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The term "clay" is usually used to describe an unstructured rock
compnsed essentially of clay minerals. The phylicll attributes of clays
that have been of most significance to man are, of course, the plastic properties
they assume upon being mixed with an appropriats amount of water which
permits them to be formed into pottery. Shales ars also rocks formed
primarily of clay m:l.‘n.eralxs, but they have besn metamorphcsed by geologic
forces into thinly layered or laminated structurss. They ars usually
harder than clay although they were originally ar;lllac.oul.lcdil.ntu thet
accumulated in past geologic times. Many shales when ground and mixed with
water regain the plautic properties of clay and serve well for pottery
formation. The Egyptian shales we have analyzed have had this property,
and hence should be'considened among the potential pottery making materials
in Egypt.

Some clays and shales contain componsnts other than clay minerals
and are described accordingly =5 sandy, limey, bituminous stc. Although
river alluvium and cultivated solls, which are geologically Recent sediments,
usually contain a preponderance of such non-argillaceous componants, they
often have sufficient clay minerals to be used successfully for p'otuty..ﬂ

The characterization of a particular clay usually involwves a study
of its rhysical and chemical brope.rt:iu by a variety of techniques such as
X-ray diffraction, electron microscopy, thermal analyses as mli a8
chemical ana'lysis. Chemical composition, particularly the pattern of trace
impurity concentrations, can be used along with stratigraphy and.pcttb;rlphy,
particularly the identification of fossil inclusions, to confirm attributions
of different outcrops to the same geologic formations and sometimes to infer

the origins of these formations.



The use of clay in pottery making antedates recorded human history,
and pottery remains are a major record of past civilization. Imr racent
years, the deductions made by archaeologists with regard to pottery
classification and provenance have been supplemented by modern methods of
chemical analysis such as smission lpcctroucopyl’z and neutron activation
uulyli.l.:"19 The latter technique has proved to be most valusble not only
because it ie highly sensitive but alsc becsuse it allows the simultanesous
quantitative deterzination of a large number of elements. However, most of
the investigations reported have bsen concerned with ths examination of
the articles only, and few attempts have besn made previously to exsmine the
pasrent clays from which the ancient pottery might have been manufactured.

The present investigation is concarned mainly with the content of
trace impurities in the clays and shales in Egypt. The patterns of trace
impurities and minor components may be used as a basis for classification
of clays and would be uwseful in tracing the origin of the parent materials
uwsad in pottery manufacturing. A number of clay samples, therefore, wers
collected from diffsrent sites throughout Egypt, to represent sll extensive
natural formations from the Recent deposits down to the lower Cretaceous
levals, and were analyzed for sixtesn elemsntal componants by instrumentsl
thermal neutron activation methods. Also a few spacimens of ancient pottery
were analyzed and comparad in their minor componants and trace impurities to
the clays.

Clay and Shale Formations in Egypt

Geological evidence indicates that the course of the Nile through
Egypt was estsblished during the Pliocens spoch vhen a tectuonic valley, to
which the Mediterranean Seaz at first had access, vas fornd.zo Accordingly
the rock formations through which the Nile viilley passes are sarlier than



Pliocens and the deposite occurring on the flocd plain of the river are of
Pliocene and later date. Thase later deposits are rich in clay and clay-like
materials, while the surrounding sarlier rocks contain considersble shales
and some clays. Llat us first consider the surrounding rocks through which
the river flows.

At the apex of the alluvial delts the river sncounters saveral
limssctons lsyars one of which, tha Msadi formation,contains significent
shale intercalations. This formation extands roughly from Caire to slightly .
south of the Yayum. Mirther south in the ragion of Upper Igypt which extends
roughly frowm Qens to Idfu the rivar valley cuts down through the upper
ralatively pure lissstone layers into a saries of more argillacecus layers
many of vhich are rich in shale. Thase shale-rich lsyers can extend in
all to a depth of from one to two hundred metars. Tha lsyers in this
reglon vhich are particularly rich in shala are in order of incressing
depth the Esna shales, the Dekhls shaies, ths Phosphate formation snd the
Quaeir variegated shales. They vange in date of deposition from the
uppar Paleocens through the upper Cretaceous. From roughly Idfu to Aswan the
river valley panetrates yet daepar into the Nubia sandstone layer which
underlies these shale beds and which dates to the lower Cretacecus. The
Nubia sandstona laysr which is surface exposed in the Asvan region contains
clay deposits which are used today for pottery ssnufacture.

Three distinctly different deposits lie on the flood plain of the
Nile. The lowest lying of these lsyers accumulated during the Pliocens.
It is thought to have been deposited undsr marine or sstuarine conditions.
Harine penetration-into the valley had spparently ceased to be &
major factor by the time of the Pleistocens epoch. During the Pleistocsns

North Africs was not arid as it is today but experienced periods of




abundant rai:sfall.n Accordingly although today the tributary wadis of
Egypt contribute practically no sediments to the Nile flood plain, during
the Pleistocene epoch the wadis were relatively active, contributing
significantly to the Nile sediments. The pluvial periods of the Pleistocene
producad a distinctly separate second laysr of deposition upon the Nile
flood plain, which, as the analyses reveal, is distinctly different in
chemical composition from the Pliocens layer which it covers. However it is
basically similar in composition to the shale lsyers through which many

of the contributing wadis cut. It would seem logicel that the erosion of
thess shales contributed significantly to the formation of the Pleistocene
clays.

The upper layer of Nile alluvium has been daposited during the
Recent epoch and rspressnts predominantly foreigun sedimentary material
carried by the Nile from Ethiopis and East Centyval Africs. The anslysss
show it to be distinctly different in composition from all other materisls
studied.

The occurrence of many of these formations and deposits throughout
much of Upper Egypt is ahown in Fig. 1. In this figure one sses that the
recent .alluvium deposit lies closest to the river with a strip of Pleistccene
deposit usually occurring at its outer sdges. Occasional arsas of Pliocsns
deposition surface at the extrems outer edges of the vallsy bayond the
Pleistocene strips. The surrounding outcrops of shals are particularly
svident in the region shown in Fig. 1, as is the very low lying Nubia sandstone
vhich particularly becomes a surfsce rock in the Aswan region.

In the grsat depressions of the Western Desert in which the msjor
oases lie, many of the same formations, i.e., the lower lying shales and

Nubia sandstone, surface. Alsc there occur at the oases Pliocene,



Pleistocene and Recent deposits analogous to thoze in the Nile valley. A
number of our specimens have come from these oases sites.

There are in addition some relatively pure kaolin clays which occur
in Carbouiferous Ataga sands and Nubia sandstona on either sids of the

central-upper region of the Gulf of Suez and also underlie the Nubim

sandstone at Asvan.

The Sources and Composlitions of the Geological Spscimens

The specimens »f clays snd shales we have analyzed were provided
from the collection of the Geological Museum at Cairo through the kind
permission of Dr. R. Sald and the cooperation of Mr. A. Talaat. Dr. Said also
genarously advised and sssisted in the provision of some of the samples
for analysis. For the most part four or five samples of each formation
considered in the pravious discussion wers - ilyzed. The samples of sach
formation were selscted to represent, a9 & rule, geographically disperse
sites in order that the compositional uniformity of the formations could
be sstimated. The source locations for the specimens analysed ars all
indicated in Fig. 2.

We recogaize clearly that such limited sampling as wa presently
have cannot be regarded as being comprehansive of the extensive forsations
beiug studied. However, particularly because the different samples of the
sams formations have tended to be similar in composition, this sampling
doas serve to indicate in general terms the basic minor and trace
component: compositional characteristics of these various formations. We
very such hops it will be possible to add to and refine these data.

For simplicity of presentation we shall consider together the specific
geographic sources of the specimsns and the analytical results obtained om
them, leuving for later a description of the method of analysis. MNotstions



of the source locations and numerical analytical data for the individual

specimens are listed together in Tables I, 1II, IV, and V.

Recent, Pleilstocene and Pliocene Clays and Soils

The analyaes oi the clay and soil specimens taken from Recent,
Pleistocene and Piiocene depb;:ltl ave grouped together in Table I.
Specimens of Nile alluvium came from the Boulac section of Cairo, an island
in the river at Assiout and several sites in and about Aswan. These
alluvium specimens from three quite widely separated regions along the Nile
are very closely similar in composition. Our results are also in close
agrsement with similar anclyses of Nile alluvium from upper Egypt published
by Perlmsn and Anro.“’]"a Nile alluvium is outstanding in its very hign
mangansse, iron and cobalt contents, &8 coapaxed with all other clays
analyzed. The averaze mangansse concentration is sbout tenfold that in any
of the other clays and the cobalt concentration is about twice as great.
Convarsely the thorium concentration in the alluvium is significantly low,
being often about half that of the other clays '.lnd of most shales. These
elements are particularly diagnostic for this material. The sodium content
is also significantly high in alluvium but it is similarly high in
Pleistocene clays and the shales which were found near the river.

Two other spscimens of rscent soils were analyzed. One came from
the village of Dakhla at the Dakhla Oasis in the central Westsrn Desert,
and the second was from the Wadi El Natrun in the Western Desert south of
Alexandria. The data on these specimens in Table I show that the Dakhla
Oasis soil has all of the unusual compositional characteristics of the
Nile alluvium. It is sufficiently similar to the alluvium in the concentra-
tions of all components determined to suggest a common origin for the two

deposits, and hence a probable early water connection between the river and



the casis. In contrast to this the soil from the Wadi Natrun does not
have either the high manganese #ad iron concentrations or the relatively
low thorium concentration that characterize Nile alluvium. Hence a
different origin for this deposit is indicated.

A visual compariason is made in Figs. 3 and 4 bstween the standard
deviation ranges of concentration of sleven of the componente determinad as
they were found to exist in the differsnt types of clay like material we
have snalyzed. One observes, for sxample, at the right of Fig. 3 how far
the manganese content of the matching racent soils 1iss outside of the
statistically probable ranges of its occurrence in other materials studied.
Some of ;:he components nct plotted show similar separations. Tae only
reasnn for not including them in the plots was to keep the visual display
within modest and sasily comprehensibie limits.

The Pleistocens clay samples came fron two regions along or near
the Nile. The first region lies just south of Cairo vhere we have a semple
from the village of Magdi and another from the Fayum. The second region
is central Upper Egypt where the clsy specimens came from Qena and 'Enu.
It is worth noting that the Pleistocsne clays of Qena ard Esna ars used
extensivaly today for the manufacture of potterxy.

Comparison of the analyzed results on these four spscimens shows
that although all four are basically similar in composition, the pair of
specisens from south of Cairo show some consistent differsnces from the
pair of specimens from Upper Egypt. Specifically they have more iron,
cerium, europium and thorium and less barium and chromium than the :lays
from Qens and Esna. We have found these same differences to .occur between
the shales that outcrop in the region south of Cairo, i.e., the Maadi

formation shales, and shales that outcrop in the wvicinity of Qena and



Esna, the Esna shales. Table I1I displays side by side the average concentrations

and group standard deviation ranges'* of the compositions we have found in both

*For simplicity of presentation the arithmetic means and standard deviations
have been listed in Tables 1II and VII. Experience has convinced us that
trace imputity concentrsiicns tend to be logarithmetically distributed and
hence geometric means and standard devistions in terms of logarithms of
concentrations would be a more correct presentation of the data. However,
because the differences betwesn the two methods of data handling are suall
when the members of a group are reasonsbly closely similar to each othey

it is reasonable and practical to use the considerably more familiar linear
data presentation in these instances.

the clay and shale samples from Maadi and the Fayum and in the clay and shale
sanmples from Upper Egypt. In Tsble II the components whose concentration
ranges are differsnt in the two regions ars underlined. It cen be seen
that upon the basis of m:licn data the Pleistocens clays and Maadi formation
shales from Maadi and the Fayun are indistinguishable from each other.
The Pleistocene clay and Esna shale of the Qena~Esna region are not quite
as closely matched in composition but are still very similar to each othér.
Considering the small number of samples analyzed it would be stratching
statistics to distinguish between them., However, the Maadi formation shales
show the same compositional differences from the Esna shales that Masdi
Pleistccene clay does from Esna Pleistocere clay. Indeed the local clays
of Pleistocene deposition do seem to have been derived to a predominant
extent from the shales local to then.

This conformity to local conditions suggests that in other localities
throughout Egypt the composition of Pleistocene clays might be characteristically

different. For example, Pleistocene deposits occur along the edges of the
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delta. At Alexandria, situated at the westarn edge of the deltg, there
should be available Pleistocene clays as well as alluvium for pottery
fabrication. It will be necessary to characterize these and other local
Pleistocene clays not yet analyzed before one can consider this study

to be at all complete.

Clays nf the Pliocene epoch are widsly distributed over the Nile
Valley and the osses. They are commonly cailed "'plastic clays" and are
used for pottery making. The four specimens analyzed cane from widely
separated locations. The first was from the site of the Fom Z1 Khalig
which was a canal within Cairo with an entrance to the Nile just east of
the island of Rnda. 'ﬂt? second Nile specimen comes from the former
village of Xoraosco, which was located south at Arwan well into Lower
Nubia., The remaining two spacimens came from the Central ‘Nutgm Desniit
oases, Kharga and Baharia. Thess four spacimens are all similar to each
other in composition. It would seem probable that they wers all formsd
under similar circumstances, presumably marine or estuarine conditions.
Considering such conditions of formation it would seem mora likely that
the Pilocene deposits would be more generally uniform than the Pleistocene
and hence that it is unlikely Pliocene clay from particular localities
throughout Egypt can be differentiated upon the basis of their minor and
trace impurity pntﬁemu..

The Pliocene clays are characterized by relatively high concentrations
of cerium, hafnium and thorium and low concentrations of sodium, V:I.ron
and cobalt, characteristics which they share with the ksolin 'c'llys. In
general these two tvpes of clay are very similar in the concentrations
measured. Mowever;, the kaolins have significantly less potassium, iron
and manganese than the Pliocene clays, so that the two are easily

differentiated upon the basis of these elements.
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Cretaceous Clays

Both the kaolin clays and Nubia pandstone cglays are attributed

to the Cretaceous period. The data on these clays are listed in Table
. II1. We have analyzed three kaolin clay specimens, one from Kalabsha,
south of Aswun in Lower Nubia and two from Abu Darag, mear the head

of the Gulf of Suez on its west coast. The specinens are reasonably
similar to each other in composition, and at this stags we are considering
them only as a2 group. Analysis of additional samples might provide some
basis for differsntiating the Nubian from the Suez Gulf kaolins.

As has already been noted, the kaolins are compositionally similar
to the Pliocene clays but contain significantly less potassium, iron
and manganese. They are characterized by their unusually low
concentrations of these elements and of cobalt and by relatively high
concentrations of cerium, hafnium and thorium.

All of our fiwve Nubia sandstaone clay specineng come from the
vicinity of Aswan. They include a group of three samples taken from an
exploratory shaft near Aswan. They were selected for analyses in order
to obtain an indication as to whether any significant changes would occur
in concentrations as a function of depth from the surface. Recognizing
that clays can undergo chemical exchange and also that a depositicn or
leaching out might occur at the surface of & clay deposit one feels that
superficial samples, such as most of our specimens were, might differ from
subsurface samples. There might also be natural nonuniformity throughout
the deposit of course. The three specimens, T 21, T22, and T 23, taken
respectively at the top layer of the clay deposit, near the shaft opening,
and seventy-five meters within the shaft show a consistent change with

distance in sodium, manganese, cobalt, and perhaps iron. Of these the
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relative change in sodium concentration was by far the most serious ons.
This confirms a general feeling one has that sodium would be among the
least dependable of the components measured. Chemically, .sodiu:q and
other alkali metal ions would be among the most labile toward chemical
exchange and most likely to be present in soluble, and hence transferabile,
salts. It is interesting to note that the elements which show a dimjnution
from the surface inward are ones which are pressnt in significantly higher
concentrations in the Nile alluvium than in the clay.

Despite the differences Just noted the Nubia gandstone clays form
a reasonably consistent ;gtoup which is compositionally different from the
others studied. The difference resides in the overall pattern of
constituents, there being no single componant prasent at a concentration
level significantly different that is from all other clays and shales
analyzed.

Shales from Near the Nile

The Maadi formation, the Esna, the Dakkla, and the Phosphate
formation shales were all specimensad at sites near to the Nile. As has
been mentioned, the Maadi formation shale specimens came from Maadi and
the Fayum. The three other shale containing layers were sampled in the
El Sharawna District between latitudes 25° and 26° and longitudes 32°
and 33° which is the central region of Fig. 1. Additional specimens from
the Phosphate formation were taken from the Gebel Abu Had, the site of
which is shown in the upper right corner of Fig. 1. Analytical data for
all of these specimens are listed in Table IV.

The small but significant differences between the Maadi formation
and the Esna shales were discussed when similar differences in the Pleistocene

clays associated with them were considered. The Dakhla shale is little
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different from the Esna shale in composition, having perhaps somewhat less
iron, manganese, and cobalt. The Phosphate formation is not a uniform
layer and the shales from it show considerable compositional variation.
All of these shales are roughly alike in composition, however, and can be
distinguished compositionally from all the other clay-like materials

analyzed except the Pleistocene clays.

Shales from the Kharga Oasis

The shale bearing layers that outcrop in the Sharawna District also
outcrop at the Kharga Oasis. From the Gebel Abu Taitour there we have
received specimens of Dakhla shale, Phosphate formation shale and of the
yet lower lying Qusier variegated shales. Data for these specimens are
listed in Tabie V. The Dakhla and Phosphate formation shales from the
0asis are similar to those from the Nile with two wvery pronounced exceptions,
both of which occur in the alkal: metal elements. On the average there is
only about one-twentieth as much sodium in the shales from the casis as
was in the corresponding shales from the Sharawna District and less than
half as much cesium. Similar low concentrations of sodium and cesium are
found in the variegated shale specimens from the Kharga casis. Whether these
differences in alkali concentrations between shales of the two regions
represent surface alterations of the type previously discussed or are basic
to the shales and represent consistent differences in their conditions of
deposition can be answered only through further investigation. It weuld be
most helpful to have subsurface specimens of these shales for comparative
analysis., Also it would be interesting and worthwhile to know if the
Pleistocene clays at the oagis also have the low sodium and cesium of the
shales which outcrop there. However this may be, surface shale material
taken from the oasis can easily be distinguished from the other shales

studied upon the basis of these elements.
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In other respects the variegated shale specimens from the Kharga Oasis
differed significantly from the other shales studied only in having a
higher potassium content on the average than all other shales and as high

an iron content as the Maadi formation shales

Archaeological Evaluation of the Clay and Shale Analyses

The analytical data on Egyptian pottery forming materials iz just
extensive enough at this stage to permit a raasonable svaluation of the
potential of investigating ancient Egyptian pottery by means of comparative
analyses. However, in order for extensive relisble inferences to be
drawn from comparison of specific pottery compositions to that of the clays,
the cataloging of tlay compositions must be considerably more
comprehensive and extensive than it now is. Also there is now need for
a systematic analytical survey of ancient Egyption pottery itself to
determine to what extent the various clays wers used by themselves to
produce pottery or in various combinations with sach other and with the
addition of tempering materials.

At present it looks as 1if it anight be impossible to obtain an
indication of the geographic source within Egypt of pottery made of pure
Nile alluvium or Pliocene clay or mixtures of the two unless the analysis
of a sufficient amount of pottery of known date and geographic provenance
establishes that traditions of the use of these pure clays or particular
mixtures of them were confined to specific localities at specific periods.
The picture is much more encouraging with respect to other clays and the
shales as there does appear to be some local compositional differentiation
within the Pleistocene clays and shales. Also some of the clays which can
be identified as to type through analysis, such as the Nubia sandstone

and the kaolln clays, outcrop in only limited regions throughout Egypt.
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It would seem likely that their use in pottery would have been similarly
localized.

At this stage we have a better feeling for the consistency and
diversity of clay compositions than of ancient Egyptian pottery compositions.
A logical step at this time would be the undertaking of a reasonably
comprshensive program of analysis of pottery of at least one historic
period from known locations throughout Egypt. 1In this way hopefully an
sstimate of the consistency and degree of localization of the traditions
of use of clays and tempers in pottery formation can be obtained. The
insight that might be gained into the technology of the ancient Egyptian
potters would itself justify such a study.

In summary, therefore, the fact that it now appears thai one can
distinguish between different types of clays that occur widely throughout
Egypt through neutron activation analysis and in some instances one can
identify clays that are local to specific regions estnblishas that there is
potentially a uuonﬂ:h 1likelihood that similar analyses of ancient
pottery should in some instances provide indications of the geographic
origins of that pottery. Because of the wide geographic distribution of
some clays of nearly uniform composition it im to be expected that in many
instsnces it may not be possible to infer such origins from the analytical
data. As has been argued, the axtent to which this is true will depend
greatly upon the extent to which unique traditions of pottery formulation
were observed in specific locations. Only analysis of the pottery itself
can answer these questions. In any event it should, in many instances,
be possible to interpret the compositions of the analyzed pottery in terms

of the clays from which it might have been formed.
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Analysis of Pottery

A small group of pottery spacimens vere analyzed as a very preliminary
teat of the potential of correlation between clay and pottery compositions.
Only nine specimens in all were studied but they were all excavated
material of known origin. Thay wers sslectad to Taage in date from early
01d Kingdom into the Islamic Period and they were supplied to us through
the kind cooperation of Dr. Zaky Iskander.

Three of the specimens were from Sskkara and differed greatly in
their date of burial. 7Two were of the 0ld Kingdom, one, Pl, attributed
to the Archaic period (32nd-28th centuries B.C.), the other, P9,
attributed to the Pyramid Period {2723-2242 B.C.). 7The third Sakkara
specimen, P8, was attributed to the relatively late 26th Dynasty (663~
525 B.C.). Four specimens were of the Ptolemaic Period and were all from
the Hadra excavations which wers carried out at Alexandria in 1971. All
four specimens P4, P5, P56, and P7 have basn attributed to 140 B.C. Two
specimens of yet later date, P3 and P2, were from Kom el-Dekka, also at
Alexandria, and wers respectively of the Coptic and Islamic periods. The
data for these pottery spacimens are given in Table VI,

The specimens can be divided rather well into but three compositional
groups, a fact that lends credence to the concept that consistent
traditions in pottery formulation did exist. The firat compositional group
includes both the oldest and youngest specimens which are asparated by a
time span of as much as four thousand years. This is not too surprising,
however, as the composition of this particular group is essentially that of
the pure Nile alluvium. A comparison between the average concentrations
in this grouo of pottery and that in Nile alluvium is presented in Table VII.

One can see that they differ significantly only in the sodium concentration
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vhich is somevhat higher in the ancient pottery. Rowever, sodium chloride is
known to accumulate as efflorescent deposits on the walls of tombs in

Egypt and it is quite possible that some extra sodium could have sccumulated

in the pottery during burial. It is slso possible, of course, that

alluvium 1is slightly less rich in sodium todsy than it was millennis ago. In all

other slemants the compositions of these specimans are as closs to that
of Nile alluvium as one would expect them to be if indead they had been
made totally of this saterial. The specimens include all of the thrse
from Sakkara and the Islamic specimen from Kom sl Dekka at Alexandria.
Perlman and Auro“ have also reported on a pottery group from a
cemetery at Ballas in Upper Egypt which closely matches Nile alluvium,

The second group of matching specimens include a Ptolemaic specimen
from the Hadra excavation and the Coptic specimen from Xom el Dekka,
both at Alexandria. Thesé specimens have many of the characteristics of
Nile #lluvium, #.g., relatively high mangansse and cobalt and low thorium,
but to a much less degrase than the alluvium itaelf. It ssems probable
that this potiery contained Nile alluvium mixed significantly with one or
more other components. We have not as yet been able to match this
composition with a composite of the clays we have analyzed. It is possible
the material we presume to have diluted the slluvium might be a tempering
material or a clay, such as a Pleistocene clay unique to the delta region
which we have not yet analyzed.

The third group includes three specimens, all of Fcolemaic date from
the Hadra excavations at Alexandria. Two of these three specimens are

closely matched in composition and have the characteristics of Nile alluvium

diluted with other components. The third is more dilute then the first two
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in components that tend to be high in alluvium and could well be similarly
constituted but with a lower alluvium content. All three are characterized
by having definitely higher chromium than we have encounterad in other
materials studied except for a few of the vary daeply lying shales.

These few analysas of pottery like the clay analyses encourage one
to believe that more extensive studies of Egyptian pottery may often provida
a basis for worthwhile infarence hut sometimas may only confirm an Egyptian
origin for the objects studied., One considers future programs of neutron

activation analysis of ancient Egyptian pottery with reserved optimism.

APPENDIX
Analytical Procedure
(1) Samwpling: To insure representative sampling, at least 0.5 gram
samples were ground and thoroughly mixed. In turn 40 mg samples of this
wore uniform material were packaged for activation., In the case of pottery,
the surface of the sherd was cleaned with a tungsten carbide burr and a drill
cf tungsten carbide whose base could be placed in the chuck of an 6rdimry
electric hand drill, The first portion of the powder drilied was discarded
and then more powder removed to provide the amount required.
{11) Irradiation: Activations were carried out at the Brookhaven High

Flux Beam Reactor at fiuxes of 1-4 x IOM

neutrons cm > sec . A short
activation of a few minutes preceded measurement of the short Iived
activities of manganese, sodium, potassium, and sometimes lanthanum, while
an activation lasting for some hours followed by a decay period of a week
to ten days preceded measurements of the longer lived activities. W¥ith
every batch of samples each of the six U.S. Geological Surwey Rock Standards

were introduced to be irradiated under the same conditions. In this way

each element is individually calibrated in each run. Agreement between
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the six standards confirms that conditions of activation and counting are
uniform.

After irradiation and cooling, the samples and the standards were
transferred quantitatively, using ethanol, into glass tubes provided with
metsl caps to allow them to be picked up by the magnat tippsd arm of an
automatic sample changer. An slternative more convenisnt procadura vwhich
doas not involve the transfer of the activated samples is to use small
sealed quartz tubes for packaging the samples instsad of the usual
aluminum cans. The main impurities in the quartz were Sb, Sc, Cs, Th,
Cr, Fe, and Co, but their concentrations were negligible as compared with
those encountered in the samples. Thsreforu the samples could be counted
while still remaining in the purs gquartz tubas.

(111} Counting and Spectrum analysis: The gamma rsy spsctra were
taken with a 35 cla Ge{L1) detector coupled to a 3200 channel anslyzar
with magnetic taps output. An automatic sample changer would introduce
the samples into a well in front of ths detector where they vere positioned
in an sxact geomatry rslative to the detector for the prescribed counting
intervals. Counts from a precision pulser ware fed through the entire
electronics of the counting system during the period of counting, and
recorded as an additional pesk in the spectrum. Ths ratio of the nuaber of
counts collected in this pulser peak to the number of pulses emitted by
the pulser during the counting period provided an exact measurs of the
percent livz time of the entire electronic aystem.

{iv) Data processing: The data on the magnetic tape were processed

by a Con:rol Data 6600 computer in successive steps that 1) analyzed the
spectra, 2) calculated calibration constants from the data on the six

standards run with the samples, 3) converted peak data to concentrations
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and 4) produced comparative piote of specimen data or carried out statistical

analysis on the data for groupe of specimens as desired,
These analyticsl procedures have bsen descridbad in detail by Abascal,

Harbottle and Sayn.zz
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TLAYS AND SO1LS DEFOSITED APTER THE FORMATION OF TuR NiLR

RECLRT

tpech of fepesition - . e _PLEIS = __PLISCDE
lgntce tioulae {slands Souuth  Aavem  Aghas  Dakhia WVadl Kaadl Qeni Gema K1 Feyum o8 Koraaed Kharga Siharia
Locationg Diserice in Nile of Khan Dekkis Nittws South= Uppi Uppar 1 Khalig Nublas Ehargas Oaais
Catro Assiout  Asvaa Toabk OGaain asst of Egypt Eaypt Oasis
Asvan Calre Caire
. Hatehiag — atching

wrchEen No, 1% 17 T2 125 T8 18 b4} 15 T8 ks ] Ti6 13 i1 T a2

e - = Concoatratinas of Onidas im Perceat = ==
Cadiun S0 1,22 1.26 1.48 151 1.65 .53 0.59 1.52 1.1 1.9% 1.5 0.19% 0.08% 0.088  0.097
Totanslut K 1.2 1,33 1455 1.2 1.2 1:.2% .52 1.5 1.08 1.02 1.3 1.3 1.13 1.02 0.469
t7oR Fey6, 11.3 10.8 1.4 1.2 1.4 10.1 6.9 8.1 “» (A1} .48 1.43 1.9 1.0 2.24

Comcamtritions of Ouides ia Farts Per Riliiss

tubidtus  7h o ib &4 &) [ &1 109 % i 5 % 3 35 i a b
Gesium b0 0.7 1.0 1.4 1.8 1.5 1.4 2.7 &2 3.8 $.7 36 1.3 1.9 1.3 3.0
gt ha 516 a60 540 530 520 $20 &40 3m 450 o] 0 60 mammmz  =ssssa 3
beansiug  Soyl, &1 1] &0 ) k'] k1) [13 5 F1] k) ] k] » » % »
fARthafun  Lay0 58 scasiea 42 k1) % 15 i 62 107 %) [ [} 2 L 1} [3]
CoFium e, 150 13 %% (7 ] 145 133 14 LY n 183 0 &40 300 320
Furoptus t;uﬁl Y 4 29 3.1 2.8 239 2.5 390 31 2.0 i 2.8 2.1 2.8 j.e 2.5
Hafnlum  HFO, 6.8 &9 | K &8 7.4 7.6 13 5.9 3.2 1.4 LR s 19.8 Fr o 3.3
Thoriua  Thy, 1.3 6.5 1.0 6.2 .0 66 123 17,4 13.7 6 13,2 1.0 5.5 6.3 168
Sastalon Ta:n; 5 3.2 2.2 2.1 2.5 2.9 4.8 3.7 2.4 1.8 3.9 3.0 &7 3.6 5.5
cheenbas x40y 203 195 150 ne 135 223 193 184 (DY i ™8 i57 176 175 in
Mazjdnese  Map 1740 1840 1640 1510 1500 1520 104 168 35 165 112 102 o ) 139
tobalt =) % & &% 1} & [} % i 7 0 15 $ ’ 15 L]



TABLE II
COMPARISON OF PLEISTOCENE CLAYS WITH SHALES FROM THE SAME SOURCE REGIONS

Specivens from Nile Region Specimens from the Qena~Esna Region
South of Cairo of Upper Egypt

Pleistocene Maadi Formation Pleigtocene Esna
Clay Shale Clay Shale

. Average Concentrations in Percent®
Sodiun Na,0 1.66 + 0.20 1.70 + 0.05 . 1.55 + 0.55

. 2.63 % 0,25 d
Potassium K,0 1.42 £ 0.16 1.21 # 0.12 ' 1.07 & 0.01 1.09 + 0,11 ‘
Iron Fe,0, 7.9 *0.3 7.8 +1.1 6.5 0.2 6.1 *0.3

) Avetage Concentrations in Parts Per Million®

Rubidiun  Rb,0 7 +9 66 +2 & 113 60 412
Cesiun CSZO 4.2 i’_ 0.8 3.3 :"_, 0.7 ‘-8 ; 163 S.4 i 0.8
Barfaen Bao 310 + 100 270 -+ 30 S8 + 190 450 + 130
Seandium  Se 0, 3% +1 32 4 1 +3 27 +4 :
Lanthanua La,0, 6 3 66 +5 8 27 o x7 s
Ceriun Ce0, 166 + 28 136 +17 70 44 48 +10 4
Eutopiun  Eu,0, 2.9 +0.2 2.7 +0.3 1.9 +0.1 1.6 _+ 0.2
Hafnium H!Oz E-__Gﬂ_:"_ l_ng 65‘7 i pi’ 3-1 ‘t 0.1 . 2-2_10.5
Thorius  ThO, 15.5 + 2.6 15.5 + 0.5 14.1 £+ 0.6 11.2 + 2.8
Tentalus  Ta 0, 3.8 +0.1 3.2 *0.4 2.6 +0.3 1.3 +0.2
Chromiun  Cr,0, 201 + 10 199 + 33 6% _+ 28 ,25!,0,.__#39
Manganese Mn® 160 + &0 256 + 101 2% 492 . 173 + 28
Cobalt oD 16 . +2 23 x5 21 %1 25 +4

*
Wich group standard deviations.




TABLE 1II

ECYPTIAN CLAYS DEPOSITED BEFORE FORMATION OF THE NILE

Kaolin Clays from Nubia and the Suez Gulf Nubia Sandstone Clays from the Aswan Region

ipoch of Deposition Cretaceous Lover Cretacesus
fource Lucatians Kalabsha ‘Abu Darag Asvan Asvan Specimens from a Shaft Near Aswan
South of Gulf of Suez dark grey light gray tap near 75 necers
Aswan — clay clay layer opeding {nside
iacciren No. T13 T18 T19 T10 120 T21 122 123
Concentrations of Oxides in Percent
sodiun Xa,0 0.16 0.38 0.76 0.10 0.11 0.58 0.42 0.08
Potassiin K0 —— 0.15 0.10 1.19 1.15 1.00 1.08 1.13
Lron Fe,0, 0.76 1.02 1.17 6.3 2.5 7.5 7.3 4.8
Coucentratiois of Oxides in Parts Per Million
Rubidiur Rb,0 23 e —————— 70 50 42 46 48
Cesiut CS;O » o St ——mue 4.3 3.1 5.3 6.7 4.6
Bariun Ba0 350 e 230 . cwraen —— 250 230 240
Scandium 5,0, 43 3% 41 a8 5& 55 41 42
Lanthanun 1.3203 128 92 asssan 88 85 68 65 69
Ceriunm (:eo2 480 371 417 186 160 164 145 152
Europiua Eu,0, 4.5 3.1 2.7 ’ 2.8 3.4 ———= 2.8 2.4
Hafniun Hfo2 21.2 15.9 15.7 7.0 8.0 6.1 7.6 7.9
Thoriun Tho, 38.1 20.7 30.8 16.9 15.8 16.9 16.7 17.8
Tantalus Tazps 15.4 10.5 12.0 3.8 5.5 1.9 2.2 2.6
Chromium Cry0, 381 206 180 153 155 193 168 167
Manganese  MnO 1 43 25 111 3% 244 165 72
Cobalt Cold 6 3 S 33 6 22 17 14



TARE IV
SRALES FROM OUSCROFS BEAX TRE NILX .

| Foeaation Mazdi Formstion . Ksan Shals Behkia Shals Phisphats Yersation
i ton Upper Eocene Uppar Palsscons Lowst Paloscons Caspanten to Massteichtise
source Lucatiin £l Fayu= Masdi Cebel El-Shaghak GCabel Avuing Gebal Abs Ead - Corayst  _Cebel Metna
.',3“2,,,, . M—' ] mtﬂts Shirseta  Wemthaset of Qua Sharsma Diatrict
Specizen Lo. WY RIS TRW TS pei] ™y 13 ™12 ™ ™ TAY TALS T8 L 10 TSi
o 3 Coscestrativas of Gaides 15 Terceat
Soding  %ay0 .76 1.67 1.67 26 LB 28 2B 157 3.50 L& 2P A L3 291 AP LN MM
Potaastus .0 1,07 1.23 1.3 0.97 1L12 L0 LD} Q.73 1.07 1.17 6% 09 2% L1é¢ 1.42 L% 1.0
tron e .26 B.62  6.39 3.9 3.2 G.B’ ) 619 5.% &7 S8 49 S48 806 917 206 20 5.1
Cantontraclons of Ouldes 1o Parts Per Millisa
Pubiciun  Fha (1] [1] 65 72 43 [ 3] 58 s? o8 [+ 33 7] [ 4] [13 n 88 0
testun 05,0 45 39 31 &5 NI &7 S S.5 2.3 264 32 32 22 10 27 32 23
varkuh dau 350 180 20 o 520 300 » ——— 190 00 2% i e, L4 ] w0 10 340
scandiun stads k3] 32 H ] 3 23 ¥ - [}) 24 23 0 9 32 3 a8 k1] 21
Lanthanue Layo, n & 2 » L [ L2 Al A7 k] “ » &% L 53 “ s?
teeium Ceo, 151 us 10 @ » [ L 2 n ] “» 2 4 [ ] 53 43 59
Europiua Euq0, .9 2.3 2.3 1.9 1.4 1.8 P ) 1.3 1.8 2.4 0.9 L7 1.8 2.0 2.0 1.7 1.3
afniua #:a, %9 1.9 5.4 35 2.3 .8 3.8 3.7 3.0 1.3 1.5 2.2 3a 2.9 8.7 39 [ 84
Thotlvm  THO,. 160 15,0 158 15,0 &4 103 110 12,2 1.3 4 119 1.8 &7 e 127 12,0 129
Tantalug é‘z“; g 2.9 3.0 3.3 1.4 L1 1.3 1.4 0.9 0.8 1.1 0.8 1.0 1.4 1.3 141 1.1
Grondua  Cryd, 22 215 161 % ny s 33 m 190 ns 237 13 17y kg » 402 19
Manganage M) iS5l 353 F2 1) 133 in 192 192 [ ¢ ] 73 o 77 -3 117 22% 164 50
Cobalt cot 19 1] 20 i) n » % 13 ) % a k] is 19 190
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TABLE V

SHALES FROHM CEBEL ABU TARTOUR AT THE KHARGA OASIS

Dakhla Shale

Phosphate Formation

Formation Variegated Shales
f{:gz l‘:i on Lower Paleocene Crataceous Upper Cretaceous (Cenotenian)
Specinen Ko, K13 TR14 TK1S %10 o ™" T®G TK7 TK8 -
Concentrations of Oxides ia Percent
sodiua Sazo 0.10 0.18  0.14 0.06 0.14 0.13 0.0% 0.13 0.09
Potassium l\‘zo 1.09 1.61 1.56 0.89 3.27 3.72 1.96 &4.04 2.37
Tron I-‘e203 5.58 6.09 8.69 4.83 9.09 9.05 8.52 9.31 7.99
Coacentrations of Oxides in Paits Per Million
Rubidium Rb,0 43 46 52 28 95 76 62 62 66
Cesium cs,0 22 1.8 2.5 1.5 .5 1.7 1.3 L5 L6
Batium 530 | =mee-- 460 Snsmua 330 190 520 220 400
Seandiuvm Sczo3 26 22 35 k) 29 32 H 30 k) |
Lanthanug L3203 46 52 61 52 && 50 n 48 58
Ceriun Ceoz 87 100 144 109 72 91 172 91 99
Eutropiuh Eu203 1.8 1.8 1.7 1.3 1.6 2.2 1.3 2.0 2.3
Hafnium HEDZ 2.4 12.6 &2 3.1 &3 5.6 15.8 5.0 5.6
Thoriua 'l‘hO2 12.4 15.6 15.5 11.5 9.6 12.1 16.7 10.2 16.8
Tantalux Ta,dg 1.4 1.5 1.8 1.1 1.5 2.4 2,0 =-—--== 0.7
Chromium Crzﬂ 3 192 196 = 245 195 139 157 113 149 188
Manganese MnO 215 428 96 145 330 k1) 253 267 176
Cobalt God 21 20 15 22 23 26 17 22 18



TABLE VI

ANALYSES OF SOME ANCIENT EGYPTIAN POTTERY

source Location

Compogitional Group 1
_ Sakkara Alexandria

Compositional Group 2

____Alexandria

Cozpositional Group 3

Alexandria
Period Archaic Pyramid 26th Early
Period Period Dynasty Islamie Ptolemiic Coptic Prolemaic
Specimen No. PL P9 e8 e2 n BS P4 P6 P7
Compositions of Oxides in Percent
Sodium Nazo 2,28 2.25 2.60 1.80 1.75 1.25 1.21 1.34 0.63
Potassium KZO 1.80 2.18 1.50 1.50 1.92 2.01 2.37 2.71 1.27
Iron F‘e203 10.20 8.50 11.00 11.60 6.55 5.96 7.83 7.12 7.05
Compositicus of Oxides in Parts Per Million
Rubidium ilbz() 70 57 60 Secanns &2 62 124 130 61
Cesium 6320 1.2 1.2 1.4 0.9 1.0 1.4 8.2 5.7 3.5
Barium 840 410 640 490 600 450 400 410 30 220
Seatudium se,04 37 k] 40 42 a5 21 3 3 52
Lanthanum L2203 46 & [} & 49 k1§ » 39 19
Cerium Ce0, 97 83 92 92 92 76 8 77 &7
Europiun Eu,0, 2.5 2.6 3.2 3.0 1.7 1.7 1.5 1.5 0.7
HaFaiue 'Hfoz 6.7 6.8 6.8 7.5 9,1 $.4 %.2 4.2 1.8
Thorium  Tho, 9.2 7.1 7.8 8.0 8.8 7.4 12.3 11.6 6.6
Tantalum Tazos 2.6 2.7 2.4 3.1 3.3 2.5 1.5 1.5 0.9
Chromium Cr,0, 236 184 249 281 169 126 520 350 330
Manganese M0 2050 1180 1760 1880 950 960 1140 1510 890
tobalt o0 4 38 48 54 n 26 40 » k)



TABLE VI

COMPARISON OF THE AVERAGE OXIDE CONCENTRATIONS IN THE NILE ALLUVIUM
SPECIMENS AND IN FOUR ANCIENT POTSHERDS™ OF SIMILAR COMPOSITION

Nile Alluvium Matching
Specimens ’ Ancient Pottery

Average Concentrations of Oxides in Percent

Sodium le‘D 1.42 4+ 0.18 | 2.23 + 0.33
Iron Fe,0, 11.2 + 0.3 10.3 + 1.4

Average Concentrations of Oxides in Parts Per Million

Rubidium  Rb,0 0 +15 62 +7
Casiun Cs,0 1.3 + 0.4 1.2 +0.2
Barium Ba0 510 + 30 540 + 100
Scandiua  Sc,0, 40 +1 38 +4
Lanthanum La,0, 43 *10 43 +2
Cerium Ce0, 108 + 33 91 +6
Europium Buzroa 2.9 + 0.2 2.8 + 0.3
Hafnium  HfO, 7.3 +0.7 7.0 + 0.4
Thorium '.l‘th 6.7 + 0.7 8.0 % 0.9
Tantalun Ta,0 2.8 + 0.8 2.7 #+0.3
Chromium rCr203 220 + 22 238 + 40
Manganese MnoO 1660 + 130 1720 + 380
Cobalt Co0 46 21 46 + 7

%
Pottery Compositional Group 1.



Figure 1. Geological Map of the Nile Valley in Upper Egypt

(Reprocaced from The Geology of Egypt by R. Sald,

with the kind permission of Dr. Said.)
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Figure 2. Sample Source Locations in Egypt
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CONCENTRATIONS OF OXIDES
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CONCENTRATIONS OF OXIDE
(PARTS PER MILLION)
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