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ABSTRACT

The present communication deals with some
kaolin horizons at Wadi El-Esseila, West Central
Sinai, in an attempt to deduce their origin and
evaluate their economic potentialities. 147 rep-
resentative kaolin samples were chemically analy-
sed for their major element oxides while 19 were
selected, in addition to 11 samples from the host
Nubia Formation and subjected to trace-element
analysis. The mineralogy of the deposit has been
identified through D.T.A. and x-ray diffraction
analyses. The heavy minerals were separated and
their types as well as characteristics were inter-
preted.

Based on these studies, the kaolin deposits
are assigned a detrital sedimentary fluvio-marine
environment & were derived principally from the
southern basement rocks. However, more than one
province have contributed tm their formation.

Not all the kaolin horizons are economically of
the same grade.

INTRODUCTION

Wadi Fl1-Esseila area lies at West Central Sinai, near
the eastern side of Gulf of Suez; about 25 Km to the north-
east of Abou-Zneima (Fig. 1). The Wadi trends NNE-SSW sepa-
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rating Gebel El-Esseila to the east and Gebel Abu-Ediemat
to the west.

The kaolin deposits are represented by four and in
some places five horizons locally termed Horizons I-IV,
where Horizon (I) is given to the lowermost exposed level
in the Wadi. Each horizon is typified by flat & disconnec-
ted lenses that range in thickness from 0.5 to 4 meters.
Worthmentioning that Horizon II as well as Horizon III
represent the thickest ones and are laterally extended
for longer distances. For this, stress has been given to

these two horizons being subject of economic scale.

The five kaolin horizons are intraformationally
layered with the Nubia Formation which is given a question-
able lower Cretaceous age? on basis of its relative strati-
graphic position. Figure 2 shows a composite columnar
section for the study area. The kaolin horizons ate separa-
ted from each other by interﬁal of about 2-8 mts, each dis-
playing gradation into the sandstone through a thin kaolini-

tic sandstone.

Chemistry of the kaolin horizons:

1- Major oxides:

147 samples (114 composite & 33 spot) representing
kaolin horizons II & III were chemically analysed for
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their major oxides SiOz, A1203 + TiOz, Fe203, Ca0, MgO and
L.0.I. Both horizons display wall to wall variation either
in grade or in colour. Each horizon was compositely sampled
but separately analysed. The thickness at sampling locations

was measured and average oxides content for the whole lens
is calculated. '

1.1. silica:

The silica content showed wide variation (tables 1-4),
spot sample analysis revealed that silica content increases
toward contact with sandstone. As silica is an inverse func-
tion of kaolin grade, the central parts of the lens render

higher grade.

1.2. Alumina + Titania:

The close association between A1203 and TiO2 with
kaolin grade has been proved by many workers: [1,2,3] among
others. It is a fact that alumina content is directly pro-

portional to the kaolin grade and inversely to the silica
content (Fig. 3).

Variation in the two oxides (A1203 & TiOz) together
as well as variation of each separately in 18 representative

(11 composite + 7 spot) samples is given in tables l-4.

Normal values of kaolin grade are obtained, yet high
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titania could be observed in some samples. This relatively

high titania in such deposits may be attributed to:

a- The presence of some Ti-bearing heavy minerals as
rutile, ilmenite, and leucoxene, Such factor is veri-
fied by heavy-mineral studies as Qill be shown later.

b- Minor amounts of Ti may replace Al in the octahedral
position or Si in the tetrahedral position.

c¢- Some amorphous or hydrated TiO2 may be deposited together
with tiny kaolinite flakes [4]

1.3, Iron oxide:

Colour shades of kaolin usually reflect iron content
among other elements. Yellowish brown to reddish brown or
even purple coclour is usually noticed near sandstone wall
rocks. It is thought that a large part of this iron oxide
is due to precipitation from colloids that came from the
highly porous & permeable sandstone to the kaolin causing
its staining. The content of iron oxides in different coloured

kaolin samples is listed in tables 1-4.

1.4, Calcium oxide:

Calcium oxide is present in minor amounts. Tables 1-4
show its range in the different samples. Worthmentioning

that Ca0 is considered to be one of the harmful oxides in

kaolin refractory.



1108

Delta J. Sci. (11) (3) 1987
M. A. El-Askary et al.

1.5. Magnesium oxide:

MgO as well follows CaQ in its presence as very sub-

ordinate. It never exceeds 0.44% in average.

Chemical data presentation:

For economic purpose, chemical data is presented by
preparing isochemical maps for the different analysed element-
oxides in each lens. Also average values in both lenses have
been calculated. In addition, isopach maps were constructed.
Selection of Gebel Abu Ediemat only for such presentation

was essentially due to the larger number of representative
samples it yielded. '

From isopach & isochemical maps, the following observations
could be given:

a~ The thickness of both horizone (II & III) was found to
be increasing via NW direction (Fig. 4).

b- The average SiO2 content showed increase towards SE.
This is true for both horizons as a whole, yet the
remarkable variation in 5102 content revealed in horizon
IT rendered stating of a general trend is rather risky
(fig. 3).

c- Average (A1203 + TiOz) showed observable increase via
NW direction (Fig. 6), being directly proportional

with thickness but inversely with average SiOz.
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d- Iron oxide, although varies in the one horizon, yet a
general slight increase could be deduced towards NE

and SE directions (Fig. 7).

2—_trace-element analysis:

Teace-element studies on clay deposits in general are
believed to have something to do with the depositional environ-
ment but nothing regarding economicity. Boron, Vanadium,
Cobalt, Nickel and Copper are among the useful trace elements
in that connection. Nineteen kaolin and 11 sandstone samples
(from the host Nubia Formation) were optically arced by means
of Q-24 medium quartz emission sepectrograph and analytical

results for the mentioned trace elements are listed in tables
5 & 6.

Boron as a paleosalinity indicator and hence differen-
tiating between marine and lacustrine environments has been
stressed upon by Goldschmidt and Peter [5]. This has been
confirmed by Harder [ 6] and Levinson & Ludwick [7] when
they found that sediments near river mouths are characteri-
zed by lower boron content than those deposited in open sea
conditions, Also, Degens et al. [g] concluded that boron as
well as rubidium are higher in marine shales opposite to
gallium. Keith & Degens [9] reconfirmed the previous conclus-
ions adding the elements Li, S, Mn, Ni, F, and Sr to be higher
in marine shales while Ga, Cr, and V are higher in fresh

water shales. Harder [Io]concluded that boron content in
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clays is dependant on: depositional conditions, grain size
and type of dominating clay mineral. In addition, Parks
and White [11] reported the inability of the H-saturated
form of kaplinite and bentonite for boron fixation. In
other context, Porrenga [12] attributed increase. of boron

absorption by clays to temperature increase.

It is worthy to note that boron content in Wadi El-
Esseila clays is considered among the low values attained
by clays. This leads to conclude that such clay deposits
are of freshwater media, not high in tempereture and were

formed in H-saturated form.

On the other hand, Porrenga [12 ] emphasized that Ni,
Cr and Sr are slightly higher in marine clays than fresh
water clays. Wadi El-Esseila clays show relatively high Mn
& Sr whereas Ni & Cr Values are matching those of marine

clays.

Such discrepancies in trace element contents of Wadi
El-Esseila clays as regards to certain environmental
conditions make hypothesis of a fluviomarine environment is
possible. More support is evidenced on applying V-Co+Ni-Cu
diagram constructed by Angino and Andrews []3] for differen-

tiating sedimentation conditions.
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The plots of Wadi El-Esseila clays lie mostly in or

very near from shallow-water sediments field.(Fig. 3)

Mineralogy of kaolin horizons:

Twenty five samples were derivatographically analysed
where as 21 samples were investigated using X-ray diffraction
analysis to identify the mineralogy of the chemically

analysed kaolin horizons.

Differential thermal analysis results showed that
kaolinite is the main constituent (Figs. 9 & 10). In
addition, kaolinite mineral displays wide range in crysta-
llinity from weak to rather well crystalline. The well
crystallinity nature is rather dominant among samples
representing Horizon II. The high percentage of kaolinite
affects the o«-pf inversion peak of quartz rendering it
masked even in those samples chemically proved to be of

high quartz-content.

Worthmentioning that X-ray diffraction interpretation
matched well the results of derivatographic analysis. The
degree of peaks sharpness indicates the well crystalline
nature of kaolinite displayed by Horizon II samples only
(Fig. 11). Moreover, results hitherto given from chemical
analysis concerning the inverse relation between quartz

content and kaolinite grade is reconfirmed.
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Heavy minersls:

Heavy minerals study is affectionally used in inter-
preting type of source rocks, envirommental conditions and
to soﬁe extent diagenesis. Twenty sandstone samples as
well as 12 kaolins were subjected to heavy mineral separa-
tion techniques and microscopically exémined: Results are

summarized in the following:

1- Opaques form high percent relative to others in heavy
fraction.

2- Zircon, tourmaline, tutile, staurolite and biotite
represent the non-opaque heavy minerals, displaying
different forms, sizes and colours.

3- Zircon, tourmaline and rutile -usually considered as
ultrastable-dominate. the other .non opaques.

4~ The index figure for sandstone samples is little bit

higher than that of kaolin ones but grading to be matched
near contacts.

From these results one reaches the following conclusions:
1- The essential heavy mineral assemblages recorded from the
- Nubia Sandstone samples and their intercalatéd'kaolin
are more or less comparable to those recorded by several
authors in the Nubia Sandstone at different localities
(2,3, 1418 ].

2~ The variation in form, size and colour of the ultrastable
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nonopaques may lead to the assumption that more than one

provenance acted as a source.

The high frequency of the ultrastable non-opaque minerals

has been explained in two ways; one considers that minera-

logy of the Egyptian sediments appears to be governed by
both depositional environment and provenanee [16]. The
other relates it to post-depositional changes with special
emphasis on the effect of intrastratal solutio;s[17].

However, Hubert [}9] gave little attention to the effect

of intrastratal solutions in determining the heavy mine-

rals assemblage stating that it is a local phenomenon.

Meanwhile, two points must be mentioned to unravel which

factors were controlling in obtaining such high percen-

tage of the ultrastable non-opaque minerals. These are
the foliowing:

a- Matching or nearly so of the index figure of both hard,
permeable Nubia sanstone and that of soft, impermeable
kaclin is in favour of the first explanation.

b- The presence of etched togefher with unetched mineral
grains in the same sample opposes the effect of intra-
stratal solutions as an explanation,

Hubert [19] used ZTR index (% of combined ziren, tourma-

line and rutile) to define sandstone types. He mentioned

that such index is high (> 90%) in tectonic sandstone

He added that in such sandstone types, a lot of zircon,

tourmaline and rutile grains, different in colour,
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inclusions and form, are usually characteristic. Worthy

to mention that ZTR index in Wadi Fl-Esseila Nubja sandf

o Aot

stones exceeds 90%. "

GRIGIN OF w4DI EL-ESSEILA TAOLIN DEPOSITS

Data snd chservation provided by mineralogical studies

lead speculation for history of formation of Wadi El-Lsseila

kaolin as followg:

~Weathering of the basement rocks {most probably of acidic
Lomposition as indicated by the low Fe content) which occur
to the southeast of the study area. The weathering products
were mainly formed of feldspars and quartz grains.
~Feldspars were changed into kaclinite, by chemical weather-
ing under acidic conditions with high rainfall and good
drainage.

-These products were transported by numerous northwards
streams and were depqsited in geomorphologically shaped
depressed areas, fcllowed by Nubie Sandstone deposition.

- It seams plausible that this scenario has been repeated

more than once to form the different horizons in the ares.

The presence of the sedimentary features that chara-
cterize sediments formed by deltaic processes (such as the
lateral and vertical variations in the amount of kaolinite,

sand and iron staining within short distances), the presence
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of the deposit in the form of irregular isolated lenses and
the absence of minerals of hydrothermal origin such as dickite
and nacrite in addition to the absence of criteria supporting
other modes of formation indicate sedimentary environments

for Wadi El-Esseila kaolin deposits.

ECONOMIC ASPECTS OF WADI EL-ESSEILA KAOLINITES

From the chemical point of view, the kaolin of the

study area is satisfactory for the manufacture of refracto-
ries, this is mainly due to its relatively high alumina
content which is accompanied by minor amounts of both ironm,

calcium and magnesium oxides.

SUMMARY AND CONCLUSION

Kaolin deposits of Wadi El-Esseila are found in the

form of separated disconnected lenses within an unfossilifer-
ous Nubia Sandstone deposit which is given a questionable
lower Cretaceous age. 147 kaolin samples were chemically
analysed in order to evaluate the potentialities of the
kaolin deposits for manufacture. The thicknesses of the most
economic kaolin lenses (the second and the third ones) were
traced laterally and the average contents of the oxides SiOz.
(A1203 + Ti02) and Fe203 were calculated. Isochemical maps

were drawn and correlated with their thickness maps.

The trace element Jdata of 19 kaolin samples and 1l



1116

Delta J. Sci. (11) (3) 1987
M. A, El-Askary et al.

sandstone ones showed that both of the kaolin and sandstone
were deposited under a shallow water environment most pro-
bably a fluvio-marine one. In addition, 25 kaolin samples
were derivatographically analysed and 21 samples were
investigated by X-ray diffraction analysis. Results indicate
that kaolinite is the main constituent, associated with some

quartz and nc other clay minerals are recorded.

.Zircon, tourmaline, rutile, staurolite and biotite
represent the non opaque heavy minerals in bpth the sand-
stone and interformational kaolin horizens. The ultrastable
non opaque heavy minerals (zircon, tourmaline and rutile)
are -by far- the most frequent among the other non opaques.
They display differences in form, size and colour uhich‘may
lead to assume that more than one provenance was contributing
for the same mineral species. The basement rocksrlying to
the southeast of the investigated area seems to be playping

the principal role, probably in addition to a reworked

sedimentary provenance.
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Table (1}: Chemical analys.s results For the composite samples collected

from the second and ihe third kaolin lenses; G, fl-fssaila

1129

. | i
Sample » Thicknuas Avdrage ‘{llzﬂsi Avuragu Rverage
luval i $i0,% Fo,0.% L.0.1.%[CalX |mgO%X | TiD
Numbur {cm) 2 510, Tiﬂz)i Hl,0-eTi0, 73 Fa,l. 9 2‘
100/ a 55 48,34 37.07 o139 TZIES|G.07 | ., nea,
il 48.37 3T.02 1.67
1o/ 20 48,44 J8,90 1.34 12,76§0.02 [ n.d.
10/ 4 12 47,92 34,49 1.34 11,82/ 0.0% | t. 1.00
101/0 1§ 25 53,96 54,92 | 33,74 32,40 1,79 1.40 10.82(0.02 | ¢, 0.88
101/¢ 68 68,48 23,06 1,34 6,66{0,01 | t, 1,08
182/ a 34 51,00 36.02 1,79 10.70{0,02 t. | n.q,
162/b I 90 49,86 49,56 | 36,20 36,30 1,34 1,59 12.2ol0.01 | t. - n.d,
i02/c 40 49.19 36,77 1,97 11.86{0.01 | t. | n,d,
103/8 65 48,18 37.60 1.35 12,77 . t. n.d.
11 47,97 34,04 1,38
103/b 90 47,82 38.35 1,35 12,32 t, t, n.d.
104/ a 50 47,70 37.81 1.79 12,24| t, t, n.d,
i1 J 48,08 55,68 3.08
104/0 25 48,43 31,43 8.07 11.41] ¢, t. n.d,
105/a ¥ S4 47,98 47,94 | 371,71 37,71 1,719 .79 11,96| t. t. n.d.
106/ a 67 ¢ 48,54 36,36 1.34 13,03} t. t, n.d,
34 ! 49,93 35,24 1,73
106/b | s2.95 12,78 2,60 ! 1,290 to. jt. | n.0.
107 105 | 54,66 11,81 2.24 11.09( ¢, t, R
b
107/0 11 55 l 48,49 54,01 | 35,78 31,77 2.24 2,40 13,125 ¢, t. n.d.
1wl e L1i) S 56,62 29,26 2,09 .00 t. [ a.d,
10e/a W | 84,44 11,41 3,18 121 t. t, n.d.
11 i 58.68 27.44 3,99
1u8/n W | 62.91 23,46 4.B4 B.6B| t. t. n.d,
109/ a E 54,51 29,86 1,59 11,62) t. t. n.d.
11 52,08 42,19 314
109/0 70 50,44 34,51 .69 M. 78] ¢, t. n.d,
110/ 4 v4 51,10 36,32 1.79 10. 77 «. t. n.d.
11 54,19 33,57 1.79
11/ bu 57,43 30,69 1.79 ‘9.66] t. t. | n.d.
111/ a3 53.04 33,56 1,79 11,27} t. t. | 0,97
11t 55,60 31,08 1.79 i
111/b 83 58,16 30.21 1.79 9.55( t. t. | 090
11274 T4 59,19 32,90 1.35 10.51] &. t. i nad.
33 56.63 31.62 1,12
12/b 74 58,07 | 10,38 0.90 1 10,165 t, t. n.d,
1i/fa 1u3 52,33 | 12,66 1,50 11,067 t. t, n.d,
111 53,58 31,44 3,99
113/b 10 84,82 30,22 4,48 10,13 ¢, [ n.d,
114/a 50 53,32 34,53 1,97 10,83] t. t. n.d.
114/ i1 36 49,50 52.60 | 36,47 33,97 1,48 2,33 12,15] t, t. n.d,
11a/e 60 54,70 32,00 3,14 10,12} t. t. n.d,
15/ 79 54,03 32,37 3.14 10.74] ¢, t. n.d.
/e 11 54,44 31,60 3.23
115/0 19 55,27 29,02 4.04 10.76| t. t. n.d,
116 111 150 S4,U05 84,05 32,48 32,40 2.69 2.69 10.76) t. t. n.d,
117/ a 150 69,18 19,87 4.01 6.92| t. t. a.d,
117/6 111 136 £6,40 62,49 30.21 2%,42 1,79 2.89 11.14] t. L. n.d,
ntfe 129 60.29 i 27.16 . 2,69 9.49| t, L. n.d.

n.d, = net duturminad

L.

a LLaCos
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Table (2):

Chemical analysis results for the composite samples collected from the
second and the third kaolin lenses; G. Abu Ediemat

Sample l Thickness . hvarage (n1203¢ Avarage Average
uabor levsl (o) sm.‘,z sio 110,3% | Aroo.eti0 f8203% Fou L.0.I.% iCa0X | ng0X Tio,
2 2 253 2 2v3
1e/a 43 47,36 36.87 2.69 13,40 | t, | €, | Xef
Nu/fa 11 60 44,547 47,23 | 38,76 37.41 2.569 2,46 13,53 t. t. 1.0
14/ 35 49,83 315,76 1.79 12.18 t, t. 0.
1M9/a 22 59 60 29,76 1.34 9,28 t. t. Ny
119/ 11 7o 47,26 | 49,48 | 38.37 36.52 1,79 1.72 12,57 t. t. n.:
119/c 50 48,41 36.69 1.79 12,49 t. t. n,:
120/a | ? 55,22 0.41 2,41 10,85 [0.60 [0,24 | n.
120/ 6 % 26 49,28 35.69 .71 11,77 |0.80 0.3 | n,
12o/fc a0 47,95 35.87 1.38 13.04 10,95 |0.44 | n.
120/d l 11 W0 14771 81,21 | 35,44 34,29 1.26 1,53 | 13,25 |o0.60{0.34 | n.
120/e 10 isu.sg 34,36 2,14 11.45 }o.60 |0,29 | n.
120/ 40 551.55 33.84 1.69 11,77 |0.s0 {0.21 | n,
120/9 60 {5412 33,02 1.28 10.95 0,20 {D.18 | n.
121/a 20 83.03 33,74 1.61 M. 74 0.8% (0,16 n,
121/b 7% 49,85 35.74 1.70 12,23 10,10 §0,06 | n.
121/c 11 20 49.80 ! 50,78 | 35.00 34,46 1.97 1,83 11.92 10,60 |0.28 § n,
12144 9g 48,47 36,30 1.72 12,46 [0.55 |0.19 | a.-
121/a 50 54,88 30,57 2.13 10.75 |0,95 j0.36 | n.
122/a 20 47,48 36,97 1.30 12,79 |p.86 {0,30 | n.
122/ 130 64,52 25.84 1.66 7.47 0,10 j0O.06 | n,
11 60,71 28.20 1.79

122/¢c 30 §2.84 32.89 2,56 10.60 |0.55 {0.20 | n.
122/d 5 61.64 26,34 2.58 8,40 0,40 [0.15 | =,
123 i1 100 60.05{ 60,05 | 27.92 27.92 2.25 2.285 9.03 {0.20|0.06 | n.
124fa 3 46.13 16,03 1.75 12,98 [0,80 |0.22 | n.
124/b 11 75 a5.88 | 48.12 | 38.74 36.54 1,76 1,63 13.17 | 0.40 | 0.25 | n.
124/c 40 54,05 32,22 1.28 14.65 |0.25]0.12 | n,
125/a 13 46,91 37.82 1.38 12,90 {0,35}0.16 | n.
125/b 11 80 46.7%| 49,00 | 37.22 35,70 2,16 1.98 12.50 |0.70 {0.27 | n.
125/c 35 56.31 30,12 2,15 9.82 {0,95|0.34 | n
126/a 23 47.28 37.04 1.7 12,51 {o.7m|a.m ] n
126/b It 117 47,89} 49,5 | 37.12 35,85 1.28 1.36 12.40 jo.60|0.28 ) n
126/¢ g 57,80 25,97 1.39 9.57 0.6% D._Z-Z n
127/a 10 47,95 37.45 1.3 12.06 {0.61[0.21| n
12%/0 11 100 45,63 46,75 | 37.6% 37,12 2,13 1.99 13,65 | G.450 0,161 n
127/c 25 80,72 34,89 1.7 11,89 [ 0.25} 0,09 r
1268/a 50 47,76 37,55 1.28 12,57 | 0.35] 0,15
128/b il us 4b.14| 46,80 } 37.61 37,51 1.73 1.62 13.30 { D.55] C.22 |
128/c 20 47.24 37,02 2.04 12.46 | 0.70| 0.20]
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1 {2) Cont,
8 Lovel Thickauss si0.x Averagu (A1203¢ Average Feo0ux Avarage
ar {cm) 2 510, | Tio,)X ' al,ogetig, ) 23 Foj0y | L-0-f.%| Ca0X} AgaX | Ti0,%
‘a 25 61,62 26,17 n a.6% [0.75] 0,28 n.aq,
/b I 110 46.97 s0.00 | 37.27 35,14 1,69 1.68 12,98 | 0,55 0.18 | n.a.
te 30 50, 42 15,52 1.30 11,75 {0.501 0.17] n.q.
fa 35 46,79 37,26 1,70 13,34 |0.30]| 0.20| n,aq,
/b i1 110 48,23 49,09 | 36.41 35,78 1.68 1.69 12.64 |0.40f 0.22| n,q.
/e 23 56.69 30,50 1.74 9.87 [0.48} 0.30] n.d.
/a 40 45,74 38,08 2,10 13.05 |o.32) 0,23 | n.g.
TRERT 105 | 46,11 | a7.04 | 38,20 | 37,43 1.72 1.8t | 12,87 |0.50) 0,24} n.q.
/e 20 54,53 32,09 1,74 10.57 |0.51] 0.22 ] n.d.
/a " 165 64,11 62.66 24.96 25.67 2.24 2.59 8.56 t, t. n.d.
/b 40 55,83 28.61 4.04 11,26 t, t. n.d.
8/ a . 170 57.10 55.97 27.97 28,74 4,03 .56 10,82 t. t. n.d,
/o 150 54,69 29,62 5.38 10,22 t. t. n.d.
i/ a 105 §6.12 30.91 2,24 10.14 | t, t, n.d,
£ 62,53 25,40 2.47
174 105 58.94 20,69 2.69 7.28 t. t, n,d,
5/a 40 47,46 36,89 1.67 12,52 10.70 | 0.25 { n.d.
s/a | 111 28 46,96 46,80 | 37.52 37.37 1.38 1.66 12,97 |0.60}0.27 ] n.qa.
s/fc 90 A6.61 37.54 1,74 : 15,00 0,500,191 n,a.
6 113 100 61,78 | 61.78 [ 27,92 27,92 2.25 2,25 9.03 10.20]|0.06 [ n.q.
/e AR T 50.99 35.01 1,29 11,59 [0,60{0.21 [ n.d.
7760 | 111 115 50.36 50,89 | 35.09 34.83 1.66 1.6% 11.99 [0,37} 0,14 | n.d,
1e 113 51,32 34.39 2,12 11,29 }o.40}0.11| n.d,
afa 10 60.34 27.57 2.10 9,38 Jo.35]0,12| D0.83
afe | o1 110 59,17 58.63 | 29,27 | 29.22 1,38 1,85 9.47 l0.22|0.08[ 1,03
/e 110 56,39 10.82 2,08 10,06 |o0.68]|0.29} 0.93
19/a 110 50.55 34,81 1,82 1.52 |0.686]0.29 | n.a.
W89/e | LI 110 50.40 | 50,95 | 35,16 34,78 2.15 2.01 11,50 ja.31] 0.3} a.d,
19/¢c 110 51.89 34,37 2,07 10.89 |0.25] 0.10| n.q.
W0/ a 0 49.37 .50 1,23 11,5¢ |o.60] 0.26] n.a.
w/e | L1 75 49,38 49,17 1 36.0v 16,07 2.06 2,23 11,31 (0,54} 0.29] n.d.
W0/c 70 48.75 35,69 3,40 11,3¢ |o.30] 0.18] n.d.
$1/u 125 s6.29 29,02 2,01 9,01 {0.8v] 0.42] ¢n.o,
s1/u | ol 125 50.15 53.28 | 34.69 32.56 2.14 2.1 11,88 |o0,52] 0.36| n.4.
/e 125 51.41 33.98 2.19 10.78 | 0.80] 0.44] n.a.
12/a 100 48,24 36,31 1.712 12.52 | 0.48] 0.30] n.o.
i2/e | L 110 §7.52 | s3.32 | 29.78 32,98 2,12 ..M 9,32 }o0,50) 6,32 n.d.
az/e 110 §3.76 33,16 1.30 10,49 | 0.52| 0.28f n.d.

0.
L.

s Not determined

a LEucus
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Table (3): Chemicsl anslveis results 7 the wejre x:'w o the

spot kaolin samples, C. €l-[esseila,

Sample 1 a8 T ”
™ lievel {1.0.1. |sin 273 1 150 Fe,0 Ca0 - | MgO
2 2 2% | '
nusbar +7i0, .
143 "1 | 10.89 |54.73 | 32.27 n.d, | 1.99 1 ‘d.217 ] ¢,
144/ _ 11,92 | 47.52 } 36.3% | n.d. .03 .1. 0.2 ¢ -}
144/b . 12,87 }[49.14 |36.M n.d. 0.89 :| 0.08 [ t,
144/c ' I1°| 9,75 ]59.32 | 26,86 | n.d. j 1,79 ] 0.3 | t.
© 144/d ] 12.47 | 47,94 | 37.76 n.d, 1,34 | 0,18 | t.
144/e 8.96 |60.09 | 29.61 n.d, 1,34 0.11 t.
148/7 | 11.45 {50.32 {35.7 | nid. | 2.24 | 009 | t.°
145/a | L., | 10.56 [s6.60 [31.31 | n.d, .34 [ 0.5 | ¢
145/b 10.88 | 54.24 | 31.81 ned. 1,34 0.95 | 0,51
MERELTE Y 12.19 T.a8.99 | 36.66 | 0.92 .79 . [ 0.8 | ¢,
1 v ] . -
{-186/0 | 712,38 | a49.07 | 36.11 1.38 2.24 0.6 t.

n.d. = not determined .
t. = traces

Tahla‘kt):‘cﬁgnignl analysis results of the major oxides for the

spot kaolin samples, G. Abu Ediemst,

Sample . . ' FY)
level |L.0.1. [st0, ] 23| rip, Fe,0; | Ca0 | ngo
number _ . ’Tinz .
1647/ | 10.57 [53.81 [34.30 n.d, | 0,89 | 0.20 | ¢,
¥47/b 12,01 [ 46,58 | 37.56 nod. | 1.34 0.18 t.
147/c| 1 9,95 | 57,15 | 31,41 nad, | 1.34 ] 0.12 | t.
147/d ' 11.81 | 47.86 | 37.32 n.d, | 2.68 | 0.24 t.
147/e 11.11 {52.97 | 34,56 n.d. | D.89 0.25 t,
148/ 8 8,34 | 64,13 | 25,60 1.08 | 0.90 0.70 | 0.30
148/b I 12.15 | 49,43 | 36,21 1.05 | 1.34 0.60 | 0,22
148/c 10.86 | 53,94 | 32,46 1.07 | 1.34 0.85 | 0.24
149/a 8.70 | 63.14 | 25,11 n.d. | 1.79 0.90 | 0.32
- 149/b 1 13,29 | 45.65 | 39.21 n.d, | 1.79 0.60 | 0.28
149/c 11.50 | 52,87 35.21 n.d, | 1,34 0.20 | 0,12
150/a 8.72 | 64,14 § 25,41 n.d, | 0.89 0.55 | 0.20
150/b I 12.68 | 46,68 | 38,06 n.d, | 1.34 0,70 | 0,32
150/¢c 11.99 | 48,36 | 37.46 n.d. | 1,34 0.30 | 0.12
151/8 11.83 | 48,96 [ 37.68 n.d. | 1.34 0.06 t.
151/b 1 12.42 | 47.07| 39.27 n.d. | 1.79 0.24 t.
151/¢ 12.79 | 468.32 | 36,33 n.g. | 1.79 0.27 t.
151/d 11.51 | 49.68 | 36,52 n.d, | 1.7 t, t.
152/a 113 10,12 | 55,41 32,15 n.d., | 2.24 t, t.
152/0 12,19 | 49,03 | 35.09 n.d. | 3,14 t, t,
153/a v 9.97] 56,83 | 32.00 1.063 | 0.90 t. t.
153/b 11,49 | 52.38] 33.84 1,13 | 2,24 t, t.

n.d. = not determined

t -t ha.——



Table {5): The values in ppm of the datermined trace siements in

kaolin samplas,

11

24

Sample .
leavel iloccality B v Cr Cu Mn Ni o Sr Ph In Ir
number
143 I 14 | 36|50 | 32| 150 32 9311 | 32 |250 | 650
101/a 2 12 {4425 [ 12| 60] 20 [w|108 | 7| 95140
10176 | 11 F 11 | 35721 | o] 92| 12 | {104 | 9| 50|10
101/¢ o 12 | 43 20 5t 120 19 |10] 104 7 | 110 | 305
111/a - 1 10 | 48| 74 8140 15 111140 {12 ] 10| 90
111/h o] 11 1 43)26 10| 115] 15 {10 ]38 |13 | 61| 99
146/ v 19 | sa|a0 {22{165| 31 j10}128 {11 ]| 95 |175
146 /b 21 | 68185 | 25| 250 42 10 | 130 | 21 | 125 {212
148/a 17 | 52|18 8|15} 20 |10 128 71 95 |185
148/b 1 21 | 52|26 81160 | 23 |10 | 140 9 | 90 | 150
148/¢c 20 {58 |24 |13]152 ] 25 |111104 10| 70 {160
118/a ” 25 | 63|65 |21 77| s7 8 |14 |20 ] 85 |230
118/b 11 E 12 | 35119 |17} 38} 25 |11 |104 |21 ] a0 | 92
118/¢c bl 16 {38116 113] so ] 21 |31 {138 |13 | 55 |120
138/a : 14 [ 67|10 |18 | 45 | 26 9 148 5 |110 {210
138/b | II1I 2 1 j60 |14 |18 ] 80| 35 [13 |130 7 |11s 310
138/c 12 |62 |15 |26 ] ao ]| 34 |11 |150 7 1125 |3s0
153/a 26 |67 |14 |35 |114 | 65 8 |130 |10 |125 |360
153/b v 24 J65 |15 |12 | 85 | 26 {10 152 9 |105 [310
Table {(6): Tha values in ppm of the determined trace slemsnts
in sandstone (Lower Cretaceous 7) samples,
Sample
. |locality | B '} Cr Cu fn Ni Co Sr Pb In Ir
number
20 F2 13 | 52|37 2]eso [ 35 [ 10160 |10 | 26 | 90
18 E2 L 75 (60|90 {25 |400 | 25 e {130 |35 | 95 [310
16 £2 'E 6|3a)49 |17] 12 |35 [ 11190 |37 1180 |330
9 £2 o 98 | 42|10 122|290 |42 | 156|190 |11 | 48 {315
6 E2 1 64 |68 | 9 |21 {260 |28 |14 {200 |20 | 54 [250
5 £2 o 25|62 8 (13| 22 |22 113|162 [13 | %0 |200
2 g2 sg a7l & }16 (250 |23 |11 |200 13 | 75 {220
12 02 @ [1afs2|s2 |21 | 62 [26 | 10265 |19 |90 [220
8 02 = ww|7s| e [26 |7s0 }27 | 13|265 | 6 |26 |300
7 D2 b 1775121 |33 |420 |30 |11 ]3e0 | @ |67 {340
2 02 a 6|36 |6a |13 ] 32 |25 |10 |150 |4 |60 |120
L4
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