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ABSTRACT 

This project, "Assistance to the Libyan Cement Factory, Benghazi" 
(TF/LIB/82/002), is being carried out for the authorities of the Libyan Arab 
Jamahiriya by the United Nations Industrial Development Organization (UNIDO) 
under a trus~-fund agreement. The project, which has been in operation since 
1975, represents a new form of technical assistance with dire::t support to 
industry. The expert took over as co-ordinator of project activities in 
~y 1980. 

Apart from his duties in connection with the Libyan Cement C0mpany the 
expert is asked from time to time to advise on the problems of other cement 
plants in the Jamahiriya. In this case, he was asked to evaluate the 
raw-materials situation of the Al Khums I Cement Plant and the production 
options open to it. 

The expert reviews and comments on the findings of investigations 
previously car~ied out by Polservice on the Mannubia anrl Kebir limestone 
deposits and describes other deposits investigated and their possible 
exploitation. The proposal to convert the Al Khums I plant to the production 
of rapid-hardening cement is discussed and the expert recommends an 
alternative proposal to introduce the production of sulphate-resisting cement. 
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IN TROD UCT lUN 

Thi~ project, "Assistance to the Libyan Cement Factory, Benghazi" 
(TF/LIB/82/002), is being carried out for the authorities of the Libyan Arab 
Jamahiriya by the United Na tioI"s Industrial DE,ve lopment 0-::-ganization (UNIDO) 
under a trust-fund agreement. The project, ~hich has been in operation since 
1975, represents a new form of technical assistance with direct support to 
industry. The expert took over as co-ordinator of project activities in May 
1980. 

The co-ordinator is not only involved in the administration of the 
technical-assistance team and the day-to-day running of the Libyan Cement 
Company plants in Benghazi, but also advises on the problems of the cement 
industry in general and of other cement plants in the Libyan Arab Jamahiriya. 
In this cas~. he was asked to evaluate the raw-material situation of the Al 
Khums I cement plant of the National Cement and Building Materials Compan~'· 

The Al Khums I Cemer.t Plant is situated 110 kilometres east of Tripoli and 
10 kilometres west of the town of Al Khums on the northern side of the 
Tripoli-Al Khums highway, and lies approximately two kilometres from the sea. 
This cement plant was the first to be built in •;he country and started up 
production in January 1969 with an output capacity of 330 tonnes of clinker 
per day and 108,900 turmes per year. During the period 1972-1976., the plant 
was extended by a second production line with an output of l,QOO tonnes of 
clinker per day and 330,000 tonnes per year. 

Both production lines had some problems due to bottlen~cks in the clinker 
and cerr.e:it processing. Production line I managed to rea~n 95% of its rated 
capacity but production line II has not reached more than 72% of its rated 
capacity up to the time of writing this report, although the capacity of the 
kiln to produce 1,000 tonnes of clinker per day has been established. 

The raw materials used in the Al Khums I Cement: Plant (limestone an<.1 ma.cl) 
were excavated from two main deposits, marl from the Margheb deposit and 
limestone from the Juma depo~it. The Margheb deposit is situated about 400 
metres north-east of the factory and the Juma deposit lies about 2.5 
kilometres south-west of the cement plant. The upper limestone bench of the 
Juma deposit had limestone reserves sufficient for a short period only. 
Accordingly the General National Organization for Industrialization (GNOI) 
contracted with Po lservice (Poland) in September 19 73 to in·1estit;ate the 
actual and potential reserves of limestone and marl in the area and determine 
their suitability for cement manufacture at Al Khums. Pohervice carried out 
geological investigations on the Margheb, Hannubia and Kebir deposits. Tliey 
submitted the report on their evaluation in 1974. 

As mentioned aoove, neither of the two production lines had managed to 
reach their rated <;apacity. The Secretariat of Heavy Industries therefore 
considered two alter~ative plans, eitner to modify the Al Khums I plant so as 
to change its production from normal Portland cement to that of 
rapid-hardening, high-strength cement ~Alternative A) or to completely 
overhaul the plant to enable it to reach its rated capacity of normal Portland 
cement production, introducing any necessary modifications (Alternative B). 
The modifications wer~ to be carried out by the con~ractor on a turnkey, 
lump-sum basis and were to include tlie supply and erection of all the 



mechanical and electrical equipment, commissioning, civil works, documents, 
know-how, spare-parts, technical assistance and training of Secretariat 
personnel. The Secretariat assigned a committee to study and prepare the 
tender documents for the modification and overhauling of the plant. The 
comnittee finished preparing the tender documents at the end of 1980. 

In the meanwhile, a second cement plant, Al Khums II, was under 
construction at Libda. Early in 1981, A. El Gheriani, the Under-Secret3ry of 
Heavy Industries asked the co-ordinator to visit the Al Khums I and Al Khums 
II cement plants to assess the production situation of the first plant and to 
participate in solving the problem of lump formation in the cement silos of 
the second plant (see report, UNIDO/IO/R.33, 28 October 1981). 

Concerning the situation at Al Khums I, the co-ordinator gave it as his 
opinion that, before considering the details of overhauling the production 
lines, it would be necessary first to study the situation of the raw materials 
used in the plant's production. The co-ocdinator expressed his willingness to 
carry out this evaluation. He also gave it as his opinion that t~e raw 
materials available locally might be more suitable to the production of 
sultflate-resisting cement than to the production of rapid-nardening cements 
and that serious consideration ought to be given to this since the proposed 
modifications to Al Khllltls I were expected to cost up to 80% of the cost of a 
new cement pl3nt. 

In February 1983, M. Fereg, Secretary of the National Cement and Building 
Materials Company, asked I. El Ghadamsi, Secretary of the People's Conunittee 
of the Libyan Cement Company, to release the co-ordinator from his duties in 
Benghazi to study the reports on the raw materials at Al Khums and to eval~ate 
the situation. This was agreed and the co-ordinator studied the Polservice 
reports after visiting the quarries and investigating the various deposits on 
the spot. In this report, the co-ordinator gives the findings of the 
Polservice report and cormnents on them. He also gives additional material and 
expresses his own view or. the situation. 

He acknowledges the support and assistance given by the Al Khurns Cement 
Plant, The Secretariat of Heavy Industries and the Libyan Cement Company. 
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RECOMMENDATIONS 

1. Further investigation has to be carried out of the raw materials in both 
the Mannubia and Kebir deposits by drilling more boreholes. The purpose of 
these is to determine the true bedding conditions and assess the suitability 
of each metre of depth in the deposit. Especially in the marly zones, it is 
necessary to select the most suitable areas in terms of quality and quantity 
in order to add these to the proven ore reserves. The boreholes have to be 
supplemented by digging more trenches surrounding the limestone outcrops. 

2. In the areas of the Juma and Cretaceous limestone deposits, further 
investigation has also to be carried out by drilling more boreholes. Drilling 
in the JtlI:la area ought to avoid penetrating the strata below 95.0 metres above 
sea level because of the magnesia contamination. This level can be varied 
according to the results of the abbreviated analyses for calcium carbonate 
(CaC03) and magnesium carbonate (MgC03) content to be carried out on the 
spot at the time of investigation. It is hoped to confirm sufficient reserves 
of raw materials in both areas to supply the Al Khums Cement Plant for at 
least ten years more. 

3. Evaluation of the geoche~ical data obtained from both the previous and 
the newly-recommended raw-mat.erial investigations can be substantially speeded 
up by a recently-developed computation system (Computerized Raw-Material 
Evalnation System). 

4. The modifications to the Al Khums I Cement Plant, being planned by the 
Secretariat for Heavy Industries, must include the following: 

(a) Erection of a suitable stockpile to provide finished products of a 
constant quality whilst adapting production to the inhomogeneous nature of the 
Mannubia and Kebir deposits. The main reascn for erecting such an 
i~tennediate device is to avoid fluctuations in the chemical composition of 
the raw materials over periods of several days and to achieve a homogeneous 
raw mix so that the quality of the clinker produced is more nearly constant; 

(b) Installation of a reliable sampling station to take representative 
samples of the raw materials coming in so as to have a precise knowledge of 
the mean chemical composition of the µrehomogenization stockpile during its 
formation and to enable the necessary corrections to be made; 

(c) The minimum equipment required is a programmable table-top co.nputer 
in conjunction with x-ray flouresence analysis equipment and controls for the 
lime standard, silica modulus and alumina modulus. In this system, the 
computer would give print-outs indicating the readjustment required to the 
weighing machines. 

If at least two of these modification methods are applied, constant and 
optimum quality of the raw materials can be achieved. The output of the basic 
raw materials from the deposi~s available to the plant will also be maximized 
by these methods of quality control. 

5. Instead of the proposal to introduce the production of rapia-hardening 
cement, it is recol!Dilended to switch the production of the Al Khums I Cement 
Plant to sulphate-resisting cement. This would solve the probl?.m of the 
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heterogeneity of the raw materials and would avoid the need to import 
bauxite. According to the author, all the raw materials needed for the 
production of sulphate-resisting cement are present. 

6. If the plant authorities accept the idea of producing sulphate-resisting 
~emer.t, it would be necessary to carry out some further laboratory 
investigations on the prevailing raw materials to be sure of the quality of 
the sulphate-resisting cement produced. 

- I 

• 
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I. GEOLOGICAL INVESfIGATIONS OF THE MANNUBIA AND KEBIR DEPOSITS 

A. Findings of the Polservice report of 1974 

Lccation of the investigated area 

T~e main coastal road passes across the souther~ slopes of Ras el Kebir 
and Ras Mannubia. The area investigated was that of these two hills and 
covers about 22 square kilometres, lying some 2.5 kilometres from the Al Khums 
cement factory. These two hills are considered as the main sources of the 
basic raw materials, limestone and marl, and are relied on to contain proved 
reserves. Beside these twu hills, Polservice examined another three areas; 
the Juma hill which contains limestone and marl, the Margheb hill (already 
being exploited) which contains clays and calcareous raw materials and an 
unnamed area of CretacPous limestone occurrence. 

Investigations carried out 

To fulfil the contract obligations, Polservice carried out drilling, 
trenching and pitting work in the different locations as sh0wn in table 1. 
Forty-six boreholes with a total depth of 2, 8:.'0 metres were drilled. 

Table 1. Investigations carried out by Polservice 

Type of investigation 
Pitt in.., Drilling Trenching ---

Local itv 
1 

Margheb 
Mannubia 
Kebir 
Cretaceous 

limestone 
Juma 

Total 

Number of Depth 
Joreholes (m) 

3 110.0 
13 9 83 .o 
1 7 99 7.0 

7 406.5 
6 393.5 

46 2 800.0 

Number of Length 
trenches (m) 

2 
4 
2 

8 

193.3 
523. 7 
255.5 

918. s 

Number of Depth 
pits (m) 

1 6. 7 

1 6. 7 

Table 2 shows the number of samples frcm these boreholes and trenches 
which were analysed by Polservice. 

Localitv 

Mannubia and 
Kebir limestone 

Juma and 

Table 2. ~umber of samples analysed 

Chemical analyses 
Abbreviated Partial Complete 

l 523 217 304 

:1ineralogical 
analyses 

33 
Cretaceous limestone 524 11 87 } } 

Iron ore 
Total ,., iJ4 7 228 391 33 '-

Bulk-sample 
analyses 

66 

15 
81 

' 
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In addition, Polservice drew the following topographic contour maps: 

(a) Of the entire investigated area (scale 1:5,000, 22.5 k2); 

(b) Of the area of Margheb, Mannubia, Kebir and Cretaceous limestone 
occurrences (scale 1:1,000, 5.0 k2); 

(c) Of the Mannubia-Kebir area for quarry and explosives-store design 
~ 

(scale 1:5,000, 1.4 k~); 

(d) Twenty one (21) cross-section maps of the Mannubia-Kebir deposit 
were made. 

This chapter is concerned with the report on the Mannubia and Kebir 
deposits which supply the Al Khums I cement plant. The Juma and Cretaceous 
deposits, which were intended to supply the projected new factory, Al Khums 
II, are discussed separately in chapter III. 

Geological structure 

The geological structure of the ~annubia deposit is very regular as the 
changes in base altitude and thickness of the individual ~embers of the 
succession of strata are gradual. Table 3 describes the strata starting with 
the top of the deposit and indicates the range of thickness, type of material, 
altitude and the calcium oxide (CaO), calcium carbonate (CaC03) and magnesia 
(ngO) content of both the Mannubia and Kebir deposits as well as the silica 
and alumina moduli of the Mannubia deposit. Geologically, these are of 
Tertiary age. 

The structure of the Ke0ir deposit is less regular than Lhat of the 
Mannubia deryosit. The individual members of the succession of strata show a 
wide range 0f variation both in base altitude and in thickness. 

Exploitable reserves at Mannubia and Kebir 

Polservice indicated that the Mannubia and Kebir deposits can be divided 
into three main exploitable levels. The rocks of each level are of the same 
workability. 

The three main levels of the Mannubia deposit are as follows. 

Level I. Uppermost iayer, composed of limestone, high-component raw 
material. The spot datum (top) of the level is 154.0 me~res above sea level. 

Level II. Middle layer, thickness around 12 metres, composed o~ marls, 
low-component raw material. The top of the level is 142 metres ahove sea 
level. 

Level 111. Lowest layer, 12 metres thick, composed of marls and 
limestones, it is a complete raw material. The bottom of this level is in 
line with the iowest ~oundary of the deposit. The spot level is 130 metres 
above sea level. 



Luc:.dily 

Mannubia 
Range of 
thickness 
(met 1-es) 

M.;ter ia I 

Altitude (metres 
abclVe sea I eve l) 

0uality: 
,:"o (Z) 
CaC03 (Z) 
MgO (Z) 
Silica muJulus 
Alumina modulus 

Kebii
Range uf 
thickness (met res) 

Mate1-ia 1 

Alticude (metres 
:.il,uve sea 1 eve I) 

l,l l l ~I I l { \' : 

\ 'l l) ~ '.~ ) 

i . e· • l ~11 ·n i 

M,«l l /") 

Table 1. Geological scructure of Mannuhia and Kebir deposits 

Sup<'t-tici.il 
dcpt)S it 

Variable, ranging 
from 0.2-2.6, 
increasing lo 4 
ou lhe slopes 

Calcrele crusl 
aud limescone 
rubble 

lipper marl 

0-b depending upon 
morphology 

NoJular calcareous 
marl, mottled, 
brick reJ and 
white 

Ranges from 
lb0-165.5 

41. 09-50. 19 
73 .4- 8<J. 6 
O.J-l.L2 
.l.0-4. J 7 

1.85-3.b) 

Does uot differ trum 4-5 
that of Mannubia discontinuous 

layer 

Calcrete crust and As in Mannuhia 
lim.:,stone rubble 

Ran~es from 
lt.i7.2-lh7.7 

') :.> • H- ~~ • f1t.~I 
<J!,. 1-4 7. H 

". 19-0. '• 7 

Upper I imestone 

6.3-11.9, increasing 
from SE to NW 

Very hard limestone, 
grey-pinkish, porous 
(small areas) 

Ranges from 
15 l. 7- l 5 6 • 5 

51.ll-54.4 
91.6-97.2 
O.l-0.5 

1.05-3.39 
1.34-6.19 

J.2-12.) 
discontinuous 

layer 

As in Mannubia 

Rang.:,s from 
155.2-lh'>.2 

!. lj. fi.'+-5~. !+t+ 

HH.hii-9'1.0 

lJ.2-?.28 

Lower marl 

17.5-24.8, 
increasing from 
SE to Nw 

Calcareous silty 
clay or friable 
chalky marl, 
yellow to grey 

131.2-1)7 

27.8-46.46 
t, 9. 64- 82. 96 
0.00-4. 51, 
1 • 9 7- J. 74 
'l.19-J.2h 

Lower limestone 

1.2-6.6, thickest 
in SE 

Yellowish grey or 
whitish ye 11 ow, 
hard, locally 
oolitic 

128.0-l"lLl 

48.54-50.lh 
86. 7- 89. ') 7 
0.2-0.9 (4.25)£/ 

1. 84-l.4 3 
l. l&-4.2 

5.9-20.0 1.0-5.4 

Upper part nodular As in Mannubia 
marl and lower part 
tough limestone 

Ranges from 
141. 7-153.6, major 
part of the rock 
classifieJ as marl 
but lowe1· as 
1 ir!1e.;t one 

l 7. 'Vi-11 8. 04 
12.05-85.8 

l). 'l-2 .04 

Ranges from 
129.0-140.6 

3 5. I I- 5 3. 85 
62.7-96.16 
0.2-0.95 

'.:!_/ This was ..:unsidt'red as mdrl by l'cdst'rvice hut slluuld be classified as pure liniestone 
b/ ~lgO contenl r..:acli<:s 4.25/. in :.i l"w limited areas 

Lower series 

1~7-30,2, highest in 
the NW part of Hannubia 

Ccnsists of al~ernating 
clays, marls, li.,.•tone. 
Clays occa1ion1Jlr eilty 

10 I . 0-1 l l. 4 

20.25-46.19 
16. 16- 82. 19 
o.o 8-2 .62 
3.98-6.07 
1. 85-3. 34 

8. 3-1 8. 7 

The lithology 
is diversified 
as the Cao content 
varies widely 

Ranges from 
107.1-131.7 

7. 2 8-4 7. 5 7 
lJ.00-~1.5 

,, 
"' 
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In the Kebir deposit, three l'=vels are similarly distinguished. Level I 
is composed of limestone, level II of marl and level III of limestone again. 
The bottom of particular levels is irregular and the spot data are variable. 

The exploitable reserves of the Mannubia-Kebir deposits are the total 
aioount present minus losses in exploitation and material left as protecting 
pillars. It was assumed by Polservice that the exploitation losses would not 
exceed 5% of the total geological reserves owing to the simple structure of 
the body. It was calculated by Polservice from their laboratory 
investigations that the volume weight of the raw materials predominating in 
the two areas were as follows: 

High-component raw material = 2.3 t/m3 

Low-component raw mat eria 1 = 2 .1 t/m3 
Complete-component raw material = 2.2 t/m3 

The co-ordinator has collected data on the exploitation of the workable 
reserves and the3e are presented in table 4. 

Besides the reserves in the three layers described, Polservice identified 
the existence of a fourth level (bench IV) in Mannubia between 130.0 metres 
and 110.0 metres above sea level, containing low-grade raw material. The 
exploitable reserves of bench IV were calculated as 13,703,000 tonnes. Adding 
this to the reserves in the other chree levels (after deduction for 
exploitation losses), Polservice obt&ined a figure for total reserves of 
42,525,800 tonnes, or 42,526,000 tonnes as corrected upwards by the 
co-ordinator in table 4. 

Exploitable reserves of corrective additives 

Iron ore. Polservice assessed the exploitable reserves of the iron ore 
deposit in th~ Brak-Galmoya region as being 2,214,600 tonnes. The ore had an 
average Fe203 content of 70.9%. The ratio of overburden to deposit is 
favourable, being 0.23 cubic metres per cubic metre. The exploitable reserves 
within the area designated to supply cement production at Al Khums amount to 
542,000 tonnes which is sufficient to meet the demand for iron ore at that 
plant. The overburden of this portion is 9,400 cubic metres and the ratio of 
overburden to deposit is 0.043 cubic metres per cubic metre (0.017 cubic 
metres per tonne as the average volume weight= 2.5 tonnes per cubic metre). 

Clay. Polservice discovered clay deposits under the bottom level of the 
original quarry at Margheb between spot datum 116.0 metres ar.d 110.0 metres 
above sea level. The geological and exploitable reserves of clay in 1974 
amounted to 1,215,600 tonnes and 972,500 tonnes respectively. 

Demand for raw material 

The output of the quarry is determined by the overall output of the 
cement factory which is 440,000 tonnes of cement per year. This includes the 
addition of 3% gypsum to the clinker. The output of clinker is therefore 
426,800 tonnes per year. 

Assuming that the ratio of clinker to raw materials is 1:1.56, tne 
quantity of raw materials required for the output of the cement plant would be 
426,800 x 1.56 = 665,805 tonnes per year. 



Table 4. Calculation of reserves from the Mannubia and Kebir deposits 

(-) Reserves 
level or Average Average Geological in protecting (;) Workabl2 (-) Exploitation 
bench thickness surface rese:ves pillars reserves losseR (;) Exploitable reserves 

Deposit numb el' (m) ( m2) (tonnes) (tonnes) (tonnes) (tonnes) (m3 ) (tonne a) 

Mannubia I 13.4 99 000 J 441 414 50 289 3 391 12 5 169 525 1 400 700 3 221 600 
II 12.0 22 3 000 5 690 136 410 936 5 2/9 200 264 200 2 388 200 5 015 000 

I II 12 .o 342 000 10 066 074 l 356 951 8 709 123 435 523 3 760 700 8 273 600 
Tota 1 19 197 624 l 818 176 17 379 448 869 248 7 549 600 16 510 200.!I 

Kebir l 4.9 1 631 581 235 023 1 396 558 69 858 576 800 l 326 700 
II 10.4 hot given) 4 008 738 577 815 3 430 923 171 52 3 1 552 lCO 3 259 400 

f' 
I II 13 .o 10 617 426 2 484 003 8 133 423 406 723 3 512 100 7 726 700 'il 

Total 16 257 745 3 296 841 12 960 904 648 104 5 641 000 12 312 800 

Total of 
both areas 35 455 369 5 115 017 JO 340 352 l 517 352 13 190 600 28 823 0002/ 

-
a/ The Polservice report estimates 16 510 000 tons 
b/ The Polservice report estimates 28 822 800 tons 
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Given the nature of the partic 1lar raw materials from the Mannub1a-Keb1r 
deposit and the raw-mix requirement3, the percentage of each component will be; 

Basic raw materials (limestone and marl) 
Iron ore 
Clay 

95.0% 
1.5% 
3.5% 

Therefore, the demand for the b2sic raw materials (limestone and marl) 
will be 95% of 665,805, which is 633,000 tonnes per year. Taking into account 
17% loss during exploitation and processing, the output of the quarry will be 
740,000 tonnes per year. The yearly feed to the crusher will be 696,300 
tonnes or 383.0 tonnes per hour. 

Duration of reserves 

Assuming a quarry output of 740,000 tonnes per year, the lifetime of the 
reserves were estimated by Polservice by dividing the quantity of material in 
each exploitable area by the amount to be extracted annually. The results are 
given in table 5, which shows also the phases in which the exploitation of the 
quarry is planned and the reserves attached to them. 

Phase of 
exploit-
at ion 

1 
2 

3 

4 
5 

6 

7 
Total 

Table 5. The lifetime of the raw-materials reserves 
of the Mannubia and Kebir deposits 

Desi!ljnation of area Reserves attached 
Deposit Level to the phase 

(tonnes) 

Mannubia I + II 5 696 600 
Mannubia II + III 4 35 8 900 
Mannubia II 2 039 500 
Kebir I 
Mannubia II + III 2 171 .:.oo 
Mannubia III 1 006 900 
Mannubia III 2 32 8 000 
Kebir I 
Kebir I + II + III 11 220 700 

2 8 822 000 

Duration of 
reserve 
(years) 

7. 7 
5.9 

2. 8 

3.0 
i..:. 

3. 1 

15. 2 
39.0 

The total reserves of these two deposits were estimated to last for doout 
39 years. 

The Margheb deposit which was already being exploited at the time of the 
Polservice report in 1974 was estimated only to be sufficient for production 
up to the end of 19 75. 

~l 
I 

' 
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B. Results of the chemical analyses 

On the samples taken from the various deposits (shown in table 1), 
Polservice carried out analyses of the chemical composition (see table 2). 
The results of the chemical analyses show that the Mannubia and Kebir deposits 
are formed of limestone, marly limestone, marl and clay. The limestone forms 
the capping as well as the base rocks. Marly limestone as well as marl and 
clay rocks form the medium layers. 

However, a full description of the chemical composition of the deposits 
was not given by Polservice. The co-ordinator feels that it would be helpful 
to give this additional material here. 

The Mannubia deposit 

Full details cf the chemical composition of the samples from the Mannubia 
deposit are given in table 6. 

Upper limestone zone. The limestone predominating in the capping as well 
as in the lower levels of the Mannubia ridge is of both high- and 
medium-quality calcium carbonate. The calcium oxide (CaO) of the capping 
rocks ranges from 54 • .:./~, as represented in borehole :-!-6, to 43 .1 rl., as shown 
in borehole M-10. Magnesia (MgO) ranges from 1.35%, as represented in 
borehole M-12, to 0.1%, as shown in the chemical analyses of borehole M-8. 
The alumina (AlzOj) ranges from 2. 7%, as represented in borehole M-12, to 
0.26%, as shwon in borehole M-6. The iron-oxide (Fez03) content ranges 
from O. rl., as represented in boreholes M-7 and :-t-12, to 0.04%, as shown in 
borehole M-9. The silica (Si0 2) content ranges from 8. 7f!Z. as represented in 
borehole M-6, to 1.02% as shown in borehole :-1-ll. The sulphate (S03) 
percentage is a maximum of O.lrl. in boreholes M-3 and M-6 and a minimum of 
0.02% in borehole M-3. Alkalies and chlorides are relatively low. 

From the lithological point of view, the upper limestone zone is 
contaminated by marl and clay/marl layers. These foreign layers have their 
OW'fl characteristic chemical composition and they influence the carbonate 
content of the limestone zone, i.e. the calcium and magnesium carbonates. 
These foreign layers are prese·1t in boreholes :1-2, :1-10, M-11, M-12 and M-13. 
The main effect of these foreign layers is to decrease the average ?ercentage 
of the carbonate content of the whole upper limestone deposit and to increase 
correspondingly the silica, alumina, iron oxide and alkali contents. 

The Si0 2 , MgO, Na2o, K20 and chlorine-ion content of the upper 
limestone samples indicate the following: 

(a) The silica content is generally highest in the southern and t~e 
eastern boreholes (M-10, M-3, M-13, M-12, M-9, M-6). The silica gradually 
decreases to the north-eastern boreholes as shown in boreholes M-~ and M-1. 
The minimum silica content is shown in borehole M-2. The silica content tends 
always to decrease descending from the upper layers to the lower ones. From 
these analyses it can be stated that the limestone is somewhat silicified. 
The silicification can be attributed to ageing as well as to the additional 
silica content of the marly laminae contained in the limestone deposit; 



'l'alilc t•. Uw111ic1d analy:..;c:..; _,f' lai1·clttJ1t~ sa111lJles t't'<llll tlit:> Malillt1liia de1iosit:.~/ 

' I bo<-ehole .. ~~'~.,-.i.;----~1-I,O-T~--r·-~~o MgO 1--l-·;L~-l~~ ,-U-l~-i:Y~-~;;-F~~-~- --so Nu 0 K 0 nr o- !_"•_•_ra._. __ _ 
- 0 - 0 ~ 2 1 3 0 0 t 

no. (m) (m) (%) (%) (%) (%)' (%) (~) (%) (%) (%) (%Je 
M-1 

3pot level 162. 4~-1 

~Jpper lime-~ 0. 0 
:_;tolle 

, 6. 3 
Lower mnrl I 8. 5 

114 .0 

20.0 

Lower 1ime-12'(. 0 
stune 

H0st ot' 
borehole 

M<' 

29.u 

Jl1.4 

Spot lev0l 1168.6 
Upper mar 1 0. 0 

3.1 
Upper 
limes tune i 8. 6 

U.l 

tl 5. 0 
Lower 
marl ~4.6 

Lower 
limestone 

6.3 41.26 53.101 0.08 3 .117 I 1 . o 3 I o. 39 0.11 0.05 I 0.20 95.00 
-----1 I 1----1 ---1---- ----1--- 1-----1------i 

23. 511 27 .118 

34 .13 111.25 

0.98 

0.74 
1.11 

18. 78 I 5. 47 2. 53 0.13 0.18 

0.09 
0.09 

0.98 49.00 

o.65 73.66 
0.6·1 711.80 

8.5 

14.o 
20.0 34.68 41.89 
-----1 I 

37.85 48.40 2'( .o 0.00 

0.00 

0.08 

16.57 4.19 l.'{3 ,0.10 
15 .. oo 4 . 15 l. 58 0. 09 
-0:79 -2:b6- -r~-- a--:-n-jo.oa -U-:-4 --aQ.1r3 

;.iy.o 

34. 4 

38.58 48.80 

39.66 50.66 

'{ .61, 2. 90 

5.64 2.19 

1.09 

0.87 

0.08 

0.10 

I 

65.0 I Marl apd lowest bed "(55.6-65.0 rn)'dolomi~ic roe~. 
. ' 

0.06 

0.06 

0.110 0·1.05 

0.31 90.6 

---·----t _____ , ___ .___ ---~ ------' I • 

3.1 311.24 41.01 o.6ol 17.051 4.68 1. 53 0.16 0.101 o. 36 74.4 

-8~1 42.541- 53.6~' o.4ol--i.11'1:o3t-o.23l0.09i o.051oT2"'1 96.55 I 

11. l 

15.0 

24. 32 

42.68 
28.1j 0.811 35.551 6.81 
53.7' o.43 1.54 0.92 

2.55 

0. 31 

0.06 

0.12 

0.141 0.82 

O.O'l 0.12 

52.'{3 

96.82 

2" ~I~ 31.17 36.~1 l.62 19.31- 7.71_ 2.13_ I 0.08 I O.HI 0.58 I 68.39 

31.9 35.61 112 .. ,, 0.91 i2.4~ 5.62 i.62 0.01 I o.d 0.511 I 78.03 

----~ ---- ----- -------- -------- -------- ----- l-

38.J 38.00 118.510.90

1 

7.6: 3.15 o:i; o.11 0.0·1 o.30 86."/0 

---- -t--------1------1- I ~-----I 1---1---- -I I 

Marly layer 

~est of 

borehole 

133. ti 

I -111. s 
I I C_;J I '(l.ll Marl and lowest bed (66.8-71.0 m) dolcJmitic rock. 

--·--- ---'---·------L----- --1-------- ----· ---' - -------1----~- --- - -I ------

"f!_/ Based on the results of chemical anulyse:.> carried out by l,olsei·vice iu 1974. 

li/ ~>pot 1 eve ls ure given in m~tres a'bove sea l eirel. 
contiuued 
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'l'ati le (; ·'. cout iuued) 

-- ---·----=------~--- ..:___-~~----·---------- --- --- ---------

d 
'l'hic~u••• 1-'u I. l 'lltaly~e:.; ~ l>r .. ~r~• 

Borello - Fro;.---- -,rz;-- -LOT ____ CuO ~1r•_Ll '.;i.u /\1 o j' Fe o t:>u tb Ll IC 1) <:::.;· ,()::' - -

___ n_o • ( m ) ( Ill ) ( % ) { % ) { % ) ( % ) :> ( ~ ) 3 
( % ) 1 

( % y ( % ) ( i } '( ~ r \ 
"""~-ie,el \lGl.1 l , I \ \ 
Upner I o.o I 4.o 1110. 35 48.85 o.Oo 6.25 2.00 I o.611 0.10 I 0.29 I 0.23 -
limestoue 4.0 10.7 110.14 li9.49 o.110 6.37 2.00 0.61 0.17 o.115 0.30 

Bl}. 7 
89.1 

. 1----1 ·-----•---- ----·---~ ·--- -----11---+---- t- ----1------t 

10. 'l 111. 5 36. 41 

Lower marl I 14. 5 22.0 311. ·12 
2<?.0 20.6 35. 2'/ 

114 .111 

111. 50 
112.63 

0.80 12,30 

l.11 15. 30 
o. ·10 n. 78 

3.03 

11. 51 
4.48 

1.32 0.13 0.33 

1.72 0.14 0.30 
1.62 0.16 0.38 

0.52 

o.68 
0. 71 

00.25 

76.1 
77. 3 

------
0.90 '{. 86 L~wer lim'-'1 2u.6- J3.4 ---3tL7l-l17.l1l 

s one 
2.33 1 :17-1cl.l2lo-:6---1--c-:--1~T86.21 -

Ile st o t' 
Uc) re lloJ e I :n.4 I 6·1. o Ma ·r l 

------------ ·- --------·-------- -----------·-----•-----•---- --• ------1------1-----I ' 

M-4 
Spot levelll66.5 
U1iper 
11mest0ne 0.0 7.6 112.i.11 52.951 0.'/51 2.70 o.661 0.22 I 0.08 I o.oJ I 0.01 95.9 

-----·-----· - ---·----· --- -----·-----·--------·------- ·-----·-----!-------~ 

Lower m!l.rl I '(. 6 
16.0 

-- - --- - . 

22.tl 
L•J\;'t·r I 
l i lJ1L'~ LlillL. 

J.!~.~ 

I« I • I 

16.o 
22.0 

--~-9.-'.JI 

j'.J. 11 

bo1·c:JH>l~ I 3'.>. l I LIJ.lll 
- - - - ------- ·----------------

~"(.'(~ JJ.Ot 
]11. 8tl li2. 0 

1.11120.05 
l.li5 15.29 

6. lC 
11.0li 

l.5510.0'{ 
l.20 0.03 

0.10 
0.011 

0.93 
0.55 

61.13 
75.08 

- jU-. ')II -;..,~~J--~ .. ~:;r-·~:~-,J~-.-:,,r- -0.-~''' ~.-:j-i--~·.-(~I~ l- ~-.--~,:r·~~~-

J'..i, ~.I l1'J, jll ~J,~111£2,J~ __ I_2,211 ~l ! .,~,I II! 1111 I 0 ! OI! I -() ! JL l_ __ .C<J.~L 

I I ·-

Mud 'uuJ tile lowout bed (65-6910) dolomttic rock, 

-- _J ______ l______ l__ __ J ____ _I _ ---·--- - .l - --· -1--- - J. 1' ---- ------- -- - --
c911tinu.ed 

t' 
'u 



'l'uble G (continued) .... 

Dore hole 
no. 

'fhidLh!'Dtl 

------·-·- -------·---------
l"row I 'l'u 

(Ill) (Ill) 
LOT 
(t) 

CuO 
( ;; ) 

i1,•u 

( ") 

-- Full•~l-Y'. -· ---- -·-~ . . .JC~ __ . ____ _...,...:_ -

~:.iur, 1\1 0 . -··-~ 
( ., ) • ·, -~ I· e U .. D ' 1%) (~} 1 ' " 3 Na,," "·/' .u· •O- --~·'.·~•· 

( % , n~) ( ~o '(%)l· I ----
M-5 

s1,ot level 
Upper marl 

166.3 
o.o I 6.o 38 .. ~I 45.9 1.071 11.181 l.'f9 I 0.87 0.081 0.19 I 0.32 83.9 

f f j----1 , ___ --l---+---1----·1----~ 

Upper 
limestone 

Lower marl 

Lower 
limestone 

6.o I 12.4 I 42.34 I 52.85 I 0.1191 2.·181 o.4'f I o.35 0.041 0.12 I 0.26 

12.4 14.6 I 4i.o81 51.~5 I 0.241 4.2·11 L58 I 0.54 0.031 0.1010.22 

-----1- I I- !----~------•---------

14.6 

24.o 

30.4 

32.4 

24.0 

30.4 

32.4 

31. 31 36.84 

35.8? 41.05 

81.0 44.28 

1.42 22.08 

1.41 14. 72' 

l. 08 11.91 

4.58 2.09 

4.53 2.04 

3.69 l. 57 

35.61 90.6 I 50.101 0.581 5.261i.1810.97 

0.06 o.30 o.85 

0.03 0.26 0.75 

0.07 0.11 0.57 

0.081 0.07 I 0.26 
I I 

35.6 I 69.0 I Marl ,and the lowesl bed ('64. 3-61. O.m.) dolomit;ic rock. 

95.25 

92.118 

------~ 

68. 32 

75.82 

81.0 

90.6 

Rest or 
borehole 

----1-----1 -----' I I 1--- ----·--~----

·--- .. 
I M-6 
! Spot l~Tel 166. 6 

i Upper o.o , 4.o I 39.6 117.661 1.211 8.78, l.46 I 0.55 
limestone 4.0 !l:~)_J_l13._gJ_511.l1Q __ ~<_J 1.10 0.26 0.12 

0.17 0.14 I o.25 I 87.26 

-~ 0.04 0.06 98_.011 

I l 
13.0 122.U I 31.98 38.041 1.67 l. 75 ,ower mar· 

Lower 22. U :iO. U ~ ]6. 68j 4 '.i. 05 l. 2 l. 27 

lime::;tone 30.8 ]',.'.i __}9:l~ __ l?::__8~L~:_5~ ----------~I~ 
Rest of 35.5 (,B.o Marl und the lowest bed (59.5-68.0 m.) 

. 
o.11 0.08 o.83 '{0.9 

0.09 0.05 O.<C>l 82.611 

0.11 0.03 0.28 90.0 
.. _ --··- --- ----------

dolomitic rock 

be) re'"' l p. ---------------------~-----1-------
continued 
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'l'11Lle t> ( collt i 1111el1) 

,I •-----'-----...:...----~-- ---------· 
'l11lck11e•D Full analyses 

Dorehole I From I To LOT CuO M;\J _____ ~;lu0- I\ l ,}l l"e, o I t;C Na u · K,..,O c:,rtio-

no. .. , Ill) , m) ( x ) c % ) ( % ) , r. ) ·- ( % , 1 ( % ) 1 
( ~tr , ~ ) , ~ ) } ~, e I 

M-7 
Spot level 

Upper marl 

Upper 

I 1
68

·• I I I I 
0.0 

2.3 

2.~ I 37.57I4~.8~11.20 I 9.49 I 2.96 11.09 

5.; I 22.39 I 24.72 1.03 40.2 I 7.07 12.81 

o.n1 I 0.15 lo.32 85.75 

0.21 0.18 10.72 l15.90 
----1 J-- I I I -1-----1 I --.! I 

limestone 15.7 15.91 39.95149.59 lo.68 I 6.28 I i.80 fo.74 I o.n6 I 0.10 10.30 89,77 
-----1----I -I I I I I- ----!------

Lower marl 115. 9 27 .0~2.011 38.21 I i.12 I 20.811 4.50I1.92 0.10 I 0.21 I 0.53 

0.01 I o.rfiCl.47 
'{0. 23 

Lower 
limestone 

Dolomitic 
limestone 

Rest of 
borehole 

M-8 
Spot level 

Upper marl 

lJpl'cr 
limestoue 

Lower marl 

Lower 
lim<::stone 

27.0 3fcor-31;:10 I 4li .1210~8fl-13.21J3."1 1 i.22 00.2b 

38.o 

lto.o 

-----.1---I I-6 • 11 ,-2 • 50 1~07 -,-~~5 
110.ol 110.081114. ·15 I 4.25 0.13 10.28 61.39 

167.2 

0.0 

4.5 

71.0 

11. 5 

11.2 

Marl 1md lowest bed ( 53. 5-]l· 0 111) dolomitic rock. 

36.~ I '12.93 I l.22-·,::

1 
3.65 C

1 
o.u6 I 0.30 I 0.30 

••. 3. 52.08 •. 10 •.• 2 1.65 I~::: 0.02 •. 15 •. 12 
76_.811 

93. l '( 
-----·----·----------6-~-----··- ----•---,.-----· 1------1------1-----1------1------

11. 2 16. 2 

16.2 25.0 
25.0 36.0 
3ti~ll0:8--

2~.33 29.06] 1.23 31.46 8.88 2.70 0.06 0.2 1.07 54.1 

34.05 41.76 1.02 16.22 3.89 1.57 0.02 0.20 0.60 76.4 

fiC'flUtrka 

Calcareous marl 

Rest of 
Loreltole 

110.8 1 ·10.0 

, I J. _________ _ 

j'{.)0 116.116 0.50 10.0'( 3.21 1.211 _O.Q.5 __ __il.15-Jl.JiL- -ill.1.\6 
1•r.01 50.01~0:20- --n12-1:89- -;;~:;-- ii.oJ 0.1•· 0.25 89.·16 

Muri J •••~~01 ~s~b«I (60- 0 m) d <lom~li< ~"l"'T""_]~----
1 
-- -~-------

co11tiinued 
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'l'11L le t· ( c~ l 111 t. i I 11 l L: ,j ) 

. . I . ~:-------. 
i"ul l n11i.lyse3 

Borchol~ I From 1 ·ro 
' LOI 

I CuO I ~~~ \ ~.Lo') I fll,)o.1 1 t"e,,o 3 I soy I tlo..,IJ I K,/l 

no. (Ill) ( Hl) ( % ) (%) (%)~ (%) (~) (% nn (%) 

--..--------------r---..,...--....... ----.1---i- -•. ~ ....... I I I ~ Cu1':"\:-io:.-r- -------

nnlt: I 
-- . - w_ 

M-9 r I I I I I I • •• I I -, 
Spot level, 169.2 • 

I 5.0140.57 149.40 I 0.7317.131 o.sn I 0.10 I 0.15 I 0.25 J o. n I 09.'52 ~ o.o 

Upper : 5.0 10.6 42.:;1 52.90 0.32 2.63 o.43 O.iO 0.15 0.25 o.65 95.03-
liruc::>loue : 10.6 12.8 21. '/5 24. '/O 1.23 43.56 11. 43 0.03 0.25 1.00 2.91 116.3 Mu.rl 

12.8 15.7 42.52 '.>2.09 o.48 2.8'/ 0.35 0.011 0.10 0.20 0.50 95,3 

--~:: 
----- ---- --- ---- --·---- ---- -----

15.7 24.5 33.30 38.06 2.45 19.111 3.52 o.o:; 0.15 0. '/O 2.112 72.33 
Lower r11Url 

24.5 34.7 36.21 42.44 l. 36 14.24 2.78 0.05 0.10 0.65 1.97 78.25 

Lower 
limestone 34.7 38.6 30.08 47.05 0.56 10.56 1.56 0.0'/ 0.22 ~ 1. ?.2 85.02 

Rest of """":::: ~r··' T lowT •.• t~2.0 ·> ~~r-~"'T""""" ;:~r 
-

Spot level 164. 1 
0.0 2.0 40.ll 49.06 l.21 '/. 31 l. 76 0.52 0.)0 0.10 o.n 89.76 

Upper 2.0 5.4 112.23 52.06 0.60 2.89 0.92 o.~8 O.u9 0.11 0.13 95.46 
lime::it.uue 5.4 7.3 35. 411 43.17 0.80 15.17 3.76 1.20 0.10 0.12 0.35 78.5 Calcareous murl 

7.3 9.1 112.12 52.95~ i.72H.06~ 0.08 ~ " . , 0 ~_":_1.5._I 95 . 26 

9.1 19.0 311. 55 42.04 o.Oo 15.4 5.18 1 1.56 0.06 0.12 0.35 76.5 
l,'.)wer marl 19.0 29.0 34. 5 111.60 l.02 } '). 2 ').2Q J . '(6 o.n11 o. ]~ o. ~.... 16.1 

29.0 '34. 2 I 34: ., I 112.n 0.60 16.liO 3.59 1.04 O.Go 0.13 
0. ~5 '-7~1,~ Lower 

--0. Ql1-
,_ 

lime::> to11e 34 .2 35.8 38.01 46.6'( 1. 21 8.25 Ii.OD 0.96 0.10 o.1e I 85. 4 
Rest of 
Lore hole 35.8 56.0 MArl ttud lowest I.led (52.9-56.0 m) ,folomitic ce.lca.reous marl. 

('(intin11etl 
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'!'at.le (, (~olltiuueJ) 

l ~ -- ---"-----'----·--'-------·---·--"-------'·----l-·-
'l'ld, k11 ... ou 1•'1, I l : llla l y :;es 

Bureltok !·;~~~~~-- '!~~ · ·- -J~()T·-1-cu.-U M:•.J ::i,J,.., i\t.,u f '°'-'.,1J ~:u Jl:t,,ll l' ... 1i . L, 

1 
) "') ( ., ) . t, ~ I ~ ~ I ( 1 ,~ ( "') (bl) ll•l L llO. (rn) (1: 0 (;, :, (%) I~) (.\)I(%) ~. 10 .:. _(LL_ 

I I I I I I I I 

''""'''rll..a 
: : I'\ iO-

M-11 
Spot level l {U. 0 

0.0 4.0 39. 31 48.8u 0. '(0 

li.O '). b 19.55 21.112 U.50 
5.6 10.3 41. 37 51. 31 0.50 li!'lh . .!l' 

l i111e:,t,me 
. 

·10.3 12.8 20.n 23.')'(. 0.93 
12.8 15.8 43,38 54.50 0.38 

15.8 19.0 27.o8 27.80 

8.::1

1
1.61 I 0.53 I 0.10 

11'). 02 8. Ii) 3.28 0.0'( 

4.63 l.23 o.43 0.01 
lij. '(U n. (c c.ou u • .1.•1 
l. 02 0.31 0.12 0.06 

31. 0 6.15 

0.12 I 0.32 !88.39 
0.06 0.13 39.1li 
0.06 0.13 92.52 
U, C') u.u..l "'t..l• l..J 

0.04 0.12 98.0 

0.18 0.60 
0. uo . u. jtJ . 01 .. , l 

I Marl I Marl 

L.ower 
IIllil' l 

Low<:t' 
limestone 

HesL oC 
Lord1ole 

M-Lo' 
Spot level 

llpI•er 
lime st.one 

Lower 
marl 

Lower 
limestone 
Hest of 
lior·ehu le 

36.35 44.91 o.85 12.50 3.20 1.15 0.09 19.0 2'(.0 -
lli.18 ..... , . 0 36. 3 35.48 113. 56 o.811 3,85 l. 32 0.10 0.1'( 0.30 '{9.28 

·----
36. 3 39.0 39.05 48. 36 o.86 8.fa 1.91 0.01 0.09 0.16 0.38 87.80 

39.0 11).9 3'l. 57 46.19 o.Bo 11.11~ 2.29 u.oo 0.10 0.08 0.32 83,81 

45.9 'fl. 0 Murl und lowest bed (65.1-71.0 m.) dolomitir calcareous rnurl. 

----- --- ------ _____ J ___ - ------ -- ~~~j=-169.9 

0.1) 11.8 39.8'( 50.19 0.30 6.05 2.7 0, r{4 0.011 0.10 

li.B ·1. B 25.69 29.9') l. 35 31.89 6.99 2.37 0.0') 0.25 o.66 55.89 

7.8 15.2 42.16 52 .9'( o.30 2.0' ). 67 o.27 O.i.l6 0.04 0.16 95.13 
---

Marl 

15.t:' c3 . . , 33. 58 lil. 0'( 1.02 16.4 4.98 L 75 0.05 0.14 0. 61
) 75.16 

23. 7 j'j. 'j 35.6~ 42.91 0. '(2 14.l 11.17 1.28 0.04 o. O'( 0.61 '{7. 9J 
----- ----- - ----- --~---- --------·-- ----- --------- ----~-- ------

3).0 3'(. l) . 39. ·1~ 50. 111 0.30 6.115 1. 76 0.58 0.02 0.09 0.26 90.07 

Tl. 9 '(2. u Murl 
--t .__ 

und lowetil lied (68.1-72.0 m.) dolomitic calcaremw marl. ------·----· ·---··· -- ·---- - '---- ---t--·· ------ -- . ----··---
__ J_ J ___ _J _____ l---·---1------J ____________ ---- -- ------- ·--~--1--~~~~~~~~~~---' 

c ::inti n ued 

,,, 
u.J 



'l'u.ble ti {cqutiuueJ} j 

I -'--------!~---

. !•'11 I l;~~l-y~-;;~-----· --·--· ----'------- ----~-·,--k '1'11ick11euu 
----- ----

~ 1r~Kr a 

' llorehole i"rorn 'fo I.OT CuO t:i1'.!i I ;/~(~2 A~~~~ Jo'~%l~3 I ~~y tl~l~I; ~~~ \;~~~- , --

I 

no. ( m) (Ill) (%) ( % } (%) 
. 

M 11 I 
Spot level 168.8 I I I I I I I I 
Upper 

I 3.3 I 40.90150.28 I o.80 I 5.69 I 1. 521 o.•10 I 0.151 0.031 0.16 I 91.21 limestone o.o 

3.3 5.3 ~l 29.88 
1.97 31.05 6.91 2.09 0.111 0.20 0.60 56. 8'( Marl 

5.3 11.6 51.87 0.56 4. 35 1.19 o.42 0.07 0.03 o.n 93.63 
·-------· - --------- ---- ---- -

Lovt:r mu.rl 11.6 13.6 22.65 25.83 1.49 4o.8E 5.95 l. 70 0.08 0.17 0.60 48. 78 

Lover 
lime~; toue 

: 13.6 16.2 42. 37 53. 35 o.4o 2 .l1( o. '(0 0.30 0.08 0.03 O. l'f 95,98 

--
Call; ureu us : 16.2 25.5 jl1. 46 42.27 1. 44 15. 7" 3.85 1.19 0.09 0.01 0.115 '(8. 05 

marl ; 25.5 38.6 35.9'( li4.50 o.9U 12. 31 3,69 1.29 o.otl 0.01 0.54 81.21 I 

l\J 
i -

-------- --- ----- ----- -----· --- ---- I 

Rest of 
borehole 38.6 '12. 0 M a r 1 

I 

- ----- - ----- -----

-· --- --·- ----·--- --- --- ---

--- ----- --- - -- - - ------ ------ --- -------
----~- - --- -- ------ -- -----· 

I _____ J ______ _i _____ I ---- ---
------ --------- ------ -· 

~ 

! ~ 

~--



(b) The MgO content of tte upper limestone deposit is usually low (not 
exceeding 1.0%) throughout the stratum except in boreholes M-6 and M-10. The 
increase of magnesia content in some beds of these boreholeJ can be attributed 
to the presence of marly contaminations from the overlying or the underlying 
marly laminae or to the presence of marly layers as shown in boreholes M-9, 
M-12 and M-13. The lowest percentage of magnesia is found in borehole M-8; 

(c) The values of Na20, K10 (alkalies) and chlorine are usually low 
but increase in the marly beds. 

The upper limestone area is covered in some parts by marly layers as 
sh01:;-i i.n boreholes :-1-2, :-1-5, M-7 and M-8. These marly layers are concentrated 
in the most northern part where the thickness ranges from ~.5-6.u ~ecre:s ~j 
seen in borenoies M-5 and M-8. The thickce6s of che marly beds decreases co 
the south where it varies from 2.3-3.1 metres as shown in boreholes M-2, M-6 
and M-7. 

Upper and lower marly zones. The upper marly zone shows the same 
characteristics as the lower marly zone and therefore both zones will be dealt 
with as one unit. The upper marly zone which caps the upper limestone zone 
can be considered as a calcareous marly zone as its calcium carbonate content 
ranges from 45.98% in the lower layer in borehole M-7 to 85.75% as shown in 
the upper layer in the same borehole. It is worth noting that most of these 
calcareous marly layers have been exploited tcgether with the underlying upper 
limestone layers. 

The lower marly zone is also formed of calcareous marly beds or layers. 
The carbonate content ranges from 48.73% (marl), as represented in borehole 
M-13, to 83.86% (calcareous marl) in borehole M-8. The marly zone shows 
variations in the carbonate content according to the clayey materials 
intercalating it. There is usually an increase in the carbonate content when 
going from the upper to the lower layers except in boreholes M-3 and M-11. 
The magnesia represented in the upper marly zone ranges from 0.6% (M-2) to 
1.22 (M-8). In the lower marly zone it ranges from 0.5% (M-8) to 4.54% 
(M-11). The latter type of marl is very unsuitable for cement production when 
used as the main component. The silica content in the upper marly zone ranges 
from 9.49% to 40.2%, both shown in borehole M-7 (the upper and the lower marly 
layers respectively). The silica content in the lower marly zone ranges from 
10.07%, as in borehole M-8, to 40.86% as in borehole M-13. The alumina 
content of the upper marly layer ranges from 1.79% (M-5) to 7.07% as in 
borehole M-7. In the lower marly zone, the alumina content ranges from 2.78% 
(M-9) to 8.88% (M-8). The iron oxide present in the upper marly zone ranges 
from 0.87% (M-5) to 2.81% (M-7), while in th~ lower marly zone it r&nges from 
0.03% (M-9) to 2.7% (M-8). The sulphate content is represented in the upper 
marly layer by 0.06% as the minimum C·i-3) an<l 0.21~~ as the maxi;r.um (~-7). 
Alkalies and chloric~s are relatively low due to the fact that the clay 
minerals are relatively low. It is worth noting that, when any of the layers 
constituting this marly zone tends to be more calcareous, i.e. containing more 
carbonates, the other oxides such as silica, alumina, iron oxide and alkalies 
tend to decrease. It is therefore not worth explaining in detail the silica, 
alumina, iron oxide and alkali content of the marly zones. 



Lower limestone zone. This limestone zone lies beneath the lower marly 
zone. It is usually built up of more than one layer, each with its own 
charac~eristics and chemical analysis. The CaO (carbonate) forming the main 
constituent of this zone ranges from 44.12% (or 80.26% CaC03) as shown in 
borehole M-7 to 53.35% (95.98% CaC03) as shown in borehole M-13. Magnesia 
ranges from 0.00% as represented in borehole M-1 to l.Ll% as shown in borehole 
M-iO. 

Silica is p~esent as a minimum of 2.4% and a maximum of 13.21% both shown 
in borehole M-7. Alumina ranges from O. 7% (N-13) to 4.00% (M-10). Iron oxide 
ranges from 0.00% (M-11) to 1.22% (M·-7). S03 ranges from 0.02% (M-12) to 
0.22% (M-~). Alkalies and chlorides are relatively low. 

The Si02
1 

MgO, Na20 and chlorine-ion content of the lower limestone 
samples show the following characteristics: 

(a) A silica content of more than 10% is usually met with at the centre 
of the Mannubia deposit as shown in boreholes M-7, M-9 and M-11 (lower 
layers). The 80uthern part of the deposit (south-east and south-west) shows a 
relatively-high silica content as ~epresented in boreholes M-3, M-11 (upper 
layer) and M-10. The silica in these layers ranges from 7.86% to 8.6%. 
Boreholes M-1 and M-4, located in the north-western part of the Mannubia area, 
also show a relatively-high silica content which ranges from 8.79% to 8.34% in 
che upper layers of these boreholes. The silica content usually decreases in 
percentage going down the limestone layers, as shown in boreholes M-1 and 
M-4. !fowe·ver, in borehole M-11, the silica increases downwards. The lowest 
silica content, 2.4%, can be met with south of borehole M-9 in borehole M-13; 

(b) The magnesia cont:ent is relatively low; 

(c) The alkali and chlorine content can also be considered as relaLively 
low. 

It should be pointed out that 0 olse:vice drilled deeper than the lower 
limestone zone in the Mannubia deposit. All the analyses of the strata 
drilled showed that they were mainly marly layers as shown in boreholes M-3 
and M-13. In most of the boreholes (M-1, M-2, ~t-4, M-5, :1-6, M-8, :1-9, :1-10, 
~-11 anci :1-12), these marly layers contain dolomitic beds especially in their 
lowest layers, as shown in table 6. 

Kebir Deposit 

The complete analysis of samples tram the Kebir deposit is given in 
table 7. 

Upper limestone zone. Here, as in the :1annubia deposit, Lhe limestone 
capping can be considered as of high- and medium-quality calcium carb0nate. 
The CaO content of the capping limestone zone in the Kebir deposit ranges from 
53.8% as in borehole K-3 to 47.72% as in borehole K-16. :1agnesia ranges from 
1.58% as in borehole K-17 (upper layer) to 0.4% as in borehole K-12. The 
alumind content is within the range of 1.94% (Qaximum) to 0-33% (minimum). 
Iron oxide content oscillates between 0.59% in borehole K-4 (upper layer) and 
0.19% as in K-3 and K-14. The silica content ranges from 8.83% as in borehole 
K-4 (upper layer) to 1.37% as in borehole K-3. The S03 percentage is shown 
as a maximum of 0.19% in borehole K-14 and as a minimum of 0.00% in boreholes 
K-5, K-7 and K-9. Alkalies and chlorides are present in relatively low 
percentages. 



'!'able '7. Chemical ttnalyses or borehole Sfltn[Jles from the Kel,ir depo~it~/ 
------------ ---------~---:--~-~.:... _____________ ._ _____ • ______ ...!,_ ---- ---

Thickueoa i·"t I l ·,1,:d yses 

-t.~~~;;- -1- ,-!~::;- -- -- ----
B )l"chole LOT I CuO M1'.lJ : ; i lJ ,\J ;/Li Fe O : t>O Nur)O ~; () Lli!'llO- \ 

.-, 

(lit) (lit) ( % ) U~) ( f.). (~)l (d ') nute I no. (%) ( ~n ( % ) ( ~) (1) 

I l 
K-1 

i68.~
1 

Spot level I urpe• lime-
0.0 8.1 43.12 52.27 0.62 3.05 0.82 0.26 0.13 0.05 0.)0 94.33 

s one 
8.1 11.8 37.19 45.64 o.88 12.49 3.08 o.b2 0.00 0.08 0-:-21) uc.u"t 

11. 8 19.4 29.5 311.10 2.03 26.14 6. 32 1.64 0.00 0.06 0.38 611. 44 

Lower marl 19.4 21i.2 35.86 43.18 1. 24 13.41 3.46 1. li8 0.00 0.06 0.37 80.29 

24.2 30. ') 36.80 45.08 i.46 11.82 2.58 i.66 0.00 0.05 0.30 83.00 

10.5 311.0 n.90 41.21 1.12 16.68 5.22 1.114 0.00 0.08 0.118 '(5.60 

Rest or' I I I t-t--1 I I I borehole .14.0 56. ~) Marl I 

1\-2 1-----
Spot level 166.6 
Upper lime- 0.0 5.4 112.24 51.26 o.69 3.81 l. 3'f 0.28 0.15 0.16 ; 0.09 92.65 
st.oue ----- -- ---- ~----- ------ ·- --

-0.16 
---

Lower n•arl ').4 13.0 31. 21 36.98 l. 72 19.95 7.11 2. 31 0.17 o.45 69.00 

13.0 n. 7 38.80 47,58 o.B~ '(. 55 3.85 l.08 0.19 0.10 0.25 86.44 

Lower l '( . . , 211. 2 39. 59 47.75 o.88 '{ .98 2.55 0.96 0.10 0.09 0.22 86.13 
limestone 24.2 28.3 41.2_ 50.93 o.41 IL61 1.93 o.48 0.08 0.09 0.13 91.65 

Rest of 
borehole 28.3 50.0 M11rl 

I 
with high magnesia content. 

~~ 
-- -- - - - - - - ---- -- - ----~- ------ - ·--- - -- ---- - --------- ----- --- -----. 

------- ___ J __ J_J ___ 1 ______ I -----·----------
f}_/ Bu::;eLl 011 the n:sults of chemicul analysis carried out by Polservice in 1971•. 

b/ ~>1•ot levels are ~i ver1 in m~tres ¥.hove sea level. 

J-if'1Gtt.rka 

conti11•.,ied 

-

rv 
-~ 



'l'u.lile 7 (cont inuet1) 

•r11l cko~uu 
-

Borehole Fro111 'l'u 

no. ( m) (m) 

K-1 l 
Spot level 167.8 
Upper 

~_Q~ _!t._Q_ 
limestone 
Lower mar 1 I 4.o 12.0 

Lower 12.0 20.0 
l imestc•n" 20.0 27.9 

Rest or 
borehole 27.9 71.0 

K-11 

Spot level 171.2 
Upper 0.0 7.5 
limestone ·1. 5 13.0 

---- -

Lower marl 13.0 23.5 
Lower 23. 5 lil. q 
limt!stone 
Rest of 111. 9 73.0 
tore hole 

K-) 

S1•ot level 165.6 
Upper 0.0 9.2 
limestone ---- ---

9.2 21.0 
Lower marl 

21.0 33.2 

fkst ,1f 
33.2 I liorel1olc: 68.o 

I .. 

-·--· ---· ----· ---· --- -
. J•'u l.l :111alyc;e!:: 

---
LOT CuO M1'.ll ~:i.u llL

2
o

3 
Fe O 

( % ) (%) 
,., 

(%)3 (%) <%( (%) 

- 43. 01 53.80 _QJ~ __LlL 0.33 9~ 

29.5 34.97 1.55 24. 71 5.112 2.40 

37.95 lt6.55 1.11 9.90 2.4 1.13 
39.25 lt8.57 o.87 7,33 2.1 1.03 

---

Marl with high magnesia content. 

39.03 48.63 0.75 8.83 l.11 0.59 
40.2 50.43 0.50 6.87 l. 30 0.36 

- ~---

20.75 22. 30 2.57 39.40 10.30 3. 40 

38.8 48.19 0.19 8.55 2.18 0.92 
·- -------·---

Marl with high magnesia con ent. 
I -
I 

40.61 50.89 0.60 5.30 1.52 o.48 
-----~-- ------ ---- e---- ----

31. '(C 38.07 1.611 18.76 6.86 1.95 

36.8 45.611 0.91 i1.58 3.26 0.90 

·--- ---~------ -----
I 

MurJ with hip:h lllli~neria 

l _ _Ll_J I 
cTtent. 

f.iO I Na
2
o 

<%r ( % ) 

~2-. ~Q2___ 

0.01 0.09 

0.02 0.06 
0.03 0.05 ---

0.10 0.0·1 
0.09 0.06 

---
0.08 0.15 

0.10 0.08 

o.oo 0.12 

o.oo 0.111 

o.oo 0.12 

I I I 

K,.,0 

( % ) 

_O.O'_( . 

0.90 

o.43 
o. 311 

0.18 
0.13 

------

0.93 

0.28 

0.13 
-

o.63 

0.37 

I 

CurT10- I 

nute \ _<.!2_ 

97. 311 

65.13 

85.00 
88.18 

88.07 
80.83 

44.36 

87.36 

91.83 

70.82 

83.02 

""•'1rka 
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'l'al·1e '/ (co11tinue,l) 

'fld Ckt1C'D8 

------
Borehole fo'rorn To 

no. (Ill) (m) 

K-6 
Spot level 166.2 
lipper o.o 10.5 
limestone --

Lower marl 10.5 15.0 

Lower 
limestone 

15.8 30.6 

Heat or 30.6 54.5 
Lore hole 

K-'( 

3pot lev,~l 172.7 

Upper marl o.o 3.5 
3.5 5.0 

Upper 5.0 111. 7 
1 ime3tone - -----
Lower marl 14.7 20.6 

Lower 20.6 30.0 
limestone 30.0 33.0 

---
33.0 36.2 

Rest of 36.2 1':>. u 
borehole 

K-~ 

Spot level 166.6 
Upper o.o 5.3 
limesto!le 

5.3 10.5 
Lower marl 

10.5 21.0 ,__ 

Lower 21. 8 27.0 
l imest,>ll0 

2·1. 0 29.0 
I 

Rest of 
boreliole - 29.0 53.0 

FuLl analyses 
------

LOT CuO tkd ~ ; i LI ,!\ l ':>l}i F..: O ; ''.O lh J' 
·~ (~) 1 I (%r ( % ) ( 3) ( % ) (r)' ( t;) I ( '.~ f 

40.12 50.85 o.60 5.75 1.00 0.110 0.03 0.06 
----- --- ---

33.6 110.36 l. 50 18.20 3.30 1. 10 0.12 0.61 

38.6 47.82 0.95 8.88 1.80 1.00 0.01 0.06 

Marl 'With T1igh magnesia con tenr- -n:t ---rowes i:--trert 

37 .8 li5. 511 1.49 ll.li7 2.50 0. '(2 0.00 0.12 

10.6 18.07 3.Q6 115.88 10.60 2.g_ o.oo 0.30 

40.6'( 50.50 0.69 5.58 i.04 0.20 0.00 0.10 
------- ----- --- ----- -- --- ----- --- -------- ---

31. l'( 36.94 1.50 21.10 6.13 1.9'{ 0.00 0.13 

38. l~ 46.9~ 1.00 9.67 2.09 o.83 0.00 0.12 

Ito. 9t 51.42 0.50 4.58 1.83 0.113 0.00 0.12 
---- ---1-- ---- -----

39.91 119.69 6.21 6.21 2.42 0.56 0.02 0.12 

' 
I 

Marl with high magnesia content ( 50.11-'(5 .0 m.) 

I I l I I I I I 
41. 5 51.9'71 0.62 11.26 0.79 0.111 0.011 o.of; 

27.3 31. 2· l. 75 29.61 5.87 2.50 0.00 O.H 

)'( .2 45. 5~ l.. 25 11. 35 2. 77 1. 33 0.02 O.O'i 
- ---- ._ __ --

39. ·1 49.2£ 1.011 6. 7[ l. 74 o. 76 0.03 0.0~1 

111. 61 52.3 0.112 3.81 0.96 o.li6 0.02 0.01 

I I 
-

Marl with hi~h ma&rnesia content. ( 4 4 • 3- ') ~ . 0 "' • ) 

---
I 

I'. ll Cu t'lin- I ., natc· I ( % ) <n 

o.18 91.9 
~-----

0.67 711.65 

o.41 86.98 

~n-:-ec:: 4 . ' 111 • } 

0.25 83.88 
1.16 37 .69 
Q.] 5 91.29 

-------
0. '13 68.70 

0.35 85.6 
0.22 92.6 

-----
0.52 99.7 

I 
0.16 93,79 

1.07 58.86 

0.05 83.117 
----

0. 3li 89.71 

0.16 911.10 

firiu,.rk11 

Dolomilt.ic limestc 
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'l'u.tilt..: ( (C<Jtltillllt.:d) 

------------ ----\ 
·n~iclknetia 

Bordiol t· 

l''ulJ amdEes 

-- -~~-----'-1~,~(;m _J ( ;~~ J~~~ ~ I ~%~ ]-~]TI~T 1 ~)0~IF~ ~~;-J_J~ 1 J ~~~~I ( ~7° (~on-
K-•J I 

Spot levc:(j 171.0 

Upper lime1-~~-I li1.li6 51.62 

36.90 

O.'{O~~ 

l.oo 121.19 I 6.91 

0.36 0.00 0.12 0.12 93.31 
stoue ----

a.co 0.13 0.57 67.60 2.00 6.1 15.0 30.31 
I I I I I I I I I I 

Lower 
mu.rl 
l.owt:r a t5.o 3ti.1 I 37.69 I 46.751 0.90 I 9.05 3,93 1. oo I o . oo I o. 07 o. 30 I 8li . 98 

1 imt:ti t'm'-' 
lkst or' 
borehole 

K-10 

11i. ·1 I 65. o Marl . with high n•agnes i 11 cont.~ni.-T43'~~-=o5. lJI~ 

Spot lev-ci I 166.1 
93.40 

U11per 
limes tc)!lt:: 

Lower 
marl 

Lower 
li!llt:S l.O!it..: 

Hest. ot' 
borehole 

K-.11 
~pot level' 
Upper 
1 ime:;:; t.O!le 

LoWJer 
m1ir l 

L\,w{·c 
lj1:wcrl 011t· 

H,·~; t c) !' 

litird1u l c 

-.-------

0.0 3.21 lil.4 51.561 0.81 I 3,92 1.29 

---~----· -----1-----1-- --·--- -1------

j.2 
11. 3 

11. 3 
21. 3 

31.01 
3'1. 4 

36.85 
li5.5 

l. 56121.83 
1.23 10. 93 

5.81 
2.94 

o. 39 I o. 02 I o. 09 l o .1 7 

--1~56t-o.u(· o.12 ,0.81-1· 68.50 l 

1.06 I 0:06 0.10 o.42 e3.34 

----- , ______ ,_ f-----1 ·-----~ ______ , 1------1---- 88.80 
, _______ , ___ _ 

o.:n 0.96 0.101 0.12 
21. 3 I 21L l I 39. ? 48.')~ 1.221 6.U11 2.09 

28.1 ~5.0I Marl 

1(7.li I . 
0.0 6. '{ J9. li3 48.T o.88 8.26 1. 61 o. tio 0.14 0.21 0.25~ 

-·-

f1 .1 ' 
11. l 211. 9'{ 28. 7t i.:n 32. ff( 8.69 2.2 0.05 0.35 i.11 53.80 

11.8 HI. 
l2 ?21 38 9, U. /8 19.6~~·1•1 0.061 0.25 I 0.95 I '/O .1'( 

ltLJ 23.1 ~8. l)') 1.0.. o. 5') u.61i 2. 39 o. 5ulo. j o . 25
1 

o. 1," I 86 . 86 

., L_ '/( .( __ Jli .. '.l!i ___ liU._l!~. U .. '11 tl...'2J.J __ .2 • .6Q. __ Q..W Q. .. 0 .15 _Q..J'i_ _ti'./ .£2-

2'{.0 liU.• Murl with high mugrwr:iiu content I 

I-

,-.;. ... ~.ark a 

: 
-
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'l'!ili le '( ( (•ont i mied) 
---- ---------~--- ~ ---- -·-----I 

llurt:ltu le 
-- th!.___ --

K-l. · 

11ah:kueaa 

From 
(~2_ __ 

I 'l'o 
( m) 

Dpol lev•l1 161.5 
"""".. l ,,,,e __ o ,~--[- -~' .._ 

-s Lunt.· 
' ~- l. 10. 3 

Lower 10.3 14.8 
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Lithologically, th~ upper limestone zon~ of the K~bir deposit ~s =cstly 
devoid of marly and clayey laminae and therefore the carbonate content of the 
layers forming the limestone zone is usually high. 

The Si02, MgO, Na2o + K20 and chlorine-ion content of the upper 
limestone layers of the Kebir deposit indicate the following: 

(a) The silica cont~nt is concentrated in the most southerly part of the 
upper limestone zone as in boreholes K-4, K-16 and K-11. The silica usually 
decreases in percentage descending to the lower limestone layers as in 
boreholes K-4 and K-17 situated in the south and the south-east respectively. 
The lowest silica content was met in borehole K-3 situated in an area 
north-west of the boreholes rich in silica, i.e. K-11, K-16 and K-4. Iu the 
other boreholes, the silica content does not exceed 5.58% as in borehole K-7 
and accordingly the limestone can be considered to be predominantly of low 
silica content. This can be attributed primarily to aging and also to the 
presence in some parts of the deposit of clay and marly laminae; 

(b) The MgO content of the upper limestone deposit is generally lo~ 
(lower than 1.0%) in most of the drilled boreholes. The maximum magnesia 
content is met within the southern and the south-eastern areas as shown in 
boreholes K-16, K-17 and K-15. The magnesia content shows a gradual decrease 
towards the lower limestone layers. 

(c) The Na20, K10 (alkalies) and chlorine contents are usually low 
and it is not of great value to describe them in detail. 

Upper and lower marly zones. The upper marly zone is found only in one 
area where borehole K-7 was drilled. This marly zone, capping the upper 
limestone zone, is a calcareous marly zone as its calcium carbonate content 
ranges from 37.69% to 83.88% (lower and upper layers respectively). The 
magnesia content reaches a minimum of 1.49% in the upper layer and a maximum 
of 3.06% in the lower layer. The silica ranges from 11.47% to 45.88%. The 
alumina content is rather low in the upper layer (2.58%) and somewhat high in 
the lower layer where it reaches 10.6%. The marly layers are completely 
devoid of 503 and the alkali values are low. The iron oxide ranges from 
0.72% (upper layer) to 2.52% in the lower layer. 

The lower marly zone underlying the upper limestone can also be 
considered as calcareous marly layers as the carbonate content ranges from 
44.36% as seen in borehole K-4 to 83.47% as in borehole K-8 (lower layer). In 
most of the boreholes, the carbonate content of the lower marly zone increases 
towards the lower layers. The magnesia of this lower marly zone ranges f~om 
0.6% as shown in the lowest layer of the marly zone (K-12) to 2.57% (K-4). 
The silica content varies from 9.60% as in borehole K-15 to 39.4% as shown in 
borehole K-4. The alumina content is within the range of 2.27% to 10.Jn: as 
seen in boreholes K-8 and K-4 respectively. The iron-oxide content oscillates 
between 0.62% and 3.4% as shown in boreholes K-1 (uppermost layer) and ~-4 
respectively. The S03 content ranges from 0.00% as shown in boreholes K-1, 
K-5, K-7, K-8 (upper layer), K-9 and K-12 to 0.8% as in borehole K-14. 

Alkalies and chlorides are relatively low. This can be attributed to the 
presence of small amounts of clay minerals in the lower marly zone. 



Lower limestone zone. In the Kebir deposit, the lower limestone zone 
{containi~.g more than 85% CaC03) is absent in some parts of the area as in 
boreholes K-1 and K-5, for example. In all the other boreholes, this 
limestone zone is present with one, two or three layers with different 
carbonate contents. The CaO and carbonates forming the main constituents of 
the layers of this zone range from 46.09% as in borehole K-15 to 52.33% as in 
borehole K-8 (lower layer). Therefore the carbonate content (CaC03 T 

MgC03) ranges from 85.05% to 34.10%. Magnesia varies from 0.42% in borehole 
K-8 (lower layer) to 1.6% in borehole K-15. The minimum silica value is 3.25% 
in borehole K-17 (lower layer) and the maximum value is 9.90% in borehole K-3 
(upper layer). Alumina ranges from 0.96% to 3.93% as in boreholes K-6 (lower 
layer) and K-9 respectively. Iron oxide ranges from 0.43% to 1.13% as shown 
in boreholes K-7 (lower layer) and K-3 (upper layer) respectively. The S03 
content ranges from 0.00% as in boreholes K-7, K-9 and K-12 to 0.16% as shown 
in borehole K-17. Alkalies and chlorides are relatively low. 

The Si02, XgO, ~azO T K10 and chlorine-ion content of the lower 
limestone layers of the Kebir deposit reflect the following facts: 

(a) A silica content of more than 9.0% is found in boreholes K-3 (upper 
layer), K-7 (upper layer), K-9 and K-15. This high silica content is not 
localized as these boreholes ~re distributed all over the Kebir area. A 
silica content from 6.0-9.0% is found in the boreholes K-2 (upper two layers), 
K-3 (lower layer), K-4, K-5, K-6, K-7 (lower layer), K-8 (upper layer), K-10, 
K-11 (both layers), K-12 (both layers), K-13 and K-14. A silica content of 
6.0-9.0% is therefore typical of most of che limestone in this area. A silica 
content below 6.0% is found in boreholes K-2 (lowest layer), K-7 (lower 
layer), K-8 (lower layer) and K-17 (both layers). The silica content of the 
limestone layers shows a percentage decrease when going down to the lower 
layers as shown in boreholes K-2, K-3, K-7, K-8, 'C-11 and K-14. Borehole 
K-11, where it increases downwards, is an exception; 

(b) The magnesia content can be considered as relatively low in all the 
lower limestone layers shown in the boreholes; 

(c) The alkali and chlorine contents of the lower limestone layers are 
usually low. 

As can be seen in table 7, Polservice drilled deeper than the lower 
limestone layers but unfortunately all the drilled layers were marly (as shown 
in boreholes K-1) or marl with its lowest layers rich in magnesia as seen in 
the rest of the boreholes. In some cases, this lowest marly layer is covered 
by dolomitic limestone as indicated in borehole K-7. 



II. EVALUATION OF THE GEOL<X;ICAL INVESTIGATIONS 

In attempting to assess the supply of raw materials needed for cement 
production at the Al-Khums I c~ment Plant, the co-ordinator evaluates and 
comments upon the findings of the Polservice report of 1974, the method of 
investigation, proposed exploitation of the raw materials, quality control and 
raw-mix designs. Information not dealt with in the Polservice report is 
included since, although Polservice carried out extensive investigation work, 
the co-ordinator believes that the supplementary information and advice will 
be of assistance to the Al Khums authorities in determining the best way of 
exploiting the raT,or-material quarries and the correct use of these materials in 
producing the proper type of cement. 

The study of economic feasibility presented by Polservice is not 
commented upon here as it is outside the co-ordinator's brief and the figures 
presented will anyway have become out of date. 

A. The chemical composition of the deposits 

It is obvious from the results of the chemical analyses given in tables 6 
and 7, that the ~annubia and Kebir deposits in general are of an inhomogeneous 
character and that the chemical compvsition of one zone can vary vertically as 
well as laterally, even in the same bed, from high-quality limestone to marly 
or clayey material. To demonstrate the inhomogeneity of the different layers 
forming the Mannubia deposit, figure I shows the chemical composition of the 
deposit in graphic form. In borehole M-1 for instance, within 10 metres depth 
(150-160 m), there are more than five layers with different chemical 
compositions. The difference in Cao content varies from 25% up to more than 
50%. This means that this zone contains high-quality limestone which drops 
within a few metres to a clayey material. The abrupt change in the CaO 
ccntent, without preblending, would affect the raw-mix design and therefore 
~lso the behaviour of kiln burning. 

There is no exact boundary between the limestone zones, either upper or 
lower, and the marly zones. The difference will ~e felt in the quarry at the 
time of exploitation because of the difference in the physical properties of 
both types of rock. As a matter of fact, this factor will influence the 
methods of exploiting both types, as explosives are required for extracting 
limestone and ripping will be used for the marly and clayey layers. The 
amount of marly layers present in the limestone zone will therefore influence 
the consumption of explosives. 

The chemical analyses of the upper and of the lower limestone zones 
showed that it is suitable for cement production as the CaO content is 
sufficient to supply the raw mix with the lime component. On the other hand, 
the marl, either upper or lower, is unable to supply the raw mix with the 
alumina er the iron component. rherefore, the deficiency in Alz03 and 
Fez03 has to be supplied by incorporating an alumina-rich raw material 
like bauxite or Margheb clay and an iron-rich ore such as Galmoya iron ore. 

The magnesia as well as the alkali content as shown in tables 6 and 7 are 
of low values and therefore will create no problems either in the kiln 
operation or to the cement produced. 
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If the proper quarrying, exploitation and preblending methods are 
adopted, it does not seem necessary to equip the kilns with a by-pass. 

The type of chemical analysis carried out by Polservice was sufficient to 
give a good overall knowledge of these deposits. 

B. Methods of investigation used 

As described above, Polservice drilled 13 boreholes in Mannubia (total 
depth )83 metres) plus four trenches (total length 523. 7 metres). In the 
Kebir area, 17 boreholes were drilled (total depth 997.0 metres) plus two 
trenches (total leqth 255.5 metres). This drilling and trenching was carried 
out to give detailed information on the ra..r--material in the deposits, their 
type and quantity. 

It is cl~ar that most of the boreholes were haphazardly distributed all 
over the upper parts of the two ridges. All the boreholes drilled were 
concentrated above the 160 metre contour line in both the Mannubia and Kebir 
areas. It is also clear that some boreholes cover very narrow areas as in 
boreholes M-1, !1-3, M-4, ~!-5, M-10, K-2, K-3, K-4, K-10, K-11, K-12 and K-13, 
while elsewhere, wide areas were covered and investigated only by one 
oorehole, i.e. K-7 or K-4. 

Even if it is accepted that there was no other way in which Polservice 
could have distributed these boreholes more evenly, the adequacy of the 
investigation can only be accepted if the results from these boreholes were 
supplemented alon~ the deposit peripheries by digging trenches every 200 
metres to show the boundaries of the different layers and their cheQical 
composition. 

The four trenches in the Mannubia area and the two trenches in the Kebir 
area were or.ly dug along two sides, on the northern and eastern edges. These 
trenches were not only too few but leave us without any information about the 
stratification of raw materials on the other two sides. Because of this, the 
boundaries of the deposit drawn by Polservice c~nnot be relied on. Similarly, 
the calculation of the amount of ore reserves of the different types of raw 
materials must be considered uncertain. 

It should be pointed out that the total depth of drilling carried out 
could have been used to cover more of the area with more boreholes if 
Polservice had made use of the results of the abbreviated analyses carried out 
at the time of drilling. It is well known that abbreviated (or quick) 
analyses have to be carried out at the time to determine some facts about the 
CaO and especially the MgO content in the deposit. The magnesia ought not to 
exceed a certain limit in the raw materials to be used in the cement industry 
as it is poisonous above this limit. It is clear from all the abbreviated 
chemical analyses carried out by Polservice that in most of the boreholes the 
magnesia started to exceed the maximum limits at depths below 50.0 metres in 
Mannubia and below 30.0 metres in Kebir. In spite of the quick-analyses 
results given a~ the time of drilling, no action was taken by Polservice to 
stop drilling at that point and in most of the boreholes drilling was 
continued to depths of about 70.0 metres. 

• 



Apart from the magnesia content, the excessive depth of the drilling 
penetrated into ~arly layers of no g~P.~t use as the uooer and lower marly 
layers represent reserves of material in excess of th~t required for cement 
production in the Al Khums I Factory. 

c. The exploitation of the available raw materials 

Based on the chemical analyses of the Mannubia and Kebir deposits, 
Polservice proposed to divide the Mannubia deposit into four benches or 
exploitation levels. Bench I, with a base altitude of 154 metres above sea 
level, consists of limestone and calcareous marls with a CaC03 content in 
the range of 85-90%. Bench II, with a base altitude of 142 metres above sea 
level, is composed principally of marly rocks with a CaC03 content in the 
range of 67-75%. The underlying bench III, with a base altitde of 130 metres 
above sea level is composed of m3rly limestone with a CaC03 content of 
75-787. which is in the range of a natural cement mix or slightly above it, as 
stated by Polservice. The lowest bench, bench IV, (base altitude 110 metres 
above sea level) consists of clayey marls with an average CaC03 content in 
the range of 53-66~. 

In order to assess the above-mentioned proposal, the co-ordinator tried 
to draw maps showing a cross-section of the deposit at the base altitude of 
each of the top three proposed benches in the Mannubia deposit. The 
percentage of CaO conte.nt at that altitude was also shown on the maps as 
indicated by the analyses of the drilled boreholes. These three 
cross-sections are given as figures II, III and IV. 

From the cross-section at the level of bench I, it can be seen that the 
limestone with a CaO content of more than 50% is mostly found on the eastern 
side of this bench. In a very small area surrounding borehole ~-10, the Cao 
content ranges from 40-45%, i.e. the CaC03 content ranges from 71.3-80.26%. 
The remaining areas consist of marly deposits with a CaO content of 25-307.. 
The area surrounding borehole ~-1 has a CaO content of 35-40%. These 
statements appear to contradict the Polservice results mentioned previously. 
The co-ordinator believes that while, according to Polservice calc~lations, 
the average CaC03 content of the deposits predominating above this base 
altitude is within the range of 85-90%, this assumption can be accepted only 
if quarrying were carried out according to the Polservice procedure, ~hich 

turned out in practice to be very difficult to follow. 

In fact, selective mining was followed by the Al Khums I Plant as it is 
the easiest way to ensure compliance with the soecification requirements of 
their raw-mix design. Limestone is selectively quarried and excavated as 
limestone regardless of whether it contains 85% or more than 95% Caco 3 or 
whether the thickness of the limestone strata is one metre or more than 15 
metres. The same process will be followed when dealing with the marly 
strata. In practict, therefore, Polservice'~ bench proposal has ~ot been 
carried out in the Al Khums quarry over the last years, 

To clarify the situation, the co-ordinator plotted various vertical 
cross-sections of the ~annubia area. These sections show all the 
possibilities that could be chosen for ~xploiting the raw-material deposits ln 
this area. These vertical cross-sections cutting the deposit in different 
directions are shown in figures V, VI, VII, VIII, IX and X. 
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These ~ross-sections are self explanatory and show clearly that, in any 
direction which could be chosen to start exploitation, after a few metres a 
limestone layer will change to calcareous marl, marl or a clayey layer or vice 
versa. The change will cause problems in the burning of clinker and kiln 
behaviour as the ra~mix composition will be always changing. For this 
reason, there is no point in discussing Polservice's proposal for bench 
openings in the quarry. The co-ordinator agrees with the method now used for 
exploiting the quarries and will discuss this further later on in the report. 

All the upper limestone covering the area arcund boreholes M-5, M-6, K-7 
and M-8 and part of the area around M-1 and M-2 has been extracted and used in 
cement production during the last years. (See figure II). 

The co-ordinator will not com.~ent on the exploitation of the available 
raw materials in the Kebir deposit as Polservice stated in their report that 
the structure of the Kebir deposit is even less regular than that of the 
Mannubia deposit. At Kebir, the individual members of the succession of 
strata show a wicie range of variation both in base altitude and in thickness 
and the opening of quarry benches would be even more impractical. 

D. Quality control 

The Portland cement raw materials, limestone, marl and clay, which are 
present in the Mannubia and Kebir areas, vary greatly in their mineralogial 
and chemical composit~on even in one area or in the same bed. Because of 
these variations in chemical composition, the proportions of the raw mix must 
be corrected at frequent intervals. These corrections involve frequent and 
time-consuming calculations of the mix ratios which requires also more 
personnel. These corrections should take place the the earliest stages, at 
the quarry work face, the preblending stores and the raw mills. This avoids 
serious production problems and unnecessary costs which may be i~curred if the 
quality-control personnel have to intervene subsequently to make corrections 
at a later stage of the production process. 

Polservice recommended that materials should be periodically sampled and 
tested at the work face in order to ensure a supply of raw materials in the 
proportions needed. At the end of the year, the actual reserves belonging to 
the exploitation front of each level should be confirmed. Polservice 3dded 
~~~t ~hP. quarrying operations like drilling, blasting and loading should be 
carried out only by worker~ with t~e nPeessarv qualifications. All the work 
should be supervised by experts in mining and geology in order to ~IiSure the 
correct grade of quality of the raw materials. Polservice also stated that 
the factory laboratory should exert continuous strict control on the work of 
the quarrying and production departments. A list of the mixes should be 
supplied which would enable the quarrying department to adjust the advance of 
the quarry faces in the indivdual benches so as to provide a proper proportion 
of the materials. 

From these Polservice recommendations, it is clo.ar that this company 
foresaw the serious problems that could arise in future when dealing with the 
limestone and marl deposits in their natural state in the Mannubiz and Kebir 
areas in view of their inhomogeneity and variable quality. 



In the co-ordinator's opinion it would have been better for Polservice at 
the time of the investigation to recotmnend the use of a process computer so 
that the components could be fed into the system in a constant composition. 
Deviations can be tolerated only within narrow limits as uniform kiln and 
material t<!lDperatures are fundamental conditions for achieving a high level of 
efficiency in the production plant and maintaining output at peak level. If 
this type of automation were used in the Al Khums I plant, it would mean that 
the material flow in this piant could be controlled for periods of several 
hours, or even days, by means of analog controllers or a process computer, 
without the need for such a large number of expert personal. In this plant, 
the minimum equipment required for mix control is a programmable table-top 
computer in conjunction with X-ray fluorescence equipment and controls for the 
following factors; lime standard, silica modulus and alumina modulus. In this 
system, the computer would give print-outs indicating the necessary 
readjustments to the weighing machines. The installation of such a process 
computer at that time (1974) would have been the most economical solution to 
the problems of mix control. 

The results achieved by the computer can be expressed in terms of 
increased rotary kiln throughput and reduced heat consumption. Savings were 
reported by other plants to be in the range of 5-7% where the computer 
performs kiln control and mix control. Indeed, mix problems have been solved 
in many cement plants all over the world, applying integrated control by 
process computer. 

Another aspect is that the output of the basic raw materials used by the 
Al Khums I Cement Plant has to be increased and this method of quality control 
will offer substantial advantages in achieving this. 

If it had been possible to introduce the process computer at the time of 
erecting the plant extension, the economic benefits would have been greater 
and the results better than if the installations are introduced step by step 
up to full automation. 

As well 
pecessity of 
considered. 
raw-material 

as achieving integrated control of the raw-material flow, the 
blending the basic raw materials properly must also be 
In dealing with this subject it is necessary to clarify the 
blending situation in Al Khums I as follows: 

(a) Production line I is provided with a covered raw-material store with 
a set of reclaiming belt conveyors; 

(b) Production line II is provided with an open stockpile for ~arl and 
limestone with two mobile, slewing, clamshell cranes. It also has a 
raw-materials proportioning station with hoppers, box-type feeders and 
weighing belt conveyors. 

It is clear that there is no hope at all of getting proper blending of 
raw materials from the primitive raw-material stockpiles of both production 
lines as described above. 

It has already been pointed out that the raw materials used have wide 
variations in quality. In such circumstances it is the co-ordinator's opinion 
that it will only be possible to obtain the grades of material suitable for 
cement production in Al Khums I by means of controlled selective quarrying, 



followed by homogenization of the loosened material. This latter operation is 
usually carried out by be,.!ding, i.e. in a mixing bed. It is also necessary, 
especially when dealing with the basic raw m~terials, that the quality-control 
activities should be concentrated at the quarry work face and this will, of 
course, greatly affect the whole quarrying operation. 

The other important factor is the use of a proper blending stockpile. A 
number of stockpile suppliers offer various systems of which the prices 
fluctuate widely. The degree of preblending offered is about proportionate to 
the installation costs. The co-ordinator recommends the installation of a 
stockpile with sufficient capacity to serve the production of both production 
lines. This stockpile ought to have practically all the layers piled by a 
flying belt conveyor (stacker). These layers are cut during reclaiming and 
consequently an even blend is obtained by slices being removed from the entire 
cross-sectional area. The stacker has to be equipped with an 
electronic-control flying system to regulate the stopping times automatically 
in the end zones, depending on the height of the pile. Very good homogenizing 
or blending can also be achieved by building a sub-surface stockpile 
(homogenizing tanks or troughs). The corresponding extra cost of investment 
will then lead to savings from the energy point of view as the calcination 
operation will be more regular. 

An important development is the "Computerized Evaluation System" (CES) 
for raw materials recently developed by F.L. Smidth of Denmark. This has been 
successfully introduced in a cement plant which for a number of years had been 
processing a clay of greatly varying composition that caused fluctuations in 
the raw mix, disrupted the operation of the kiln and shortened the life of the 
refractory lining in the burning zone. The Al Khums authorities could ask 
Polservice to apply this method in future in exploiting the raw materials. 
The actual bench layout has to be calculated by CES so that it is possible to 
control the difference in CaC03 content and to adjust this content to the 
correct percentage required either when the basic raw materials are being 
mixed during excavation or when they are being processed. Moreover, to ensure 
smooth working conditions throughout the digging benches, the variations ln 
composition of materials within benches should be kept to a m1n1mum. 

If a prehomogenization stockpile is erected it would be possible to avoid 
chemical fluctuations over a period of at least several days. If the Al-Khums 
I Cement Plant is not equipped with a prehomogenization system, this will mean 
that the quarry has to be exploited with great care to avoid supplying the 
production line with raw materials of fluctuating characteristics and 
frequency, which is otherwise likely to happen all the time. This kind of 
quarry exploitation requires a great number and variety of machines and 
vehicles and this in turn leads to extra costs in quarry investment and also 
higher running costs. 

E. Ra~mix designs 

The production of Portland cement by a clinkering process depends on the 
chemical composition of the mix, the physical state of the raw materials (such 
as fineness), the temperature and period of burning. The chemical composition 
of Portland cement must fulfill certain requirements to ensure its successful 
use and stability. For example, a limitation is placed on the lime content to 
ensure that the cement shall not contain an excess of lime over that which can 
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combine ~ith the acidic oxides. Such an excess would be liable to produce 
unsoundness. Accordingly, a proportioning formula, the "lime modulus", is 
provided for calculating the maximum amount of lime which can combine with the 
acidic oxides during burning. The relationship between the silica, alumina 
and iron-oxide contents of a cement is expressed as the "silica modulus" (SM) 
which usually lies between 1.5 and 3.Z and ideally should be between 2.2 and 
2.6. As the silica modulus increases, chemical combination becomes more 
difficult, especially when the ratio exceeds 3. Thus an increase in the 
silica modulus impairs the burnability of the raw mix. Increasing the silica 
mod~lus produces cements with slow setting and hardening properties. On the 
other hand, cements with a low silica modulus have excellent early strengths. 
The ratio of alumina to iron oxide, known as the "alumina modulus" (A .. '1) is in 
the range of 1.5 to 3.5 and as it increases chemical combination also becomes 
more difficult. When the alumina modulus is low, over-production of flux or 
liquid formation may occur which in turn narrows the range of temperature 
::iperation. 

These fundamentals are described by the co-ordinator to stress the 
necessity of supplying the kiln with a steady flow of raw-mix constituents 
whose chemical and physical state will be suitable for burning. Any change in 
these factors will upset the behaviour of the kiln and react unfavourably on 
the kiln lining and the quality of the clinker produced. 

Dealing with the Polservice recommendations on raw-mix design, the 
co-ordinator feels that Polservice has treated this part of the study in a 
theoretical way and there is too little comment on the practical application 
of these raw materials in the ?roportions suggested to produce clinker 
complying with the standard specifications. The co-ordinator's comments 
concentrate upon some practical applications and facts as follows. 

The raw mixes used in the Al Khums I Cement Plant up till now were mainly 
dependant on limestone and marl (both from the ~argheb deposit), imported 
bauxite and iron ore from the Galmoya region. The proportion of these were 
within the following ranges; 

Limestone 
Marl 
Bauxite 
Iron ore 

Percentage 

50.0-62.0 
35.0-45.0 

1. 5-1. 7 
1. 4-1."' 

The raw mill's hoppers, proportioning equipment, feeders and weighing 
belt conveyors were designed to deal with these percentages of the raw 
materials. 

According to data from the Al Khums I plant, the carbonate content of the 
limestone used in the raw mix since the beginning of 19a) has been in the 
rc.nge 83. 7 8-96 .3 ~. The alumina content of the marl used in the same period 
has been in the range 1. 7-7.SEJX,. The sar'"" variatons existed in the contents 
of the other oxides in the limestone and the marl. Although the variations 
were not very great, they were reflected in the quality of che clinker 
produced, i.e. in the percentage of the clinker phases produced. 
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The system ?reposed by Polservice for proportioning the raw-mix designs 
given in their report, using the raw mater .i.als from the ~-lannubia and Kc=bir 
deposits, was very complicated and in practice could not be applied smoothly 
without the help of a preblending system, quality control and the introduction 
of some adjustments in the proportioning a~d weighing equipment. Their 
proposed raw-mix designs are shown below. 

Raw-mix design number 

Component 1 2 3 4 5 6 7 

Limestone 53.8 15.3 69.7 00.4} 95.3 21.4} 95.0 
~arl .'.d.5 80. 1 2 5 .3 15.0 72. 6 
Iron ore 1. 7 1. 6 1. 5 1. J 1. 2 1. 5 1. s 
Clay 3.0 '.'.O 3.5 3.3 3.5 3.5 3.5 

From these raw-mix designs, it is clear that the percentages of iron ore 
and of clay in the raw mix will remain fairlv constant. The iron oxide onlv 
varies from 1.2-1. 7% and the clay from 3.0-3:5%. The major components, · 
limestone and marl, are shown as varying in a very considerable way. The 
average percentage of the base rock (calcareous marl) could vary from 0.0% to 
95 .o~c 

According to the co-ordinator's as well as Polservic~'s raw-mix 
calculations, it is clear that ~argheb clay, despite its high silica content, 
will be suitable as a corrective material to replace the imported bauxite. 
This clay is located in the irmr.ediate vicinity of the cement plant which is a 
great advantage. 

However, according to Polservice, the replacement of bauxite by clay will 
require certain modifications to the existing process technology and equipment 
in the cement plant. The modification of process technology involves; 

(a) An increase in CaO content in the raw meal from 4l.5-42.5% to 
42.5-43.o: in order to saturate the silir~ i~t~oa~ced in the clay with lime; 

(~) ~n increase in the lime saturation factor (LSF) fr0m the present 
90-92% to 92-94% since the clinker produced with the help of clay will contain 
less C3A which is responsible for the initial st~ength of cement. This can 
be compensated by increasing the C3S content obtained through the LSF; 

(c) The above modification will require a raw meal with Caco 3 content 
in the range of 75.5-76.5% instead of in the range 74.5-75.5% used at present. 

The necessary modifications of equipment will involve; 

(a) The installation of an appropriate type cf crusher for clay (erected 
and under test) ; 

( b) The construction of a clay store roofed for protect ion against rain; 

( c) The inst a 1 lat ion of a transport and feeder sys terr. supplying clay to 
both r<!.W materials mills. 
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The present feeder system, designed to supply bauxite and iron oxide, will 
hP inadeouate for suoolvin2 clav because of its construction and small 
capacity: The amount.of clay needed will be three times greater than that of 
bauxite. 

It has been suggested that, to change from 1. 7% bauxite to 5.0% clay 
would require modifications of equipment while in order to change the 
perc~ntages of marl and limestone in the mix, no modifications in the 
equipment are required. The co-ordinator believes that this is not correct 
and that variations in the carbonate content of both limestone and marl would 
also require modifications to the transport and storage systems. 

In general, it will be very difficult for the quality-cont~ol personnel to 
control the oscillation of the carbonate content and kiln behaviour. 

F. Ore reserves 

As shown in table 4, the workable reserve~ as calculated by Polservice 
(re-arranged and rP.tabulated by the author) amounted to the following: 

(tonnes) 
Mannubia Bench I 3 3 91 12 5 

Bench II 5 2 79 200 
Bench III 8 709 123 

Subtotal 
Kebir Bench I 1 396 55 8 

Bench II 3 430 923 
Bench III 8 133 423 

Subtotal 
Total 

Polser.vice also established the existence 
of a fourth level in M_annubia which, if 
exploited, would increase the total 
workable reserves to 

17 3 79 44 8 

12 960 904 
30 340 352 

42 525 000 

Polservice has estimated that the raw materials from the Mannubia-Kebir 
deposit will secure the praduction of the cement factory at Al Khums I for 40 
years. This is based on the following assumptions: 

(a) The workable reserves of the Mannubia deposit, as shown, amount to 
17.4 million tonnes. This, together with 1.2 million tonnes from bench l of 
the Kebir deposit, gives reserves of 18.6 million tonnes. This would secure 
the production of the cement factory for 27 years at a yearly demand rate of 
730 thousand tonnes; 

(b) The reserves of benches II and III in the Kebir deposit are assessed 
as 11 million tonnes and, assuming that the marl of bench II and limestone of 
bench III will form 95% of the raw meal, these reserves will secure the 
production of the cement factory for another 16 years, i.e. a total of more 
than 40 years. 



The co-ordinator has several comments to make on this calculation of 

It was mentioned above that the raw mixes designed by Polservice could 
only be applied if preblending-homogenization and automated quality control 
were used. Failing this, since controlling the quality as proposed by 
Polservice would be so difficult, it appears that selective mining or 
quarrying would be the best way to control the quality of the raw meal 
entering the kiln. 

In practice, the upper limestone in the Mannubia quarries was and still 
is being exploited selectively to provide the raw meal with its calcareous 
component and the marl was and still is being exploited only to supply the raw 
meal with the necessary siliceous and aluminous components. Using calcareous 
marl as the maiu component to replace limestone and marl would create se=ious 
?roblems in clinker production. 

Because of these doubts about including calcareous marl in the reserves 
and because the uneven distribution of investigatory boreholes and the lack of 
adequate supplementary trenching may not have given an accurate picture of the 
reserves, the amount of reserves calculated by Polservice cannot be accepted 
as proven. 

Even if it is agreed that the ore-reserve calculations carried out by 
Polservice were accurate, the following facts should be pointed out: 

(a) All the upper limestone predominating in block II (represented by 
boreholes ~-8 and M-6) has been completely exploited; 

(b) The upper limestone covering blocks I, III, IV and V has been partly 
exploited; 

(c) The clinker produced in the Al Khums I Cement Plant since 1979 (when 
the ~annubia quarry was opened) was 601,237 tonnes which consumed 700,000 
tonnes of limestone extracted from the biocks mentioned above; 

(d) Therefore, the workable reserves of limestone present in the 
~annubia deposit after deducting the amount used will be: 

3 391 125 tonnes workable reserves 
-700 000 tonnes exploited limestone 

2 691 125 or approximately 2 700 000 tonnes 

(e) As already explained, the lower marly zone underlying the upper 
limestone is very thick and it is impossible to use all of it in the raw meal 
because of the practical difficulties, at least until the introduction of 
preblending and automated-control methods or until future technological 
progress makes it possible to use this type of material without any harmful 
effects on clinker production. In the meanwhile, if the marly zone cannot be 
exploited, the lower limestone will not be exposed and this limestone would be 
needed to satisfy the proportions of approximately 70% limestone to 28% marl 
us~d at present in the plant's raw mix; 
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(f) The total limestone reserves in both the Mannubia and Kebir deposits 
amount to: 

Mannubia 
Kebir 

Total 

2 700 000 tonnes 
l 400 000 tonnes 
4 100 000 tonnes 

(g) As the yearly demand of raw materials amounts to 730,000 tonnes and 
as about 70% of this quantity is limestone, approximately 500,000 tonnes of 
limestone are required annually for the clinker production of 440,000 tonnes 
per year; 

(h) The total limestone reserv~s given above will therefore only be 
sufficient for cement production at Al Khums I for approximately eight years 
(4,100,000 ~ 500,000). 

It must also be said that in order to extract the Margheb clay, the very 
thick marl overlying this clay ought also to be used in the raw-mix design or 
else it has to be discarded as useless material. 

However, the ore reserves calculated by the co-ordinator as sufficient to 
supply the Al Khums Cement Plant's full production for eight years, could be 
extended to cover a lifetime of more than 25 years if the production lines are 
modified and overhauled and the following recommended procedures are adopted. 

Drilling more boreholes in the Mannubia and Kebir deposits. This further 
investigation has to be carried out to determine the true bedding conditions, 
assess the suitability of every metre of depth according to its chemical 
properties and to select (especially in the marly zones) the most suitable 
areas in these deposits for future opening up. Information from these 
boreholes has to be supplemented by digging more trenches surrounding the 
limestone outcrops. 

Evaluation of the geochemical data obtained from the exploration must be 
substantially speeded up by means of a suitable computation system such as the 
Computerized Evaluation System (CES) for raw materials recently developed by 
F.L. Smidth (Denmark). In this method, the chemical analysis of the drilled 
cores can be stored, section by section, with associated data relating to the 
co-ordinates of the borehole, the depth and the thickness of the deposit. By 
making use of appropriate programmes, it is moreover possible to store the 
results obtained from inclined boreholes, trenches and from trial pits and, 
taking into account the dip of the strata, to obtain a strata-related 
representation of the geochemical conditions. 

Since the benches in the quarry are usually horizontal, the computer ca~, 
via the standard deviation, determine coefficients of variation and limiting 
concentrations for selected areas of the deposit. From this information, the 
bench height and bench sections can then in turn be obtained. This data 
collection can be regularly updated and supplemented by further analyses 
during the subsequent actual quarrying operations so that predictions of the 
chemical composition of the material found in the individual stages of 
quarrying can reliably be made. It is also possible to let the computer 
produce maps indicating lines of equal chemical concentration, which provide 
information for determining the direction of quarrying. 
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The erection of a suitable stockpile to provide finished products of 
constant quality ;.;hilst adapting production to the heterogeneous nature of the 
Mannubia and Kebir deposits should be studied as early as possible. The 
reasons for providing this intermediate device to make the raw mix homogeneous 
are: 

(a) Better utilization of the predominantly inhomogeneous raw-material 
deposits in Mannubia and Kebir; 

(b) Better uniformity of the raw meal and of the clinker produced so 
that the quality of the cement is more nearly constant and within the standard 
specifications; 

(c) Automation of raw-mix proportioning has become essential for the 
lowering of costs. 

The mean chemical composition of the prehomogenization stockpile has to 
be precisely known during its formation so that the necessary corrections can 
be made. This calls for: 

(a) Installing a reliable apparatus to take samples of representa~i~e 
material placed on the bed (sampling station); 

(b) Being able to analyse these samples rapidly to obtain their chemical 
composition (x-ray flourescence equipment); 

Cc~ Having the computational means to transform the data obtained into 
concrete directions for blending, with a minimum response time (computer). 

G. Summary of the co-ordinator's cormnents 

Geological investigations 

The 30 boreholes drilled by Polservice in both the Mannubia and Kebir 
deposits and the trenches dug were not so well distributed as to cover the 
entire area of these deposits. The depth of the boreholes drilled was more 
than sufficient but was also wasteful and unnecessary as it penetrated down to 
dolomitic rocks. The boreholes could be said to give sufficient information 
for such inhomogeneous deposits and such a shapeless area, but the two areas 
are still in need of more confirmatory trenches to be dug around the upper 
Umestone outcropping boundary. 

Chemical analysis 

The quantity and type of analyses carried out by Polservice was 
sufficient to get a good knowledge of the deposit from the 
chemical-constituents point of view. However, Polservice failed to include in 
their report the descriptive meanings of the chemical-analyses results. This 
part has been supplied by the co-ordinator. 



Exploitation of the raw materials 

Selective mining as carried out by the Al Khums I CemPnt Plant was the 
easiest way to fulfill the specification requirements of the cement raw-mix 
design. The Polservice proposal tc divide the Mannubia and Kebir deposit into 
four benches for exploitation could not be carried out unless the plant were 
to be equipped with some special facilities. From the co-ordinator's 
explanatory drawings and sections cutting the deposits in different 
directions, it can be clearly seen that, in any direction chosen to start 
exploitation, the materials excavated will change their carbonate content so 
frequently and to such an extent that it would affect the clinker burning, 
kiln behaviour and the quality of cement produced. 

Quality contra 1 

The investigated raw materials in both the Mannubia and Kebir deposits 
vary greatly, mineralogically and chemically, even in one place or in the same 
bed. If the Polservice proposal to open the quarries in four benches were 
followed, the proportions of the raw mix would have to be corrected at 
frequent intervals which would require more personnel to undertake the 
time-consuming calculations needed. It would have been better at the time of 
submitting the Polservice report, to recommend the introduction of a process 
computer in conjunction with x-ray fluorescent equipn;ent to give automated 
control of the quality of the raw materials, raw-mix design and clinker 
produced. If the process computer had been introduced at the time of erecting 
the second production lin0, it might have been economically possible to 
implement the bench-excavation proposal. Polservice should also tave included 
in their report a recommendation to use a proper blending stockpile as they 
were well aware of the poor conditions for storing and blending raw materials 
in pro0uction line I. 

Raw-mix designs 

This part was dealt with by the contractor rncinly on a theoretical basis 
as, in practice, the raw-mill hoppers, proportioning equipment, feeders and 
weighing belt conveyors were designed for a certain range of raw-mix design 
and could not cope with all the proposed designs with their very wide 
proportioning range. I~ order to meet such a wide proportioning range, all 
the equipment would have to be modified and in practice was not capable of so 
much modification. Apart from this, it is clear that a preblending system is 
required to supply the kilns with steady raw-mix constituents. The 
co-ordinator agrees that Margheb clay would be suitable to replace bauxite as 
a corrective material, but certain modifica:ions to the existing technology 
and installatioG~ would be raquired to process the clay. 

Ore reserves 

The ore reserves calculated by the contractor cannot be accepted as 
proven reserves for the reasons given in detail previously. According to the 
co-ordinator, the workable ore reserves ~f limestone available in the ~annubia 
and Kebir deposits a:ter subtracting the quantity already used, amount to 
about 4 million tonnes, which is sufficient to last the Al Khums I Cement 
Plant for approximately eight years. 
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III. OTHER NEW DEPOSITS INVESTIGATED 

Polservice investigated some other areas to the south of thE main coastal 
road and said that their investigations resulted in the discovery of limestone 
reserves larger than those specified in the contract. In the~r opinion, this 
discovery created the possibility of further development of the cement 
industry in the Al Khums area. le was decided at that time by the General 
Director of the National Cement and Building ~aterials Company that the 
limestone deposits situated north of the main coastal road (~annubia and 
Kebir) would be reserved for the cement factory, Al Khums I. The deposits in 
the area situated south of the main coastal road would form the raw-material 
base for the planned new cement factory, Al Khums II. The two new areas were 
known as the Juma and Cretaceous limestone deposits. 

Although both these derosits were situated south of the main coastal road 
and therefore were allocated to the planned new cement factory, it was felt to 
be of interest to corranent here upon the data given by Polservice on each of 
these two areas. It is possible that their reserves may be rescheduled to 
supply the Al Khums I plant. 

A. Juma limestone deposit 

Polservice investigated this deposit, situated south of the main coastal 
road, by drilling six boreholes. Polservice stated that the succession of 
strata here is upper marl, upper limestone, lower marl and lower limestone, on 
average totalling 20 metres in thickness. Polservice added that the analysis 
of samples collected from boreholes showed good quality materials in this 
deposit. They assessed the surface area as 0.425 square kilometres, the mean 
thickness of the deposit as 20 metres and the bulk density as 2.2 tonnes per 
cubic metre so that the reserves of the Juma deposit were then estimated 
conservatively as amounting to 17 million tonnes. 

The co-ordinator has collected the data on the chemical analyses and 
these are presented in table 8. 

The co-ordinator's comments on all the findings on the Juma deposit are 
as follows. 

The chemical analyses and the descriptions of the bore-hole logs 
indicates the true similarity between both successions as the Tertiary rocKs 
consist here of the upper marl, the upper limestone, the lower marl and the 
lower limestone. 

The co-ordinator disagrees with Polservice's conclusion that the mean 
thickness of the deposit is 20 metres and that all the deposit is of good 
raw-material quality and is suitable for cement production. He gives the 
following reasons: 

(a) The figures ;or CaC03 content, as indicated in table 8, show that 
the materials in this zone vary from pure limestone containing 96.00',; ,·l,·r1 3 
to clayey material. This oscillation of CaC03 content in the raw materials 
supplied to the raw mills and kilns is undesirable; 

• 
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(b) The upper limestone beds (containing more than 80% CaC03) are 
confined, as in the Mannubia and Kebir deposits, to the uppennost layers and 
its thickness ranges from 5.2 metres as showT1 in borehole J-6 to 10.3 metres 
and 10.1 metres as in boreholes J-2 and J-5 respectively. Accordingly, the 
average thickness can be conservatively estimated as 7.3 metres. 

(c) The lower limestone beds (containing more than 80% Caco 3), as in 
the Mannubia and Kebir deposits, are overlain by marly limestone or marly 
beds. The thickness of these limestone beds as shown in table 8 ranges from 
11.9 metres as seen in borehole J-2 to 2.6 metres as in borehole J-1. 
Accordingly, the average thickness of the lower limestone deposit in all the 
drilled boreholes can be conservatively estimated as 6.25 metres. 

Taking these thicknesses for the upper and lower limestone beds, the 
limestone reserves can be calculated as follows: 

The surface area of the deposit = 0.425 km2 
The bulk density = 2.2 t/m3 
Therefore the reserves in the upper limestone deposit will 

be 0.425 x 2.2 x 7.3 (average thickness) = 6,825,500 t. 
Limestone reserves in the lower limestone deposit will 

be 0.425 x 2.2 x 6.25 = 5,843,750 t. 
Total reserves = 12,669,250 t. 

The average chemical analyses shown in table 8 indicate that, although 
marly strata are found in between the upper and lower limestone strata, these 
are of a calcareous character i.e. the CaC03 content ranges between 70-76%. 
This means that, with a well-chosen system of exploitation and quarry opening, 
all the calcareous marl can be exploited and the pure limestone used in 
correcting any deficiency found in the CaC03 content of this calcareous 
marly zone. 

If all the calcareous marl is added to the reserves of pure limestone, 
then the co-ordinator agrees with the reserves of basic raw materials 
calculated by Polservice to be 17 million tonnes. However, this quantity must 
be confirmed later by drilling more boreholes around the six previously 
drilled by Polservice. The number of new boreholes ought to be not less than 
20 and the spacing between them ought not to be less than 150 metres. 

B. Cretaceous limestone deposit 

This deposit lies in an unnamed hill, south of the main coastal road and 
south of Jllilla. Polservice only gave a few descriptive lines on this deposit 
in their report. The co-ordinator feels that these lines are not sufficient 
and that it would be very useful to analyse and evaluate the logs of boreholes 
drilled by Polservice as this information would be of value to the Al Khurns 
Cement Company. 

Seven boreholes with a total depth of 406.5 metres and an average depth 
of 58 metres were drilled in this area. It is important to give a brief 
description of each borehole to cover some of the necessary data not provided 
in the Polservice report. The chemical analyses of the samples taken from the 
li~estone beds in these boreholes are given in full in table 9. 



'rable 9. Chemical analyses of samples from the limestone bede in the cretaceous limestone deposit. 
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Borehole C-1 

Limestone predominates in the upper beds with a total thickness of 13.1 
metres. The limestone is covered with a calcrete crust of one metre 
thickness. The limestone is greenish-buff or yellowish in colour with 
intercalations of calacreous silt. The lower part of the limestone is pink in 
colour and hard with caverns filled with yellow silt. The limestone analyses 
showed that it is suitable for cement production as the CaC03 content of the 
upper stratum (0.0-5.5 m) is 94.68% and the carbonate content of the lower 
part (5.5-13.1 m) is 90.7%. In this part, there are two dolomitic bands from 
6.2-8.2 metres and from 8.2-10.3 metres, with a total thickness of 4.1 
metres. These two bands contain 4.06% and 3.04% MgO respectively. All the 
underlying strata down to 70 metres depth are rich in magnesia content which 
reaches more than 20%. Therefore, all these rocks are dolomitic in character. 

Borehole C-2 

Limestone suitable for cement production predominates in the upper parts 
underlying the calcareous marly stratum which in turn is covered with a 
calcrete crust of 0.8 metres. The uppermost strata (0.0-8.S m) are greenish 
and buff in colour. It is calcareous marl yellowish and silty at the lower 
part. Its CaC03 content reaches 69.4%. The underneath str~tum (8.5-18.6 m) 
is limesto~e of 92% CaC03 content. This limestone is buff in colour with 
calcite veins, locally silty. All the underlying strata down to the lowest 
part of the borehole contain high percentages of MgO. 

Bore ho le C-3 

The limestone strata are represented by three zones. The uppermost 
(0.0-9.2 m) limestone is creamy, pinkish or greyish in colour. This limestone 
is traversed with calcite veins. The underlying zone of limestone 
(9.2-20.0 m) is greyish, pinkish buff and silty in some places. The lowest 
limestone zone (20.0-31.7 m) is greyish, pinkish crystalline or silty in 
different places. The CaC03 content of these limestone zones is 85.84%, 
86.02% and 95.32% respectively. All the lower strata are rich in ~gO content, 
i~e. most of the rocks are dolomitic. 

Bore ho le C-4 

The upper part of the borehole (0.0-6.8 m) consists of limestone, 
pinkish or buff in colour. It is traversed throughout with calcite 
veins. Numerous intercalations of yellow silt are present. Its CaC03 
content reaches 92.1%. The underlying limestone strata (6.8-13.7 m) are 
creamy-yellow or buff. The limestone is usually crystalline and silty 
in some places. Its CaC03 content reaches 90.96%. All the strata below this 
are dolomitic in character. 

Bore ho le C-5 

The limestone strata can be differentiated into four zones. The 
uppermost (0.0-8.9 m), with a CaC03 content of 87.28%, is buff crystalline 
with calcite veins and few silt intercalations. The covering layer, 2.5 
metres thick, is made of calcrete crust and yellowish marl. The average ~gO 
content is 2.74% but the magnesia increases locally to 3.57% in the area 
4.7-8.9 metres deep. The underlying second limestone layer is buff or light 



yellow, silty with intercalations of crystalline limestone and calcite veins. 
foe CaC03 content reaches 87.35%. The third limestone layer has 95-96% 
Caco3 , is buff in colour, oolitic in character with few calcite veins 
intercalating the rock. The fourth limestone layer (base) has 97-94% CaC03, 
is pink or reddish and crystalline. From this layer down to the bottom of the 
borehole (47.0 m deep), the rocks are of dolomitic character. 

3orehole C-11 

The limestone in the top layers of the borehole cannot be differentiated 
into more than one zone. The limestone predominating in this zone 
(0.0-10.2 m) has a CaC03 content of 86.55%, is buff, light yellow or 
brownish in colour. It is oolitic limestone with an MgO content within the 
normal range except in a band 5.3-7.0 metres deep which contains magnesia up 
to 5.67%. The rocks underlying the oolitic limestone are of dolomitic 
character. Polservice continued drilling and penetrated the strata down to 
50.0 metres in depth. It is worth noticing that the uppermost layer, one 
metre thick, represents a soil bed partially contaminated with limestone 
fragments. 

Borehole C-12 

Limestone suitable for cement production occupies the capping strata of 
the borehole. Its thickness reaches 12.9 metres. This part is differentiated 
into two zones. The upper zone has a 83.46% CaC03 content, is creamy-white 
and locally yellow in colour. The upper part of this zone is crumbly in 
character with intercalations of hard, greenish limestone. The lower part is 
of tough fossilliferous limestone. A calcrete crust with white marl covers 
the uppermost part of the zone. The underlying limestone stratum has a 84.53% 
Caco3 content, is creamy white and locally yellowish in colour. The 
limestone is tough and fossilliferous. The lowest strata down to 55.0 metres 
in depth are of dolomitic limestone character. 

Cormnents 

This area is of vital importance to the Al Khums Cement Plant as the 
high-quality limestone in the ~annubia and Kebir areas is not sufficient to 
supply their cement production for very many years. 

Polservice assessed the quantity of limestone reserves in the cretaceous 
area to be 10 million tonnes since they considered the thickness of the 
high-quality limestone to range from 17 to 58 metres with an average thickness 
of 30 metres. The co-ordinator believes that the mean thickness of the 
limestone which is apparently suitable for cement production is not more than 
18.0 metres. Therefore, the limestone reserves should be recalculated as 
fol lows: 

Surface area investigated = 144,927 m2 

Average depth of limestone = 18 m 
Weight of 1 m3 = 2.3 t 
Therefore reserves= 144,927 x 18 x 2.3 = 5,999,977.8 

= 6 ,000 ,ooo t 
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Although this brings down the estimated limestone reserves by 30%, it lS 

stiii a very sizeable deposit. 

The area is poisoned by the presence of high percentages of magnesia 
especially in the underlying strata. In the co-ordinator's opinion, drilling 
seven boreholes to cover an area of 144,927 m2 was not sufficient and he 
proposed the drilling of not less than 15 additional boreholes with a spacing 
of at least 100 metres between them to cover the area more adequately. At 
first, it was proposed to concentrate the new boreholes around the ones 
already drilled. Unfortunately, Polservice has only indicated the position of 
one of their seven boreholes on a survey map. 

The co-ordinator began to represent the first seven boreholes 
diagrammatically in order to ~ecide the proper depth to which drilling should 
continue. In doing this, he came across some unexpected facts and results 
which are shown in figure XI and which can be summarized as follows; 

(a) The high percentage of magnesia content in the dolomitic limestone 
is haphazardly distributed through the limestone strata and is not confined to 
one level. It is not easy to determine at which level the magnesia starts to 
be concentrated in the limestone strata; 

(b) Although the magnesia content starts to increase in boreholes C-1, 
C-2, C-4 and C-11 at levels between 89.0 and 99.3 metres above sea level, in 
the 0ther boreholes, C-3, C-5 and C-12, it began to increase only much deeper 
at levels of 65.7-74.3 metres above sea level (no geological data concerning 
dipping of strata, faults, etc. were given); 

(c) The limestone which is suitable for cement production only 
predominates regularly above 100.0 ~etres above sea level as shown in figure 
XI. It is very difficult to extract limestone in such a corrugated basin-like 
quarry to give a smooth supply to a cement plant. 

For these reasons, it is recommended that the additional boreholes to be 
drilled ought to avoid penetrating the strata below 95.0 metres above sea 
level as penetrating deeper would create many problems arising from the 
introduction of limestone with a high magnesia content into the cement 
production which upsets the kiln operation. 

It was a cause of much surprise to the co-ordinator that the boreholes 
had been drilled to such a depth in spite of the high magnesia contents 
found. It is well known that abbreviated analyses for Caco3 and MgC03 
content have to be carried out on the S?Ot when drilling for cement raw 
materials. They have a decisive influence on what further action is taken. 
The abbreviated analyses of these deposits showed that the MgO content 
increased to such an extent as to form dolomitic rocks. Nevertheless, the 
contractor proceeded to continue drilling to great depths which could produce 
no valuable results. This involved excess drilling of about 272.5 metres. 
The co-ordinator assumes that even when there is a contract to drill to such a 
depth, the contractor ought to inform the authorities of the results of his 
abbreviated analyses in order to change their work procedure and save money 
and time. 
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C. Development and exploitation of the quarry 

The superficial deposits cover the entire area, as stated by Polservice, 
and their thickness is variable, mainly between 0.2 and 2.6 metres but 
increasing to 4 metres locally along the slopes. The surface material 
consists of calcrete crust and limestone rubble and shows a fairly high 
chloride and alkali content. Polservice advised that this superficial 
material should be stripped off at the opening of the quarry face. For this 
purpose, a bulldozer can be used to push the material down over the edge of 
the quarry at a suitable place. The overburden can only be removed 
economically if the right equipment is chosen and the direction of the 
excavation is planned so that the transport vehicles reach the main road in 
the shortest possible distance. The tipping area to be used for the disposal 
of the overburden along the edges of the wadis must be prepared before the 
work begins. 

Drilling 

Because of the hardness of the limestone, it has to be broken out by 
blasting. The most economical method for ~his is large-diameter borehole 
blasting using a rotating, multi-stage, crawler-mount~d drilling machine. A 
borehole diameter of 80 millimetres is recommended to suit the depth chosen 
and the blasting techniques. Compi·essed-air-operated percussion drills or 
down-the-hole drills are often used. However, their variable costs are 
considerably higher than those of rotary-drilling machines. 

Blasting 

The blasting must be carried out as single-row blasting. The size of the 
blasts will follow Polservice recommendations and will be determined by the 
length of the quarry f~ce opened and also by the vibration level pennitted to 
avoid any side effects on the neighbouring buildings. 

To achieve good fragmentation of the rock and an easily-loaded rock pile, 
a borehole grid should be chosen that is not too large. For this reason, many 
operations put up with a relatively high consumption of explosives and a grid 
size of 12-16 square metres is seldom exceeded. For best utilization of the 
energy of the blast, the spacing must be greater than the burden, particularly 
with ammonium nitrate-fuel oil (an-fo) and slurry explosives, mostly because 
of the expansion energy of the gases generated by the explosion. An-fo 
explosive, filled in bulk into the drilled borehole is universally the most 
cost-effective method of blasting. However, it is not water-resistant and 
ought to be used in dry boreholes only. Mixing of an-fo can be done on site 
in the proportion of 94:6 (ammonium nitrate:diesel oil). This mixed material 
can then be injected directly into the borehole which is an efficient and safe 
procedure. A primary cartridge or a heavy detonating fuse of 40-100 grammes 
per metre has to be used for detonation. The optimum face angle for perfect 
stability of the quarry face and the cleanest break at the foot proved to be 
70° according to trials where the burden was 4-5 metres. Small single-row 
blasts on an approximately 12 square metre grid can be fired out on a 10-metre 
face using bulk an-fo explosive. The base charge consists of two electric 
detonators inserted into 5 kilogrammes of gelatinous explosive for a borehole 
of up to 12 metres depth, as recommended by Polservice. The detonation 
consequently takes place at the bottom of the borehole. This blasting 
technique has proved to give satisfactory results over a great many years and 
has the following three kinds of advantage: 



(a) In terms of environmental protection and safety; 

(i) Low vibration from the blast because of the short charge 
columns and the small amounc of explosive per detonation; 

(ii) Low noise nuisance as the detonator is in the borehole and no 
detonating fuse is used. The explosion itself is only apparant 
by a scarcely obtrusive muffled noise; 

(iii) The danger of fragments of rock being thrown from the mouth of 
the borehole is slight as no detonating fuse passes through the 
tampings and the borehole remains better sealed; 

(iv) The consequences of the borehole running out of true are not so 
severe with low faces. The desired burden is maintained and 
the risk of outward projection of pieces of the rock face 
caused by too small a ~urden is obviated; 

(v) The danger of shearing of the detonating fuse in neighbouring 
boreholes cannot occur. The explosive is always detonated and 
there are no longer any dangerous unexploded base charges; 

(vi) Because of the relatively small size of the grid the limestone 
is very well fragmented. Only a few oversize boulders are 
produced which can be broken up with a hydraulic breaker (or by 
secondary blasting); 

(b) In terms of economic advantage: 

The bottom of the face is removed more efficiently by the explosion. 
There are hardly any toes left, which removes the need for expensive 
additional work. The surface is well suited to wheeled loaders if these are 
used in loading. The level rock pile and the small amount of interlock of the 
fragments ensure high loading efficiencies and greater safety for the loader 
driver; 

(c) In terms of selective quarrying: 

(i) The separation of limestone and dolomite or marl is carried out 
in the actual quarry. Only small blasts are fired and their 
lateral extent is determined by the position of the dolomite 
vein or marly layers; 

(ii) Even if the rock pile is mixed, with small single-row blasts 
there is still the possibility of sorting it during the loading. 

If the double-row system is used for blasting on 20 metre faces, the 
consumption of explosive is about 120 grammes per tonne of limestone 
produced. This system can produce rock piles of up to 80,000 tonnes. In 
using this system, the base charge consists of 25 kilogrammes of high-energy 
slurry. A somewhat weaker slurry explosive is loaded on top cf it up to 4 
metres below the mouth of the borehole and tamped with drillings. It is fired 
by detonators in stages 0-18 at 30 millisecond intervals, with the explosive 
phase carrying right to the bottom Jf the borehole. Double-row blasting used 
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in combination with slurry explosive produces good fragmentation iu heavily 
stratified deposits. The rock pile is characterized by small lump size with 
only 0.6 tonnes oversize material per 100 tonnes of rock. 

Attempts to control the quality of limestone using either single-row or 
multi-row blasts on high faces have had no success. Where there were 
distortions in the deposit, qualitatively different sections of the face were 
so severely mixed together that separation during loading is impossible. 
single-row blasting with a face height of 10 metres as opposed to 20 metres 
involves the lowest drilling and blasting costs. With a 10 metres face and 
detonation from the bottom of the holes, sub-drilling is reduced or eliminated 
and blast-hole capacity and explosive energy are better utilized. 

It must be pointed out that it is only possible to control the quality of 
limestone during quarrying, as the negligible deviations in specif:i.c weight 
and similar physical properties of both limestone and marl do not permit 
separation during processing. 

Secondary fragmentation 

Every blast produces some oversize material, particularly where there is 
pronounced stratification with heavy cross-fissuring. There has been no lack 
of attempts to get away from secondary blasting. In the last decad~, fairly 
large plants have turned to hydraulic breakers for secondary fragment~~Lvn. 
These breakers would be efficient in the Al Khums limestone quarry as the 
predominating limestone is a hard brittle rock. The breakers are not 
recommended for use in limestone quarries with soft or medium-hard ro~k as 
this type of limestone resists even heavy breakers. Breakers have the 
disadvantage of large size and high repair costs and represent no reduction in 
cost compared with secondary blasting. However, the danger of flying rock is 
removed, downtime and non-productive time are reduced and neighbours are no 
longer troubled by the noise of the detonations. It is also possible to 
dispense with heavy and dangerous handworking with hammer drills for which 
trained labour is almost unobtainable locally. Some quarries use 
high-pressure wci.ter to split the rock boulders into smal 1 fragments. 

Loading 

For loading work in quarries, the most important machines available are 
track-mounted loaders, wheeled loaders, cable-operated and hydraulic 
excavators. While track-mounted loaders only p~_ay a secondary role in 
limestone quarries, wheeled loaders have in many instances superseded the 
conventional cable-operated excavator. 

Wheeled loaders are suitable for light to medium-heavy loading work in 
quarries. Cable-operated and hydraulic excavators are preferred for severe 
operating conditions as wheeled loaders are not sufficiently robust or rugged 
to be able to hold their own in continuous operation as the main loading 
machines. Loaders have a fairly short life, low breaking-out force, high 
energy consumption and, in contrast with the excavators, the total loaded 
weight has to be moved continuously while they are in operation. Even today, 
many operators of large open-cast quarries prefer the cable-operated excavator 
on account of its reliability and long life. Operating experience has shown 
that cable-operated excavators have 2.5 times the life of wheeled loaders and 
1.5-2.0 times that of hydraulic excavators. In spite of this, a universal 
trend can be seen in which at least the smaller types of cable-operated 
excavators are being replaced by hydraulic excavators and wheel loaders. 



In this case, the co-ordinator recommends the use of hydraulic excavators 
with a bucket size of more than 2.5 cubic metres and a corresponding gross 
weight of about 50 tonnes. These excavators should suit this job on both 
technical and economic grounds. Electro-hydraulic excavators are preferable 
as electricity can be supplied very easily. By comparison, the overall costs 
for diesel excavators are two to three times those for electric excavators. 
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IV. MODIFICATION OF THE AL KllUMS I CE~ENT PLANT 

A. Modifications originally proposed 

The Al Khums I Cement Plant has never been able to achieve its rated 
production capacity. In 1980, therefore, the Heavy Industries Secretariat 
invited tenders for the modification of this plant. The planned modification 
was based on two alternatives. Alternative A, which is dealt with here, was 
to change the plant production from normal Portland cement to rapid-hardening, 
early-strength cement complying with the Italian specification for 
rapii-hardening, early-strength cement, type 525. 

The Italian standard requires the following characteristics: 

After 24 hours 
After 3 days 
After 2 8 days 

Residue: 

Bending strength 
(kg/cmZ) 

48 
60 
00 

on 180 micron sieve, 2;~ maximum 
on 90 micron sieve, 10% maximum 

Setting time (Vicat): 
initial, 45 min minimum 
final, 12 hours maximum 

Loss on ignition, equal to or less than 5% 

Insoluble residue, equal to or less than 5% 

S03 content, equal to or less than 3.5% 

~gO content:, equal tc or :ess than 4% 

Fineness (b laine) 3. 900-5. 800 cm2/g (depending 
clinker). 

Compressive strength 
(kg/ cmZ) 

on 

175 
32 5 
525 

the quality of the 

The production capacity should be the same as the rated capacity of the 
production lines, that is 1,330 to~nes per day over 330 days a year. 

The co-ordinator has the following coliUT\ents to make on the proposPd 
Alternative A. 

It would not be so difficult to switch to production of rapid-hardening, 
high-early-strength cement in the Al Khums I Cement Plant as the raw materials 
used can satisfy the specificarions. The raw-mix design must be changed 
slightly to increase the lime-saturation factor, since in high-quality 
rapid-hardening cements IRHC), the lime-saturation factor should be higher 
than 95%. This means that more calcareous components must be addP.d to the raw 
meal. 



The equipment used for prcduci~.g RHC is the same as that used for 
producing normal Portland cement, the only difference being in the fineness of 
the cement produced, i.e. more grinding is required for RHC. For example, 
ordinary Portland cement of approximately 2,800 m2/g (blaine) requires 35 
kWh/t in grinding, whereas RHC of approximately 4,000 m2/g (blaine) requires 
about 65 kWh/t. This means that the equipment used in grinding cement in the 
Al Khums I Cement Plant will only be capable of producing RHC at somewhat over 
50% of Lhe rated capacity of the cement mills. ~ccordingly, cement production 
will drop drastically as the grinding operation will take longer using the 
same mills. 

RHC clinker should be cooled rapidly on lea·1ing the kiln to keep the 
tricalcium silicate (C3S) crystals in the clinker very small in size as this 
will be reflected in the higher initial stre.1gth and easier grinding of the 
cement produced. In this plant, especially on the second production line 
where a satellite cooler is used, the clinker produced is of a high 
temperature (not less than 150-250°C). 

In RHC production, the raw-meal blending, homogenization and kiln 
operation must be carefully conducted as the C3S phase is required in a 
higher percentage. Any failure in preparing the raw meal and operating the 
kiln will tend to transform the C3S to dicalcium silicate (CzS) and free 
calcium oxide (Cao). In this plant, preblending of the raw materials is 
rudimentary, indeed no controlled preblending is carried out at all in the Al 
Khums I Cement Plant. 

If the raw mix is designed according to the Polservice proposals, 
oscillations in carbonate content will be present as the raw meal enters the 
kiln and this will cause severe production problems. 

Because of all these factors, the co-ordinator thinks it preferable not 
to change over to RHC production but to introduce the production of 
suiphate-resisting cement instead. 

B. Proposal for introducing the production of 
sulphate-resisting cement 

The co-ordinatvr believes that the materials already available and in use 
at the Al Khums I Cement Plant are more suitable t~ the production of 
sulphate-resisting .;:ement (SRC) than to that of rapid-hardening cement (R.liC). 
The latter requires a higher alumina and iron-oxide content than is supplieci 
by the marl from the plant's quarry and this deficiency would have to be made 
up by adding imported bauxite or Marqheb ciay and an iron-rich ore. 

A look at the chemistry of SCR will show how well-suited it is to the 
materials available at Al Khllllls I. 

The chemistry of sulphate-resisting cement 

After adding water to cement (hydration), a reaction starts between the 
tricalcium aluminate (C3A) and gypsum (CaS04.2Hz0) forming calcium 
sulphoaluminate. The calcium alumir.ate hydrate in hardened cement is able to 
react with any sulphate salts coming into contact with the concrete, also 
forming sulphoaluminate within the framework of the hydrated cement paste. 

' 



The volume of the solid phase increases 227 per cent and therefore 
disintegration of the concrete takes piace. Another type of reaction can take 
place through an exchange of bases between calcium hydroxide and sulphates to 
form gypsum accompanied by an increase in the volume of the solid phase of 124 
per cent. 

These reactions are known as sulphate attack. Active salts like 
magnesium and sodium also have an attack action. The sulphate effect is 
greatest if accompanied by alternating wetting and drying, as for instanc~ in 
the tidal zone. 

Based on laboratory tests and applied research on normal Portland cement 
and its behaviour when treated with sulphates, salts etc., it was found that 
there is a definite relationship between the calculated C3A content and 
sulphate resistance. 

After the raw-mix design of the kiln feed was modified by decreasing the 
potential c3A content and increasing the potential tetracalcium 
aluminoferrite (C4AF) content it was found that the cement produced after 
this modification showed resistance to sulphate and salt-water attack. 
Therefore, the remedy lies in the use of cement with a low c3A content, and 
such cement is known as sulphate-resisting Portland cement. The British 
Standard :or this cement, BS. 4027:1966~ stipulates a C3A content of 3.5 per 
cent. The minimum fineness is 2,500 cm /g. In other respects, 
sulphate-resisting cement is expected to conform to BS. 12:1958 for ordinary 
Portland cement. In the United States, sulphate-resisting cement is known as 
Type V cement and is covered by A.S.T.M. Standard ClS0/72. This specification 
limits the C3A content to 5%, and also restricts the total content of C4AF 
plus twice the C3A content to 20%. The magnesia content is limited to Si.. 

The role of C4AF is not quite clear. From the chemical standpoint, 
C4AF would be expected to form calcium sulphoaluminate, as well as calcium 
sulphoferrite, and thus cause expansion. It seems, however, that the action 
of calcium sulphate on hydrated cement is smaller the lower the Alz03 to 
Fez03 ratio. Some solid solutions are formed and they are liable to 
comparatively little attack. The c4AF is even more resistant and it may 
form a protective film over any free calcium aluminate. 

Since it is often not feasible to reduce the Al 203 content of the raw 
material, Fez03 may be added to the mix so that the C4AF content 
increases at the expense of C3A. 

The low C3A and comparatively low C4AF contents of sulphate-resisting 
cement means that it has a high silicate content and this gives the cement a 
high strength. However, because CzS represents a high proportion of the 
silicates, the early strength is low. The heat of hydration developed by SRC 
is not much higher than that of low-heat cement. It seems therefore that 
sulphate-resisting cement is theoretically an ideal cement, but, because of 
the special requirements for the composition of the raw materials used in its 
manufacture, SRC cannot be cheaply made everywhere. 

The raw materials ava1lable at the Al Khums I plant are particularly 
suitable as the raw mix is anyway deficient in Alz03, and Galmoya iron ore 
can easily be supplied to the plant to increase the Fe2o3 percentage in 
the mix. 



It is thou~ht that the cost of producing SRC will not exceed that of 
normal Portland-cement. Firstly, bauxite will not be used as a romponent. As 
this raw material is imported, it represents an expensive ingredient. 
Secondly, the percentage of iron oxide will be increased within the range of 
1-2% and this can be supplied locally and cheaply. Thirdly, sand will be used 
as a third or a fourth component according to the chosen raw-mix design. 
Fortunately, the co-ordinator found a source of sand along the Tripoli-Al 
Khums road, about 70 kilometres from the cement plant. He asked the Al Khums 
authorities to analyse some ~and samples from the area. A representative 
sample was analysed chemically on 1 March 1983. The chemical analysis of this 
sample was as follows: 

LOI 
Si0 2 
Fe203 
Alz03 
cao 
MgO 
Carbonates 

Percentage 

0 .8 7 
9 3.26 

1.00 
2.48 
1.14 
0.44 
0.75 

As well as the suitability and availability of the raw-materials for SRC 
production, there would be no need to modify the machinery or equipment 
already working in the plant. Whereas, if RHC production is introduced, 
various modifications and additional equipment would be necessary, 
particularly to satisfy the fineness specifications. 

In summary, the introduction of SRC production would have the following 
advantages. 

1. It would be a great advantage to the Libyan Arab Jamahiriya to produce SRC 
in the western region of the country where SRC is still imported in large 
quantities at a relatively high price. 

2. The cost of producing SRC at Al Khums I should not exceed that of 
producing normal Portland cement. The same machinery can be used without 
modification and the raw materials already in use would be suitable. Only the 
iron oxide in the raw mix will have to be increased. 

3. It will not be necessary to use imported bauxite or the Margheb clays 
since it is not necessary to increase the C3S content to the high level 
required in RHC. 

4. In SCR production, it would be possible to use large amounts of the 
calcareous marls in the limestone deposits since they have a low alumina 
content. Similarly, the marl covering the Margheb clay can be used as part of 
the raw-mix components, thus exposing the clay for exploitation if needed. 

5. It would be easy to revert to producing normal Portland cement at any time 
if the market required it. 

' 
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REPORTS ISSUED UNDER THE PROJECT TFiLIB/ 75/002 OR TF/LIB/ 82/002 

UNIDO/ IOD .3 7 
2.4 May 19 76 

UNIDO/ IOD. 174 
11 July 19 77 

UNIDO/ IOD .264 
1 August 1978 

UNIDO/ IOD .345 
16 March 1979 

UNIDO/ IOD .354 
15 August 19 79 

UNIDO/ IOD .3 61 
12 December 1979 

UNIDO/ IOD .3 83 
16 September 19 3J 

UNIDO/ IO .43 7 
16 January 1981 

UNIDO/ IO .4 75 
13 March 1981 

UNIDO/ IO .4 72 
6 ..:uly 1981 

UNIDO/IO/R. 7 
30 July 1981 

UNIDO/ IO/R. 14 
17December 1981 

Report on the first part (February to April 
1976) of a year's mission by a 
building-materials adviser to the cement 
industry in Be~ghazi 

Aly Afify 

Report on the second part (November 1976 to 
August 1977) of a year's mission by a 
building-materials adviser to the cement 
industry in Benghazi 

Aly Afify 

Planning a system of mechanical maintenance 
Alfred Madsen 

Preventive maintenance planning in the 
mechanical maintenance service 

Mehmet A. Basman 

Assistance in instrument maintenance 
Boguslaw J. Walczenko 

Report of the project co-ordinator for the 
period up to October 1979 

A.M. Afify 

Assistance to the electrical engineering 
staff in organizing and carrying out 
e lee trical maintenance 

Boguslaw J. Walczenko 

Report on a one-month mission (from l~ 
November 19 3J) to review and evaluate the 
progress of the project 

A.M. Afify 

Instrument maintenance systems at the 
Benghazi complex: final sunnnary 

Boguslaw J. Walczenko 

Report of a one-month mission (from 19 May 
19 81) to review and evaluate the progress of 
the project 

A.M. Afify 

Raw materials deposits at Wadi Ash Shati and 
Al Jufrah 

Abd El R. Marei 

Preliminary study for long-term technical 
advice 

A.M. Afify 
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U NIDO/ IO/R .3 3 
2 8 October 19 81. 

UNIDO/ IO/R .17 
2 November 1981 

UNIDO/ IO/R .2 9 
26 March 19 82 

UNIDO/ IO/R .34 
26 March 1932 

UNIDO/ IO/R .42 
26 March 19 82 

UNIDO/ 10/R .5 3 
26 March 1982 

UNIDO/ IO/R. 84 
24 January 1983 

UNIDO/ IO/R. 85 
24 January 1983 

UNIDO/ IO/R .99 
2 7 October 1983 

-· 

Progress of the from 10 1980 to 

31 July 1981 
A.R. Marei 

Feasibility of producing sulphate-resisting 
cement 

A.R. ~!arei 

Replacing cylpebs by grinding balls in 
Benghazi I and Hawari cement mills 

A.R. ~1arei 

Progress of the project from 1 August 1981 to 
31 December 1981 

A.R. :·!arei 

Formation of cement lumpa and aggregation in 
cement silos 

A.R. ~!are i 

New gypsum deposits 
A.R. :-tarei 

Progress of oroject from l January 1982 to 
30 June 1982 

.\. R. :.fare i 

Feasibility study on plant for ready-mixed 
concrete and prefabricated concrete products 

A.R. :.tarei 

Evaluation of the raw material situation of 
the Al Khums I Cement Plant 

A.R. :.farei 
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