1:500"
1:500
1:2000
1:500
1:2000
1:500
1:500
1:500
1:2000
1:500
1:500
1:500
1:500
1:500
1:1000
1:5000
1:5000
1:500

Drawing NUr:1ber

111-4-G
111-5-G
111-6-G
111-7-G
111-8-G
112-G
113-G
114-1-G
114-2-G
114-3-G
115-G
116-1-G
116-2-G
116-3-G
116-4-G
116-5-G
116-6-G
117-G
118-G
119-G
120-G
121-1-G
121-2-G
122-G
123-1-G
123-2-G
123-3-G
123-4-G
123-5-G
124-G
125-G
126-g
127-G
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KAISER ---
ENGINEERS

EL RAMSY M.L. 367

Quantity

Av.
Kind of Block Area Thick Volume Cavcities ret Volume
Reserves No. -Et.. m m3 m3 m3 sp. gr. Tonnage

1 5000 4.03 20150 20150 3 60450
2 8000 2.125 17000 388 16662 3 49986

Proven 3 8520 5.54 47201 1488 45712 3 137136
4 11520 0.945 10866 439 10447 3 31341
5 12580 1. 70 21386 21386 3 64158

Total 343,071

Probable 6 10,200 2.485 25,347 25347 3 76,041

Grand Total 419,112

Quality of Proven Ore

The proven ore reserves chamical analysis are as follows:
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KAISER
ENGINEER~

ALtOGA M.L. 353,354

Quantity

Kind of Bl. Area Thick r Volume Cavaties . Net Volume
Reserves No. m2 m3 m3 m3 m3 sp. gr. Tonnage

1 7700 1.38 10626 363 10253 3 30759
2 3860 0.98 .3783 441 3342 3 10026

Proven 4 8200 1.06 a692 394 8298 3 24894
5 3620 1.08 3910 194 3716 3 11148
6 624 0.76 474 68 406 3 1218
7A 198 0.80 158 158.4 3 475.2

Total 78,520.2

Probable lA 1480 0.75 1110 1110 3 3330

I-B ·625 0.6 375 375 3 1125
l-C 2500 0.6 1500 1500 3 4500
3-A 1598 0.8 1278 1278.4 3 3835.2

Possible 4-A 1640 0.6 984.0 984 3 2952
4-B 640 1.35 864 864 3 2592
6-A 2134 0.60 1280.4 1280.4 3 3841.2
7-B 180 0.80 144 144 3 432

Total 19,277.4

Grand Total 102,048.9

Quality of Proven Ore

Total Bl. Block Sam.
Block Analysis Mean Thick

Tonnage. No. Ionnage No •. Mn% Fe % 1.0.1. Mn% Fe % m-
78520 1 30759 95 34.94 22.25 14.11 34.94 22.25 1.1

2 10026 93 26.78 31.65 9.92 26.78 31.65 1.7
4 24894 90 21.96 36.33 9.38 1.25,

91 29.86 19.82 11.17 25.91 28.07 1.18
5 11148 87 4.47 42.22 14.23 0.7

89 45.50 6.22 6.22 24.98 28.72 1.1

Arithmetic Mean. 29.43 25.23 A
Geometric "Mean 30.04 25.88 G

2-



Total Sanr. Block Analysis Mean Thick
Tonnage No. Mn% Fe % L.O.I. Mn% Fe % m

51 26.75 32.44 9.1 5.00
52 24.65 34.25 44.68 3.60
53 20.98 38.47· 9.37 5.00
54 28.98 31.27 9.56 5.50
55 15.92 43.31 6.35 3.65
56 26.01 33.36 4.16 4.10
57 28.57 15.91 14.27 3.60
58 39.39 20.27 11.40 2.96
59 15.27 39.68 9.92 3.70
60 20.97 38.31 7.94 3.90
61 34.82 20.72 12.97 5.00

AritbmeticMean 25.66 31.69 A
Geometric Mea,n 25.72 31.64 G

AREA NO. 8 M.L. 288

11,630 4.60 53,498
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ENGINEERS

Quantity

Kind of Bl.
Reserves No.

Proven ALL
AREA

Area
m2

Av.
Thick

m
Volume

m3
Cavaties

m3
Net Volume

m3

"53,498 .

Sp. Gr.

3

Tonnage

160,494
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KAISER
ENGINEERS

ABU THOR M.L. 293

Quantity
Av. Net

Kind of Block A2ea Thick· Volume Cavities Volume
Reserves No. m m m3 m3 m3 Sp. Gr. Tonnage

1-A 3520 1.16 4083 365 3718 3 11154
2 1760 1.20 2112 162 1950 3 5850

Proven 3 3760 1.50 5640 405 5235 3 15705
4 1840 0.90 1656 81 1575 3 4725
5 2160 0.85 1836 90 1746 3 5238

Total 42.672

Probable 1-B 820 3.10 2542 1271 1271 3 3813

Grand Total 183.708

Quality of Proven Ore

Total B1. Block Sam. Block Analysis Mean Thick
Tonnage No. Tonnage~ Mn% Fe % L.O.1.% Un% Fe % m
42672 1-A 11154 77 26.01 24.88 12.83 1.2

78 42.85 17.21 12.14 2.9
79 24.48 24.00 10.67 31.11 22.03 2.8

2 5850 80 29.49 27.77 8.32 1.0
83 42.80 2.90 12.18 36.15 15.34 0.85

3 15705 81 44.33 14.34 3.43 1.20
82 46.98 11.34 13.22 45.66 12.84 1.00

4 4725 84 33.98 21.29 5.81 33.98 21.29 1.4
5 5238 85 41. 99 15.50 13.38 41.99 15.50 1.27

Arithmetic Nean 38.81 16.85 A
Geometric ?olean 39.04 16.84 G

2-79
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KAISER·
ENGINEERS

Quality of Proven Ore

Total B1. Block Sam. Block Analysis Mean Thick
Tonnage No. Tonnage No. Mn % . Fe % L.O.1.% Mn% Fe % m

20475 1 3915 73 26.55 26.23 11.39 26.55 26.23 1.0
2 16560 74 55.75 4.07 5.14 1.4

75 35.74 8.37 14.58 1.0
76 13.95 30.17 13.13 35.15 14.20 l.0

Arithmetic Mean 33.51 16.5 A
Geometric ?olean 35.46 15.15 G
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KAISER
ENGINEERS

ABU ~~T LEFT M.L. 296, 297

Quantity

Av. Net
Kind of Block Area Thick Volume Cavities Volume
Reserves No. in2 m m3 m3 m3 Sp. Gr. Tonnage

1 1095 1.28 1402 1402 3 4206
Proven 2 820 2.25 1845 1845 3 5535

3 4320 1.66 7171 7171 3 21513
4 2072 2.5 5810 5180 3 15540

Total 46,794

8-B 594 1.35 802 802 3 2406
Probable 10-B 385 2.16 832 832 3 2496

9-A 748 1.37 1025 103 922 3 2766
11-A 520 1.50 780 . 780 3 2340

TOTAL 10,008

8....A 961 1.10 1057 1057 3 3170
Possible la-A 1024 2.16 2212 2212 3 6636

9-B 110 1.00 110 110 3 330
12 236 0.70 165.2 165.2 3 495.6

Total 14,721.6

Grand Total 71 523.6=========
Q~a1ity of Proven Ore

Total Sam. Block Analysis Mean
Tonnage No. Mn% Fe % L.O.1.% Mn % Fe %._-

46794 31 . 25.35 30.30 8.54

Pillars: A sample of R.O.M. represent all mine 25.35 30.33 A+G
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Quality of Proven Ore

Total Bl. Block Sam. Block Analysis Mean Thick
Tonnage No. Tonnage No. Mn % ~ L.O.I. Mn% . Fe % m-
16,137 1 8,955 1 16.62 17.22 14.88 2.00

4 23.22 35.07 6.81 1.66
6 52.95 3.95 14.25 30.92 18.75

3+4+5 5,241 2 36.59 15.39 11.85 36.59 15.39
6+7 5 23.92 15.38 7.53 23.92 15.38 1.0
8+9 735 3 28.10 32.14 9.96 28.10 32.14 1.80

2 462 1 16.62 17.22 14.88 16.62 17.22 2.00
Arithmetic Mean 31.90 18.07
Geometric Mean 32.47 15.42

2-82
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KAISER
ENGINEERS

Quality of Proven Ore

Total Bl. Block Sam.
Block Analysis. Mean Thick

Tonnage No. Tonnage No. Mn % Fe % L.O.I. % Mn% Fe % m-
116,370 1 19932 34 22.88 33.01 9.19 22.88 33.01

2 66075 62 21.41 31.60 8.80 1.25
63 38.59 22.27 4.32 0.93
64 33.44 24.33 10.00 2.00
65 59.67 9.08 3.01 1.50
66 46.42 16.04 10.40 1.44
67 25.58 36.96 7.2 37.52 23.21 0.36 .

5 30363 69 46.89 3.93 16.81 0.74
70 11.02 38.03 12.88 0.94
71 16.92 38.16 5.14 1.50
72 6.70 46.08 7.09 20.26 31.55 1.33

Arithmetic Mean 30.51 27.06 A
Geometric Mean 30.87 26.69 G

2-84
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KAISER
E-.~NGINEERS

OM SYLAT AREA (ELHESSENIA) M.L. 311

Quantity

Av. Net
Kind of Block Area Thick Volume Cavities Volume
Reserves No. m2 m m3 m3 m3 Sp. Gr. Tonnage

Proven III 4490 1.5 6735.0 3 20205.0
IV 7700 1.5 11550.0 3 34650.0

Total 54,855.0

Probable IA 1375 1.5 2062.5 3 6187.5
IIA 1012.5 1.5 1518.75 3 4556.25

Total 10,743.75

L· IB 2583.0 1.5 3874.5 3 11623.5
Possible lIB 600.0 1.5 900.0 3 2700.0

IVB 4500.0 1.5 6750.0 3 20250.0

Total 34,573.5

Grand Total ~2-1Z~:!:~~

Quality of Proven Ore

Total B1. Block Sam. Block Analysis Mean Thick·
Tonnage No. Tonnage No. Mn% Fe % L.O.I.% Mn % Fe % m

54855 III 20205 110 18.46 34.25 9.09 2.0
111 39.39 6.70 4.97 28.93 20.48 2.0

IV 34650 104 35.29 22.92 11019 5.0
105 24.02 31. 73 8.32 4.0
106 25.13 30.06 10.73 3.5
107 44.76 16.00 12.43 32.30 25.18 2.5

Arithmetic Mean 31.06 23.45 A
Geometric Mean 30.55 23.83 G

------------------2-8::J-7------------------
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Quality of Proven Ore

Adding the dump due to the exploitation, was done only for dioxide:

AL ZOBEIR AREA M.L. 256

--"-------------------------

Total B1. Block Sam. Block Analysis Mean Thick
Tonnage No. Tonnage No. Mn % Fe % L.O.1.% Mn % Fe % m

24450 2 blocks 122 29.74 29.04 4.56 29.74 29.04
1 + 2

98533 dump 123 39.43 2.35 4.73
124 30.80 11.67 4-.64
125 49.50 8.64 12.95
126 19.82 41.29 6.29 34.89 15.99

61830 tonnes
36703 tonnes

Quantity

Av. Net
Kind of Block Area Thick Volume Cavities Volume
Reserves No. m2 m _m3 . m3 m3 Sp. Gr. Tonnage

Proven 1 910 1.00 910 3 2730
2 7240 1.00 7240 3 21720

Total 24,450

KAISER
E:NGINEERSo

o
o
o
o
o
o
o
o
o
D
o
D
o
o
o
D
D
o



Block Analysis Mean

}In % Fe % L.O.I.% Mn% Fe %

42.81 1.57 10.98
20.96 33.20 11.82

31.89 17.39
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Quality

Total
Tonnage

3600

of Proven Ore

Bl. Block Sam.
No. Tonnage~

138
141

W. NASSIB M.L. 312

Cavities
m3

2-89

Net
Volume

m3 SF. Gr.

3

3

Grand Total

Tonnage

3600

3900

Thick
m
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Inaccurate definitions are the cause of confusion and often of
legal battles leading to prosecution for misleading information.
Now at last, acommittee culled from three organizations has
formUlated the definitions of various terms used for
commercial evaluation of mineral deposits.

Let's Define Our Terms in Mineral Valuation
Armine F. Banfield, Behre Dolbear & Co.• Inc.
John F. Havard, Kaiser Engineers

o
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Sooner or later, we all get involved in the economic
study and valuation of a mineral deposit. To communi
cate clearly the necessary information. we must scrupu
lously use various terms with specific meaning.

All these terms-such as ore. exploration. develop
ment. production, reserves. proven ore. probable ore.
possible reserves, resources, as well as similar terms
applying to coal-are continually on the lips of anyone
who reports on the economic aspects of a mineral de
posit at the exploration. development. and production
stages. The meaning of these terms is even more im
portant in feasibility studies to determine whether a
deposit should be put into production. Finally. careless
use of these terms in reports published for public financ
ing may. and sometimes does. lead to prosecution of the
writer for misleading information.

Some of these terms have been defined by govern
ment agencies for use in matters in which they are
concerned. for example. the Internal Revenue Service,
the Securities and Exchange Commission, and the De
partment of the Interior.

Recognizing that people in the mineral industry itself
should define these terms. Dr. Banfield suggested that a
j oint committee representing the technical societies be
established to study the subject and to make. recom
mendations before the terms were defined by others,
especially by the courts where precedence is so impor
tant. That was almost four years ago. Today, the task
has been completed (see box) .

In this article. we will review the work accomplished
by the Joint Committee on Definitions. present some
background data. and explain how and why the com
mittee arrived at its recommended definitions. We will
also review the actions taken by the three Societies that
sponsored the Joint Committee: American Institute of
.Mining, Metallurgical, and Petroleum .Engineers
(AIME); Society of Economic Geologists (SEG); and
the American Institute of Professional Geologists
(AIPG)-and particularly the Working Party appointed
by the Society of Mining Engineers (SME) of AIME.

Previous Definitions
The terms under consideration have been defined by

government agencies in the US. as well as by technical
societies in the US. Canada, Australia, and England. The
terms have also been defined in prominent textbooks
used in teaching economic geology in colleges and -uni
versities. In most cases each definition reflects the par
ticular interest of the definer; therefore, none is uni
versally applicable.

Much of the background for this article is in "Ore Reserves, Feasi
bility Studies and Valuations of Mineral Properties," presented by
A. F. Banfield at the 1972 AIME Annual Meeting in San Francisco.

74 JULY 1975

In recommending a definition, considerable attention
must be given to current usage in the country where
the definition is to be used. For example, a widespread
sampling in the US indicated that the profit aspect
must be included in any definition of the term "ore;"
however. according to the results of a study in England.
the profit aspect is not necessarily a part of the def
inition of ore.

The comments that follow indicate the wide variety
of existing definitions. It was this variety that prompted
the attempt to arrive at nationally acceptable defini
tions.

United States-On May 17. 1943. the US Department
of the Interior issued a new method of classifying ore
reserves for use by the US Bureau of Mines (USBM) and
by the US Geological Survey (USGS). The purpose in
issuing these definitions was to ensure uniformity in the
large number of reports being written during the war
time crash programs. Since that time, these definitions
have been widely used. partly because they were issued
by a government agency. One criticism by those en
gaged in actual mining is that the definitions of mea
sured ore and inferred ore are too broad.

On April 15. 1974. the Secretary of the Interior re
leased a revised set of definitions adopted by the USBM
and the USGS. These definitions are discussed later in
this article.

The US Securities and Exchange Commissions
adopted, on September 19. 19'57. definitions of the terms
"ore." "proven ore." and "probable ore." The latter two
are almost identical with those proposed by Herbert C.
Hoover in 1909 in his book on the "Principles of Min-

. ing."
Glossaries published by the USBM and by the Ameri

can Geological Institute also contain definitions of some
of these terms.

"Words and Phrases," a periodic legal encyclopedia,
contains some definitions that have been dictated by the
courts.

Canada-In 1968, a Committee of the Canadian Insti
tute of Mining and Metallurgy discussed ore definitions
in general use in its own mining industry. In 1969, the
Association of Professional Engineers of the Province of
Ontario issued a booklet containing definitions approved
for use by members of the association.

Australia-In April 1972, the Australasian Institute of
Mining and Metallurgy and the Australian Mining In
dustry Council issued a "Report by Joint Committee
on Ore Reserves," containing definitions of ore and re
lated terms.

SOCIETY OF
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England-The Institution of Mining and Metallurgy,
London, has studied the definition at various times,
starting in 1901. The latest definition of "ore" was ap
proved on April 14, 1955, and of ore reserves on January
10, 1961.

France and Other European Countries-Inquiries
carried out in 1972 and 1973 did not disclose any defini
tions by government agencies or technical societies in
France.

Johan W. Brinck of the Directorate-General for En
ergy and Euratom Safeguards of the Commission of the
European Communities replied in December 1972 that
the terminology in use by the Directorate-General fol
lows closely the recommendations made by F. Blondel
and S. G. Lasky in their report of 1956 on behalf of and
approved by the international committee of SEG.

Joint AIME-AIPG-SEG Committee
At the 1969 spring meeting of the New York Section

of the AIPG, in response to a request by the Institute's
president, R. Dana Russell, for projects that might be
undertaken by the Institute, Dr. Armine F. Banfield
suggested that the Institute should begin to define those
terms most used by the metallic and nonmetallic min
ing industry, e.g., such terms as "ore," "reserves," "ore
reserves," "exploration," "development," and the cate
gories into which ore reserves might be subdivided. Dr.
Banfield pointed out that the Society of Petroleum En
gineers of AIME had adopted definitions of proven
reserves for evaluation of petroleum and natural gas
properties in June 1965. To assure acceptance, it was
recommended that the definitions should be drawn up
by representatives of the most prominent societies in the
mineral industry. .

Dr. Russell discussed the matter with Dr. James Boyd,
president of AIME, and Dr. F. S. Turneaure, president
of SEG. The result was formation of a Joint Committee
on Definitions. Dr. Armine F. Banfield represented
AIPG, as chairman; Norman H. Donald, Jr. represented
AIME, and Lowell B. Moon represented SEG as mem
bers.

Report of 1972-At the second meeting of the commit
tee, it was decided to subdivide the investigation as fol
lows: (a) private mining industry, including textbooks;
(b) government agencies, federal and state, particularly
the bureaus of mines and the geological surveys; (c)
US Securities and Exchange Commission and similar
state regulatory agencies; (d) Internal Revenue Service;
(e) courts of law up to the Supreme Court.

The scope of the project was expanded to include
definitions adopted by governments or recognized so
cieties in Australia, Canada, England, and France.

The work was divided among the committee members
and a thorough search of all sources of data begun. The
committee met periodically to review progress. Com
ments were requested by notices in the publications of
the three Societies but only a small number were re
ceived. Some of the findings were given in the paper
presented by Dr. Banfield at the 1972 Annual AIME
Meeting in San Francisco.

The committee submitted a set of definitions on April
24, 1972, to the presidents of the three professional So
cieties.

The proposed definitions were published in AIPG's
"The Professional Geologist." The secretary of SEG
asked for comments from its members. AIME took no
action.

MINING ENGINEERS

Definitions of Ore and
Related Terms

General
Ore-A natural aggregate of one or more solid minerals
which can be mined, or from which one or more mineral
products can be extracted, at a profit.

~xploration-The search for a mineral deposit (prospect
Ing) and the subsequent investigation of any deposit found
until an ore body, if such exists, has been established.

Development-Work done on a mineral deposit, after ex
ploration has disclosed ore in sufficient quantity and
quality to justify extraction, in order to make the ore
available for mining.

Production-The mining of ores and, as required, the
subsequent processing into products ready for marketing.

Reserves
Reserves-Mineraliz·ed material in an identified deposit
which may be shown by exploration to contain ore under
certain economic conditions. Reserves may be described
as proven, probable, or possible, depending upon the de
gree to which dimensions, grade, metallurgical charac
teristics, and continuity have been established by sam
pling. When used il') context with ore deposits, the terms
"ore reserves" and "reserves" are synonymous.

Proven Ore-An ore reserve so extensively sampled that
the tonnage, grade, geometry, and recoverability of the
ore within the block or blocks of ground under considera
tion can be computed with sufficient accuracy so that the
uncertainties involved would not be a factor in determin
ing the positive feasibility of a mining operation.

Probable Ore-An ore reserve for which sufficient continu
ity of dimensions and grade can be assumed for prelimi
nary financial planning, but for which the risk of failure
in continuity is greater than for proven are.

Possible Reserves-Mineralized material of which the di
mensions and grade are based on geologic correlation be
tween samples so widely spaced or so erratic that addi
tional exploration is required to establish whether ore re
serves are present.

Coal-The above definitions of ore reserves can be ap
plied to coal with appropriate modifications and with due
regard to rank, grade, seam thickness, overburden, and
recoverabi Iity.

Resources
The above definitions of reserves are recommended for

the purposes of commercial evaluation.
The terminology adopted by the US Bureau of Mines

and the US Geological Survey, as released to the public
on April 15, 1974, is recognized terminology for the
classification of mineral resources.

Report of 1973-As a result of the SEG secretary's
request, thoughtful replies were received-some several
pages long-from persons in industry, government, edu-
cational institutions, and from abroad. * .

* Paul A. Bailly, C. L. Beaumont, James Boyd, James C. Bradbury,
M. H. Brady, Robert W. Bridgman, Johan W. Brinck, A. E. Buller,
W. H. Callahan. Jean-Paul Drolet, E. F. Fitzhugh, Jr., S. O. Ford,
Y. O. Fortier. R. M. Grogan, R. B. Hoy, H. F. King, Lawrence Y.
Marks. Sanchez P. Meiorada, Felix Mendelsohn, Kenneth M: Relm,
Ora H. Rostad, H. T. Schassburger, Ward C. Smith, Robert H. Steb
bins, J. A. Thomas, Edwin W. Tooker, L. L. Werts, Walter S. White,
John A. Wolfe, R. J. Wright, J. Zwartendyk.
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The comments figured importantly in the committee's
final draft, but the variety of opinions was significant.
One of the contributors, Sanchez P. Mejorada, expressed
a general conclusion: "Reading the various commen
taries to the definitions proposed by the.... Joint Com
mittee, I realize it is almost impossible to cover every
possible case with a simple, universal definition." Yet
most contributors felt it worth the effort. While by no
means agreeing with everything, E. F. Fitzhugh, Jr. ex
pressed an opinion shared in different degrees by many
others: "For communication between persons of sea
soned judgment and good faith, the definitions are ex
cellent and delightfully succinct."

All letters were read and discussed by members of
the committee and a revised set of definitions submitted
to the presidents of the three Societies on February 23,
1973.

Action by Societies on Joint Committee
The definitions were accepted by the National Board

of AIPG at the Annual Meeting in New Orleans in Oc
tober 1973.

At its .meeting in February 1974, the. Council of SEG
voted to accept the report of the committee, an action
similar to that of 1956 when it accepted the report of
Blondel and Laskey.

The AIME referred the matter to the Society of Min-
ing Engineers of AIME. _

At the SME Board meeting in Dallas, February 1974,
the chairman of the Joint Committee requested that the
SME take action on the 1973 report. The president ap
pointed Jack F. Havard as chairman of a working party
to be composed of members chosen from industry, gov
ernment, academic, and legal spheres, with instructions
to report back to the board on September 22, 1974, at
Acapulco.

Formation of SME Working Party
After appointing the members of the Working Party,·

its chairman requested comments on the definitions rec
ommended in the February 23, 1973, report by the AIME
AIPG-SEG Joint Committee on Definitions. A. few of
these comments are quoted below to highlight basic
positions. As in all partial quotations, some of the quali
fications and details included in the total statements
are omitted for lack of space, with. some loss of the
value of the full discussions.

Dr. Stewart R. Wallace of Mine Finders, Inc., Denver,
made major contributions to the final approved version
of the Societies' definitions. Some of his comments not
included within the definitions are thought provoking.
For instance, he criticized the use of the word "viable"
.in an early version of the definitions. "I know that the
words 'viable' and 'viability' are very much in vogue,
but I consider these to be 'Madison Avenue' terms and
I do not like them," said Wallace. "Viable refers to or
ganic things and is said of some unborn or newly born
(especially premature) animals that are fully enough
developed to live, or of a seed capable of living and
growing into a plant. I realize that viability, as used in
the definition of proven ore, refers to a mining opera
tion (which can grow in a manner of speaking) and not
the orebody itself. Nonetheless, to condone its inclusion
here is to further encourage the use of the term 'viable

• Frank C. Appleyard, US Gypsum Company; Robert P. Davison.
attorney, Denver; Herbert D. Drechsler. Columbia University; Thomas
v. Falkie. Director, US Bureau of Mines; Philip W. Guild, US Geolog
ical Survey; John A. Hall, Noranda Mines Ltd.; John C. Kinnear,
Kennecott Copper Corp.; Hugh J. Leach, Cleveland Cliffs Iron Com
pany; Charles B. Tillson, Jr., Kaiser Engineers; Stewart R. Wallace,
Mine Finders, Inc. .
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orebody' which is completely wrong as it is commonly
used; an orebody 'grows' only during formation, and in
deed does quite the opposite during its extraction."

John A. Hall; vice-president-mine projects for No
randa Mines Ltd., Dr. W. L. Brown, vice-president
and general manager of Noranda Exploration Co., Ltd.,
and their associates provided the Canadian viewpoint in
discussing the proposed definitions. They emphasized
that "possible or inferred ore involves a high risk factor
and this should be stated." Also this important point:
"When quoting grades of proven ore, dilution factors
should be shown and reasons for the use of these dilu
tion factors clearly explained."

The SME Committee sought the opinion of a mining
oriented attorney to supplement the findings of other
attorneys consulted by the original J,oint Committee.
Robert P. Davison, of Holland and Hart,. Denver, sug
gested certain more precise wording which was incor
porated in the final version of the definitions, whose
brevity and simplicity should insure a uniform accept
ance in. commercial evaluations of solid mineral re
serves. According. to Davison, "There are no conflicts
between the proposed definitions and the definitions
adopted by the· courts for similar terms. Actually, the
judicial definitions vary depending upon the nature of
the case in which the definitio'n was pronounced (Le.
income tax matters, discovery under the mining laws)
and the mineral involved (lead, coal, limestone, clay,
petroleum). The new set of definitions should be helpful
here ... Perhaps lam over-sensitive on definitions but
I have noted many times in government contests in
cluding validity of claims, that the expert witness, after
having said that ore exists, then goes on to recommend
further exploration although he undoubtedly meant de
velopment. This loose usage of language permits a
hearing examiner to determine that in reality no
valuable deposit had been discovered because more ex
ploration was necessary."

J. C. Kinnear, Jr., vice-president-administration for
Kennecott Copper Corp., commenting on the final draft,
suggested that "the committee definitions be adopted for
economic evaluation of reserves; in' contrast with the
federal definitions which will serve well for describing
resources. This seems to be an appropriate division of
the two possibly conflicting definitions."

"I think the (committee's definitions) •••
will admirably suit the needs for

commercial evaluation of reserves, and
find these to be clear, concise, and

readily understood."
-F.e. Appleyard, United States Gypsum eo.

F. C. Appleyard, director of mining and exploration
for United States Gypsum Co., believes the new defi
nitions by the federal agencies and by the Societies
both fill a need for general understanding. He also notes
that: "The USBM/USGS definition of measured reserves
in the April 15, 1974, news release was somewhat sur
prising in that it calls for a computation 'within a mar
gin of error of less than 20 % • • .' This does not seem
practical, as there is no way to know how accurate the
reserve forecast is until the orebody has been mined
out, and it would seem that the requirements of a speci
fic degree of accuracy would result in either no mea
sured reserves, or in the establishment of so many
qualifications that the category becomes meaningless.
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Thus, any attempt to quantify the definitions should be
avoided, as the committee has wisely done. I think the
(committee's definitions) ... will admirably suit the
needs for commercial evaluation oj reserves, and find
these to be clear, concise, and readily understood."

H. J. Leach, vice-president-research and development
for Cleveland-Cliffs Iron Co., commented: "We are satis
fied with the definitions and concur in the recommenda
tions..." .

The final quotation must come from the Noranda geol
ogists: "You don't 'produce' ore, although the term is
used loosely in mining. God does that."

After lengthy correspondence and discussions, the
Working Party agreed upon some minor clarifying mod
ifications to the definitions and received concurrence in
these modifications from the Joint Committee. Ten
members voted for acceptance of the modified defini
tions. Dr. Thomas V. Falkie, USBM Director, abstained
from voting on the definitions, preferring those adopted
on April 15, 1974, by the Department of the Interior for
use by the USBM and the USGS.

The Working Party recommended the revised defini
tions for approval of the Board of Directors of SME.

Mr. Havard submitted the recommended definitions of
the Working Party to the SME Board of Directors at its
meeting on September 22, 1974, at Acapulco. The Board
voted to accept the report of the Working Party.

Position of the USBM and USGS
It is unfortunate that the AIME-AIPG-SEG Joint

Committee and the government agencies did not work
together to produce a set of timely definitions agreeable
to all concerned. It may be, of course, that common def
initions could not have been agreed upon because the
needs of industry are different from those of govern
ment. While industry is more interested in reserves
and practical working terms, government is more con
cerned with resources.

The AIME-AIPG-SEG Joint Committee and the SME
Working Party believe that the definitions adopted for
ore reserves and related terms and the categories into
which ore reserves may be divided are more applicable
to industry. They further believe that the definitions
by the Department of the Interior should be used in
discussing resources. The federal agencies do not agree.

Dr. Thomas V. Falkie, USBM Director, clearly ex
pressed the agencies' viewpoint: "Until we find good
reason for further change, we plan to adhere to our
present classification and definitions-and hope you will
find them acceptable a!so." He believes further discus
sions ·on terminology should take place between federal
and industry people, with the inclusion of petroleum
organizations.

Dr. Falkie further explained the agencies' position:
"The USGS and the USBM have jointly adopted the

comprehensive classification of reserves and resources
described in the enclosed news release of April 15, 1974,
to which you referred. I have discussed your letter with
Dr. V. E. McKelvey, Director of the Geological Survey.

"We concur in the recognition of the importance of
clear and widely adopted definitions of these terms and
that, in fact, is the reason for our own recent agree
ment. We recognize also that the differences in recently
published definitions may be confusing to the public at a
time when the need for understanding is reaching a
new high.

"We believe the definitions in our classification con
form fairly well with the sense of thoseiri previous use,
and that the classification itself helps to clarify the re
lationships between them. As you will recognize, the
classification has had. an evolutionary development, be-

MINING ENGINEERS

ginning with the terms introduced by the work of Blon
del and Laskey under SEG auspices, and later work by
McKelvey, then Brobst and Pratt, and finally joint Sur
vey-Bureau analysis during the past year. Each of these
efforts resulted in certain changes-fairly described, we
think, as improvements-but we think we now have
definitions and a classification that suit our needs very
well. Furthermore,' the resource terminology adopted
by' the Interior agencies is applicable to all commodities,
whether metals, industrial minerals, chemical elements,
or mineral fuels, and will provide a credible basis for
comparisons between these diverse commodities.

"Until we find good reason for further
change, we plan to adhere to our present
Classification and definitions-and hope

you will find them acceptable also •.. We
believe the definitions in our classifications
conform fairly well with the sense of those
in previous use, and that the classification

itself helps to clarify the relationships
between them.

-Dr. Thomas V. Falkie1 US Bureau of Mines

"As was mentioned when the Survey and the Bureau
adopted new terms in 1943, our needs for a classifica
tion may be somewhat different from the traditional
needs of industry, for we are concerned not just with
known deposits of minerals that can be mined now, but
with the whole spectrum of deposits that may eventually
be usable. Some of the terms in your attachment suggest
that industry also needs a broader terminology than the
three P's of former days. At the same time, though,
industry still has need for such' terms, for most of its
work focuses on known currently workable deposits."

Dr. Falkie's position is amplified by Sheldon P.Wimp
fen, Assistant Director-Mineral Supply, USBM.

"... we prepared our terms to apply to all gaseous,
liquid, or solid mineral resources and also in such a way
that they might be understood by those not familiar
with the mineral industry. Further, the terms we de
veloped for resources and reserves in the November 1973
release represent an umbrella under which coal re
source, petroleum, or any other special type of terminol
ogy could be developed that might be required.

"The (Societies') definitions do not fit these principles
but appear to be restricted to solid minerals and would
have to be strained to apply to many nonmetallic min
erals. As an example, the term 'grade' could hardly ap
ply to sand and gravel, nor would 'dimensions' apply
to saline resources such as those being extracted from
the Great Salt Lake. Further, the terminology such as
'grade' as opposed to 'quality', 'tonnage' as opposed to
'quantity,' and material within the block or blocks of
'ground' as opposed to 'location' makes sense to min
erals but may not convey the same concept to others.

"I think an understanding of reserve-resource terms
by those not working in the industry is more important
now than ever before.' We in the minerals industry are
guilty, and have been for a long time, of talking largely
to ourselves. Also we have failed to get our message
across to the rest of the world in part by not having
terminology understandable to laymen. The set of terms
(by the agencies) represents some progress toward cre
ating'some understanding of terms on the part of legis
lators and others within government as well as that vast
body of Americans that fail to realize the vital impor
tance of minerals to our way of life."

MINING ENGINEERING 77



J
J
J
J

o

Evaluation For Electric Power Research Institute
John J. Schanz, Jr., senior research associate for Re

sources for the Future, Inc., Washington, D.C., has just
completed an examination of the resource classification
by the US Department of Interior referred to above.
.The examination was sponsored by the Electric Power
Research Institute. Mr. Schanz explains that the objec
tive was not to develop new terms or methodology for
resource estimation, but to "evaluate personally the use
fulness of Interior's proposal and to address specifically
the problem of its application to energy resources and,
in particular, the newer energy forms."

In the course of this work, Mr. Schanz evaluated the
usefulness of the new definitions adopted by SME, SEG,
and AIPG.

He makes seven specific basic recommendations,
mostly directed to the government agencies' definitions.
Later in his paper, Mr. Schanz also makes recommen
dations on details of the Interior terminology and on
energy resource terminology, both of which are outside
the scope of this paper. But his first recommendation,

directed to the Societies' definitions, is quite pertinent
because it states: "That the proposal of the SME Com
mittee on Definitions that there should be two sets of
definitions, one for commercial use with respect to in
vestment and property appraisals and the other for ex
pressing broad geologic knowledge concerning resources,
be endorsed. The terminology and definitions employed
by the engineers have become too ingrained in practice
to change and are too limited in scope to satisfy the
need for resource assessments used in national plan
ning. The real problem will be to keep these two sets of
terms confined to their own arenas of communication.
It would be helpful,because engineering data do con-

. tribute to the estimation of resources, if the pairs of
terms-proven and measured, probable and indicated,
and possible and inferred-could be kept as nearly com
parable as is practicable. Since both sets of terms re
quire application within established limits of either en
gineering or geologic certainty, this should be possible."

The authors of this paper agree with this recommen
dation.
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VII. CHEMICAL AND PHYSICAL CHARACTERISTICS

A. Introduction
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Complete analysis for manganese ores including Si02,'
A1 203 , Ti02, Mn~2' MnO, Fe2 0 3L C~O, MgO, Na,O, P20 5,
AS 20 3, ZnO, H20 , CO2 and H20 , 1n 51 sampl~s.

Partial analysis for manganese ores including total
manganese, total iron and L.O.I., in 139 samples.
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5. Petrographic study in thin sections of manganese ores (30
samples), gypsum (12 samples), limestone and dolomite (4
samples), clays and kaolin (16 samples) and the heavy
mineral constituents in glass sands (5 samples).

Complete analysis for gypsum and anhydrite including:
Si02, Ti02, .A120 3 , MnO, MgO, CaO, Na20, CO2, H20+, H20-,
S03 and CI 1n r2 samples.

Partial analysis for gypsum and anhydrite including CaO,
MgO, S03' Cl, L.O.I. and H20- in 18 samples.

Complete analysis for limestone and dolomite including:
Si02, Al+03 , Ti02, Fe20 3, MnO, MgO, CaO, Na20, K20,
CO2, H20 and H20- in 4 samples.

Partial analysis for limestone and dolomite including:
CaO, MgO, and L.O.I. in 11 samples.

Complete analysis for clays and kaolin including: Si02~

A1 203 , !i?2' Fe203, MnO, MgO, CaO, Na20, K20, CO2 , H20
ana H20 1n 16 samples.

Complete analysis for glass sand including: SiO+, A1 20 3,
Ti02 , .Fe20 1 , MnO, MgO, CaO, Na20, K20, CO 2, H20 and
H20 1n 5 samples.

2. X-ray analysis of-3D samples of manganese ore, 12 samples of
gypsum and anhydrite, 16 samples of clays and kaolin and 4
samples of limestone and dolomite.

4. Ore microscopic study of polished sections for manganese ores
(50 samples).

3. Differential thermal and thermogravimetric analysis of
manganese ores (30 samples).

The analysis. carried out by the National Research Center in
Cairo includes the following data:

1. Chemical Analysis
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6. Vickers hardness test, and specific gravity of 30 samples
of manganese ore, 12 samples of gypsum and anhydrite and
4 samples of limestone and dolomite.

7. Compressive strength of 50 samples of manganese ore.

8. Mechanical grain size analysis of 15 samples of glass sands.

B. Methods of Analysis

1. Chemical Analysis

The methods of analysis of manganese ores, limestone-dolo
mite-gypsum, and kaolin-glass sand are given in the following
three flowsheets.

2. X-ray Powder Diffraction Analysis

The X-ray diffraction patterns for powdered manganese samples
were carried out using iron target - manganese filter.
Other samples (limestone, dolomite, gypsum and kaolin) were
carried out using CUKx radiation.

For kaolin samples in addition to the diffraction pattern of
the bulk sample, three patterns for the oriented clay fraction
(untreated, glycolated and heated at 5500 C for 2 hours) were
carried out.

For all patterns: 20 = 2o/min and the paper speed was
1 em/min.

3. DTA Procedure

The samples subjected to thermal analysis-were fine enough
to pass sieve meshes. They were admitted in the apparatus
by being placed in platinum or fused alumina cups during
the thermal runs. The sample weight was approximately 100 mg.
Heating was performed from room temgerature up to the limit
temperature, which could reach 1000 C at ambient conditions.
Heating rate was 20oC/min. Two different sensitivities were
used for each sample. The p'lot was a retrace having down
ward and upward deflections representing endothermic and
exothermic reaction, respectively, whose peaks were at defi
nite temperatures.

4. Thermogravimetric Investigation

The powdered samples were analyzed with an automatic thermo
blanace provided by Gebruder Netzsch, W. Germany. For each
experiment, a one-gram sample was analyzed, with a balance
s5nsitivity within one mg. An appropriate heating rate of
~r~~m~o:a~~~~~~~u~~p~~e~ow~~~~8~.theanalysis was continued
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5. Determination of Compressive strength

The compressive strength was carried out using a uniaxial
loading machine. The samples were prepared in cubic form.
The sample was loaded until crushing occurred. The compres
sive strength was calculated by dividing the maximum load
at failure by the area of the bearing·surface.

6. Determination of Hardness

The macro-hardness was carried out using a Vickers hardness
tester. For manganese samples, a 20 kg load was used be
cause it gives suitable indentation. For dolomite, limestone
and gypsum samples, different loads were used, according to
the softness of each sample.

7. Determination of Specific Gravity

In all samples of manganese ore, dolomite, limestone and
gypsum, the specific gravity was carried out using the
pycnometer, according to the ASTM standard C 135-47. For
gypsum samples, benzene was used instead of water because
gypsum is soluble in water.

C. Results

The data below summarize as well as comment on the obtained
results.

1. Manganese Ore

a. Partial Analyses

The results indicate a high degree of variability in the
manganese and iron contents. Manganese ranges between
0.78 and 59.67 and iron ranges between 0.34 and 59.74.
The L.O.I. is much less variable, ranging between 3.01
and 33.05. This variance is due to the fact that the main
contributor to the value of L.O.I. is the water of hydra
tion in the hydrated manganese and iron oxides which form
the main bulk of the analyzed samples, whereas the CO2content (in carbonates) is the princiEal ingredient
responsible for the range of variation in the values of
L.O.I. Only a minor effect is expected from other
mineral constituents, such as gypsum. Refer to Table 2-10.

b. Complete Analyses

The main variability in the results is expressed in the
contents of manganese (Mn, MnO and Mn0 2) and iron. Less
prominent variations are noticed in the values of CO 2,
CaO, and Si02 , which correspond to the contents of carbon
ates and free silica. Minor variations in A120 3 and MgO
would correspond to variability in clay and dolomite
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PARTIAL ANALYSIS OF MANGANESE ORE SAMPLES

TABLE 2-10
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Samp1

1F
2F
3F
4F
SF
6F
7F
8F
9F

10F
1B
2B
3B
4B
5B
1
2
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% Fe % Mn % L.O.I

37.24 18.20 9.55
38.77 15.50 9.57
38.53 14.20 8.29
37.97 16.10 9.22
36.87 ·17.40 9.86
37.96 18.05 9.34
37.74 13.50 9.72
37.47 15.40 10.64
37.65 16.90 8.65
35.83 15.30 9.66
42::.71 14,10 8.04·
26.72 23.90 9.81
39.53 16.80 8.17
26.31 31.10 12275
29.86 23.30 9.55
43.03 6.60 7.44
40.27 9.68 8.19

No. 1F-10F

No. 1B-5B

No. 1 & 2
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TABLE 2-10 (Cont)

PARTIAL ANALYSIS OF MANGANESE ORE SAMPLES

] Sample N •

1
2

] ~
6

]Ii
H

] 13
14
15

] 17
18
19

]
21
22
23

]
25
26
27
29

]
31
32
33

]
34
35
37
39

]
40
41

130

]
131
132
133
135

]
136
138
139

]
141
142
144

]

145
147
149
151

] 156

]

%Mn

16.62
36.59
~8.10
23.92
52.95
30.19

8.55
1. 76
9.88 .

43.29
13.74
'1. Y5
2.67

29.63
35.33
31.45

2.56
21.87
5.25

36.15
42.59
24.36
25.35
22.73
51.64
22.88
8.74

12.90
38.20
17.99
22.80
38.26
34.61
36.27
13.22
34.69
25.03
42.81
17.40
20.96
42.58
27.66
38.04
37.18
15.50
37.20
44.02

% Fe % L.O.I

17.22 14.88
15.39 11.85
32.14 '9 .. 96
15.38 7.53

3.95 14.25
19.81 15.10
27.74 14.26
30.72 13.13
38.84 12.99

14.75 6.09
39.69 8.68
0.65 28.58
4.18 41.39

27.12 13.09
21.35 13.43
19.72 13.00
16.67 28.79
23.90 16.59
31.28 10.70
21.07 9.13
14.74 13.iW
33.12 8.71
30.33 8.54
30.80 9.53
8.18 9.73

33.03 9.20
51.17 7.30
42.72 12.20
20.03 10.80
38.38 9.66
35.74 8.16

6.63 12.98
12~15 17.79
5.66 18.20

28.08 11.61
15.76 10.54

5.87 7.91
1.57 10.98

39.13 9.13
33.20 . 11.82
11.57 14.66
16.84 12.70
1.31 13.53
6.60 18.72

28.28 23.56
14.93 17.73

3.49 19.54
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] TABLE 2-10 (Cant)

]
PARTIAL ANALYSIS OF MANGANESE ORE SAMPLES

] Sample o. %Mn % Fe % L.O.I

] 42 2£.10 38.88 8.03
44 4.36 42.37 6.28
45 32.48 26.98 10.05

]
46 52.91. 0.34 16.55
47 38.96 3.32 15.92
48 19.57 44.03 7.41
49 2.45 52.28 6.17

] 50 ·20.82 37.60 8.97
51 26.75 32.44 9.10
53 20.98 38.47 9.37

]
54 28.98 31.27 9.56
55 15.92 43.31 6.35
57 28.57 15.91 14.27
58 39.39 20.27 11.40

] 59 15.23 39.68 9.92
60 20.97 38.31 7.94
61 34.82 20.71 12.97

] 62 21.41 31.60 8.86
64 33.44 24.33 10.00
65 59.67 8.08 3.01
66 46.42 16.04 10.40

] 67 25.58 36.96 7.23
68 36.79 19.98 13.53
69 46.89 3.93 16.81

] 70 11.05 38.03 12.88
72 6.20 46.08 7.09
73 26.55 26.23 11.39

]
75 35.74 8.37 14.58
76 13.95 30.17 13.13
77 26.01 24.88 12.83
78 42.85 17.21 12.14

] 79 24.48 24.00 10.,67
80 29.49 27.77 8.32
82 46.98 11.34 13.22

]
83 42.80 2.90 12.18
85 41.99 15.50 13.38
86 0.97 59.74 3.94
87 4.47 42.22 14.23

] 88 16.91 31.08 12.58
90 21.96 36.33 9.38
91 29.86 19.82 11.17

]
92 7.76 38.02 0.91
93 26.78 31.65 9.92
95 34.94 22.25 14.11
96 2.13 59.74 5.09

] 97 19.59 27.34 9.01
98 L16 1.73 38.38
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]

]
TABlE 2-10 (Cant)

PARTIAL ANALYSIS OF MANGANESE ORE SAMPLES

]
Sample a. %Mn %Fe %L.O.I.

] 99 .4.45 33.12 8.02
100 1.07 15.46 14.57

]
102 34.01 28.39 8.86
103 11.02 46.30 0.27
104 35.29 22.92 11.19
105 24.02 31. 73 8.32

] 106 25.13 30.06 10.73
107 44.76 16.00 12.43
108 .3.29 58.78 3.22

] 110 18.46 34.25 "9'..09
112 59.77 10.69 13.50
114 28.91 31.09 10.59
115 26.78 27.22 8.66

] 116 52.85 5.88 12.20
118 35.76 20.64 12.84
119 39.19 9.67 15.91

] 121 34.59 19.38 14.81
123 39.43 2.35 11.73
125 49.50 8.64 12.95

]
126 19.82 41.29 6.29
127 0.78 52.98 6.78
155 48.35 3.10 17.25
157 44.09 0.65 19.57

] 158 23.06 13.97 22.99
161 26.53 11.21 26.92
162 13.45 17.10 26.87

]
163 13.15 20.91 26.45
164 13.86 20.04 26.59
165 22.69 21.65 20.15
166 19.26 38.04 10.50

] 167 24.84 23.66 13.04·
168 21.22 33.06 11. 78
170 38.02 20.72 11.00

]
171 53.05 ·4.21 15.68
173 19.14 23.13 9.09
174 49.85 5.66 13.53
176 53.93 2.76 15.58

] 177 19.84 15.71 22.30
178 23.15 22.46 19.95
179 29.02 14.71 22.88

] 180 10.18 8.98 33.05
181 28.93 19.13 19.93
185 22.41 18.92 22.44
187 32.98 19.32 Hl.69

] 188 28.95 11.40 18.85

] 2-96
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contents. Most constant are the values of Na 20, K20,
ZnO, P20S and As 201 • The combined water content is
directIy related to the mineralogical composition. It
is higher in the samples containing more hydrated .
manganese and iron oxides (e.g. goethite and psi1ome1ane
versus hernatit:-e and pyrolusite). Refer to Table 2-11.

c. X-ray Powder Diffraction Analysis

The results of X-ray powder diffraction analysis indi
cates that the mineral ingredients of the examined samples
include the following:

(1) Manganese Minerals

o Principal constituents: Pyrolusite, psilome1ane
and hausmannite.

o Minor constituents: Manganite, todorockite, ha1
lowdite and rhodocronite.

(2) Iron Minerals (Goethite and Hematite)

(3) Gangue Minerals

o Of frequent occurrence: Montmorillonite, quartz,
calcite and dolomite.

o Of infrequent occurrence: Gypsum, kaolinite,
illite and halite.

Table 2-l2presents the mineral constituents of each of
the analyzed samples as identified from the X-ray powder
diffraction analysis.

d. DTA and TGA

The results of DTA and TGA indicate that the analyzed
manganese ore samples are formed principally of manganese
and iron oxides and hydrated oxides, with smaller amounts
of hausmannite and rhodochrosite. The gangue minerals
include clays, carbonate (calcite and colomite) and
gypsum. However, it is also clear that these thermal
analyses give much less precise results than the X-ray
diffraction analysis in our study case.

In Tab1e,2-l?the mineral .composition of the analyzed
samples, as deduced from the differential thermal analy
ses, is presented.
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1.89 49.19 nil..

2.34 . 47:~66 nil'

1.61 3~.82 nil

2~15 54:~51 nil,·

1..02 5.;82 .' nil
-

'0'.90 ;.:'aO.49 • nil
~ ~. _.~ -.

2.86 ·304'41 ni1
.-,

2.341.97 .21..~5 1.'35

'2.42 . l.95· 82.98 1.27

8.21 4.~34 6a~~44 nil,

,'·0.93 0.72 33.;26 1113-
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2 ..53

. . '. :', ,'. .....~ .....

Sample 7~ !lln
,No tot.

4 23.2~ 31.43 4.33

8 19.'32 24.39 5.04

12: 21.12 27~63 4.72

16 2.85 2.61 ~.55

~O. 18.84 21.91 ·6.44

24 25.57 22.52 ~14~63

28 50.'42· .64.'92 :J.2.~1

30 10.'88- 14.38 2.'31
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Sample ~~. ~. %Mn02 % ~.nO

No. tot. . ca1o.

o
o ...

11.7' 36:4~'. ~·56;21. 1..23 7.•73 2.63" 23.94 '·2.:if· 0';:80 0:1.4 0.08
.. ,. ~

120' 36:74:: "52:'86 "4:'30 5.91 3.~57 22~'52 ':i:~9: 1:"13 1:96 0.J.3

o 122' 29:74<; :4~:41.·.2:':t6 1.85 1.49 41.:'49 . ;::'~~i>:' ;' '0:63 0.26 0.47
. .:...... . - .. >-.~4:~ _ .. . '. '0 \.

. . ,:.: ~ -. . '.~ .; ..-:~ ..... ' .. '"o 124' ~~'80." '49~;'~~:.;6::g9 +3::69 4.15 .. 76.•.6~ . ~::;£~3..' ..' 6;~4 0:37 0.44

128' 30.52 '39~'83 -:····6~O 1:15 2~9535:~3'4' .:~;~:?~.:':~. ~ ~:.~1 1 •.02 0.29
O' 129' 32~'3'{:; '~44;-65' <:~;:;~t;37 . 3.30 1.21 ,33:'42 ":nil : ~ 1.'34' 1..09 0.33'

13~ ',. 26:75T~ij5:;7"':' :':'\~~;;~5: 23:89 3.26.i4:~84· :"t{55;/:' ~~:P? .2;'50 0.84

o, 13.7.,,' ~7:~4 ,> ':~~:~~3{: ·:.::,:6~~, . 2~281. 1::B8 30:J57 :::Jgi:'~::': · 0::98.{ 0:24' 0.32

': 140' 26:iO,~~2j:·73···:i4Z32, . 2.77 i 1.75 24:88 ':i§~i'90 '. 4;'12 0;58 0.15

O~: 1.43: 17::51",'" ':'~':d60' ':·~~··4h.6:: 3:63 I 1:'42'60:'8'6:',~·{-\ ! ci';;4 0:39 , 0.27

rn ,14E<.:~ '·.:55~.·68D :·:~~:~2.~\ ;J3~~~2,' ~~O:68 0;60 .',)'3:63: ·:hi~t··/· 0-::85 ·0:48; 0.67

148 ·"28.05,:32';56 ·,~:·9.~4' 23.1'2' '2.43 21:'0'4 ·':;'~6::~9:Ei;": ...~::Ol· 0:'50: 0.97

ill '150 '... :'j4':~'81'~:4'5':<43:::~;:\6:~~3 . 3.29; 2.84 18':'92':~4}j~~': '. ;:~4·9··0·:;9J. ; 0.32 .

o..' ,15~'~ ,:'~2:3j:'; ~~'8;74::~~ ~~:37" 2:91 2.'99 3~:44 ":4ri~4'" 4::74 0.92. 0.20

~ .153·~·~2::91.~'.'3i:hr: :~3::~2 14~41 . 2:18 :·35:·~2·~"·i"Yi6.··..O:~5' 0.41' 0.15

oI: ... 1~4> . 50:~g':;+:'h'S9~'--;:: :<?6:~4' ·'1;'35 1::B3 ~ .: :·'~:'5:5·'''·:;af'{;·0:!82. 0.96: 0.15

.. t: "i~r:':~:':i6';:6~(f'~~~5:'~~ ':~-:l:~~O': . 2~27 1:'60;' '3~:'80 ':::~;::i5i:{:: ·:.8:'6~ 0.68. 0.16

.0 r" 16~··~:· -'~6:~i::~ 'j~~5K" ;;i7'i~o'.2:23 ~;i~2/~ .~~~.:~~':.4~. :':"~1!-~~> \':I.:4~ 0':61 \ 0.30
I' : . ,.-', • -z ,. .. : .<;..../ ..::-'..;.:~ ~ ::::..~~. .~ -:.,,: ..~. ~~:. ~. .'~ .. .-~ ,..- i' :~~: .. ~ '•..<'.' . .:.... ;'!/'-.~.~..!"-:.. ' ;..:.::.:..•~~ "~'r ~o,!: ,'. 16.9.;::·~::~~:46 '~. :~.~.j~~:' ··;:~,T~~:. '·:3;75·· .. 2.75.' 4J,~~34 · .. 'nil ,~::.; ..·0~3· 0.55. 0.45

. . ~ ':L72';~ ·1.7.05i; 16:66.' . :8~'42i·:.76·:1;:~4.'·.'; ~.;}f*7:'::·:~~~·:··· '.:';i.~~. 0'.25; 0.24

ill :r .1~.~:,'~.· .·~~~io:~{ :~;~::50":;~ :}.i~~~~' -">:~9 ~;~4'~·~~:'~~., ;:~:~I:"::;;: '0:27' 0.19; 0.12

m t,.~~~_~.<.11..... ~?~< .~~;~.:.~8·,_ · :;-..1~7..~.:.~' ··5~·~1.. '1.19 ·15.24 :.·13~8·J.O.66 0.47; 0.32
W 183" 25 b8 . 4"6 .,' 6" . ':3.62" '36:'~'4 :~<~:~~4 0.'93 1.12 i 0.1.9:1 -:: '~" ::;':'.' .,::,~, ..~~_: 'O1.~· . 4.>:.~ ~~•.? .... ;-..~. ." .-:<., !.

rn } ·.18~ :"~,•.: ~~.~~ .;. ::,,~~25 _0:'6~ ~4:'2~ 0.76.' 4~.~4 .::~1.. ·: 0"4~O';·11. 0.06

.~.. ;i86 .... 25~"63': 37;454 '2~46 2.35' 4:'08 il:72 :':5:{i', 2~07 0;90: 0.60

ill ,~; .. 18~: :. ;'~O~36"~:'26;~9', ,,~:~~ 3:'74 . 2:30 " ;7:'33 ..~:.~}. 7:57 ~;69. 0.75

ill ~[':.':'~~';~':.~~~~~~:i~·~'~.±::~., ;: :~~8~. ,.~ 4~'22 :': 2~':~ , .' .."':,:..~I::_~~· ;;:;~:~.: ~,t~' ,O~ 47 0.44
~_._-----.--.---- ,---.-:._-- . " ----a',-.- ---------=--~--



TABLE 2-12 ~~MINERAL CONSTITUENTS
Cl ...

~lJl

Sample Manganese Minerals Iron Min. Gangue Minerals
~11l
~:o

No. Pyr. Hall. Psil. Haus. Mang. Tad. Rhod. Goe. Hem. Mont. Kaol. Ill. Cal. Dol. QrE.. ~.

4 + + + + +I

8 + + -t+ + + + +
16 -t+ -t+ + +
28 + -t+ + + +
30 + -t+ ++ + +
38 + ++ +
43 + ++ +t +
56 +t + + + +
63 + + + + + + +t

74 + +t + +
81 +t + + + +
89 + +t + + +

101 + + + +t + +
109 + + + + +
113 + + +t + + + +
122 + + + + +t

128 + + + +t f+

129 + + +t + +
134 + + + + +t

140 + + + +t + + +
146 + +t +t + +
148 + + + + + +t

153 + + + + + + +
154 + +t + + + +
160 + + + ++ +t

169 + +t +
175 +t + + + +
183 + + + +t + + + + +
186 +t + + + + + +
189 + + + + +
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e. Ore Microscopic Study

The study of opaque mineral constituents under reflected
light in polished sections for the manganese ore samples
has revealed that the most common constituents are psilo
melene, pyrolusite, goethite and hematite. Hausmannite
and manganite are only of secondary importance. These
results are highly conformable with those obtained by x
ray powder diffraction analysis and by thermal analysis,
taking into consideration the limitations of mineral iden
tifications by optic methods compared to that by X-ray
analysis.

Table 2- J3 shows the results .of microscopic examinatio"n
for identification of opaque mineral constituents in the
studied samples.

f. Petrographic Study in Thin Sections

The gangue transparent constituents of 30 samples of
manganese ores have been studied in thin sections. In
general, the main components of the gangue in the studied
ore samples include clay minerals, quartz, calcite,
dolomite, gypsum and microcrystalline silica.

Table 2- Il~ summarizes the eomponents of the gangue in..
the studied samples as deduced from the studies in thin
sections.

g. Physical Properties: Compressive Strength, Vickers
Hardness and Specific Gravity

The compressive strength is a measure of the maximum load
borne by the examined sample per unit area of failure.

The Vickers hardness is a reflection of the mineral com
position. It can be noticed that samples with relatively
high content of psilomelane (a relatively hard mineral)
give the highest values of Vickers hardness.

From the results of the specific gravity measurements,
it can be noticed that samples richer in gangue constitu
ents show lower values than those poor in gangue.
Refer to Table 2-15.

2. Clays and Kaolin

Sixteen clay and kaolin samples have been subjected to the
following analyses.

a. Complete Chemical Analysis

The results indicate that the alumina content ranges from
11.70 to 36.16 with an average of 31.27 while silica
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T~LE'2:i3
MINERAL CONsTITUENTS

Sample Manganese Minerals Iron Minerals
No. ~. .!I. . Haus. Mang. Goe. Hem.

4 + + + +
8 + + ++ +

12 + + ++ i+

16 + ++ +
20 + + ++ +
24 ++ ++ +
28 ++ + + +
30 -t+ + + +
36 ++ + +
38 + + + +
43 + + ++
52 ++ + + +
56 ++ + +
63 + + + + + +
71 ++ + +
74 + ++ +
81 + +
84 ++ + +
89 + +
94 ++ + + +

101 + + + + +
109 ++ + + +
111 ++ +
113 ++ + + ++ +
117 + + + +
120 + + ++ +
122 + + + i+

124 + + + ++ +
128 + + +
129 ++. +
134 + +
137 ++
140 + ++ +
143 + . ++ + +
146 + + ++ +
148 + + ++ +
150 ++ + + +
152 + + +
153 + + + ++ +
154 ++ + + +
i59 +t + + ++
16.0 ++ + +
169 ++ + ++ +
172 ++ + + ++
175 ++ ++ + +
182 ++ + ++ +
183 ++ + ++ +
184 + +
186 + + +
189 + + +
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0
TABLE 2-14

0 MINERAL CONSTITUENTS Micro-
crystal-

Sample line

~
No. Clay Quartz Calcite Dolomite Gypsum Silica

4 ++I- +

0
8 + + ++I- +

16 ++I-

28 ++ ++

0 30 ++I-

38 +

0 43

56 ++ ++

0 63 ++I-

74 +

0
81 ++I-

89 ++ ++
1(,1 ++I- + +

0 10~' ++I- +

113 ++I- +

0 122 ++I-

128 +

0
129 ++I-

134 +H+

140 ++ ++ + +

0 146 +
148 +

0 153 + ++I-

154 + +

0 160 ++ + ++
169 ++I-

0
175 ++I-

183 ++I- + +

186 ++ + +++

0 189 + + +++

0
0
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ranges from 42.47 to 80.08 with an average of 50.61.
However, sample 349 is in fact a siltstone with 80.08%
Si02 and 11.70% A1 203• Its inclusion in the average is
not advisable. The average, after the elimination of
this sample, is 32.57% A1 20 3 and 48.65% Si02 •

The average Fe203 content is 0.73% while that of Ti0 2is 1.61%. The combined water has an average of 12.40%.

b. X-Ray Powder Diffraction Analysis

The results of the sixteen analyses carried out on clay
and kaolin samples indicate that in all of these kaoli
nite is the main mineral constituent. Few quantities of
illite have been detected in three samples (346, 348 and
349). Very little montmorillonite has been detected in
only one sample 349, which is in fact a silty clay.
Quartz occurs in most samples only in few quantities,
but acquires particular importance in samples 346 and
348. In sample 349 (silty clay), quartz seems to be the
main mineral constituent. Halite has been recorded in
minor amounts in two samples (303 and-348).

The following table summarizes the mineral composition
of the analyzed samples of clay and kaolin as deduced
from X-ray powder diffraction.

MINERAL CONSTITUENTS

Sample Clay Minerals Gangue Minerals
No. Kaol. ill. Mont. ~. Hal.

303 +++ +
30 +++

312 +++ +
313 +++ +
316 +++ +
319 +++ +
321 +++ +
325 +++ ++
330 +++
332 +++
333 +++ +
341 +++ +
343 +++
346 +++ + + ++
348 +++ + ++ +
349 ++ + +++
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Gypsum and Anhydrite

Thirty samples of gypsum (CaS04• 2H 20) and anhydrite
(CaS0 4) of Ras Malaab have been subJected to the following
analyses.

b. Complete Chemical Analysis

It is clear from the results that the analyzed samples
represent rather pure gypsum or anhydrite. In the former,
the value of H20- is 14-15% with CaO of 31-33% and S03 of
46-49%. In the latter the H 0- content is maximum 1%,
with CaO 38-40% and S03 53-5G%. However, in two samples

+
+
+
+

Heavy
Minerals

+
+
+
+
+

-H-
-H-

+
+

-H-

Quartz

303
307
312
313
316
319
321
325
330
332
333
341
343
346
348
349

Sample
No.

c. Study in Thin Sections

Sixteen samples have been studied in thin sections for
the analysis of detrital constituents coarser than clays.
Quartz forms the major constituent of these coarser
detritals. In addition some samples contain very fine
grains of heavy minerals. Staining by iron oxides was
noticed in some cases. The following table shows the
coarser constituents other than the clay minerals.

a. Partial Chemical Analysis

One sample (201 anhydrite) shows a very high content of
chlorine (most probably as halites). It is expected that
both CaO and S03 contents in anhydrite are higher than in
gypsum. This may be because high values of L.O.I. are
obtained, which correspond to loss of water and partial
dissociation of sulphates and/or carbonates if present.

3.
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(208 and 230 of anhydrite), sodium chlorite has been
recorded in appreciable amounts. Silica and carbonates
are also minor diluters in sample 208.

c. X-Ray Powder Diffraction Analysis

The results of this analysis indicate the presence of
small amounts of gypsum in most of the anhydrite samples,
and small amounts of anhydrite in most of the gypsum
samples. Sample 208 (anhydrite) also contains some
calcite, which corroborates the chemical composition.

The following table summarizes the mineral composition of
analyzed samples as deduced from the results of X-ray
powder diffraction.

Twelve samples have been studied in thin sections. Nine
have been found to consist mainly of gypsum, while the
other three have been found to be composed essentially
of anhydrite.

Four of the gypsum samples (211, 218, 221 and 223) are
formed of selenite, which correspond to the type of ore
termed by miners micaceous gypsum. Three other samples
(202, 209, 228) show two forms of cuptallization, one
very coarse and tabular and the other anhydral finely
crystalline. Sample 215 is composed only of fine anhedral
crystals while sample 227 is of fibrous texture. Anhy
drite is a minor constituent in some of the samples,
where it clearly replaced gypsum.

In the anhydrite samples the texture is either prismatic
or fine granular.

+

+
+++
+++

+
+
+

+
+

+++

Mineral Constituents

+++
+
+

+++
+++
+++
+++
+++
+++
+++
+++

~. Anhyd. Calcite
Sample Quan. Ore
No. No. ~

202 1a Alab.
204 1a Anhy.
208 1b Anhy.
209 1b Alab.
211 2b Misc.
215 2a A1ab.
218 3 Misc.
221 3 Misc.
223 Misc.
227 4b Alab.
228 A1ab.
230 Anhy.

d. Study in Thin Sections
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e. Physical Properties

The Vicker's hardness testing results indicate that both
gypsum and anhydrite have very low hardness values
ranging from 5 to 32. Neither of them shows a particular
trend.

The specific gravity measurements show, however, that
anhydrite is clearly denser than gypsum. The former has
a value of 2.5, while the latter has a value 2.3.

4. Glass Sand

a. Complete Chemical Analysis

Five samples have been subjected to complete chemical
analysis. The results indicate that Si02 ranges between
96 and 98% and Fe203 ranges from 0.06 to 0.20. A1 20 3 ,
which is always less than 1% titanium, was not detected.

b. Grain Size Analysis

Fifteen samples of white glass sand were mechanically
analyzed. The results show that in samples 401 to 411
the fractions of 0.5-0.25 rom and 0.25-0.125 rom consti
tute more than 93% and up to 99%, i.e. very good sorting.
Sample 412 is very ill sorted, while samples 413 to 415
are fine sands with the maximum content in fraction
0.25-0.125 rom, and appreciable content in the following
two frac tions.

The graphs bslow"represent the histograms of the grain
size distribution in the analyzed samples.

c. Heavy Mineral Constituents

The heavy mineral constituents were separated from two
size fractions (0.25-0.125 rom and 0.125-0.063 rom) -of
fine glass sand samples. The separated grains were
studied microscopically. The results indicate that the
size fraction 0.125-0.063 rom contains much higher values
of heavy mineral content (average 0.4%) than the coarser
fraction (average 0.12%), although the latter represents
a higher percentage of the original sample.

The mineral species identified includes opaques, tourma
line, hornblende, actinolite, zircon, monazite and
rutile.
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5. Limestone and Dolomite

a. Partial Chemical Analysis

The results differentiate limetone and dolomite by the MgO
content. In the dolomite samples, MgO is clearly lower
than CaO. In some samples, the relatively high values of
L.O.I. may correspond to a parti~l dissociation of some
other constituents (e.g. sulphates and chlorides).

b. Complete Chemical Analysis

Two samples of dolomite and two samples of limestones have
been subjected to this analysis. In the limestone
samples, the Na 20 content is relatively high indicating
the presence of appreciable amounts of halite (detected by
X-ray analysis). The total of sample 503 is only 96.88
because the same gypsum was detected in the X-ray analysis,
while S03 content was not chemically dosed. Silica is also
relatively high in sample 503.

c. X-Ray Powder Diffraction Analysis

In the limestone samples, some quartz with little gypsum
or halite have been detected. In the dolomite samples,
quartz is less abundant, but calcite is always an associ
ate of dolomite.

The following table summarizes the mineral composition of
the analyzed samples as deduced from the results of X-ray
powder diffraction.

Sample Carbonate Minerals Gangue Minerals
No. Calcite Dolomite Quartz Gypsum Halite

503 +r+ + +
507 +r+ + +
510 + +H- +
513 + +r+ +

d. Study in Thin Sections

Two limestone samples were studied in thin sections. They
were found to be represented by biomicrite with small
foraminefera fossil allochems. On the other hand, the two
dolomite samples were found to be composed of medium to
coarse dolomite rhombs. Calcite and quartz are present
only in minor amounts.
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e. Physical Properties

The Vicker's hardness values are clearly lower for the
limestone samples (6 and 25) than for the dolomite
samples (172 and 360). The specific gravity is clearly
lower for the limestone (2.34 and 2.43) than for the
dolomite (2.66 and 2.68).

2-104



.~'- _ .._-.::-
:1

_,',;~:)! 2

",~,:-,Ii 2

iI ~
~-~:--~- - - . .--.~!'-

i;n ~

~~~~. ---0

Grain r
Size

Analysis.... '

x

.~ompressive,

. Strength

Hardness
&

sp. gr.
Thin

Section

r-DT~-IT' -
il & Iii Pol ;shed )
II I - I

, . TGA :' Section .X-Ray

Partial
Chemical
Analysis

:\ Complete
h Chemical
:! Analysis

... _.. _.... TABULATION OF SMiPLES TESTED
__ ,. . NATIONAL RESEARCH CENTER, CAIRO

~~~~ ',} ==-__-=r--_-_Ma¥-=~-=~~O __.--_-~:__._

Primary
Mineral

C I~~di -- -- -- -==--==-_A~~u- ._-- --l H~e:;:g II

1 _1._ ~ __ Area45 .---------------------- __ :' __... 292 Ii Manganese.. iii illl _x II il' ; '1' Ii 11 11 0, ,;~,

C- : -~~J~:: :~ .. ~~ ~--==-_:~-=====-~=-~=~~-- ~-t;i:~ !! ~::::::::; -·ii·· --x"'-' :.',' -lllll.J
III

,,' -.: ',!,I:I,;" x : II! .: x ",1
1

' !I -JL:--Il-. -: ' -'-,II:--~;--l~:: :~- ------·--..------------f-;:~ Ii :::g:::::. il I x !i x -. II x II - -~. oil 1'1 ~
6 ...:-__.6. "_1' __ Area 45 .--------'-------.,-t-' .. --. ,.:.;..... 292 IiiI Manganese. i,:i.11

1

. ," i!1 -!l ' II 'i " 1'1:;
. . I Ma ., I Ii ' 11C- 1 -L-1 . El Ramsy_ - --------·~--::-·----~··'--I·--+· 367. . . H .' nganese 11~11' ,- Ii II - - x_Ii-_II 7

8 __8;-_-t-ElRamsy. ~ ~ __ .. :_~~~;: Manganese x I IIjlx x, --f '

9 --9.:----
1
' _....El. Ramsy -.------., -J,1 I:',' Mangane.se.. " :! III x ,II ,'I I Ii.. ,,: I . I I' Jll;~

10 -! - II : 3 !I Y,an anese': ii -I,-I,--x 11 -Ii <, ' • r- c--- ,- '--'1 :- -Ii --,I li,~

i 1

12

1 '1~-21~_~.II_EE····11_-RRaammssy ---.-._._----.-------------i.----I,II·· .. i, .-367iiM1'f..aannggaanneessee',:,'. .-11-:- _II.!! .x __ II. ,---. I't~· ~.-.. ,I It · II : II · ;. ill!i::
I Y 367 .... ,:: o:.'--'-~. Ili;~ ,;-- .. II----t... '-.~.-. _.~. c_. ! _... -.__~_,. ,"_'_' .; x II! ".---,' ;--.1.1 "';--: x'· :--1' --i ..-~... .,_,_"lli~,... -. -·---1r--' -'. . .' . ---. 1~-";- . . _ .. 1 .•• .. I :i :' I I .. --", . - I

! :: I--i~---jr--:~ ~a::Y ------ ------...--.'- ---~ -il +-~:~ -'J ::gg:::::... -11-- ·lr'l;l:!·. :,,:.;;:. : :~:!:!::, . J1':'!,I,' !,', It " 'liti -.~.,.',._'ji'!; .,.-,-_ .i

li

',',-_'-.11
,: • "" ~--',~:.L.:

u "j-~~--Y-El'Rams~' . ~--~~'~c~~'--~~~~-~'r'3~7 ~ ~ganes~e~~~~~'_--_-~l!_-'_"'_"-_-_'~_'~~~~!:~:i~~_x~~~~~~~~71~~~~~~,,~~~~_I~!!~~~~~~il~~~~~+!~~~~_-~!l~~~~~~~ ~

::Ir-~~--l :~~:::y-- ---------------~- --11--[ .~:~. :1 ::gg:::::.:. -Ii x Ii I: 11 x--Ji x
-11 Xii x I,'! x .. II! x-:I';j - -.-< -~ji:'

(-- t--·· ._.--It .. y ..------------------1,--<---';1 :1·' Ii J x: ,Ii '---." '~-li-r i! I, -I ._.. , :_ 1----- - ,- ;:::

~.' 18 U~_" __I:I-El-RamSY_-- -------:--~H--~67 Ii Manganese"!I_I: -·11 x :--ii---- -----,--11 ." ··--1 .. - --I' - ~--: ',' ---I . .-----!!;<

S ;: 11--=~9..:..~==...;lI_--__.:-:=:::~~-__.::~:~S~yL··_.. -_--_· ~_--_--:-_+IIr----;-··-~-:-~-·---·--'......,.!,r _:.::..:....::.;.a:~g=_g:=_...:::..:....:___::=_...::_·.:.._· ._.---;-1-;--r__..;:;...x__·:_-·,·-!.;-i~II:-·'_~_'-'--,--_-x_, -_;--·-7;II----;-·~----·._-~_.. -_:-'_,_:·TII--'··-;--'--·~--~-~·-··--"---'---tI-r-I'-.·-; -_-'x_'-_~·-_··_'....;..,_···-....:.I7_I-,,-,,-~·,-' _,·~,·_-_·:·_~·_--_:_;_II----~--·---~'-o,.~-.---..-,_-_'+.-I x_'_·.·_;--_··~II_.· _;'_-"_"_0'_'_-_--~t
h 21 ' 21 . II I ; 367 M !I I! II !!
§ --.-----1~-El. Ramsy__ '--------------------:- --:.:-... langanese.. "il .., ;o __-lil" -11-:- •. ~.. i,'!

~ 22 _~_2,.__ 1 __El__ Ramsy .----- : -+-367 Manganese: : --ll---'-_~r I ~- :_._x-II
~ 23. _4~__~ __~1. .Ramsy . . .__ : -;-.-367 Manganese, '--1

.' ~ :: I-~:---il:~ :::y-~--~---- :-- -+ ~:~ ::g:::::L -11 -, L x l-II:--~ 1 - ~--- - --r ~.---- -'--I, ,- -. 1 --I

~ . 26 '_~~._ ..... __I_._~~ ,Rams:y, --- ; .- ._..~_ ...367 Ii y.anganese;i ' -- illI :. :- '_':I.'~_--,~IIL-·li, x :-11__ ,1,.. _.. - .I:,i.. ,'" ell. '; .. ~I! .. -- -.-11- :-~~- ..' ,-'-.1. ". --.' "'-lii '
21 ~__·__ t __E__l. R.,_a__ ms.y__ . , 1 _....1.. 367 ..I.~· }rang'anese~: I' 'x II . U :. .- 'J;.': 11 ;, .'.: l! :! ..

r ~, - 11 : ---x lil-' ,'_, "' . "_:'''_-111 --. __ x '... ,11' :......-.. -.. x , :~-,.III·_·' ~ _....i.~i, x ·~,·.·.'··.~'.... rl .. ---:.-,_o.,.•• '.-~,-.- '. ~-I---.---~x----~---'JI -:----- -- - II,;(- 18 __._.~8~ .. _... III Area· 8 _. ·.-'--.---------------r7"---. .1_.:288 'I'! l-f...anganese;; . I~-- -. --- .. _ _

29 [-.'-·,.2....9:.--- '
t1
t,-'_.Area.'.8.. "_.' ._ j _"11.._.~·.·.2.... 8.,8.. Ill,' }fangan, ese;,··;',: ~i " ': ':. . I: ' .: 'II I, I ;' I I -_oil

30
1
1 30 it Hill 5 . - - 1:286 !; Manganese_-!I x __ I. X -, rT;H-:~_-~-I-->x'- x -ji x II" .. ~-- _u , . '-';':~-i ;-"- -I:~

.C
- :: f---~.-_i~··"--·-"-'11."-----~:: .::~.Y.S.:::1. -- ...---_--_-.",-.-.- --=~~...I:'.-~.-: -.•·.. -.,:I:---.•··~. ~,~... ~ i!I!,,!I'~::gg:::::'::::: ,-11- :--:Hl, '11<·-: - r :-11 II 11--.. - ni-Illj ------:--11, --; :-1: j

I ;--11 :..~,-:_c_.-!. - II . . ,11- ii I' :' - :" ...-; .. 1 -': .. -- .. ,--~-·f "~-" -... :----1;::
33 ~.~--- _._Abu. Hama~ Ye~in." -- ... '. '. : --tl·~~··. 300 " f. .Manganese;: ; 'I '~'--,:: :i-;' _x II ' . :-11, . 'j'II' ... - .. _. --. I i. ; .. ' ,'-- • - -I, i .. ~-. "~., 1

1
11-: -,--", . -.; i,'!,: 3

34 I Ab Z b ' I' . 1! Manganese:,,;.:: ---'-_!--~:::::~ ~~::~--~-~~-~~_-_._-_~-~~:::~:r II ::g:::::;; i -XI '1: 1
1
:--: '--il~- _,__;':

j: Ma.nganese:',' I !I ~

d I :.- 1'1.':ii ¥.anganese . !IX
J: ¥,anganese;: I: x I I --li~

40 1 __ Abu Hamat. Yemin ll __ ?_~,~~~OO. .lj-·Manganese~i. 1l'Ill
i ..,.- x '-';11,',' --. . . ----!tIl:· - ~ I' . -- ' '. -.1--.:._.-- ~ I'~I!I _-, .1

1

' ,.' " :.~.r. __"
IT : :; 11_"__. _-_"_ii.. IL.. ---.11~· U I;

G
o
8
ill
o
o
o
n
o
ill

o

o
8
o
ill
[J

Q

,m



."

Grain
Size

Analysis
:.Compressive

Strength

Hardness
&

sp. gr.
Thin

Section
Polished
Section

DTA

&
TGAX-Ray

- Ir-=

.~l Complete ~;' Partial
II Chemical ,i Chemical.
',Analysis ~ Jnalysis

:, ~

li -.' 11'
;! Primary ~:

,; Mineral

:i Manganese Iil .':',' '1;li'l

l

. : 1

1

'11

1

' it I ! Ii j: - i! ;1
Manganese. ·1 II : Ii :il! ... ,. .. i"l, - ., .. '-, ~-'l!

" ¥.anga.nese I :. X ; I i' X . x. x I x " x l! x ~:"I

;; :~:::-==::.=:.=-:--'=:----;------"t"II-· _~-_..--:-"~-__._:----Jtll_.~I__x~x__---;-I~!-------+.-i----'---------:-·t-,! :·_·-:-1;-1 ----:--:-11 . ·_:_-~j..:......i --.,;i!'----__--...-:...~il
.; Manganese ji

l . III x 11 il Ii jl:!j . :l
I~:" Mangane.. _se ..; .1 ~.. I ~ -- .. x '1'1 .,. '; ~l! .. , I ~ ..- I! ,: : . fii

l
. Ij

l
. -1;

!: .. I! .. ~ .. '-1· .'., r·. :-1 .. . ... lip . II· ....-li··- -.-11.; :::::::: t ...-- .. ;-- I I·:: "·1 I,·· I . -Ii·' - '-II : I! .. '. .. .. -j' 11"-. ---- - . - !!

'I Man anese Ii' III x 1!I! i iI '-ii 11·- ..- il . --.;:
~,;~,' }fanganese i J! ' '1

111 x!j . III. . :,:;, . j! ' ! ; . il
:1. Manganese . j _.... -.. -.~ ,-- !; d -!I ~. " : I x';! . . ·-11 .- ·-1 x i--il, ::

-Ii Manganese ,. =t . ·-HI· x II ~.--- - 11-'··--···- ~-·II : Ii ' ji : - - .- ~- ,. -I.-~.:~.: :1, . - '-.j!

:: Mang?-nese .. Ii· .·1.1. il! xiii· !Il Ii i... 11· - i .:-. II:!I' - ':i
I~ }f..ang·ane~e :1 X'd" r' .1

"}fanganese II x Ii ii. ...- ,1 .x •... ~I ...?C Ii x I! x -,- x, if· x .. II ..
:, ::gg::::: i,!ll', ---.': .:.![-.-- -~: .~.-c'-lll· ~--·-tl,l: II,' - .-1,""- . 1

1
- : ... _. .; -"t'tt- ~

I! II -- ....-....- ttl-1 . Ii .,-:····-,-1 .. ... Ii I!,I, . ,-- -:. - :-..--:.-(.,

Ii Manganese .. 1
1

" ,'I, .1. . ;"x
x

:-- ir. ... c._,_ .,. -'.:1
1

..'1.
1
, --"!I!' - " .~--.111'-:-.; 'II ~-- .. ---

i: Mancanese . I' . I.

j:. i :. li t .' . l' 'j I' ' . I'

jjManganese ; --1' -: ::.,-: '-i -11-1· _x .'- I! ...-: --..: -_. -:·-11':- .- :--·-·--jr· ----I ..------ :--1··:··----···
;; ¥.anganese .'.' .. --,: ··-·,·-~~t· .. ;-: .-:X:' ~. -'·-c . . -- .-. - -- .. , -- 11- -- - - -:.. I ..-- ,....- -··:~-I- -.,' - -~-::

"Manganese ·.11' .~-.. .... I .. x ._II-:;~,. 1_ x. _ -,. ~ .;.--:IIJ/· x ~:~·I-' _-~.- .-~Jf'_1~=-x.TJ j_.-~'_ -:.~:~-j;
. I

X I.! . I . , '. I : ::
, I • ii

!: :::::::: ..J_; ~ ::-=-'1 i. _._ --: -:-:II. _.. ::~- :.--J. ;-.-;' ,. :..J .- : :. '; jl : '.-. - ...-- -. II

I: Manganese .. , .. II ~~.-: :" .--:--11 .. 1

.: '-x,,-.ll-. ' ~.: -._~. '-'1"," _: -_.- ~.-- --;.- .. '-:.'.'11
,..-: -,:: - .. :.--!!

~; ¥.l3.nganese . I, :,.:' .. x !I: . : . ,:
!! M· II l '; 'x 11 ;·""-11 ;-- ·'1 ,- I' . h II:· ! ' --I:
i, ;::::s~s:=--;--------;t-lll----:---:--x----jl'r.--; --rtll-.-':-.. =---~lt-l""""----' -...,-:-.'~II-:'-.. ,-..-.-----+ij--:--x--:-r-!!-'---+'-II-~------'~ii-!--x~·..:....:-l~il!~i • j.

,: : - I' .... --I I .:'-:., j" 'I··· -., .-: I .... jI" . . 'I' .~ ..- - r :-.- -..' -;-. -- .. --" --·_·n

ii::gg::::: : III.: >:-- il -- :..:. ·"1' .:.--~--~ , .. _. "I

i
., - 11- . .. . .- ; - ·:i I,: - .;- Ii

I!. II ..-. ~-,' •. II •. - I'.. ... .. . .:+ 'I .. ,-I'

ii ~fanganese ,x .- I·· ~. II x I x , x II x I·x x : i,':- Ii

Mangan~"""-se'----'----------:--·-:t-

I
~-:-:-.,_----n_·~-----t_IIi"""·.~:;--:---"::..:::.....---.--:-;--11.-;;~,;-_-;··--tt-I--~·_---ttll-;-----'Irr-I_-· --+.--II-------iT-

1

--;--.-.-..-...-.__---+;....1,-;----.-··--.-.----i_.I:

:~::::::: 1111 -Il-: Ii I II ' II··· -, ·-1'1.· ... -1,t,1 . ' .--- - . :,. -.J. ~.: ...:.--:.:.::,;lUL L_ ,I lL
====-===~==========-=====:::==.===========~==========::::::::= ===-~---L.I.- _

Mining
Lease

. 1 __.41 i; .. Abu Hamat Yemin -- .. --.-.-.-- __._.: ..1
1
; 291-300

t • ~ I "
(~ 2 _.42 :! Abu Hamat Yemin ..· _ ... _. ._L_.] _291:-300

:.~~~~lL~:~ ~::: ~::·~.~.~~~·~~~=~~~.~~~=2~:=~:~=~~~·
5 45 ;! Abu Hamat.--Yemin .~ 11 291/300

6 I 46 !! Abu Hamat Yemin . . .. :: __ 11' 291/300

(: ~=::·_.II ;~: =~ ~:~: .-·-~_-~~--·-=._.---.L~I-~:·~;~~~
10 --5~--1!' Abu Hamat Yemin . -----~- .. -··_-'-··--·------~:--- ..··-W 291300

~ 11 -·51- !1.Area 8 _ .. .__.. _,_j!_ .. 288

~ 12 .-52_;j... Area 8 . _-.--!L---J--. 288 ~

i 13 L-_53 ~; Area 8 ; Ji·l :288
~ I 1i" ·-------~------7--- -it-······;----
e 14 L__.54 ... ~~ Area 8 . . ._____ __ __._~ .~--E- ...~.-288

1511 55 ~l Area 8 11 ·288
II :1 . ;:;

C
:: it'··:-:·~~-l.j -~::::~-~ ---..----------- -------;::..jII, j.-~::

i, . , I I

18 ~5_8__ ~L-_A~ea .8 ~_ . --.--JI· .. ~- __ 288
;! : II;'

19 59 ··-·tt,- AreB:. 8. .. ,.,-. ~ .. . --------..-.~-,- 11--; :.288.
20 J ~! ea 8 d :.288

21 !-6J.-l.Area8_-. .. ' _Jl~288 .
22_62_.h. Abu Zarab_.cc... ; 11_~t9&/299
23 . 6Lll.AbU Zarab . ... .. _ L_~.r98/299

24 . 64 l~. Abu Zarab .-. .. ,... --:- .__ ,.- ._t/·298/299

25 i! arab . I I!' 298/299
t' d

25 -66 ..
1
1 Abu Zarab . , 11-798/299

co:: :--67---i\-AbU- Zar~b~_ ---------.- ------+-e-JI- f9~~~99

29 ,-~:t-~ll ~~U~:~:b ...~.~=-~_____:-~-lr-~-98/299
30 I 70 ;1 Abu Zarab . .. . '!! 298/299

31 1[._71- I[ Abu Zarab -c--.-.-.--o----~-----,~._.!i-298/299

C 32 -.l-~-:""II·Abu Zarab --,---.----.-.--~-.--__;_---!... 298/299

33 __7J. '11 Abu Thor -.. -----_.---. .._~.. -.-t--I·,~01/402
34._.74_ . Abu Thor . _ .. _. - .__+.~__II_ ~01/402

35 I Abu Thor . ;. I; .' .
I 'I : II

C.
- 36 -I~-Il·~bu Thor .. - -. -- -- .. -----------------:-. 1~01/402

37 17 I .Abu Thor -." -.-------~---:-- -.11 401/402
. 38 --.781, Abu Thor _. __ _ __ .__.'-_. : _ I 401/402

39 _ 79_ il Ab~ Thor_._ . ----. -- ... --: II 401/402
401\ 80 !! A't.. Th II 4' 01/402
~- .. -lJUJU or - .-.,.._- ,- - il

c ~ ..----.:j ..
11

'5.ample ..
No.

Q

[J

ill
ill

ill
Q

G

Q

{It

o
ill
ill
ill.

ill
ill'
[J.

o
ill



~rain

Size ;:

Analysis

~~~'.====
I;
;i

;: Compressiv~
. Strength

I Ii i : Ii
....:---. t· --- :-- -If' :---- -. - --r--ii

,,. .! ----:--I--~-~ -, --- -~--fl
'-"--'11 :--- - -. --: :.---1- ~- -_.~--- -- ----~;
. ~ - .-:- _..-.-._-- ~.'- -IL !. - -- -_.._--_ ..}

j' I ..,I· . .!.

-_.~~~

:! Hardness
q &

sp. gr.
Thin

Section

.x .

It
if

IiIi Polished
': Section

DTA

&
. TGA

===--====

i-.:.~cx.. ;JI- x II x _~ jill x.. ~_.II x 1'_ .. x II x ..--'1. --.-~- ..-~t-L--~~·.--~.ji
·-1'1-' -. '.. 'I' ,I xiii ,.- ,.! ..~-.:.... -_.'. I X ,111

1
_ : lil·---Ii ..~. -. -:. -II· '--:-... ·:-jl

.t-:.,.x I ,I . .·1, . . 'II I Ii' . ,- ·,[;·_-11 It···~-li

'I ~II I il . \! • ii jl , . j: ; iI ' 1I! ;~ ..• :;- .x . 'i ..... ii II 11-· : .. ;·','1·. . ;·-11 :.--. - . :--t
!ll~~,I!i. '.--.: -··-·-··x·-·'·····~_··,'-··_-·-.;:'·-·---····-·II····I.! ·····_,··-···· __ ..···x:·-· -if. ,..-~.,-. -:- II : - . .._-. ··'1 ,... . It - : . .--- ;"-- I . ._. ~--ll .:.. -.. -.. :. 1!- ·!II.: ..: .. ~·ll·: -.. - .. .. ·I!II'--" ·-x~··c.-·~-I~,!; -x' "- ",-,11' ~.: x" ~·~·-1--;-·----: ·-~-i':'~j;

.,1 .. _. : _x i

l
" X ,,-: x

!I I,' . ;... !f ,. ~ •.-- -fi'" -"'1 11 ... -.- . -c -'~l

"ii Ii It I ! i'

il---·:·;~--·ll--II. , . x li. 11--- - .JL~.. - .. --11 ' JI " . l· ': ii ; i:

·11 _:_H.~ '. ,.-11.1
1

. .. .- :' . ..- . ~Ii .. ~--.:. ~·--'--ll-·-'· :~-~-- --'1- --=.~!! .~-·;~jf~~:.:- ~-:.~-~!I--:-~-~· .- ..c.·I·+-.~~ ---~[~-li
t! Ii .I' -11 1; ~-- I'" . :,::t

j

It "I:" .. , .. - t .. ~.__ : .. --- ._-';
.1 :1 II X ., !I !, I: 11 i i:

~~~ ..~~~~= I' = :1-;; - ----
,; Complete :1" Partial 'I

~I Chemical Ch€'mical
:! Anal sis Analysis X-Ray

Manganese
!1

Manganese

I; Manganese
: ~

Manganese

Man anese

II Manganese
-"il

.i! Manganese
. lj .

:: Manganese

Manganese

--_.:.._~..__..,--,,----_.._._-----_ __._._._.- ~" ._. __ .. _ ~,_.,.~".-..' -~.~ .. ,- _ - .

1 ~~U __ i: Abu Thor ._._ ._. __. ii 401-402f--82 I: i·- Ii 401-402

C : ~ 8i~~~.~:: -::: _.~ ~-~~ ·_~-114~~.~402
4 ._ 64__ .._it_.Abu Thor __. _.. __.. . _ ,_-t-" __ '_11 4;01-402
5 85 11 Abu Thor : ,j 401-402

C
.: .:~ ··!i ~~:g: .._. ·-----------;--11- :~~: .-..--+ g -.- ·--·----·-----;---rr 1'-

aa_--1I·li-Al.. luga .._._ . . 11.-' 354il ;
1
9
0 --:~.t-~~:g: ... _--- .~--."I!' 354

i 11 L_~~Al1uga -._.._ 1! 354 . ;; l-fanganese

: 12. ..92_-l~Alluga______ 11--:-354i~· ~..anganese
5 13 __93 - :t. Alluga --. - -.- : '11!-.. f 354 . _ i;. lwf..anganese
..J I :: ! I I!

8 14 L.__94 :L_A1luga .. _ -"~----il ..... 354 . _;~ }langanese

15 !I 95 Ii Alluga ; i! 354 !i Manganese'

'

I.. 'I " ',:\"1' !,: ;\ :: i'l !I II

'.l6Ir9L-]/-AlIU.gB:...------------. _··jt-~354 .• ii Nanganese '·-11 11;:x- ··If··· . :---11---1 il--'

C' ~: l~:t+ =.. .~1!I-J~~:-.-_-ell :::::::: ··:··II~ ~ '. -..,- .. '-1-1'·· .~ ::; .-.'.-:. ;\-~ ..-:~~ =~-jll :-~ - :---_J
1

, -\ -... ::-... 1
11

.. ::.-- . ··-1,:: ---
19 1-·--99·-·--H-_·_--~·· Il--·-r.; -~-:-._-'.-. If Manganese l!!i' -- -ttl' '1' ._.~ -;-_ ... - - ~. ',III'" ; .~_ ..- .. - ..-;- ,,', - .~ 1'---' -.- _. _. ---:,'11 - - ---. - - - lit, - -. - -

20 I !! _ . I ~ . ~.: !~ Man anese. ,. 1;

24 ~104 ..1 Om Sylat ... ... .. '-"11- _1..311 .. _:..11 Manganese:~
25 105 '!l' Oms lat , \. ;;' > Ii·':" !~ 'I ~·x. II ' " .:" I,

26 .l,06.--!I~-Sylat--- L_·II·~:311-.; -~ Manganese:__ I_; .. __ j_.,_x .. : ~ -11-· . -·"-11---,
~. 27 .J.OLirOm

. Syla t ----..:.. !11·j-31L -.:- II Manganese .-. -:,; .~~ l,,~' ~:~;:,.'~..:~::;._'~;,-: _.:~:[ .-~ r~ ~,...,_~: _:, ~ ~ t ~~.."'.-.. -- .~:.__ :.~_-.-: 1

f

t --.. ···~~-IC 28 ~Q8.'h-OmSylat-··-·_r_·--lil.-.-:-·.31~. il Y.1Clnganese •. .---~ -.: :

29 .!92.-11-~SY~.~~._-. -.--~_._.-- . t-·li-~Jll pfanganese . _._: __ .1,1,_.(:. :.~: -, _I II . '. --1, " .. x. 'II.··· x '·-1-
30 110 1: Om Sylat . .' H : 311 ;: Man.ga~n~e=s~e=-. ---:.-,_:_,_._._.__~I~---:-':I-- xUto...--·--..;....I-_---__.I.---_-:--4I~!_' -'-:-- ----+;-- ---:-- ....;+--,. _

31l-.1ll~:i-Om- Syla~ i.---li-·f :311 -: Ii Hanganese .. :..- Il., 'x LJII · ,.jl. ~-"-: li;·-!i'.i X 11

( 32 ._1P.:_Qm Ratam - ._.- .~--~--.-~. ;265_ .. i:Manganese II ~~-;·{,·lll;, x ~.~t,.,.,··.:.~·_"..•..·.•. ~' '·-1'\ x'~ii -·~·,-II-:---:x·-:··I .'-;·-1 t'7-·'·:-1:

:: --:·:~l : ;::: ---~.-.-~=------.. --.--.-.-~==------.--~'-~~If-:T:;:~ 'Ii :::::::~:!lE:---~---~..-*II-·--;-~--.---x-: _.....:..'-tf-I-+.-I-··-+-·-·;-:-·-·--t!~!__.--_IfT-I-~-__·f.-I-· ·.. ~i!_.-_:_:-_~'-:-:-:-------!-71,--·--·;·-·-·--·-··--~-·~_.~_~·~jlf__--x-.--.~----!IT---:-:-~.~.--~_. ------·-:--;·~-i!
::I--~~~l! ~ ~::·---~·_~-'-----~---··+-11265 .-. ijManganese ,; .. 1

1

' "~ '·IIII,.~ :-11--· . II ,-'1 x II .;-II-~·-·-x· - .~,'-_...-'. -:-1i
( \---, ·,·11 ..- ..-..---"---~. _._~'._._--- .__.; ..265._. i! Manganese I' -11<1'·; I II' ,. .. ._; --11-· ----:' "-!----il

3l·J18 j! Lahian-Zobeir ···L.·11 '256 !!Manganese .. __.x '11-- II·· !\··II···- ·i··11

::11~~l.:::~:=:::::.-~--.-···-~_.l~~:li::::::::" ' 11'lxll!.'_.x ·-h.-j'll -· .·::· .. ··.III-:.xl---~-- -_1'1' ;·x .. '--J
·11 _'~ " II I. 1 '=-=='"=='~!I=============JJJ' ='.=-=-_=========iL================1====='='====-~1,===========~;I======I~1 ============--::~~j= ..=·_=--=·_-=-=--=··==·~-~-==_·=·::==-===::H

~~~~~~~~~~~~~~~~~. ~~~

(-·--·---;\----.---·--------·-·------,-··---------l! :1 ·Ii
'Sample:;. ._ .. .__ ._Area... ' .. .. i: 1-!ining .i Primary

No. Leas~ Mineral

o

ffii
Q

{IT

ill

D

ill
ill,

G
ill

r0..W~·

ill
ill
Q

D
m

ill

o



------------------------_._-_----:...._----~-----------------~-- ---------_._-----------~---------------o
mu {-

~,-

ill

_.- .-.------------ --------_.__._----------_._-----------------------:----



---------------------------

~~~~~~~~~~~~~~~~~~~~~~~~1 4 3 4 ------ 5 6 7 G ~ 1Q 11 12 ====
;\ ~ \I I' Ii :lq II ~ ~~ ,:' t: jl II-~':' ----f1.~--------ll----------i; .Complete---i~--n-·--Partial __ F-.-- - DTA -----__ 1. ------- _... - -!~------lHardnes5--I:----------W---Grain --1i

l ampl-e.. Area. -Mining--II--- primary---II - -- ---------If-Chemical--ii--ii--Chemical-il-_ ---------- 1------&----- -- j Polished'!: Thin I' __ f> Compressive;,- _Size __ Ii _
No. !l . ,Lease Ii Mineral p I, Anal sis .:" Anal sis ,. X-Rav l TGA ,: Section h Sec tion ,I s. r. I~ Strenpth . Anal 'V~; !!

...
'-...,

11~61 ii A1li t l~ I ; ~': i:i Manganese!' '. I ire i' . I I I .li I~"'l : ' ·x ; i t'r:' i :fE:itll ,:: ; ~i . I ;W=;.j.;; j :'1 .I' i 'j j' : I \1 i l~;'l
_·_·-tr~ .ga - L' -li---r--r-:I T... tE.,---'-.- -::. '. '.: I ;. -.' '7. ~.-1-·-' 1.--1.~r··.lrl1..."-... '-··l~. :'-~.i~-;.. '+-:.. f--i-T.-.·~~.-i. r-.~.. r-.;.-...,..,--.:. ··-.--;;-T, ;1-r~-... r-... t-. r-'~r-r--+-.'. -." •. ;'..--1:-.-II I ; ' .... ' 'r- 2 166-32_tf--A;\.Ug

a
t i I ; ~ :: ,__IFng~mese i~+-~-~ -+-l-l-HTH- -"-,! :~~ . +r:\; I +-+t+--

L
! 14i: .::; r":~ , ; : ; 'I ! : ill' =m::~ I: ,',' .2.

'--- 3 1; ~-l'r: Ra8._El_:samra __· ------;--~I·-H1! "-r+: ',' ,._J;fung
anese .I, +--.:..-.~-~-~c~I-l--il----H-+--:+._- '-, ill:;r.~-~-~·-Ij .-:..t-:--1-.i -:.'-:' ~JI·~~ __··LLL~_~_"1 - -'1-:-.'-.:~.+---jl T:--+-.~-t .1 ·.-J1...:...:.m·.I :. '.' '. Irrll,-.---0,1_._. 3

4· '61. E1 ! L tiM' ' . I. : 'I;. ; ~. I J! '. I ; :6c: ;! !r I ' ; ! : . I· I : ; : , : ' I . ; I -1' I ~ !:: i ! :; .; .. I :; I . ; . , 1 ' '. I . 4
--01..' '~-TrRas-, - Samra __.___ •n''11"--"-" ,ang.anese II -'.' '--:.-- :'- ---1"--;-"---'.'~ . --[- i-- , .~-~' ~--t.--f -+-.. --:--r--..---:-.--.-. ~_._._-"~~-.'•._ .._ .•--; ..-,-_ .....-- ~--~..._---;- r--+---.~.'.' . ~-t-. - . r..:..·· j

II I j! i: I j , , I· I I , . I • . I I , I; , .!.:: , I !. i t Ii; 1 ! I ~'l, " I ' " I: : I " " I I' i ,I
5 165 II El Somiera , , : :..., : : , Man~anesen;" ! l !.; I :. I; 'x: I . I I. I i I :!! I:' i',! !', I I : ! ,! .I' !: I . I . lis

6. _!§:-..6 ..~li._EI_Homarra__.._. - I IIJl;'_L I_-j_~nganese:i - -- .:--_j-iU
f
:.~LJ 'J--~,-J--l-:_'-L:...-lJ __L~_L_~_~ -Ll---.lt ....HIIIi_:L..:.~-L>--~L1.:.-+J i:,! ll~~'__i '-1-1.. ,6

167 I Eji1·liL!'jl i ~nanesell; : I ';I!!i ~ft'!:iX'i !! 1 :i :llt'll'1 :1':;I·"~'i,I.! .·/ill I:il:;' 1,1 ·/1: t;68~; :--::.:.r~.· 1 -rit,-o+-I,-i' g - II: - -----1- -l':--'j i:1 11-; :T'--~--I---++-~~Il +:-;-;----r--- T~t~~~ I: ----..-,! i :-',; i "-i;: I I ,i hl 7

ili -L..-:::.L-r-··J--4 __ Manganese J ,._- ,-- ---.1-._ t-- .J_l_.i.-L--+- r--1[' !_~~~~-1-' - ......-h..1-,- - --_:...~ I j ....:-._~~ !; _~~ , I I:; I . ! I 1 L_.:: .' . 8

R· ,--- .-.... : Hi! ~j . :! 11 Malng'anese i/: ~. I ! ~ : ~ I i IT ,!; i . :! ! , ,~' ! 1---' x:! j ; ·x ' . I ---ii i: ~'! I· :i' ' i ; .~ , i, . +:n''. ; I 1
99 1~9 I,EJ.---.Romarra ; 1 :11.:1 iT-I 1 !t--;----------~---t·-.-,I,:·~~·T·~r ll-r;-;-~-·--!--T'-~~'··-r--II.-I:----i~--·r---+-:---,-r-,,: !---r-

j
IT:!"'I It, !::;-:-:-;I-'.-:-'; .. ,' !

10 170 j I El Homarra ! I;"': . i ~ iI M:in O-~ n p ~ p II . ~ II I I I . ! I:: X "'! I : II ,: ,. It: II 1 I' . ! ' ~'I; I , ! : j : . ; . .1
1
0

11 . l.ZlJLE1-l!omarra . 1'1 L! : ; \. r:Man anese!! ' ... '. ' . "ill:'!'i',: I : i-H'"'IJI j: i be ~ 1 I!:; j : ii, :j ::! I Ii'. l!. i : I !~ ; : , ; j I : 1 I ; ~ I 'I J; I, I ,I
I ' !I, : Ii, : 1,.11-, ' -~. ••• ··lh ·_;-'1.'-.-I! i ' : : i I ilh :: J ::1" Ii: '. I ::1- --l·.~-!.:.·' -.T-..)pt-·1~-1--t-~I' ; .I r-; I :.' I I: !. !i ; :! . i .1' I t.ll::t~~~ Ii ::~:~ :::=~: It i ci ;1TtMa

Man
l nggiaanneess: r,-:--- ! IlJ i ! i j i Li r-rrn·:! Ix i i .I i:; i ; I I I'· i ;T 1-~!-~=I-1l-~--r !:; I: ; i i.:! ·:t tt:-:!· JJ.'!::

ll--·-------:r-·-· ... --- . -- ... -' .-'--:l·.~.'... : ,.--ttll -.· '. .'. n'··'·" :-------:-.1.1ij-+.i-.:.--:-.:.r..li
.' .. M_~~-h-Il;i~~r;.... ·~.-1---+.. '---'.".I. ~.--'-I~:--.··----'--·". --r.~-;.,t-..-. IJj '.' 7 I I.'!.' · 1'.1 I ·.·T''.:' I III 174r- :1 1 b .f I ,: .' i i; .il : ' i : : :; :; 1 • ! I IIi, I! I I: I" I ,: !:, 1 ,. I : I ~ · :J : ' : " ,; .' i

14~~~~~!I1.aJ;_~~._ous_ :.~ ~;!:: n-~ng,anesel~---7-~------_7.-j l~; I t-
I

I t7++~~--tt-r--': ~i--t'i:-~'~-r-t-+-~~-f" 'I'-'l--+~:;; 1'1' ,.1 :";'i-r--r~~;-~-~tl-I: ",:; ~'1;14
15 1 175 il Om Ra tam It·2'65"' " ~ II Man~ane se II I ';: L ~:. x· '; :,! I;: i ' :! !I . ! : . X .! 11 I 'x ; ! I : x . II: X ; , I x:' !! X .: II' ~ 1: i L15

I 'I I " , !! I II ' II ; i!.1 'I' 'i' t ., "~ I 'jl . .' I j1' 'ttllii ~l' I I Ii . II
-
16 1'_';,·1__7.6_1f:~0DLRa_tam j . Ji6'5.~+i -III' ~":Hanganese ;j! . - . :_._-.J-t[I~'--'.........~ ~-:W-U.-nll _'~~~x_,_~_ tM'I. I Li ----I-~._-J.-~-l-----'T~---L--JII: !.:...~ ~ .',!'; I, i 'J~lt_L11--L11116

I I' ! . i. : ': I, I ;, 'I II I' i I· i' r ,', I I I' I I-+-i" :Ii' ; :, I I +' I' . I I . '

C·.17 III 17.L,:/ .Al-_l_1_·.~_a.t til I . ~I ! Mal. ~,: I , i::;!. I I I! 1;:X: I I I I ' I . I; I I . : : ' i I' I . Ii' , I, I I, I . : ..,~ ,. ! 117
,I :-- -.:.....~f- nganese!j -~-- -----...:.......;--·1 -r·~-' ~~-tt- ....·-r-r-i ---f--4 ~~-UI-. --.7--l--~- : '-.. -r'-- ~ -,:!- -i---:-~....l.--r J_!~ t--+----.J-if

~ 18!.: 178 .il' Alli~~~~~~~~~~~~~l~~~!~j~l~I::' ~~nese1 ~~-~~J~ ! i I! ~~I I! I:: Ii! I 'I ! i j: ~_ ~_._~~_~ :: i i;! I m'!J~:'~ ~~j I ~. I_~jl: i. _~! I il 18
J ,i !. I I • 'I '. I ~l' I ! I : I IW I i I ! I I I·' 'I I . I I ! I I • I I : : l-H-H-'I I ; I I TIlTl: ,-r- : . I ITT I f 1 I . 1 I191" 179 !I 1:" h Eb -d ; I ; I M" l '~I I';' I ! : I , ! I I . I I !, "I jl I I, I I I; I! ! .. m'I' - I" I, I I ,; hnl :: I :' I: HI! 10il i :, ...ar_s. -- --..~~ -~---------------':--------J.+--t--r-' ~- . : langanese '1 I • .' I ' 'X-l.. -l' i' ! . '. " I '. I " ! ;:z

20b 180 II El Homarra ! :...1: i ill Manganese li--; --;--:-'1 G!: !! Il',Sx'l !I I; i': I ,.. r:-T,fT-T:-1 ! : ' : : '! rr:;,"! II ,:;,.: i 1,1 . 1!20

21li ' Ii ..... :. i iLl,!! nll-.t~ng.anese.L;-'--.·.._Lj-.JiJj~.~1 1'1 li;.I~_U-!i 1:.;•• I!,.!! '1;:".:1. i '1;.. : I ! ..... /,.,I 1':I,j 1,:1:;.1. I 1,1 \:21
t-1B-l-,r-Makhro ga --- I ! ! I ! ! I :. i 1'1 ' . ~ I I ::'1 ! i TfI ~ ; i 1, I j : ! I ; I : ; ! I j ,.: I : , 1 I : , 1 : l I It; I I ' 1 ;[ ii, ;! , ;!

22tl-J~~ !IMakhroga. . I j. =-j :,. .}fanganese_!~.__._~ ~_:....__ _; :.~ i I ;.\ ~ ! i I : ! : i i : .~ ! ._. ! .~_~ I ; , I , : , I til ;~; ;:?t i ; '.: I \ l-_}22
·.23!G·f·'18·3~·.I:.'Filk· I ;i1-m-."!'. I;':": .lit j ·;:,1 ~!Wt'.i.'! I' I lli:iJI' ,.;:.:: ,. i·~i~··i ,;,i~t;11 H-!:L:I .:I';il iii,' ::I':li-1',1

t",:: Mang'anesel ;',::'1 I;; i-- i ill !I~' ;!X,L,,'X ·;:X', ;IX:'J : X:· :,. :, 23

2Cr·18',4. !,i.! s;d..·':...-~l-~-~:n---a,-t--~----,.---~--+-1 ~~-;-n-~tj.ii. 1,-=~i~ganesel[-r~~T.LT~] p. ~[.U ,! ! I i '-+-.'.Jli !-rll : :1 :! n:-.!l.--~.I"~fl ;. H;'-- I TT.nn i In.~-.I .~.~ ~*H~.j. t-1~-+m:i ; , ' il 24
, .1 ! .. ; i I ';'., ,. I· l" ',: I I I I I . ; I I . II : I Ii' .! j , ;.; I I . ; 'I I ! j I I J I I .: I Ii' I '; i I : I :;: .

25 .1 18'S!.11 Ras Rl· Samra I j ; ,.' :. ' I~': i . ---!I ::,!:: " I 1 I ~: I I x! 'I I : , ; !. 1 I ., ; I . :; : ~ 1 ; I·; l ; I ~.; ; : I I i,. .!!.;: i '1
25' I· .:. ''''In ~""" ... \' , . , .; "". .' '.' ,.. ,- , '. . ! '. :. 1

2611 18!6La ~LS ·1 'ii-ml::i11l1angianese;~i. ~:;l I \;\k\i! '1·ll,.i!:.·;1 II It~;1 I, ~;~.! 'j i:.!4~f 1~;Pt;;II'I~.;X: i .I'~:Jt:rl-ji 1 1,,::\ '1 1/
:'6

''-'----;-- 1"T;1_8 .....1:. ,amra ; 'I·J·j;' . r:--' : ..- . -._.j t~~r-H~ i; iii ~ I I : I ;; i! :: I . : ! , ' ; i ; ~'~i- r---T:-rh-t--- I;· I : 'I " I : i t:-· ; I ; ;i ~ i ~~--T1I"

( ~ 27 187 j·FC!.:rsh ~_~!9 I !. ' _.L.~.· i'. ~ng.~n.e$.~!I,_ .. j--~_i.-:.!_i_~'-'rl _..{f--T1.JJ...... ~.I. ; l_~~.i.. · i.'. 't- ..L~.I ~ , ! I ~..' ,.-1 :. _.,;-!_ ._.L-J~.'!'. I l~. '. J. :.' '.__ W-l..L.-...!i. ! j '.'.: i : I. I . ; I. ' 'i it21
p' I : I II i I.'.,::::'. i i ji 4--' . I I: I! In j'" 'I I," i:· I .:' 1.:1 I;' I'Tf i' '1; I I ' I:; I .; I l' ~ 'f

28 J~J~-l1_:E.gx:.~L~_~.~4_____ . ! ; i-~_;.:. . __ Ma.ng.·anese-lil·-j.-~-L;_iJ-~rlr-.J_;i j;. i :. ~A.l+--l l-+--;~;4-.~l'-- ~.l'.: -'h-+-- --t-~J_-W';.. :. ::~.. !, i! : : ' .. !. : : '.: . HIt,l8
Ii : 'I I I : I Iii i It·· . :. ; I I":';,' . I ITTI I, I; : : ; I . I '1; I I :.: ; ! r;··, I ,. : ;!, . ~,I;:! ; t i ~. . I, 'I: I I I : I ,.... I

29 189. !tarshEbeid' I, 1:-I'~1 I, f~nganese!i: .1 ' ~ "lx::t-t1 11!r11 I~!lx~ ·1 i::X~": I !;;X:; : "!!x'il ::1C:il;1 :;~;;ri l;il;:i If29
~--,-'j-'-.- ..---.------ ill i:'; ',l-! ' ';'I;--!'-'--T~~If----;::-rf"r . -1 1! :r-i I ;i/'T'71" I' !"T;~I--~rH . i:!. i i :; 1';-;' ~ 1 :I~~.· -I:--T~I; •.. , II

30.190 !!FarshEbeid I "":-"'I,llIanganesel:: ::-,1 i ,I:!'!, I ",IX;I Ii i:,,: ! ! ,"I:· !':,'I" !"I, ,,-I :i!"i 1,;:1,: lJ3c

3-11~·iii: 11' ~ ; jl'i ; I. ;! II:; i ; ;' . ; L'jl ; II Iii Ij : l.i i I '~!j l;; I: ; i .tt=11I' : ~ .! : ! i : i . i tttliI ,!I: ; I \' :ill~L j!1 i ; jl . , .LB'1

1

1
31

I! i I-~IC' -+H~--I -lr'~~ I~-+--Ir-- --f-T", Tr~-~-I-l---'-,1 I;-T4-,--- -t~r-;--r-1L- I, .~--t---~-: ~-,- - ! i; I U.-:~ :; f' -:-+- .. ~t
(.- 321 I I I !: !' ~i ! ; i ; : i : ,! '! I I ; I ;!. : : I ; ! I : : I : ! j ! ' : I : : : - I ' : , ; . I : I I ' . i-H--- " I : " 32

'->. 33R--~i-.:--\--+----~-----:--------,-y.I--tt--+-"-ilrl.I
H

: iii .\.: ir~-r- .I~r:I --- ·--rrrl! i I TlT8=iHJ-Trri1-I --IT~1-- pi-: -~-~-- JR'l ~n:i.1=~1 ::If : j! i:JiJ .; I i 1
31

34 ! I' II ~ i I I ~ ; ! :----j1-'~-1': LLl~r f ~ --j', I; I I j Ii! I UI': lTT;- -- =fl~-ll.: ;--i--~ ITl-~-'r· ---I ! :Tfr ! 1 ! ~ ; i I: i I t-~~r~: I 113~
~~~~~~~~~~--~~~~n-l~~-~ ~',~~,-~ I: ~~n~~- ~~;-t-_!· ~1-~~~~-'-- --r-~ ~ ffi' . ~III I I II I' .: I \ ! I ; : I I: ! I ; ! I I l! I; I 'j I I . 1 . i ; . I I I : I :, I ',I .: 'I ; : I .; I I I I . : ,I ; " I

::'I~ 1 i i i ! I ; ; I I 1':: i! i II j' I i L' ;; L I i; -iii I I I I: I ill l~;!::1
1

I;:ri ;; i 1'1 i" i 'i:-: i! I :! i i :~'ii:: i:to>i*i++t-:~ : i I ;:i : ,: I::
.~ t'l i;lt--~-!T~-+-lr..;-'I'-·-·~--r-~,TTI 311 ~!I ~- il"!'-!i

'
It-;-rrr- '-TT-~- n-jL--\'·I-·_-;T-::o-...t-jl-Y--:--t:T1 ffi:~lli-i !i il: ::1: I(~J1ft I I !: I' l : j , .; j" i I : . ! i : I . I I' j' I,: i : j ,. I ". I I . I I I': : iii : .. i I .' . 3j

. h ! I I I ! j 'I '·-lli~l-----'i -r- ,--t,-:-;T~"I-' - ~~i lT
4

,-- t! : lJ ~jl ---t--r-;--li j -1"~~1- f-1-:~r-~' -,---. 'lj:;'-- i~'-:-l I' I i ·~~t:--:--:;:q--;: -illr ; ~-li I 1 :; i 'i~ --~~-'I-;--I-----l
31 •. I' ! I 1 ( I ~ I ; ! I ; . , : : I I : j L: ~. 'I ii' : i' ; : ! I I:' '\.,.,; . t !', • I I I: I : I • . I 11 3c

'i I itl-t1T- - :; r-;T- -r"'r~---- I-r-'!-.;->--- >-1-: ri i:l-t-r~1 i:_-"H!--i-i~~--I~-~!--j'f-l-~-~-~'-~-l--!-'-;-~Lr-, ·~1~- ;;j,-Hj-l-- +rt-7
-; 1->- -:'-;-h-i-'3:

391~ I -c-:tr:-H--'--I-~:·r:-:·-t-·-'.r-t~-~ .. t ~-~I-' -11-~~-"r~-- -- -'-i-i-~~-r-!T~i-~; -·l-t~-:r-:·~-+-t-- ·-t-;-: t-~-~-I,-t+I~~-I-t·· ·'~~f I-!~:"""i-- -~-~-LI-rl---"-~~-~t~~;·
40 h i i : I.: I \. I;' I I : Ii; : ' ! ' , 1..Lt~ i i ~ i! Ii:: t ' . I : . ! ....~ --.l ; . I I • I I :. i . , . I·;. i I :: ',I I: l 114 (

[Ii !II' I : : J ' ; II II' !; i ! : ~ i It !I ~ ;. I . I I i ~ .: r.. \ Ii'! i; ; II ! I;:!:: i 'I I::!:: I '.1;' I ; ,.\ Iii: !.;; Ii; 'I' I ; I I : ! ; " ! :! : TllI II ! !, :' !,:. i . " /I . ';.: I , . , ,'! .~ ;" , i ~ , I; i : i I:;' . .! . .: i ' ,: i , .::: : ' : ~ . : 't ~ ii

o
0'/ .;-

J

or

ill

ill
me
ill,

..,
it-

ffi, ~
Z
':l
;:)
....J

ills

ill
rn

ill

ill
ill
ill'
ill

Q

ill
......DE IN US &..



ill
m

ill
'ill

ill
ill

ill
m
ill
ill
~

ill
m
m

ill
ill

------------_._--------_._---------_._-
----------_.._._-----._----------~--:-----::-~----~,--------

------_...•._----_ .._---_.----------

127D ""AOE I~ U.S.A.



IJ
m
ill
ill

ill
ill
ill
ill
ill

rn
m

ill
ill
ill
ill
ill
ill

m

ill

-----.--------''1---------------:-------------

~~~~~~~~~~~~~~~~~~~~~~~, 2 3 4 5 6 7 8 ~ 10 11 12~

(,II • !j =Pr-=-.-.--H---..---..--J--~----.J! Complete .._~-!;._ Partial_L . ti -DTA·----l-- ---~--~----1- HardnessJ .~~~!_a.in.._.li

I ~N~jJJ.OcP.le;,~!--- Area.. - --If!ning~_·_l Primary" 11· __ ·· ·_4~hemical_~~.:i chemical--:l·_--l __·__~· rll Polished !I -Thin .-1--- &--l'lcoItPressiv~- Size __ !:
I . : Lease '; Mineral r I, Analysis ;,!; Analysis ,! X-Favlj TGA I Section il Section I, sp. gr. ! Strength I Analvsis l'

'2

1

~0021. 1L1--RasRaS·-~Ma:al1aaaabb--·--· '1 ':lttl ;J-t-.. il-i~:pp:::·: t.n~yY::.~~: i· li-, ;~·r.- r-t.±..: t+.r.·:- r'.-.·i-.·~[11-.::. i~, d-.IH.i._.;~.t-.. -;-1.,-'ti-l;~..f~Hf.l.·~,... ~+.:. -. ~"~'t'i~,.:i-:---rlt-+.. ~.;..+~. t-+.-.;~.'l.~.i Iii;
~ I ~~~~~~~~~~~ -.~~ .. ~.p' ·'r~~---~. .~-,-- ~x~~1~,!~--~~~-~-x~~~-~~ 1 ,

.. 3 2.0.3-1, ..Ra!LMaJ-aaJ> !! ::! ~ __-lGyp~\lm)r~Ydr,ite:. :I-·+~-~-·-.:~-·I 'l'f~,:.i '," Ir
l !;!!: I - -~l.-1-4-+-~·-Jl1+.:.~,'~.":_·!--"~I~..::l_'n!I,__~_~+=#.-J,.-- ::!: I 11 :

4 _20__L#-Ra...s_M.i.a.laab ;1 i;: ". ~GYP' sum '& ~nhydrite: i . '.,;.:. I ., i.: I ! : . I . ;.;,. . '. ' i ! ;1 I : I ' ~ I ,. I ,I ,I !. 'x· '-I I·'!:' : i ! • ,i ,

5 1205 I!Ras Malaab I Ii!:'! 1-!~yP~um:& !nhvdr'ite:-- II· ;--~T7:rrrr~;-r-l r;i~--T-I·T::r-l-r--·.,~T;·i I ,-~~·~-tl-0T'~ I r-I-····-.. ·11 :!!.' 11 !

I" ~ II L I Ittl:' i I' 'Gyps:um & ~nh'ydr'ite' \ !! i: j . : I" I irtrrt;; ; :' II J: ~ i , ,. ii, ; ! ~; Ii: :t;1.. 'I Ii' i . 11-+.. i .I-fth!,;:, i i ' ; I ' ;J II I; ~ i I Ii I
C.
' 67 F-:2

2
_0
0
-_-.6z.·· ...--tt-ft,--Ra

Ra
-. 'ss_"Mal{a--1

1
-. a.aaabb_ t--.- ~TT- T.-;--r-.l.-. '.. : ; ". '!- .. r: '-'.-r.-,~ TI-rr- r-~:. I ;: .-tH-~·l-~~T '-;-'.\-.f-l-~ I ·•· ..I----tl~':. -I :, . 1- . I ·~I· I I. il I '. ! ! , I . ! .. i- ~: - . .'-~+ I :t-. -·iGyp~um.&-rhydrite:. 11- !.:...~j-. i I ", ~:; : :1' II !,:::' II ;: .;: 1-'r--r-8~~HF~-i T-+~e-B~-H-r-i--t-+ :.:.:

8 ~8-il--RaS_Malaab..----------:...---. : .:. i ; ;-~~ _pyp~um .&ft"nhydrite:_ il-~-:-~~' :' " : !: ': H+- JF---:-'._. '-.~-~-,. : ; I ! ~ ·~r· '1#--'- i '4.;..+- -c-i--W-+: ' I I' ~: .! I

9 209 -~l--;as Malaab-----------::.......---F--~~.. 1.. 1 :~Lr-_~G~psum & ¥hydrite: L~....--~:.J-.ll!r',-~-.~~Jj4!--+.~:.x:J.-,-~.lJ-4- --+-I.. lJJ~----U--W--x.-rl..-1 l-.d . I I ;~.'! I: . ! ' II!
10- 21t>-r;a~-M~laab i ! ! : . I ,i· lGv ,~& Anhvdrite: :1 i .:! II i: J ~! ; i !/,!";I Ii· I : :.: ; · I ·1 I:·;:· I Ii Ii; i·' 11 ' :;. .! I I, i ! ' · i I I·· i • ii 1

i :: I~~~ II.:~:~::~ 1-..,··. -i. ~:. i. ;-1'-.:~~.:!.=.'--.• :-.-t.-,~i.::.· ::;~·-!.b ~.. ;--.-.~.+t1blI. L.l ;.1.: ..1.1 !-8:.:.1 ..~ ~.HI I:. it.~,'. i.. .! : it.:-LET.:t..~-:: i ! ::1: :! .1-:: i ;; i II ";:' i :!~
I· 'i I ill; : I I'; .~.' If· 'I I!:;" I II 11-4+:' j' ; ill I" ~ : . \ r ; i;· i I' : I . I I' I -+i-' j I' , I~ I ' : ~ . ': -1j

~ 1312~~as_Malaab I ,-c-rml
,. ~.~.~~ ~._.Gypsum-&~nhYdrite~-,.i..-1'.·.:: .. i. Ii ~.:;x..'~:. I! "'i;.. ~l j :.l:.·-_.-i I ::.:i'_-_ . I'~~'l m::.!:.... I.:.. ;~.l,:;. !:;~~LJ;l

3 I III . r- i I !! Ii;' :'!' . : '1 . '.' '-+-ft.. II :: .. ,., ·1' I : T1 · '! I I ,I:: I Ii' I . 1'1' : I ; I' , , I· : H-+'" I: . I I I. IIo 14 214 I R M' 1 ab I j,; : G' I .& L'''h' d 'it .', !j ; .~:; .! I I ~ !. ! U! l:' ;; I: I 'I 'I ' i I', : J I';· - : . : I I , I I';:' , . l' •
u I~ _u_~_-----iP~s__ .:':a A . --- . i. !! I ~ ypsum -.. .tU':' Y r e~-:""-' ..r"'----.-":_; . , _.-:LX~~ I,:: l-~ J""':"'_:..; ~.--t. '-+-~l:' r·...L.-.-· iii .~~--; ,: i ; I : :. j • j! 1

I . II I ! : I !! ,:: .~..':!:' ! .. ~ : .... II II I: ~ ~ . ! I :1 'I' ~ I j : I ~ I ; I ' : 1 I :. . I . ' I! ::;! II I ::" iI, : I' III .: !;!
15215 ;; Ras Malaab ! : : ~ I II Gypsum & Anhydrlte: x ~ ~~ ~l ":"':~. . x : ;: :.'.;.:" ':: x. ; ., : x· .. ~ , !;!...:. :1 1

I
': 16 ii 1 b ; l i ; : ~ I,' ~'G ~um 'rl krb drft-e' :! : :; --+H:i '1;: l::·x·: I jl i'.: Hi'!:;: 1 ,I ;,'; ! !! ! l I ! - ;; ..! I : j i: i !b'.:' '. ; 1'1

'16 L2 ;!j ~S_·J1ct.a..a.... I'-~.~ - •._YP.,. "'" -. "-'.. -.. ~Y.. .. .... _.• L __...__. ,,_1-•. ". . • '-.'-.--.. -t-+---+--f.. ...,. .--J--.-.'--. .~.;-I--·~-.. ..' . . .... '..' .' . I . l'I ' ,. i jll':' I.': . l!. : 'j ~ :I'±±llir."I ! I;;;~il; Il',i I:'i' 'I' 'J',: .. " I .;':j ! :11,:: IHII':': !'.!.': I

C11.~17-L.RaS_YJ4laab. I . ,:1: i ~..yp~~;& ~hyd.r.ite~._.1'.._,~~_.:~::," . ': _.~:: ~f-~L~;! ~~-' i ~; :.~~rJ : i: +--H .I: '1- i_:-W~r-- ~t-"'!' '11

I
. II II -1 1 • I .If. ! ' I' ' ,I I:;,.·· I" .. I I I I .. -j-1 I' . 'i I ~ : I: I I: I' I I ' I : . I , I • • , .. '., I I

. - .18, 218..·~.!1"~~~J?§..b 'i I ' : : ! '~yps~m!i Arihydrite_~ __~' I _~i_:_;_i .~ I: ! I if it :~~r-~.~-;-'-'- -.l_~L~' .L-~·.: : ; 'Jq ; : I =: ! ~; . J:!; ': 111
. II I ' : , J : I I; : ·1 .'::~'" ; ;. !I~: I : I I . Ii' "I": ! I ;;:.' i I .• : I ,t----H-\ I; 1:: i . i" I ' . ! . II I:: II : iLlJ~~ I, t II

;:11 ~~~~~: ::~:~:-=:.:=--------------+--.-H-I----+-'"'"l-t-i-rl-+-i-;---r~.--tt-i~:::t:~::~~:·i-·-~T+H II I '~f: I il-,··; ..• ! ill~-i:-+-~+:r~HITf!'; Ii': rf-'h+m--r--+-+li:
I' . I' I I·.I!I· ~ i !HI . ~yp~~~. :&,_An~Ydr~te..:,_.jIJ-~·.~ i ·~.. I II j 'i ii' i i ji i; ;.~:, i

1

; I; : j j;! II !.; I ':+1'1.1;. ~. '! I ~.i.. ; 1 .. :.' I I :~i: II .- i. i : I il2
.. ! '.I·! I : 1---' ;.~.; !.!I· '.: 1 ! I i.·:.",' ,. H'i I I:!:' I I· I \1,; ; ; : I " i j' j I. I i I II . I; ; i, ; tn-tm-;; I; ; i ; I : I I'

I I., ;! I IC' &.Anh d ·t ; I ',,~ .. ;. II I' x; I ! ;j ~ ; .1 • : 1 j ; ~ ;. I i I' I ! : I i I ·1,: ; i : : !:. . ; It : "'. I'
I ~~~----~~-~~~~i~'~I~i~;~'~!-~'um~&~~hydr~tel-~~ t·:!~ i ff.H ~ ! '1 i Ili;!~ ~':i I! iii; i j~ i ~ iii, ~ Ii ~~! [' I! i· i ,i'. j ~2

23f .' . ~' .. ~s_~alaab~---~------~~~~.~. ;::- ~" : ~~~~ ,~_~Y r. e,__.~~_~~~.; ' : i' ; , : I ~ i . !~ :~: ! ; ~ I ; '. I ! : ,~ : ; . ' ; . ' : . ~ ~ t '. ; ~ ! : : 1~12

2
2
4
S
!,' 2~2W'5'' ..-..-RRaasS-}M,1..aa-l1··aa·.-.~a··.-bb·~. .! -W-w-.:.i _·~Y,~9~_~. 4nhyd.r;it-~·~·"_"I:!·_L.~; :!.: t1 I I, *: I ! 1-r.--r-..;J--t.Jj I ,.! I: ; I Ii!: I J ! ! '. ;.1 . j i I: ' !; .Ii ; I ! i. 1 bi 2

,:c; !I /- I ; !I;;i r,: ! i : : & 1, lh~d i. t ; ,t 1: ~ 'ffiT I I I l·jj ~ : i :1 I! i I : ; I .!.: I;! I ; : I ; ; I i 11 I ! I ! 1I! i f 1 j IIi: ~ i . : i ii;;:::tt:··t~~-'i .. :~n:_lr~.e.; ;1 ',.·;··~;·ll···i ;;i;;;.j ill';:;,:ij' i;':; ;::j"1 i,'l::1 i j l;i':;~: ':!.j ;1 2

26iL22.:,~.Illl~s__¥.alaab ..j '. ! ,.:.: ! ..GYP.. sum. & li,nhydrite_: !I ::.,: '. Ii! II,!. 4-1 1 ! I~.::: .....--1.
1. r :.:. ~ 11..-. ~4-:-+.:.~ "~.', j ----,-r.l:~,L..• , i : 1.:1 I ,I' i ! ;.1 . '. ;.' ; i :. I Ij2r- .~ '-~~~~~~~~~~i~~~I~~~I~:-~I' Gl~p'sju'm& L~ydri:te~ ij II;j' II ~.: I II 111#,l I.;~J·;; "KI:~ i:;1 'l'~;:: I[~I;j:fl !Wii ! 1:'.1 . ';1 .~~12

C· 211~"~. ~l:i~..&l~b~-_-~~-~---~~~~.•. ~.~- ~.' _ ~u. "~'.'~-~~.-'-'-~J-: I ~.'~_.~..~.~~.:~. ~-~.-,~~.~-.. ~.. ~.' - ' __~~~I!I ' :\i I ! : i I· I . ,1 • .' , i : : II : . ; ~ i I ". I I I, I ! ! I I I ; I : : I Ii':','!' I ! ; I ' : I I i ~ . I . ; Ii: i : : I l : I I , I : '..I . . iiI
. 2S'1 . 2_8----4-.Ra..-.s._.Mc;:t:.~~b ! . t i IT-H-i . G.n... ~~ .. !i J\nhydr~te,:._.!l- .. _: ~.. ~_;.-~"r-~ll ::! i... ~, 'I I I ~ ;~ ~ : I I_-+--i-~ i ~ .. : ,,: :--l.-~'__.!-~ : :! _ I:;y:; i i .i i j.: : '. : i :.' I!1112

-i ! I I · : I I ,:. ': . ! q r . t .' ; ! LUi'1 : .', 11 I Iii : I I ~ !: I'· I I :. :,H1', I • : I : 'I' ;~ I I . : J -:----1
29iL22° Ras Malaab I, ! !. l.-r-tT.1 ,.,! 2vn,.~.~~.~.A:'I'n~~~:r?-,·~~.. i. -.:.'_1.-:':_~, : .j.l. ' __ (. '.:x:-...;.. -HH+t:rl'II':! :.1.:.- :.: _1-1-.~.L,!L.·i :i I." i ~ __Ll: '_:_ :.... ; 1 ! I l.t! I. 1.i.' ',' : :.·L.~~,'2. '3olt z-_-3·.;L

O
. l'·-·'Ra-·····s"·-Ma··.l--a-a--b· , -I' ; I ~lf, .: !'.. • Ir j .... I I' i! I I ; , I I I . ~ ., . I . I'" 1'1 I I· .r, I I l~;z-r- 'I, I -+, ! j .. I' .. I .. i II

1 I !1: 1 ;l,Gypsum'&Anhydrite'! '1 ;'x';l Ii ;;:I:i ,!.':X·:,· ~;=I:'i j!;1 =! _i I·'~;;I 1~'Yi I l. .~ii;;. 1 ;::"1 '13

It . , I ! I : , . I j'l !:; 'I' I II j ;, I ~ I . : 'I : :! i Ii J' ~ I j : ~ j II J I : ! . : i~ri: i.,,' ~ I : ~ iI' l' Ii i: ! t "1' I I·! I ; 1 I I'I I· Ii; ,I I : 'I :: I,'
'31 If . . , ! ' : ill ' ' ,! --l, i j~ 1 .' Iii t I I I ;'1 I. :. Ii: I I. L t i ~ . I :. ',"'" I I I.' I ,. i' I I " I~ 3

~- Tl--M--- !-t-~f-T-IT- . I-~·T;·-li -- --;l;-:-+r~'; I 'I l-+-J~'Tn--lli I·-j;-I~-- i-~-:-, -:i-- r-:-T~I~:I-J'- i i : i,', ' : I: :' I ~l i ; I . ~ I· r :: t~ II
,_. 321 , I I , ' 1 i , 'I, -t' , I , j! '!, I I I I +1~ :t I. ! , , I I .;; ' ..-1 I, i I ~ I ~ : , L' -.:........l-- ' : t· i 113l '~~~~~~~~~~~~--~~~~~~I I' i i. . ~.~_::.~ I-~ W" I -t--l !; i! 1 I -I -:; I :-~l'-l ~'~~~T~i-- --r~r~-I-' I -~~~-I'~1 .' J:; I ~-~I ~ffi"-'j '.: I 'I,. 3311 I lli : . : : I ~ i . I . j! i i ! I! iii.w-l I I 1;' : I' i ~: i ~ I ~ . I ; , I .. 1 I; j ; i I : 1 I . i I ! ! I : i ~ ; I . I 113

I i I::r -H+H-H;:'I • I ~~.; ;1-- ~·-TT---!I; I .---t.- --+-1T; I 1~1~ -"'I-+-~~l I --. T'-rl-~1- --~l:-7-r "-:'''1 -l ._.~Li-.-rr- - ~! • i ! I . i I -' I '~+--~-'I!I
3" I! J. I .:! Ht· ,,. I I I :' 1 I· j I ! : ! : I .: . I i I: I .::. I I. I I:, . : I . I I ~ II'. I I . t: • I 3

.. 1-------=-----H-------------------1--t+--t-~·t-~:--r-·t-· ~ I :' --I I' ~.-t.-f- -ll~-7-+~l_t-ll- ---:----r-+---, H-~·-~·,~.-u..··!-:--:..-i-~...;....·~· .-1-,I.+~.-:-+--!.+--- '-r--r--~I !. +~-t---7: 'I t--- l :

35 1 I , I !: : I : : : ; , : I II':! ~ : I ! i: I ~ i! I. I:: I: !! :' !:!:! Ii I: I : : ~ !!' I '! 11 I ; , 1 ' : I ! iii • : I I i! .! ! · ! ! !13
36Iu); ! j I !! 'll ;! III il I'; 1; II Ii: I ; ; I I I ~ ;l:ttr . II.J ! it; i I . II Ii! 1 ;; t II l~.; I : II II l~' ~ I· i II I; ~ LLl .!; i I.: ; L! 'tll!;; I 1 : i ;.' II; ;13

(~. J11'! -!l !TI-r:l~'r--T;.·I.i-t-r-~~~~·i-!r-~-UlTll1t-!j Li.· 4-.:itltTl; I ··I'·Tr--rH1-.il-l-:;·l-~·;-!--~~... IT;-fm om.rtt:1 ~. !'-r-j: l i i i~.·.1 113
r-;--~ I ;:-t+H I; ;~-'1>-1·--~-ltt· ;~-'r---;: i~-; ·t.---n--·I·~·· l~l--"-H---t--+---I:;i i 1--;-,·-··""1-~-~··~-r--~--t~·~i~--·t---i 'I'~' I": I' I; f-r"7Tt--·::! I; I ~1"""7~ii
I . ,: :. I .; ; ! ;, . !I,' : I j I . I '; · LI' I . I I ;. i ,. j:." I I . , : : ;, II I. I" I.: :'.' :;;: ~ i ' ; : I ' : I I:; , i .; ..

31 . . 1-j-h'-I~-' r-- -'(;~-Sl-- --'il-t -~-- _!.--;- - .. --lr-~~-r~~!" ,-:-' ~ -. i-rr-rt~·!" -rl"l-+~-T-;'-:l' --Ilr'-ti ~'fl' -·-t --! _·-f ~·:1-;-f- ~j-~ ;7'r+r-- f-r, ; : ;..-:----r--IH·-:-~T~-·~~ -~~I'T+-i! ~
39 II : I :.., I.: ! : • : ; : : : ; . I;: t : ' . : .: II i. . trt!.- : I . ,- ~ ,.'; il , . I : . t : • I ~:l I . ,'. It: ! I. '.: I I' 3-- . ·l---+---r-t:-~-t--I:l·~'-t~-i·-- ·T:.·~.··rl·7··~-I·-- --r;-·j. i t".. -:-:- ... -.- -' "-;.-+.-+.-'~-~-1L··.J..i: . i-.·f'.i·'--l--.-~·-~~.. -t-~~.-t-, ..-.lll·-,-~-·:-·-r·---~._, '~:-. 1---;-.:. -t---+I--·---+~-~··- -- .~.. ~.+----t-'--r-:-. -t-~~I "
40 !t Ii : I I : : ~ ~ ; I ! : I I I ~: : 1 . I I : ! .~; I I ; 1 i ! : '1 . I' 1 : i : ; ! . I' ~;! : I I I - ; 'I : : I I ; : : ; : ; : 1_ _ . I' : : I : : I ' : 6,'; . !: ~

II • , I I . -J..-; '. r 'u' '. · ! . I 1 . '" I 'I I ' , I !. • . ., '. ., I tr ~ '. " ; . 'f, • • . l ! '. I , . I .1

f II ! II : I i i·.j ~ ;- i, 8--1~~" Ii; ; i :: ,. II 'I . I : : I ~ i i '!i !(::; -i . : ·1, -; : i ' ; 1,- I-I : i: I j' !:; Ii ! 11 " 1 : i I : IIi ri ~ I : • I, :; i' 1 IiII : I :: j I . . .' I : I ; I , • . , I ; , ,II \ I' ~ • ill : : I" I : . . ~ ',: ~ f!. :. ! , -; !. I II



ill
o
ill
ill

m

ru

D

O

ill
m
0,

rn

m

ill

ill
ill
ill
m

.,---_.._-------

~~~~~~~~~~~~~~~~~~~~~~~1 2 3 4 5 6 7 ===--- e 9 10 f1 12~

C F I II " I -----rr 'I I; 'I ----r r ' 'I ~ ,- I; I, ---.

!,ilsamPle..I;"I-'---.- ... Area jL.-----llk-----1t----·----n·J:omplete--~ ,,;\. -fartiaL-lf - ----,,----It- DTA--- ~11----------··-11·----.Jt-Hardness. ·-I'·---·_-··---;J---Grdn .- .. Ii
~l ------ II_Mining __ r __ Primary i!, --- .__.-l_ChemicaJ..·__ iLrt__Clemica:t .. ;! ----~------~-_._-. --lll-·poliShed '11' _Thin __ n---'-~--'&"_' 1LCompressiv~ Size_._!:

: No. , l' Lease !, Mineral !i' ., Analysis ,! Ir Ar.alysis:' X-Rav !i TGA ,Section Section!i sp. gr. ,! Strength :, Analvsis ~

( ,.. 3
J1
'! I I : :l+11r:----I=TIi!+I-H-1-iJ-j+;-rl~:! -H-i' ii LI+__ ~ ~nl-j ! Ii: Ij,'~+H ! '~Ii-1"-j+th,!~4-~'.++--L~-~r'{.. ~,I-~"tlf: :~Wl_':j II ! : ,,1- ,-~: r=H: ! I rl--li:I l!: : : I ; I I . j 1 I ; I : l+-; : I . L; I : :1 i - ;: I'; 1 I . . : ': :. I L: ; t· ,! I ~ I ! i I ; i ': : 1 .' I ' ! Ii, I ~_~ ~

ll------i-~·---------_..:......-.--------.----f----tt-----+-...,...--.:~... .:- .' _. _..L~-l--:-.~.. :_:-.. . -;--.-+-·-G.· . --- -_.. ~r- .---:--;--_ ---tl--. '~.-~_:--- ' '1--.~-I-.- -I. - .. ' -, '--'-.:.-\--'-. -~.' -~ ~_. --'-.-.;.....1.-+. - -~-_....~--.l-- ~·f-.i.-~-r--_ -~.·-t·----.&. --I-- ' .. , .. I ~.~.. 38 i i ! i ' : : i , I ! ; : : : Iii ! : i : i ; : ! : : I Ii: I ! : I jl!: i 1; I I I!:!:;: I ; : : ; 'I I :: I , ! I: :; i ; : I ; i ,: I '. I : :! !~:
39 I,' I ! I : ; L". j t i ; I, i : '11~I I : . ~. , I I -j : . ;i I ; ; i ; 'I Ii '; i , ; ;\I, II I. T ! ! ,i I I! I I I~~";" I . j I Ii; I : : I ! ..;!:' '; I , ~.I F

I i -t' ; . ~;! '1 ;. :; i . ! ' 1 . . i : '., ! i ,.-}:! I • i ;\::' .; .! i; I ~. : ; : :l 1 • ; • ; . I 1. : ' ~ i' .', :I --0---•. --. r- .--t-'r--"';"'-+--- ,- - -- .. _.l. ~ ~- ---". ----~.•~ r--~ "-~--ir -~-!--r-T--··tl---t--~-~~---+_· - --- - --- 't-- -. --&--- -.- ·-t "·-1--", t-- -"-T"~. f-- -~--- .I I j:!',.! . I'; i : i;; 1 1 I., : i" , . I;;::: I I. i: \', :! !I' j; : ! .:'.:, I :; ;. I: . I' : 1 ::; ; ; I I. l J :'. i:
Ui~,_~~ ~__~I_~I~~~~:_~~~_~I~~;~~i'r'! \_~ I .l~~~ I -I ~!!~:!!' I! ;~;! II Ii!:. :11. I!: I: 'J~ !!, ~ ~,' r! I!. I ~; I:! i . ::!::! ~~

'II 'II' I. I ! " : ~ jf I ~ .; \ :' '. . !.: . I ~ I I I ; ! ~ i ;. ,: I I,:! I; ! l' ~; ~ ! ; I PI: ~ I : I I '. r I!; II i ..~ . I I I ~ ; I I : jl II' I:; I ; ~ I I : l I . 'I . ; .f ' I t ~. ~
. ~ : I II t I . I. I Ij I. .. , I . . I . : I; I, ! • ! ,', !I. i I. . ; .' ,.: I!' Ii. . . . . I,t



o
o
ill,

0,

ill

Q

·m

ill
ill

ill
m

"'",CE , .... u.S"



D
n

o

o

o

o

o
o

075130REEH

..._..-~---- ----_.._-----_.._"'--_.._-----~-------~--------; ...--
,......~ ......_. __ .. _~,~ ·_._ ................_t~ .. .__. , .~._ ... :._.. r _ ... .. _ •__ • _ _ ._.. ....R : ..... ~ _ ......__._ ......_ ...,._ ...... ' __ ....--.... ~ ...,' _. __._.- .. ' ..."'.~. _ ...._ ......__""- ....... ",, .,-.._._••~ • ..,_..._._ ........... __._. ~_,._..,.,.~...._,_.. ..;.__.... ~.__....__ ____:_..--.--..------. • ' ~

Z79 .



D
-

I -I I ] E:3 E:3' E:::3 I 3 EJ 1- J I 1 EJ I I [:=J c=J 1 • E::3 [ 3 1- -I L..J

t~ .'.

! I." 4.

,
} ~

I
, I

,

I\.

i

.....
I

• o·

;
"

,; I

...

MANGANESE ORE :=a
f...,)

0
I

=r:
f...,)

0
+

I"%j
(1)

()
0

~ f...,)

~
~

~
~
0

,f...,)

()
PJ

:s:
lQ

I"%j
1-"

to '~rr ~
ro rt

t1

W'.-
"

N
:J

S C/)
I-'.hj

~~ C
rttn to

8 C 1-" ~
I-J. Ii 0 ([)

CD :J

~
tn (j)

t; ~
PJ ([)

<: C/) Ul
~ I-J. I-J. I-J. I---

0 OJ
r-J C

([)
l.--

- -

Z
PJ

tometry'
~

~ ::t=
(')
~

+
:=a

tv
C/)

0
~

8
~o

ration ~..'rr
PJ

-7 ~

Fl

Potontiomet
with K Mn0 4

Titration with EDTA
using sulphosalcilic. acid

Titration with EDTA
using chrom Azorols

Atomic absorbtion

Titration with EDTA
using Muroxide

Spectrophotometry

Spectrophotometry

Spectrophotometry

Gut Zeit method

L

I
I.



.Q
.,.f +J
.QQ.)
'-! E::s Q.)

r:

•0..0
.,.f '-!
Ea~
OUla
+J .Q.~
,c:x: rj oW

.... :.. ...'

I
0..0

.,.f H
E O~
0000
H ..0 .,.f
'::::Ctl.+J

....._"--._.",. \

Titration with

EDTA

. ;".." " ",' _. . .. ..
. .......•__ .- .-- ;'."

.._ .. .,,_ ....._.--._- -.:_. ~- .~.-_._ .h. .. _" .. "0.- ..._._ ." •

. Sample
. .

HF Cone HCl . . .

60-80o C Heat H.. O
t...

- ,

Na & K H 0- H 0+ CO
2

Cl2 2

arne Photometer ResiduE Filt-
[I}rate 0 Q)

t"'l::S+J 0 ~CJ [I}
Z ~CJ 0 <D- 0 0 ~ Ol ~0 0 [I]
~ 0Fusion r-f r-I eu

~r-f r-Imixture m .c: Q)

+J +J ro +J .c:
.,.f O-i~ ~ 0
~ 0(I)

§~
0 H

.,.f ~
+J
m Ol

Residue Filt- H ~
+J .,.frate .,.f rn
E-t ::s

Si02

>e
H
+J Al Fe Ca Mg Ti Mn S

fQ)
t

:E:
D
Ul
I:lf
:>i FIC)

&a

~
-8
H
~
0
H
0
0

-.
~
Z
0
E-c
(I)

~
H
H

._.,.-~._~----------------------~-------------,

~

Q

o·
o
o
o
o
IT]

o

o
o
[J

Q

o
o
o



~ ~. I ) I \ 1- 3 c:J CJ' EJ CJ [ 3 EJ FI c=J 1 1 c:=:J I I E3. I J EJ

~.

-,*

'<'j.

KAOLINE & GLASS SAND

;'...

Titration with EDTA
using Chrom Azurols

Titration with EDTA

using sUlphosalcilic

acid

Titration with EDTA
using Murexide

Atomic absorbtion

Spectrophotometry

Atomic absorbtion

':'; Z
l:lJ

tI: -~ hj

"

~

~
J-I

I-::j
ro

t:
~~.

()
~~l:lJ

. ,

I-
~

\.Q

e.":! Ul
[)c C

~Ul
~ ~. "0
~ 0 J-I

8 n p ro...,.
G)
t;
OJ .
~ ~
~. Ul (1)

s: E3 ...,. Ul
P CD 0 ...,.

IT ~ ~

~
c
CD-

,

At 1100c
~

[-va
I

at 11000C
~ ~

'V ro
-- --- -0 PJ - --

+ rt

-
I

(JSoda asbestos 0
N

<t.

") f, ~4

..
....

, .

I

I
!



o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

-"'IA%EN-
Hazen Research, Inc.
4601 Indiana 51. • Golden, Colo. 80401
Tel: (303) 279-4501 • Telex: 45-860

Prepared for

Kaiser Engineers, Inc.
P. O. Box 23210

300 Lakeside Drive
Oakland, California 94623

CHEMICAL ANALYSES AND MINERALOGY
OF SINAI MANGANESE ORE SAMPLES

August 21, 1980



o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

HRI Project No. 4995
Copy No 0_=.3,",""-__

CHEMICAL ANALYSES AND MINERALOGY
OF SINAI MANGANESE ORE SAMPLES

Prepared by:

Wolfgang Baum
Mineralogist

~~'l6c!\~
Retha Bloodworth
Petrographer

.~~

a:o:e la Fuente
Petrologist

Hazen Research. Inc.

. Approved by:

Roland Schmidt
Director,
Mineralogical Laboratories



o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

TABLE OF CONTENTS

Introduction and Summary

Samples Received and Work Requested

Chemical Analyses

Mineralogical Investigation

Megascopic Description and Sample Preparation

X-ray Diffraction Analyses

Ore Microscopic Studies

Sample 153
Sample 154
Sample 178

Petrographic Thin Section Studies

Sample 153
Sample 154
Sample 178

Differential Thermal Analysis and
Thermogravimetric Analysis

DTA

Sample 153
Sample 154
Sample 178

TGA

Determination of Specific Gravity

Hazen Research. Inc.

Page No.

1

3

5

7

7

B

9

9
10
11

11

12
12
12

22

22

23
24
24

24

25



o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

INTRODUCTION AND SUMMARY

On June 9, 1980~· Kaiser Engineers, Inc. requested from Hazen

Research, Inc. a quotation for chemical analyses and mineralogical

studies of six manganese ore samples from the Sinai area, Egypt. This

work was originally authorized by purchase order number 80012-3; how

ever, it was subsequently modified to include fewer assays and min

eralogical studies on only three of the, six samples provided.

For the mineralogy, six small samples designated 128, 129, 153,

154, 166, and 178, and consisting of a few specimens varying in size

from 1/2 inch to three inches, were received on June 23, 1980. For assays,

six minus 100-mesh sample pulps weighing from 4.81 to 19.21 grams

were received on July 8, 1980. Although the sample designations are

the same for five out of the six samples, it is not known whether they

correspond exactly to the samples studied mineralogically.

In accordance with the request, the object of this investigation

was (1) to analyze the six assay pulps for manganese, iron, and other

important elements; and (2) identify and quantify the manganese ore

. minerals and associated gangue minerals, and determine their intergrowth

telationships plus any other features pertinent to potential beneficiation

of this ore.

As part of the mineralogical studies, differential thermal and

thermogravimetric analyses (DTA and TGA), and specific gravity deter

minations of the three samples were also requested.

The assays show a highly variable manganese and iron content

ranging from 18.8 to 51.1% Mn and from 6.54 to 39.3% Fe, corresponding

to a variation in Mn:Fe ratios from 0.48:1 to 7.81:1.

Hazen Research. Inc.



o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

2.

By a combination of X-ray diffraction, microscopic, and DTA-TGA

analyses, manganese mineralization in the three samples was found to

consist chiefly of pyrolusite and psilomelane with variable quantities of

goethite and hematite, both of which can locally exceed the manganese

mineralization. Other constituents identified, occurring in lesser quan

tities, are carbonates, detrital quartz, and variable amounts of clay

minerals. There was complete agreement of all three mineralogical tech

niques as to the general composition of these samples.

With respect to beneficiation of this ore, the dominant feature

is that the majority of the manganese and iron mineralization is associ

ated on a microscopically small scale. Within the realm of economic

feasibility, possibilities are extremely remote to substantially reduce

the iron content of these samples by physical beneficiation methods.

On the other hand, it might be possible to increase the grade of both

the iron and the manganese by removal of the discrete detrital quartz,

and perhaps carbonates. This could probably be achieved by gravity

separation, high intensity magnetic separation of the manganese and

iron oxides, or reversed froth flotation of the gangue.

Hazen Research. Inc.
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SAMPLES RECEIVED AND WORK REQUESTED

3.

For this investigation, six ore samples of l/2-inch to 3-inch

specimens and six pulverized assay pulps were received at Hazen

Research, Inc. on June 23 and July 8, 1980, respectively. These samples

were designated:

129M
153 M
154 M

158 M
166 M
178 M

For Assays

128
129
153

154
166
178

For Mineralogy

1. Chemical analyses of minus 100-mesh assay pulps for total
manganese, total iron, silica, aluminum, magnesium, calcium,
arsenic, phosphorus, total sulfur, and barium.

2 • Mineralogical stuc::Ues of coarse ore samples which would
include:

a. X-ray diffraction analyses to determine the major and
minor ore and gangue minerals.

b. Ore microscopic studies to determine their intergrowth
relationships and any other features pertinent to poten
tial beneficiation of this ore together with photomicro
graphs showing typical and significant features of the
ore.

Since there is no information on how the assay pulps were ob

tained and since there is considerable variation from one specimen to

another in some of the ore samples, the assay results do not necessarily

correlate to the mineralogical results.

The work requested by Kaiser Engineers included:

o
o
o
o
o
o
o
o
o
Do'

o
o
o
o
o
o
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4.

c. Petrographic thin section studies to determine the associa
tion of the gangue minerals with the ore minerals. This
work included modal analyses (point count method) for
quantifying the gangue minerals.

d. Differential thermal analyses and thermogravimetric
analyses to characterize the thermal behavior (e.g.
release of water, phase conversions, recrystallization,
etc.) of the samples.

e • Determination of the specific gravity of the ore samples.

Hazen Research. Inc.



CHEMICAL ANALYSES

Six samples of minus 100-mesh ore were received on July 8,

1980, to be used for chemical analyses. Sample designations and weights

were as follows:

The analyses originally requested were: Al
Z
0

3
, SiO

Z
' MnO,

MnO
Z

' total Mn, MgO,CaO, NaZO, KZO, BaO, ZnO, TiOz, As Z0 3 ,

PZ05' total S, COZ' HZO-moisture, HZO-combined, weight loss on

ignition and X-ray fluorescence scans f9r elements above Ti in atomic

number. However, since the amount of sample provided was insufficient

for all these analyses, by consent of Mr. R. Greenwalt of Kaiser Engineers,

analyses for MnO and MnOZ separately, NaZO, KZO, Zno, TiO Z' COZ'

HZ0, L. 0.1., and the scan were omitted.

The chemical analyses showed that the total manganese contents

in the six assay samples ranges from 18.8% to 51.1% and the total iron

contents from 6.54% to 39.3% which corresponds to Mn:Fe ratios of

0.48,:1 and 7.81:1. At this point it is not known if the chemical data

can be correlated with the findings of the mineralogical work since there

was no information on the correspondence of the assay pulps with the

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Sample No,

129M
153M
154M

158M
166M
178M

Sample Weight« 9

19,21
9.87

15,73

4,81
5,41
6,22
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mineralogical samples. A lack of correlation is indicated by the discrepancy

found between chemically determined barium contents and the mineralogical

studies of polished sections which showed significant amounts of psilo

melane which can contain up to 17% Baall. The following Table 1 gives

the detailed results of the assay work.

Table 1

Chemical Analyses of Six Manganese Ore Samples

Sample Mn Total, Fe Total, Mn:Fe Si02 Al203 MgO CaO AS203 P20 5 S Total, BaO
No, % % Ratio % % % % % % % %

129 31.2 24.5 1.27:1 3.74 0.52 0.615 0,880 0,0008 0.026 <0,01 <0.01
153 22.3 22.9 0,97: 1 15.8 4.49 0.156 0.509 0,0029 0.519 0.03 0,50
154 51.1 6.54 7.81:1 1,42 0.35 1.08 1.10 0.0003 <0.001 0.05 0,20

158 22.4 15.5 1.45: 1 1.25 0,31 1.94 10.9 0.0002 <0.001 1.36 <0.01
166 18.8 39.3 0.48: 1 3.43 0,94 0.637 1.07 0.0003 <0,001 0.04 <0.01
178 22.6 22.9 0.99:1 1.57 0.32 0.409 6.90 0.0003 <0.004 0.03 <0.01

Analytical Volu- Volu- Gravi- AA!/ AA AA Colori- Colori- Leco AA
Method metric metric metric metric metric appara-

tus

1/ AtomIc absorption spectrophotometry.

11 Palache, C., Berman, H~, & Frondel, C. 1968, The System of Mineralogy.
Volume 1, p. 669.
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MIN:RALOGICAL INVESTIGATION

MEGASCOPIC DESCRIPTION AND SAMPLE PREPARATION

For the mineralogical investigation, six samples each consisting

of two to ten specimens varying in size from 1/2 inch to three inches,

were received on June 23, 1980. The original request from Kaiser Engineers,

Inc. was to use all six samples for the mineralogical work, but final

instructions were to use only three samples, 153, 154, and 178, and to

select from these samples the most compact and high grade specimens.

The following is a megascopic sample description carried out

prior to selection of specimens for the mineralogical work.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Slimple
No~

128

129

153

154

166

178

Megascopic Description

Massive black manganese ore with carbonate
coatings and dark brown earthy fragments

Massive black, partly colloform manganese
ore with few white coatings and earthy black
material

Black-brown earthy to massive manganese ore
with traces of white coatings

Black massive partly recrystallized manganese
ore

Brown earthy manganese ore with relatively high
amount of carbonates which are present as vug
fillings or are intimately intergrown with the ore

Black earthy manganese ore strongly veined by
white gangue and in part brecciated and cemented
by red-brown iron-oxides/hydroxides

Hazen Research. Inc.



o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

8.

When these samples were examined megascopically, it was appar

ent that the fragments comprising a single sample varied somewhat in

mineral content and texture. Therefore, since the chemical analyses

were not made on the same rock fragments used for the mineralogical
I

examination, an exact comparison between the mineralogical and chemi-

cal analyses cannot be made.

The rock fragment selected from each of the three samples was

sawed in half so that a facing portion of each half could be used for

one thin and one polished section. The remaining portions of each of the

three fragments were ground to minus IOO-mesh to be used for bulk X-ray

diffraction, differential thermal and thermogravimetric analyses, and

for specific gravity determiriations.

X-RAY DIFFRACTION ANALYSES

These analyses showed that pyrolusite and psilomelane are the

dominant manganese ore minerals. Other manganese minerals occurring

in minor to trace amounts are hollandite, hausmannite, and chalcophanite.

The nonore and gangue minerals are in approximate order of decreasing

abundance: goethite, quartz, dolomite, hematite, and clay minerals.

The following Table 2 summarizes the results of the X-ray diffraction

analyses.

Hazen Research. Inc.
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Results of X-ray Diffraction Analyses

Pyrolusite
Goethite

o
o
o
o
o
o

Sample
No,

153

154

178

Minerals Present
Malor Minor to Trace

Hematite
Quartz
Ps llome lane
Montmorillonite

Pyrolusite Goethite
Psilomelane Hematite

Hollandite
Hausmannite
Montmorillonite
Dolomite

Hematite Dolomite
Pyrolusite Psilomelane

Hausmannite
Hollandite
Quartz

o
o
o
o
o
o
o
o
o
o

I.

ORE MICROSCOPIC STUDIES

For the determination of the manganese minerals I their inter

growth relationships I gangue association, and particle size analysis I

polished sections were prepared from the three samples and studied

under the ore microscope. Following are the .pertinent results of this

work.

Sample 153

The dominant manganese mineral in this sample is pyrolusite

which occurs mostly as feather-like crystals with the typical cleavage

and herringbone texture I or as irregular patches. Frequently this pyro

lusite is very fine grained ahd intimately intergrown with very well
,

crystallized goethite aggregates. Psilomelane is the second frequent

manganese mineral exhibiting the typical colloform textures. Occasion

ally psilomelane is replacing pyrolusite. Some pyrolusite is also being

replaced by goethite. Particle size analysis of the pyrolusite crystals

Hazen Research. Inc.
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10.

showed them to be quite variable and ranging from ~ 5 microns to ~ 1 mm

in length and ~ I micron to 500 microns in width. The majority of the

pyrolusite crystals (± 80%) fall in the size range of 400 to 600 microns

in length and 80-200 microns in width. The psilomelane aggregates

range in size from 5 to 700 microns with an average size range of 40 to

250 microns.

Goethite, which mostly occurs in crystal aggregates, shows an

average size range of 60 to 200 microns. Quartz is the dominant gangue

mineral and occurs commonly in the form of disseminated rounded to

irregular grains which have grain sizes from ~10 microns to 600 microns

and an estimated average grain size of 400 microns. Some of the quartz

grains are fractured, with the fractures being filled with pyrolusite and/or

I psilomelane.

The modal analysis (1000 points counted) showed 45% pyrolusite,

18% psilomelane, 22% goethite, traces of hematite, 15% gangue.

Sample 154

This ore sample which, megascopically, appears to be composed

of massive manganese minerals,consists generally of a very intimate and

fine grained intergrowth of psllomelane and pyrolusite. Great portions

of the pyrolusite have been replaced by psilomelane. Another character

istic feature of this sample is the extremely fine admixed siliceous

gangue (quartz, clay minerals?), and goethite • The particle size of the

fine intergrowth between psilomelane and pyrolusite as well as the gangue

goethite association is generally ~30 microns. Few very small veinlets

of chalcophanite (20 to 40 microns in width)' are intersecting the sample.

The modal analysis (1000 points counted) showed 30% pyrolusite,

16% psilomelane, 52% goethite, trace of hematite, 1% gangue, and 1%

chalcophanite.

Hazen Research. Inc.
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Sample 178

This sample consists of a very porous and intimate intergrowth

of the manganese minerals (pyrolusite and psilomelane) and hematite

but also some goethite and gangue components (carbonates, siliceous

matrix material and larger quartz grains). The hematite content of this

sample is comparatively high with hematite occurring in large aggregates

(up to 2 mm in diameter). These aggregates are very porous with the

pore space being filled by siliceous gangue or manganese minerals.

Pyrolusite occurs mostly as needle-like aggregates with a crystal size

of 5 to 20 microns in length and 2 microns in width. Carbonate grains

and grain aggregates (~10 ·to 40 microns in diameter) are dispersed through

out the whole sample. Also, carbonate veinlets up to 500 microns in

width are intersecting the sample from various directions. Some of the

larger carbonate aggregates are intimately interlocked with hematite

and pyrolusite. Traces of pyrite are present. Occasionally, the car

bonates form a matrix in which very fine grained manganese minerals

(~5 microns) are embedded exhibiting "intersertal" texture.

The modal analysis (900 points counted) showed 26% pyrolusite,

12% psilomelane, 2% g<;>ethite, 18% hematite, and 42% gangue.

Figures 1 to 8 at the end of this section show typical and sig

nificant features of the three samples.

PETROGRAPHIC THIN SEmION STUDIES

For the investigation of the gangue minerals and their textural

relationships as well as size distribution, petrographic thin sections

were prepared from the opposite side of the slab which was used for the

polished section preparation. The thin sections were then studied with

Hazen Research. Inc.
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the polarizing microscope. The pertinent findings of this work are as

follows:

Sample 153

The only gangue mineral found in this sample was quartz. Modal

analysis of the thin section showed 17 vol % quartz and 83 vol % opaque

minerals. The quartz occurs as equant and/or sub-equant, less frequently

elongated grains. Most grains are well rounded indicating the quartz to

be detrital in origin. Quite frequently quartz grains are fractured and

the fractures filled with manganese minerals, mostly with pyrolusite (as

determined by ore microscopic study). The grain size of the quartz varies

from ~10 microns to 0.9 millimeter with the majority (±80%) of the grains

ranging from 300 to 400 microns. Figure 9 shows the typical mode of

occurrence of the detrital quartz ~

Sample 154

The characteristic gangue minerals in this sample are extremely

fine grained siliceous constituents and carbonates which are generally

intimately intergrown with pyrolusite, psilomelane and goethite, and

very minor amounts of hematite. Because of the low amount of gangue

and its extremely fine grained occurrence, point count analysis could

. not be carried out.

Sample 178

The characteristic gangue minerals of this sample are carbonates

(predominantly dolomite and trace of calcite) and quartz. Modalanalysis

showed 4 vol % carbonates, 3 vol % quartz, and 93 vol % of opaque

minerals. The carbonates occur as finely dispersed grains which are

mostly ~20 microns in diameter but also as small veinlets and/or stringers

of < 20 microns in width or as massive aggregates of several centimeters

in diameter. Quartz occurs as well rounded detrital grains.

Hazen Research. Inc.



Sample 153

Photomicrograph showing colloforrn psilomelane (Ps) replacing
pyrolusite (Py). Black inclusions in psilomelane are gangue
minerals.
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Scale = 100 microns
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Figure 1
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Sample 153

14.

Intimate inter growth of pyrolusite (py), goethite (go), psilomelane
(ps), and gangue (black).

160X

Figure 2
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Sample 153

Portion of a detrital quartz grain (qu) is fractured and filled
with mobilized pyrolusite (py). Rimming the quartz grain and :
sprouting into the pyrolusite is well crystallized goethite (go).
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Figure 3
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Sample 153

Extremely fine grained (intersertal-l1ke) Intergrowth of goethite
(go) with pyrolusite (py). An irregular quartz grain (qu) is
fractured and filled with pyrolusite.
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Figure 4
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Sample 153

Relatively coarse grained pyrolusite (py) is growing into cavity
filled with mounting media. Portions of rounded detrital quartz
grains (qu) are also present.
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Figure 5
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Sample 154

Extremely fine grained intergrowth of pyrolusite (py) I psilomelane
(ps) I goethite (go), and gangue (black). The sample is transected
by a chalcophanite veinlet (see arrows).
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Figure 6
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Sample 178

Photomicrograph showing extremely fine grained intergrowth of
pyrolusite and/or psilomelane and hematite (light gray) in car
bonate matrix (dark gray) .
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Figure 8

Sample 178

20.

160XPlain incident light

Scale = 100 microns Loa ='

Very intimate association of pyrolusite (py), hematite (he), and
gangue (gray to black) •
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21.

Photomicrograph showing a portion of the thin section with a
high concentration of fractured quartz grains. Note the varia
tion in grain size. Most grains are rounded to subrounded
indicating detrital origin of the quartz.
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DIFFERENTIAL THERMAL ANALYSIS AND
THERMOGRAVIMETRIC ANALYSIS

By means of differential thermal analysis (DTA) and thermogravi

metric analysis (TGA), the samples 153, 154, and 178 were investigated

in order to determine the thermal reactions that will occur with this

particular assemblage of minerals.

DTA

The foHowing were the equipment and operation conditions used

for this investigation:

For the interpretation of the DTA-thermograms of manganese

minerals, it should be considered that the temperature ranges of their

thermic reactions may deviate from published data due to variable chemi

cal composition, operating conditions, etc.

The most significant reactions found in the thermograms are the

pyrolusite conversions. Pyrolusite shows a distinct endothermic peak

at 620/6250 C in samples 153 and 154 and a comparatively smaller endo

thermic peak at 6900 C in sample 178. Minor endothermic reactions

occur in samples 153 and 154 at 950 and 9800 C but are missing in sam

ple 178. Instead, an exothermic reaction is indicated in the latter

Calcined Al203

Platinum

100 cc/minute

DuPont 990 Thermal Analyzer

2 and SOC/inch
1DO/minute

Air

Apparatus

Heating rate

Atmosphere

Inert reference
material

Crucible

Flow rate
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o
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o
o
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o
o
o
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sample which is probably caused by recrystallization of psilomelane.

The chief endothermic reactions of the pyrolusite dorrespond to the reac

tion 4Mn0
2

... 2Mn
2

0
3

+ °2 , corresponding to the conversion of pyrolusite

(,8-Mn0
2

) to bixbyite (a-Mn
2

0
3

, with Fe
2

0
3

in the structure) whic;h

takes place around 500 to 700oe. The minor endothermic reactions

occurring at 950 and 980oe, respectively, are probably due to forma-

tion of hausmannite (Mn
3

0 4). .

Ukai et al (1956), Roy (1968) ,and Agiorgitis (1969)11 have

shown that a, ,8, y, and 6-Mn0
2

minerals are all transformed to bixbyite .

when heated to temperatures between 500 and 7000 e in air and this

bixbyite further transforms to hausmannite at 900 to 1000oe.
Muan & Somiya (1962)V have shown, however, that iron-free

b1xbyite can already convert to hausmannite at 877°C whereas the pre

sence of iron oxides shifts the conversion temperature up to 9000e or

more, depending on the iron concentration.

The association of silica with the manganese oxide minerals

could lead to the formation of braunite (Mn
2

0
8

·SiO4) and/or rhodonite

(MnSi0
3

) with rising temperature.

The other peaks observed in the three samples are interpreted

as follows:

Sample 153

Major endothermic peak at 330 to 3400e is due to dewatering

of goethite. Weak endotherinic reaction at 5700e is due to the inver

sion of a~,8-quartzwhich occurs at ±5730e.

JI Ukai, Y., Nishimura, B., & Mayeda, T.: Mineralogical study on
the manganese dioxide minerals, Mem. ColI. Sc. Univ. Kyoto,
Series B, vol. 23, pp. 203-222, 1956.
Roy, S.: Mineralogy of the different genetic types of manganese
deposits, Economic Geology, vol. 63, Pp. 760-786, 1968...
Agiorgitis, G.: Uber differential-thermoanalytische und infrarot-
spektroskopische Untersuchungen von Mangan-Mineral1en, Tschermaks
Miner. u. Petrogr. Mitt., 13, PP. 273-283, 1969.

?:I Muan, A. & Somiya, S.: The system iron OXide-manganese oxide in
air, Amer. Joum. Sci., vol. 260, PP. 230-240, 1962.

Hazen Research. Inc.
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TGA

The thermogravimetric analyses were run under the following

conditions:

The most significant weight loss in the three samples occurs

in the temperature range 500 to 650°C and corresponds to the transforma

tion of pyrolusite to bixbyite. The weight loss due to absorbed water

or moisture is negligible in sample 153 whereas samples 154 and 178

show approximately 2% weight loss at 110°C. The following Taqle 3

summarizes the results of the thermogravimetric analysis.

Sample 154

Broad endothermic reaction between 100 and 3000C is probably

due to dewatering of both manganese and clay minerals.

Sample 178

Broad endothermic reaction between 80 and 2000C is due to

dewatering. Exothermic reaction at 350°C is due to recrystallization

of hematite. Distinct endothermic peak at 570°C is due to quartz in

version. Minor but distinct endothermic peak at 6300C due to psilo

melane and at 6900C due to pyrolusite. The broad exothermic reaction

between 700 and 780°C is believed to result from psilomelane recrys

tallization.

The thermograms of samples 153, 154, and 178 are shown at

the end of this section.

DuPont 951 Thermogravimetric
Analyzer

26.54 mg (sample 153)
8.47 mg (sample 154)
7.41 mg (sample 178)

lao/minute

Air

Apparatus

Weight of samples

Heating rate

Atmosphere

o
o
D
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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Table' 4

Results of Specific Gravity Determinations

tion.

DETERMINATION OF SPECIFIC GRAVITY

25 ~

4,37 :1:0,05
3,83 :1:0.05
3,52 :1:0,05

Specific Gravity

Hazen Research. Inc.

153
154
178

Sample
No,

Table 3

Thermogravimetric Analysis

Sample Significant Weight Loss (%) Total

No. in Temperature Range (oC) Weight Loss

~1l0 280-340 500-650 910-940 11153 4 4 1

~110 110-550 550-650 19154 2 8 5

178
~110 110-450 450-70 16

2 3 8

The thermogravimetric patterns are given at the end of this sec-

Samples 153, 154, and 178 were pulverized to minus 100-mesh,

and about 30 to 50 grams of each sample were used to determine the

specific gravity in a Le Chatelier flask. After the first run, the samples

were filtered, dried and then retested. The following Table 4 gives

the average values of the two runs for each sample.
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VIII. COMMENT ON ADEQUACY OF ORE RESERVES

A. Quantity

On the mine maps that they submitted, SMC bounded the ore basins
by using curved lines between the ends of proven ore in the tun
nels. SMC used a half-circle method instead of the more con
servative straight lines method. The curved lines increase the
areas of the basins and consequently the ore reserve qua~tities;

but this increase is without adequate data support.

After reviewing SMC technical reports, the field team noticed that
a certain thickness for basins was indicated, although no explora
tion had been done. No explanation by SMC was available to
account for the thickness. The field team measured many thick
nesses for every basin and plotted them on the maps. The average
thickness for the basin was determined by calculating the arith
metic average of the thicknesses for each basin or for each mine.

SMC's letter No. 52-80 about ore reserves, dated March 1980,
did not indicate the key-date of ore reserves. In the technical
reports prepared by geologist M. Abu E1 Enein, the same numbers
of ore reserves with the same type of writing were found, indi
cating that the key-date of the ore reserves is 30.6.1965. The
ore reserves in SMC's letter do not represent any probable ore.
The end of mining activities at Om Bogrna occurred on June 5, 1967,
or two working years after the key date.

Examination of Table No.4 of SMC's ore reserves for Abu Hamat
Shema1, lease Nos. 297 and 298 in SMC's report No.2 indicate
that in order to obtain the ore reserves of June 6, 1964, the
amount of production for the year 1963/1964 was subtracted from
the previous total proven ore reserves for these leases.

SMC report No. 2 stated: "Until 30.6.1964, after adding the
quantities of ore which were proved by the prospecting opera
tions and also the ore quantities which were developed during
the production operations, the final estimates of ore reserves
after subtracting production for 1959 and 1964, are as follows:

o Proven ore - 2,061,000 tonnes
o Probable ore - 990,600 tonnes
o Possible ore - 1,300,000 tonnes

These figures of probable and possible ore are the same as the
figures given in the SMC letter on ore reserves, as well as in
the Egyptian Mining Authority's report. In the report of the
Egyptian Mining Authority, which was studied during the Authority
Board meeting No. 33 dated 22.12.1964 (memorandum No. 4/33/64),
the following was stated:
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The same report stated the ore reserves on 30.6.1964 were:
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The ore reserves calculated at the end of the year 1963/1964 are
as follows:

2.1 million tonnes

Proven ore before 1956 1.9 million tonnes

Proven ore after 1956 Add 1.3 million tonnes

Total 3.2 million tonnes

Total ore production
1959 to 1964 Subtract 1.1 million tonnes

Remaining ore reserves
30.6.1964

In 1959 the Company carried out a geological exploration program
in the West Central Sinai for manganese ores. It was estimated
that the ore reserves at the beginning of 1960, including what
was actually known before 1956, were as follows:

o Proven ore - 1,240,000 tonnes
o Probable ore - 1,355,000 tonnes
o Possible ore - 2,130,000 tonnes

On page 10 of report No. 1 which describes the activities of the
Sinai Managanese Company before 1967, it states that overall
losses as fines due to the scheme of mining and transport oper
ations vary from 30% to 50%.

"The prospecting operations of manganese ore before the year
1956 were concentrated in Abu Hamat Yernin and Sherna1 due to
their proximity to the Om Bogrna production areas. No prospecting
efforts were made in the West Central Sinai. The total ore
reserves including proven, probable and possible reserves were
estimated to be 4.5 million tonnes."

Therefore, using the method previously applied by SMC, which
subtracted the net annual production of the company from the
proven ore, it is shown that the true mineable reserve was not
increased by an extra 30% to 50% of the ore produced as fines.
This amount should also be deducted from the previous total
proven ore reserves.

Report No.2, page 2, presents the basis for probable and possible
ores estimate. The translation of page 15 of the same report,
which is illustrated by Tab1e_ 2-16 , shows the numbers of each
classification of ore reserves in various areas without mention
ing the names of the areas, the thickness of the reserves, or
indicating these areas on the mine maps. In the same report,
page 2, as well as in the Mining Authority report, the following
was indicated:

The following was found after reviewing the probable and possible
ores:

o
o
o
o
o
o
o
o
o
o
o
o
o
o
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TABLE 2-16

(Translation)
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S.M.C.
The General Department for
Factories & Technical Affairs

The criteria for estimating
probable ore reserves are:
1 - The extended ore outcrop

on the edge of hills 8,
done trenches and the
samp1 es taken.

2 - From underground workings
which expose the ore at
two side maximum.

3 - From superficial & under
ground geological features
upon which prospecting
depends.

The criteria for estimating
possible ore reserves are:
1 - If there is an ore outcrop

or some geological features
which indicate the possi
bility of the presence of
ore.

2 - From the underground tun
nels which expose the ore
from a maximum of one side.

3 - Superficial and underground
features upon which the
basis of ore prospecting
demands.

50

50
250

300
100

100
50

250
150

2-107

1300

100
50

100
50

990

Probable Possible
O.R• .' O.R.

(x 1000 tonnes) ex 1000 tonnes)

10
5
5

100
50
50

100
10

100
100

10
100

50

Figures are from page 15 in report No.2.
Details of Probable and Possible Ore Reserves in the West

Central District of Sinai.

Manganese Ore Reserves in the West Central
District of Sinai

on 30.6.1964

District

285
364 (913)

289
296-297

292
291

295 (658)
293
298

Alluga
401 (914)
367 (Ramsy)
312 (612)
W. Nassib
W. E1 Saho
Bir Rakis
District 45
Om Rinna

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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o Proven ore - 2,061,000 tonnes
o Probable ore - 990,000 tonnes
o Possible ore - 1,300,000 tonnes

o The difference between the two estimates for the possible
ore reserves is about 400,000 tonnes. The 400,000-t dis
crepancy is broken down according to the reserve areas
shown below:

Report No. 3 indicates the following:

According to the previous data, the ore reserves in the West
Central Sinai at the end of 1961 were:

4,732,500 tonnes

670,000 tonnes
1,062,500 tonnes
"3,ono,000 tonnes

150,000 tonnes
250,000 tonnes

400,000 tonnesTotal

2-108

El Hessenia area
Wadi Nassib area

Abu Thor area 70,000 tonnes
El Hessenia 100,000 tonnes
Abu Hama t Shemal (tunnels lB, lA) and 90,000 tonnes
El Korba area
Om Bogma area 180,000 tonnes
Abu Zarab and Alluga area 160,000 tonnes

Total 600,000 tonnes

Total

o Proven ore reserves in the production areas
o Proven ore reserves in the prospecting areas
o Probable and possible ore reserves in the

prospecting areas

Demag, the German company, engineers estimated the SMC reserves
to be 3 million tonnes. This discrepancy in the estimate from
that of SMC was due to the following:

o A"difference of 600,000 tonnes in the total of proven and
probable ores between the Demag engineers' and SMC estimates.
The 600,000-t ,discrepancy is broken down according to the
reserve areas shown below:

Ore reserve studies made by SMC, February 1962, compared the
company's results with the German A.I.D. report. This was sub
mitted on March 1961. Some differences were noted by SMC. Also,
some errors were made in the revised ore reserve estimate for
each separate area and the summary ore estimate. These errors
were in not placing the quantities in their proper ore classifi
"cation, or omitting reserve quantities in some areas, particularly
the eastern side, amounting to about one million tonnes.

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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1963/1964 - 84.7 meters driven to increase the proven
reserves by 74,000 tonnes

SMC studies, annex No.2, report on missing work by Dernag,
12.8.1961, as follows:

2,130,000
1,775,000
2,000,000

Possible

1,255,000
1,295,000
1,062,500

ProbableProven

300,000
1,240,000

351,000
670,000

2,100,000

6,981.2 meters driven to increase the
proven reserves by 285,500 tonnes

3,421,000 tonnesTotal

1961/1962

Dr. Ford 19.11.1959
R.2 page 2-1.1.1960
Demag 1.1.1961
R.3 p. 15 30.12.1961
R.2 p. 1 30.6.1964

1962/1963 - 2,782.1 meters driven to increase the
proven reserves by 616,000 tonnes

o The decrease in proven ore reserves on 30.6.1965 from
2,061,000 tonnes to 1,688,000 tonnes for one year is realistic.
The actual quantity extracted from the mines during the period

1964/1965 - 664.8 meters driven to increase the proven
reserves by 45,000 tonnes

o The possible ore reserves are unchanged since 30.6.1964.

o Proven ore-: - 351,000 tonnes
o Probable ore - 1,295,000 tonnes
o Possible ore - 1,775,000tonnoes

The Demag ore reserves estimate dated 1.1.1961, is illustrated
in Table 2-17. A summary of the German and English estimates
follows:

The above SMC studies, annex No.2, figures do not differ greatly
from the previous estimate which was submitted by the English
consultant, Dr. Ford, to SMC November 19, 1959. This report re
ported that the proven ore reserves inside the boundaries of the
Company's mining leases were 300,000 tonnes with the probability
of adding 200,000 tonnes to this number. This would make the
total sum about 500,000 tonnes.

The following figures indicate probable and possible ore reserves:

o The probable ore reserves are nearly constant figures since
1961 in spite of the prospection operations which were de
clared by SMC to be as follows:

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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Not included 600,000 tonnes in measured reserves are the road safety pillars in
Lease 8.

TABLE -.2-17
_.-. ----~----

ORE RESERVES OF OM BOGMA CALCULATED
BY DEMAG AKTIENGESELLSCHAFT

308

716

240

292

266, 267

Lease No.

288

291-300

296-297

298-299

353-354

293-401-402

367

426

1,000

7,000

60,000

50,000

50,000

6,000

175,000

245,000

10,000

20,000

10,000

240,000

35,000

10,000

108,000

44,000

54,000

655,000

Possible

Dated 1.1.1961

1,780,000

1,775,000

3,000

40,000

2,500

2,000

1,500

4,000

20,000

30,000

48,000

15,000

50,000

237,000

286,000

296,000

Probable

255,000

5,000

1,295,000

10,000

351,000

323,000*

18,000

Proven

*From which 21,000 are in stocks, Hill 8

Om Riglien

Sarabet

Gebel Ghorabi

Gebel Adedia

Om Ratam

Om Sylat

Wadi Shelal & L45

Abu Kafas

Om Tmayim

Hill 638

El Qor

Bir Rakis W & N

Long Hill

Om Rinna

Alluvionen

Lease 10

L 9 and 170

L 8 - group

Abu Hamat Yemin

Abu Hamat Shemal

Abu Zarab

El Alluga

Abu Thor

Gebel Ramsy

Ras El Homarra

o
o
o
o
o
o
o
o
o
o
D
o
o
~

o
Q

J
Q
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and not the net annual production was subtracted from the
balance of the previous proven ore reserves.

o In the SMC annex No.1, liThe Company comments on the German
Aid Report", a difference of 600,000 tonnes in the total
proven and probable ore reserves were indicated without
specifying the individual quantities of proven and probable
ores.

o Probable and possible ore reserves were indicated in the SMC
letter of 30.6.1964.

o In the KECI/ACB review, those areas of the mines which were
collapsed were not reviewed and were not included in the 1980
calculations as possible ore.

o Ore reserves included the quantities of ores in 7 cancelled
leases, as follows:

o El Ramsy - Lease 367
o Om Rinna - Lease 368
o Wadi Rakaiz - Lease 309
o Om Bogma - Lease 285
o Wadi Nassib - Lease 310
o Om Bogma - Lease 289
o Wadi E1 Zaraa - Lease 364

All the above areas of ore reserves were included in the SMC
ore reserve estimates, in spite of the fact that some of the
cancelled leases had been exhausted~ for example, Om Bogma
lease 285 and lease 289, Wadi Nassib lease 310 and Wadi El
Zaraa lease 364. Other leases were unmined; for example, El
Ramsy 367.

o In spite of what was stated in the SMC annex No.1 about the
ore reserves of El Hessenia area, no ore reserves were con
sidered for El Hessenia leases.

o In spite of the list of 27 specified SMC leases, the KECI/ACB
ore reserve studies included all the leases in the various
SMC reports. This brings the total leases and areas in the
1980 study to 34 leases, including some which were cancelled
by SMC.

B. Quality

The following is a review of the mean contents of manganese and
iron for each lease area. In some cases there is a great differ
ence between the percentages of manganese given by SMC and those
presented by KECI and ACB. Block thickness affects the manganese
percentage.

o SMC block thicknesses are always estimated to approximate
0.5 meters or a round figure except 4 figures in Abu Hamat
Shemal (lease 296-297).

2-111



Lease Area Proven Ore Proven Demar Ore Reserves Ore Reserves I Ore Reserves

Before 19 Nov 1959
Ore Reserves Add . -1-1q61 30-6-1964 30-6-1965

I
1956 Dr. Ford 1-1-1960 30-12-61 59 60 61/62 §2/6~. §~l~4-~~~~ r~!=-E,l Prov Prnh 'Poss 'Prrrv Prnb Poss . Prov Prob Pass- -

288 Area 8 - - Report .3, - - - - - - -
page 15 323 237 108 415 - - 308 - -

364/310 W. ··Nassib .. - 6.5 ., - - - - - - - 18 - - - 5 250-
andZaraq

289 Area (up) 65 65 - - - 76 - - - 5

287 Om Bo~a 39 22 4 - - 65 - - - - - - - - -
290 Om Bogma Report of 10

..
, ..

- 285 Area G Geol-. Zatoout, " ., -. -.. - . .,;. Report of ·59 27 ."9 17 112 50 - 19 - - - 10 -
,. and others , Mining

Zone 10 Area 10 Page 4. Authority 10 24Page 5. - - - - - - -

286 Hill 5 - 3 - 10 - - ·3 - -

292 Area 45 24 24 - 48 240 57 52 50 -

296-297 Al Hamat Sherma] - 296 54 174 30 100 I -
..

300-291 AI Hamat Yemin 32.5 15 8 8 63.5 18 286 44 253 - - 251' 50 -

'Beida (65-8)
- - - 21 21 100 50

295
293 Ab Thor 29 70 5 104 - - 175 104 104 10 -

294 El Karbo - - ~~5r~~es 27 64 - -
298 Abu Zarab 2 61 167 28 258 655 230 230 200 50- - -

3537354 Allung·a 3.5 97 56.5 74 831 - 40 - 231 - - 231 100 250

367 El Ramsy - - 50.5 '314 ·364.5 255 245 364 364 100 100

13
~ - -401-402 Abu Thor - 17 30 30 30 30 10 -

El Zafria El Soghia - - - - - - - - -
El ZafriaEl Kubra .. - - - - - - - - -

312 w. Nassib - - - 50 50

·309 w. Rekiez - 15 45 100 300
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TABLE 2-18
DECLARED ORE RESERVES

(X 1,000 TONNES)

65 236 285.5 618 74 45 1317 351 1295
..~.

1780 2061 990 . 1300 .1688 990 1300



SERIAL M.L. AREA ~MC
KECi/ACB

REMARKSNo. No. ·Prv. Pro. ' POSe Total }tn Fe Prv. Pro. POSe Total Ns Fe .
1 367 El Ramsy 364 100 100 564 16.8 36.3 343 76 - 419 23.21 26.74 No, Lease .
2 353-354 El Alluga (861), 231 100 250 581 21.1 33.9 79 4 19 102 29.43 25.23 (4)

3 288 Area 8 308 - - 308 19.5 38.4 160 - - 160 25.66 31.69

4 293 Abu Thor 104 10 - 114' 36.2 20.7 42 4 - 46 38.81 16.85

5 401-402 Abu Thor' 30 10 - 40 22.3 31.5 20 18 - 38 33.51 16.50

6 296-297 Abu Hamat Left 30 100 - 130 21.9 38.0 47 10 15 72 25.35 30.33 (1)

7, 292' Area 45 52 50 - 105 28.3 37.3 '16 2 - 18 31.90 18.07

8 "291-300 Abu Hamat Right 251 50 - 301 19.6 27.7 +07 46 40 193 22.65 36.32 (2)

9 298-299 Abu Zarab 230 100 50 380 17.2 38.6 116 15 52 183 30.51 27.06 (3)

10 294 El Korba 64 - - 64 ' 30.5 25.4 2 ~ - 2~ 36.79 19.98

11 266-267 Abu Kafas - 100 300 400 - - .- 9 1 24 34 24.34 23.66

12 253 Lahian (long
Hill) - - - - - - 8 - - 8 27.66 16.83

13 311 Om Sylat - - - - - - 55 11 34 100 31.06 23.45

14 256 Lahian-Zobeir - - - - - - 24 - - 24 29.74 29.04

Dump. 99 - - 99 34.89 15.99

15 286 ,Om- Bogma
(Hill 5) 3 - - 3 16.0 37.0 3 - - 3 10.88 48.04

16 295 El Beida 21 100 50' 171 22.1 33.9 - - - - (5)
17 ' . 368 ·Om Rinna - 50 100 150 - - - - - - No Lease

-18 309 Wadi Rakeiz - 50' - 50 - - - - - - No Lease'
I

19 285 Om Bogma - 10 - 10 - - - - - - No Lease

20 239-265 Wadi Saaho - 100 150 250 - - - - ' -
21 310 Wadi Nassib - - 250 ,250 - - - - '- - No Lease

22 312 Wadi Nassib - 50 50 100 - - 4 - 4 8 31.89 17.39

23 289 Om Bogma - 45 - 5 20.9 35.1 - - - - No Lease

24 364 Wadi El Zaraa
(G. Fouad) - 5 - 5 19.7 34.3 - - - - No Lease

25 ·240 G. Addedia - . - - - - - - - - -
26 283 'G. Addedia - - - - - - - - - -
27 426- Om Bogma

I, .
-(RaaHomara) - - - - - - - I - - - ,
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TABLE 2-18
MAGMTESE ORE RESERVES (x 1, 000 TONNES) KEY DATE 1.6 1980
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o The SMC block thicknesses are larger.than KECI!ACB estimates.
For example, in area 8 (lease 288), the largest thickness
given by SMC is 7.0 meters, while according to KECI!ACB it is
only 5.50 meters. The thickness estimate has a direct effect
on the mean content of manganese. Thus, by taking a sample
from a larger thickness than the actual, it will' contain a
part from the roof or from the floor. Therefore, the analysis
will indicate a lower manganese percentage.

More information on ore reserve estimates (1980) is detailed
below:

a. Abu Hamat Shemal, lease 296-297

o The western part of block 10 has been calculated as pos
sible ore reserves due to the collapse in adit No.6.

b. Abu Hamat Yemin, lease 29'1

o Block No. 7-B: The western part of this block was not
reviewed due to the collapse in the adit and was calcula
ted as possible ore reserves.

o Block No. 10: Collapse at the end of the adit making the
inner part of the adit inaccessible. It is estimated as
possible ore reserves.

o Block No. 13: The entrance of the adit is collapsed. The
inner part could not be reviewed and the block was esti
mated as possible ore reserve.

o Block No. 14: The adits which lead to this block are col
lapsed and could not be reviewed. Material was estimated
as possible ore reserves.

o Block No. 15: The adit is collapsed at the end and could
not be reviewed. Material was considered as possible ore
reserves.

c. Abu Zarab, lease 298-299

o Block No.4: There is a complete collapse'before the
manganese block, which prevented any reviewing of mater
ial. Ore is classified as possible reserves.

d. El Alluga, lease 354

o Block No.3: About 75% of this block was not reviewed due
to the collapse adit and material was considered as pos
sible ore reserves in the estimate.
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e. El Beida, lease 295

o All the entrance adits of the mine are collapsed and no
review was possible. The mining engineer responsible in
the district stated that all the ore was exploited and no
ore should be considered in the estimate.
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IX. DEFINITION OF ADDITIONAL EXPLORATION REQUIRE~mNTS

In accordance with paragraphs I.B.l.g and I.B.2 of the Scope of
Project Services (Appendix A-l to the Contract), the KECI/ACB study
team carried out preliminary exploration of the Om Bogma district
and contiguous areas of likely ore potential. The results of this
work and our recommendations were described in our Report On Addi
tional Ex loration Re uirements for Man anese Ore in om Bogma &
Cont~quous Areas attached wh~ch was subm~tted to SMC on May
1980, and indicated that perhaps 2 million tonnes of additional
moderate grade ore could be defined by further exploration work.

Subsequent discussions resulted in a proposal by KECI/ACB on 12 May
1980 to carry out the recommended 5-month exploration program and,
after negotiation and cost revisions, resulted in a modified pro
posal which was tentatively approved by SMC on 13 June. The scope
was virtually identical with that recommended in the 11 May report.
The KECI/ACB forces were immediately mobilized, and by 21 June were
at work in the Sinai. By 17 August, amendment No. 2 covering the
proposed program had been formally signed by both SMC and KECI.

The 5-month program (Phases A and B) now underway will conclude on
21 November 1980. The result is a report on the program plus
recommendations for the scope of further work. Additional work,
designated as Phase C, will be scheduled to provide for the Stage 2
Feasibility Study if it is implemented.

The exploration program has been delayed due to difficulties in
obtaining the necessary explos i ves permi ts, bu t results "when
available will be evaluated and covered by a letter report to
SMC.
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The resulst of chemical analyses of samples taken from these
sites are:

area. At a site
was observed. The

its extension is

El Sheikh, manganese and iron oxides are known to
association with sandstones and conglomerates (4 meters
The chemical analysis of two samples gave the following
as reported by Burne (1906):

Sample 1 Sample 2

Si02 + I. R. 54.78 70.10
A1203+Fe203 2.32 12.92

Mn02 30.33 12.67

CaO Tr. TI.'.
NgO Tr.
L.O.I. 9.48 5.06

Total 100.75 96.91

As a result of the SMC surface exploration in the area of Sharm
El Sheikh, several veins were discovered, most important of which
is the vein of Wadi Khoreita, which extends for 200 meters with a
thickness of 2-3 meters. Trenches across the vein strike were
also executed to validate the vein extension and thickness variation.
Another vein was discovered at Wadi Telet Fadda, with a thickness of
about 2 meters.

The area is cut by several faults running NV7 to SE, commonly
filled with manganese minerals. It is believed that these deposits
were formed by the action of percolating surface waters.

In June 1961, SMC made a study trip to the
named Sharm Moba, an old pit 4 meters deep
thickness of the ore is about 3 meters and
about 1500 meters t.oward the northeast.

At Sharm
occur in
thick).
results,

The area of Sharm El Sheikh is at present inaccessible from the
Egyptian side. It was not possible, therefore, for our field
team to make any site visits. It seems, however, of particular
importance to cite the most valuable data pertaining to Sharm
El Sheikh manganese deposits as obtained from previous literature.
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The verticaa downward extension of these veins has to be estimated
for an accurate ore reserves calculation.
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Area

Sharm Hoba

Wadi Khorate

Sample No. Mn % Fe %

1 14.9 1.2

2 24.8 24.8

3 13.4 1.6

4 51.3 3.4

Remarks

At contact of vein
with granite.

At middle of vein.

At contact of vein
with sandstone.

At middle of vein.
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REPORT ON
ADDITIONAL EXPLORATION REQUIREMENTS

FOR MANGANESE ORE IN
OM BOG~1A DISTRICT & CONTIGUOUS AREAS .

11 May 1980
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D
o
o
o
o
o
o
o
D
D
o
D
D
D

o
o
o
o
o

KAISER
ENGINEERS

REPORT ON

ADDITIONAL EXPLORATION REQUlRE~rnNTS

FOR MANGANESE ORE IN

OM BOG~m DISTRICT & CONTIGUOUS AREAS

11 May 1980

Because of the extensive background and experience of our
associate, the Arab Consulting Bureau, our proposal and the
consequent scope of the Contract anticipated that additional
exploration work would eventually be required to define
additional and higher-grade ore reserves to support an
economical ferromanganese smelter operation at Abu Zeneima.
Therefore, in parallel with the review and evaluation of
declared SMC ore reserves, and in accordance with Paragraphs
I.B.l.g. and I.B.2 of the Scope of Project Services, the
KECI/ACB field team began immediately to undertake
preliminary exploration for manganese ore both within the
"Om Bt>gmadistrict", and contiguous areas.

I . BACKGROUND

The current "de.clared ll ore reserves of SHC are based on
geological exploration that was concentrated in areas
within economical reach of the aerial ropeway ore
transport system which served the heart of the Om
Bogma district since 1913. The geological methods
were based on manganese deposition theories which
emphasized hydrothermal replacement along major fault
structures, and thus exploration was confined to faulted
areas near the ropeway. Consequently, the potential
SMC ore reserves were considered restricted to the
"Om Bogma ll district, and the Ab\l Zeneima smelter project
was initiated to make use of the low-grade ferruginous
ores that could not be sold as direct-shipping ore.

In the last 13 years, the situation has changed
completely. The historical ore transport system, the
ropeway, was disabled during the occupation. Most of
the mines it once served are worked-out, depleted; and
their supporting infrastructure at Om Bogma is destroyed
or disintegrated beyond repair. A new,' realistic approach
to exploitation of the Sinai manganese ores was mandatory.
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II. PROGRAM APPROACH & OBJECTIVES

The~urrent preliminary exploration program under the
Stage I prefeasibility study was based' on entirely
new approaches and objectives, using new geological
criteria, geared to the needs of the current smelting
technology, and based on current mining costs, and '
product'market situations. Because it was felt
imperative to define the probabilities of developing
new ore of higher grades as soon as possible, the
KECI/ACB field teams began exploration efforts more
than 2 months ago, predicated on methodology and
objectives as summarized below, relative to,the main
technical aspects of the project.

A. Geological Approach

The KECI/ACB field team has adopted, based on
accumulation of observations going back more than
20 years, the sedimentary theory' of manganese ore
formation, as indicated by a multitude of criteria.
Their recent field investigations in the area
corroborated this conviction, and added new
information permitting an improved definition
of the geologic setting of the areas that would
most likely' 'contain important deposits of manganese
ores. With such a primordial theoretical geologic
background in mind, basic indices were carefully
looked for during our field investigations. Among
the most basic of these geologic indications, we
may cite the following:

1. Observation of an appropriate number of outcrops
of ore with suitable thickness and grade in a
manner to indicate high possibility of
continuation in both horizontal directions.

2. Suitable continuity of the ore-bearing
stratigraphic horizon (in most cases' the base
of the dolomitic Om Bogma Formation of
Middle Carboniferous)' on one or both sides
of the observed outcrops.

3. Favourable structural setting,.most important
of which is the relative scarcity of the major
faults which would result in abrupt dislocation
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of the ore-beari~g horizon. However, the
presence of fault planes with reasonably small
throw are not considered a hindering factor,
once the structural setting is well understood
during both the exploratory work, and the later
production phase.

4. Proper situation of the area-within the r~gionally

defined belt of the mineralized Middle
Carboniferous dolomitic horizon (or its lateral
variant).

The extra effort of our experts in creation of
preliminary geological maps in the field, from
aerial photographs, was of great help in detecting
these favourable criteria.' .

The subsequent field investigations have been able
to defferentiate between those areas actually
showing indications (outcr9ps) for the presence
of substantial important quantities of ore reserves,
and those areas that contain minor or negligible
quantities. Verification of ore thickness on
outcrops, and degree of reliability of the positive
geological criteria cited above, then permitted

. the definition of those most promising areas and
the limits of future exploration works required.

In this manner, the emphasis or major manpower effort,
of the exploration team was concentrated on those
areas selected as most promising from a geological
point of view.

B. Mining & Ore Transport Aspects

In addition to the geological theories relative to
occurrence, the KEel/ACE team kept in mind the
relative economics of various occurrences as
pertained to mining and ore transport.

Because manganese ores are friable, and subject to
considerable attrition and increase of undesirable
fines, rehandling during transport should be
minimized. Since the ropeway is not a factor,
truck haulage at wadi floor levels is probably most
economical'. The ore from high plateau or mesa
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areas will probably be transported by simple gravity
skipway down to wadi floor. Therefore, areas with
potentially good haulage characteristics were
favored in the exploration pr~gram.

Obviously, areas subject to open pit mining were
favored over those exploitable only by the much more
expensive underground methods, and larger orebodies
were sought in' preference to smaller ones. The
lower labor requirements, in both numbers and skill
level, of open cut.mining, would result in greatly
reduced estimates of mini~g costs. .

C. Metallurgical Considerations

The most important criteria in the preliminary
exploration program were grade of Mn, and the Mn/Fe
ratio. Use of' the low-grade ferruginous ore
averaging 19% Mn and 3~% Fe, proposed as feed for
the existing smelter at Abu Zeneima, is simply
uneconomical in current market conditions, using
realistic shadow prices for raw materials, labor,
electric power, and product revenues.

Smelting fewer tons, of higher grade, would reduce
mining and transport costs, and also drastically
reduce the power requirements per ton of
ferromanganese product. In addition, with higher
-grade feed, one of several attractive single-step
smelting processes could be used, which could make
it possible to meet the domestic ferromanganese
requirements of Egypt from one smelter instead of
two. This would make Abu Zeneima especially
attractive over other sites since capital costs of
rehabilitation of the single existing furnace,
smaller generating plant, etc. would be much lower
and faster than new construction elsewhere.

Therefore, in order to utilize more energy and
cost-effective smelting processes, it was necessary
to find additional ore reserves of higher grade
and better Mn/Fe ratio. A manganese-iron ratio
of 7:1 was defined as ideal from a smelting point of
view.
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III. PRELIMINARY EXPLORATION & FINDINGS

Based on the methodology and criteria described earlier,
the-preliminary exploration program concentrated on
areas-where it was thought ores averaging 30-40%
manganese and with low iron content could be found.
Some areas were known to have been sources for
limited production by private-sector miners of the
late nineteen fifties of especially high-grade
metallurgical ores (plus 50% Mn,· with less than 3% Fe)
and were thus early targets for additional exploration.
In addition, certain leases previously exploited by
SMC·in the Om Bogma district were known to .have
produced relatively high manganese-low iron ore,
and thus became primary targets for preliminary
exploration • .

Field work over the last 2 months has identified 14
areas (see map attached) where additional exploration
and sampling would be justified. Conservative
provisional estimates indicate that two to three
million tons of moderate grade, low-iron manganese ore
can be defined by an add1tional exploration program
as defined SUbsequently herein under Recommendations.
The preliminary program is still continuing, and it is
likely that even more areas will be evaluated as worthy
of further exploration.

A. New "Contiguous" Areas

The exciting and most significant result of the
preliminary exploration program is that 7 of the
14 areas are new discoveries within 2 major areas
of mineralization not yet covered by SMC leases.
Some of these discoveries are relatively free of
overburden, exhibit clear outcrops of good thickness
on several sides, and thus will be relatively easy
to prove-up, and mine. These new discoveries are
grouped in two main areas west of the Om Bogma
district: .
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1. Area A

An area of 3 x 3 Kms with the followi~g. ge~graphic

position: • . 0.

_ 33 17 40

This area includes Ras Alleigat, Ras Samra and
Farsh El Ebeidiya. The favorable geological
setting, added to the relatively extended
mineralizaeion outcrops, and the relative
favorable position as concerns production and
transportation requirements, makes this area the
No. 1 priority for exploration program outside
the Om Bogma district. -

o Ras Aileigat - Three main locations. Intwo
of them is hardly any overburden, and the ore
outcrops on the surface, therefore 15 pits
are needed. In the third location, the ore
outcrop on the hill side where a tunnel
(of 10m length) is needed.

o Farsh El Abeidiya - The ore outcrops mostly on
the surface. Twenty pits and about five
trenches are required.

o Ras El Samra - The ore outcrops almost on the
surface. Ten pits and one tunnel are needed.
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2. Area B

An area of 3 x I Krn with the following. geographic
position:

This area includes Tamariya, Makhrouga, .Filk
and Ras Moghra.

o Tamariya - There are three open cast faces,
where the ore thickness reaches 2-4 meters with
relatively thick overburden. Five tunnels and
about ten trenches are thus needed.

o Filk and Ras EI Moghra - Three tunnels and about
thirty trenches are needed.

Om Bogma District

The Om Bogma District is defined as that regional
area including the Om Bogma mines, as well as, all
other SMC prospection licences and exploitation
leases for manganese ores. The area can be
geographically described as from the east by Wadi

'Lehian and Wade Zabeir, from the north by Dibbet EI
Qeri, from the west by Wadi Baba and from the south
by Wadi Shallal and Wadi Sahoo and their tributaries.

The field team made appropriate field investigations
of all the accessible SMC exploitation leases and
prospection licences. Comprehensive data built-up
supporting the possibilities of expansion of ore
reserves' in some of these areas, and resulted in the
recommendations for additional exploratory work for
seven areas as described under Recommendations.

The recommendations are based both on geological
indications and considerations of mining and .
transportation requirements, but they only reflec.t the
areas covered by field investigations todate, since
some promising mining areas are currently inaccessible
due to cave-ins. .
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RECOMMENDATIONS

Results todate of the preliminary exploration for
manganese ore carried out in accordance with Paragraphs
I.B.Lg and I.B.2 of Appendix A-I of the Contract,
indicate that fourteen areas are recommended for
additional exploration under a three-phase program
as described herein.

According to Law No. 86 for the year 1956, it is
recommended that SMC immediately apply for a prospection

. licence or licences which cover the two new areas,
(Areas A & B), as described in Section III.

The additional exploration prQgram should be implemented
immediately so that results of the first phase (Phase A)
of two months duration can be incorporated in the St~ge

1 Work Report.

During Phase A, smelting technology, process requirements
and evaluation of other associated study scope items
should be predicated on reasonable expectations that
the exploration program will succeed in developing
additional ore reserves of better quality, assuming
a new "nominal" average ore grade. The characteristics
of this "nominal" ore will be conservatively defined,
based on good professional judgement, as soon as analysis
results of the samples already taken are available,
probably within 10 days.· This assumed "nominal" grade
will then be adjusted to reflect results of Phase A :
of the exploration program; and used to develop the I
final process evaluations and cost estimates for the I
Stage 1 Work Report. i

Phase B will last approximately three months, andi
conclude with a report on all findings and recommendations. i
During Phase B, the exploration and sampling requirements I
for the third Phase C will be defined, and presented to
the Company as further recommendations for work to be
completed in time for inclusion in the final report
of the St~ge 2 Feasibility Study.

Approximate schedules of the three phases would thus be
as follows:

Phase A - approx 2 months (June-July 1980)
Phase B - approx 3 months (Aug-Oct 1980)
Phase C - approx 6 months (Nov 80 - Apr 81)
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Scope, schedule, and cost aspects of phases A.& B
of the recommended pr~gram are as follows:

A. Scope

The additional exploration program under Phases
A and B shall include a comprehensive excavation
/sampling program including trenching, pits,
and adits; plus a concurrent. geol~gical
surveying pr~gram. .

A topographic map, scale 1:5,000.and contour
interval of 1m on flat areas, and Sm. on steeply
sloping areas, will be prepared for the proposed
areas of exploration~ Furthermore, a detailed
geologic map, to the same scale, shail be
prepared, whereby all observable geologic
features are to be plotted on the topographic
maps. Before the end of Phase B, the Consultant
shall define scope, schedule and estimated
cost for Phase C and submit to the Company
as a recommendation.

The collected samples are to be assayed for
Mn,Fe and LOI., while only about 10% are to be
subjected to complete chemical analysis,
X-ray~ DTA, and ore microscopied analyses.

The excavation/sampling program under Phases
A & B, shall be carried out by experienced
miners'andworkers familiar with this type of
work. The scope requirements are tabulated on
Exhibit 1, and total as follows for Phases A
and B combined:

Trenches 131 each
Adits 250 LM
Pits 320 LM
Samples 245 each
Topographic survey 14.0 km2
Geological survey 17.0 km2

B. Schedule

Phase A and B combined will be 5 months duration,
with the interface dependent on when the program
is implemented and how late.data can usefully
be received as input for the Stage 1 Work Report.
Phase C will follow-on directly' after Phase B,
according to scope and schedule to be defined
before the end of Phase B, and submitted to the
Company for review and approval.



Exhibit 1.

TABULATION OF EXCAVATION/ SAMPLING REQPIREMENTS
PHASE A & B

** Area (km")
Area Name Lease Trenches, I Adits Pits Samples, of Survey RemarksNo. each Quant LM Quant LM each

Topo. Geol.

Ras El-Allegat Area A* -0- 1 10 15 75 17 incl. incl. } Included in
Farsh EI-Ebeidaya Area A* 5 -0- -0- 20 100 25 9 9 total area
Ras El-Samra Area A* -0- 1 10 10 50 12 inc1. inc1. of 9 km2
El Tamariya Area B* 10 3 30 -0- -0- 16 incl. inc1. tIncluded in
El Makhroga Area B* 5 -0- -0- -0- -o- S incl. incl. total area
El Filk Area B* 16 2 20 -0- -0- 20 3 3 of 3 km2
Moghra . Area B* 9 1 10 -0- -o- Il incl. incl.
Abu Zorah 298/299 16 3 30 -0- -0- 22 -0- 1.5
Lehian (Long Hil]) 253 20 -0- -0- 6 30 26 -0- 0.5
Zobeir-Lehian 256 5 -0- -0- 10 50 15 -0- ,0.5(V-shaped hill)
Urn Rinna 368 10 6 60 3 15 25 1.0 1.0
Urn Ratam 265 is 3 30 21 0.5 0.5

.
-0- -0-

El Hessania 311 10 2 20 -0- -0- 14 -0- 0.5 .
El Hemeira 292 10 3 30 -0- -0- 16 0.5 0.5

/'
Totals 131 25 ~50 64 . 320 245 14.0 17.0 . I

* Discovered for the first time during field investigations by KECI/ACB staff.
**. Pits are shafts with square cross-section, 1.5xl.5m.




