=ye

AL-MUSTANSIRIYAX
JOURN.AI
L0 D 3
SCIrrNCE

1978

» s - ae
'



[}

¥

CONTENT

Title

Photodynamic degradation of some nucleic acids in aqueous solutions,

Saad X, Immail c.ceveeccesverroccacssoscccncecscsoscocessncesce

Dielectron formation in the "[ - radiolysis of some alkaline ices,

Sead Ko IMAL]l covvevssccccsscaccoscccsoncssscoscacssassenrvos

Clay mineralogy and Geochemistry of Lake deposits from Khargs and
Dakhla Oases, Egypt,
M.E, Bilmy, S.A. Bussein and N. 5a8d ccceveeccvnscccccncscsne

Geological and Sedimentological investigations of the lake deposits
from Kharga and Dekhla Oases, Egypt,
M.E, Bilmy, S.A. Hussein and N. 588d eeccsscccvscscsccessacssne

Mineralogy and Chemistry of Salt and Alum Deposits from Kharga and
Dahkla Cases, Egypt,

Se A, BUBSEIN cevecrsnnrrsnssscessssessasesoscesscsccossscrcrs

Seismic field test application for Civil Engineering,

¥, YashKOUT coesccscssrscacscosrcsscccscsscasrsesrcscssvcsrances

The problem of Crack of Arbitrary Shape under Arbitrary loading,

S.M, Sharfuddin ceeeceercsscssosstororsscssscccccaassesvssosss

A weak interaction model for Bearyons and mesons,

A.K, Bassiouny and B.M, Al=ShalCRY eeccvcsvscosccccaccorocnces

Construction of silicon surface barrier detectors for slow neutrons
detection,

A.A. Al-Seeed, R.A. Al-Kital and M.A. Al-Jeboori sseeccevvcese

65

103

119

145

159

.169




-6 -

The conditions required to obtain a marked destruction with acridine
orange are very severe compared with those adequate with methylene blue, and
the reaction is very complex and leads undoubtedly to a mixture of several
producte all of which could not be identified C1,7 J. They manage to
identify four of them ; guanidine, urea, ribose, and ribosylurea. The points

of attack on the guanine molecule were represented by the authors shown below:

\‘/C\ /\"(N
R = Ribose "i/ T LN
C
= Point of attack \ !
C§N‘>\/°‘.~_.‘\g{

In this work an evidence is offered to show thet deoxyribose is indeed

attacked with either eosin or methylene blue as sensitizer. Also to show that

eosin can bring about a selective photosensitized degradation of deoxyribose

as well as guanosine.

EXPERIMENTAL

1. Material :
dGMP , dAMP , 2-deoxy-D-ribose, 2-deoxy-D-ribose phosphate,
and tris buffer were of Sigma grade, used without any purification.
Eosin (E) was of high purity grade from Hopkin and Williams, Kethylene
blue (MB) was of high purity grade from B.D.,H, Diphenylamine was
purified before use by two successive recrystallizations from ethanol,
Isobutanol, ethanol, stannous chloride, sulfuric acid, acetic acid,

IG{2PO , and ammonium molybdate were all of Analar grade either from

B.D.H, or Hopkin and Williams and used without any further purification,

For aqueous solutions a triply distilled water vas used,

i
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PHOTODYNAMIC DEGRADATION OF SOME NUCLEIC
ACIDS IN AQUEOUS SOLUTIONS

Sasd K. Ismail”

ABSTRACT

The photodegradation of AGMP » dAMP, deoxyribose, and deoxyribose
phosphate was investigated in aqueous solutions using eosin and methylene
blue as sensitizers. The amount of 3 released phosphate, destroyed ribose,
base destroyed, a1d sensitigzer desroyed were calculated., It has been found
that the destruction of deoxyribose is one of the major effects of the
sensitized destru:tion of nucleic acide,

INTRODUCTION

The photod mamic destruction of DNA and its constituent bases has been
studied by a numb:r of workers C1-4 . Attention has also been paid to the
biological effect: of the sensitized oxidation of DNA {5,6]. Simon and
Van Vunakis (1,7 ] showed that one rrobable modification of Polynucleotides
was a photosensii:zed destruction of guanine residue, They also concluded
that nethylsne bl 2 was one of the most effici=nt dzyes for the selective |
destruction of guanine derivatives, However, it has been shown that (8) the

efficiency of acr:iine orange, compared with methylene blue, in causing a

photodynamic effect is much greater,

Department of FPlrisics, College of Science, Al-Mustansiriyah University,
»

Al-Mustansiriyar Journal of Science, Vol, 3 (1978 )



the photochemical degradation of guanine deri

previously by other vorkers [[1 - 37}, This degradat
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a few hours then measured against a blank solution at the specific wave-

length,

Cc= Irradiation procedure ;

The nucleic acid components were dissolved at 2-10 x 10-4 M with
pensitiger at 2 x 10-4 ¥. Bither tris buffer PH 8,3 or triply distilled
water FH 7 was used {see table for details). 80 ml of solution were
placed in a water colled cell (with silica window) and irradiated by
means of 1000 W Osram lsmp, Aliquots were removed at intervals and their
absorption spectra measured from 250 - 700 mm on a Unicam SP 700, From
blank experiments with sensitizer and substrate alome, the U,V. spectrum
of the eubstrate could be corrected for the change in the optical density
of the sensitizer. (It is realised that absorbing products from both
substrate and sensitizer will cause error in these measurements, but since
we only wish to moniter the reaction in this way these are not corrected).
After irradiation, in the methylene blue experiments, the solution was run

over a column of IR 120 (Na* form) and eluted with NaCl solution to remove

the sensitizer before analysis for phosphate and deoxyribose. In experi-

mente with ecsin the solutions were analysed without pre~treatment,
The cell snd the glass vessels were cleaned before use with

alcohol-nitric acid mixture and thoroughly rinsed, using several portions

0
of distilled weter, triply distilled water and dried in an oven at 50°C.

RESULTS AND DISCUSSION

From the table it can be seen that toth eonin and methylene blue sensgitise
vatives but not adernine as found

ion is demonstrated in

Pigures 1 & 2 ; which shows the remaining concentration ol the base plotted

againct the time of jrradiation, Analysis for deoxy

ribose destruction shows that

nl

2,

Methods :
a- Inceganic phosphate estimation H

Incrgenic phosphate was measured by the method of Berenblum and
Chain 9] as modified by Ennor and Stocken {10 J. In this method
10 m1 of trs sample being irradiated were placed in & 50 ml separating
funnel, fcliowed by 1 ml of 10K sulfuric acid solution, 4 ml of distilled
water and 5 ml of 5% ammonium molybdate solution. The separating funmel
was then al.owed to stand for 15 minutes to ensure completion of the
reaction tetween phosphate and molybdic acid., 20 ml of isobutanol were
then added ind the whole mixture was vigouroualy shaken for varying
intervals ¢ time and the agueous layer, after separation, was immediately
run off, Taie alcohol layer was then shaken tvice ( 10 seconds ) with two
successive rolumes each of 10 ml of 1N 3280 » and then with 30 ml of 0.4%
SnCl, solulion which was prepared in 1N Hza) o The alcohol layer containing
the reduced phosphomolybdic acid was then made up to 25 ml with ethanol
washings of the separating funnel and the sky-blue colour intensity meeasured
at 700 om uiing a Unicam SP 700 automatic double bean spectrophotometer
against blak, A standard plot (0,D. versus concentration of known

concentrati n of KH2P04 was constructed using the above method,

b= Deciyribose estimation ;

This was carried out by the diphenylanine method of Dische Cu p)
and the ort .cal density being measured at 595 nm on the Unicam SP 700, In
this method the diphenylamine reagent wae prepared by adding 2,75 ml of
concentrat: . sulfuric acid to 100 ml of 1% of diphenyl-amine in glacial
acetic acid, After mixing the sanple being irradiated with the above
reagent, ti: whole mixture was heated on a water bath for about three

minutes, al.owed to cool down with a running water, allowed to stand for
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this is a major reaction in the sensitized irradiation of deoxyribonucleotides.

with both methylene blue and eosin as sensitizers. In experiments concerning

deoxyguanylic acid with methylene blue and sosin { Experiments 1, 2, 5 ) about
15% of the deoxyribose is destroyed for 50 - 80 % destruction of the guanine
regidue, With deoxyadenylic acid which show no effect on the base, deoxyribose
is again destroyed ( Experiments 6 & 7 ). Zvacuated solutions of dGMP showed

no change.

Phosphate released was also measured, and in these experiments only very
small amounts of phosphate were released, indicating that most of the oxidation
must take place on the 1' or 2' carbon of the sugar. One other effect was also
noticed ; that in tris buffer solutions containing methylene blue as sensitizer
no phosphate could be detected, whereas in water solutions some phosphate is
released ( Experiments 4 & 5 ). Deoxyribose itself is destroyed to some extent
(Bxperiment 8 ) although with deoxyribose phosphate only a very small amount of

deoxyribose is affected,

Overall therefore, it appears that destruction of deoxyribose is one of
the major effects of the sensitized destruction of nucleic acid components and
that effects on nucleic acids a2s such the loss of transforming ability, and a

primer activity, may be in a larges part due to deoxyribose destruction.

base x 10"6

Remaining concentration of the

28

24

20

16

12

-11=

A 2 2 a2

100 200 300 400
Time ( minutes )

F.gs 2 Remaining concentration of
the base vs time using (MB ) .
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Early work [2] indicated that optical bleaching of e; led to a new,

broad absorption in the near infrared,

7 0= Sy cereeveneneen (8)

In recent work (1) a weak, broad band with 2 maximum near 300 mm in the

near infrared has been assigned to e;t . The band is very broad and difficult

to study.
Keven has found that the reverse of reaction 4 induced by bleaching with

1000 nm 1light has heen attempted with only irreproducible success, and stated

that the weakness of the e;t hand and the overlap of the e-t and °;t bands make

this conversion experimentally difficult.

The model proposed for e;t i3 two electrons trapped in the same vacancy.
This model is analogous to the P-centre in irrediated alkali halides [3]). The
F-centre consists of two electrons trapped in the same halide ion vacancy, it
1s diamagnetic, and has broad optical absorption in the neer infra-red, It can
be thermally dissociated to yleld F-centre which is analogous to e; , and can

be produced by optical bleaching of the F-centre,

EXPERIVERTAL

1) Materials:

Potassium hydroxide, Potassium Iodide are of B.D.H. inalar grade

used without any further prrification, Ethanol is Hopkin and ¥illiams

"gpectrosol" grade bottled under nitrogen gas was used without purifi-

ecation., All aqueous solutions were made using triple distilled water.

-15 -

I IELECTRON FORMATION IN THE ¥ - RADIOLYSIS
OF SOMBE ALKALINE ICES

Sead K, Ismail &

INTRODUCTION

Although a; and 0~ are trapped in alkaline ices in approximately
equivalent yields at low doses, this is not obaerved at high doses, The
e; dose yield cu've levels off at about 2 M rads, independent of ( OF~ ),
and the saturatio: yield is proportional to { OH" ). The most striking
result is that at doses above 8 rads the e: yield decreases until at 25 X
rads it is about ~ 0 % of its maximm value [1]. The 0~ yield continmues to
increase over th: same dose range and no new paramagnetic species are observed
at high doses. T erefore, e; must react above 8 M with a species other than
0~ to form a diam: gnetic species, An explenation for the dose saturation
behaviour was sug ested to the formation of dielectrons, e;t » by the
Teaction shown be ow in competition with the trapping reaction in which T
denotes a trap,

. O,  cereerienans (1)

s + €op crcecevenss (@
In an o5 centre the second electron is probably bound much more
weakly than the first electron, This is suprorted by the observation of the

thermal dissocia*isn reaction H

e, 135K -
St —E T e ... creevanan (3)

Derartnent of I'trsies, Collewe of Scienc : ; . .
Baghdad, Iray. ' ’ nee, Al-Fustansiriysh University,

Al=Mustansiriy:.’ Journal of Seience, Yol. 3 (1578).
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Variable temperature unit : <

The RIIC variable temperature unit (- 190°C to 250% / 83°K to

523°K ) works on a Dewar principle utilizing a vacuum pressurc of 50

we
»

microns Hg or 0,05 mm Hg, The unit consists of an outer Jacket has two

demountable quartz windows, Each window holder is fitted with an

electric heater to prevent condensation. Also the sample cell holder - ‘ -
which is fitted directly to the base of the stainless steel refrigerant

vessel, Facilities for vacuum pump connection and electrical leads are

conveniently, arranged on the top plate of this vessel., The sample cell

holder is fitted with two heaters which enables the raising of the tempera-

ture of the sample cell from - 190°C to 250°C.

The whole unit is connected to the vacuum pump, evé.cuated to a
pressure of 0,05 mm Hg, The window heaters are switched on for 5 -~ 10
minutes and then the unit cooled down using liquid nitrogen. A steady
temperature is reached in 15-20 minutes. The whole spectrophotometer is
located in a dry box with dry nitrogen gas flowing continuously to avoid
any moisture condensation., The same dry nitrogen gas is usged to release

the pressure inside the unit enabling the cells to be changed,

Szmple preparation @

Sample vessels were constructed from 15 cu lengths of rectangular .
spectrosil radiation resistant fused silica tubing (internal dimensions -
15 + 0.5 um x 5 + 0.5 mn ) supplied by Thermal Syndicate Limited. The
cells were attached via silica to pyrex graded seals, to vacuwm taps and
Bl4 sockets. 2.5 ml were introduced intc the vessels and the tap was
greased with Apiezon-L high vacuum grease and the vessel attached to the
vacuur line. The deaeration was carried out by means of several shaking-
pump cycles at room temperature and by this method the solution could be

thoroughly deaerated to a pressure of 10"4 mm Hg,

2)

-17 =

Irradiatior. and dosime t

The : rradiation source employed was c°60 ’( -rays source., The
dose~rate ;iven in most experiments is located around 2.3:1017
ev n17! ni:"l, The dose-rate at each position in the irradiation stand
was determ:ned chemically enploy.lng the Fricke dosimeter developed by
Killer {4]. The dose~rate in the dosimetry solution was calculated

using the sxpression,

) - __O'ED' x %x % x 6.02:1023: %

where ) = dose-rate in ev ml™} 1

min~

(- = molar extinction coefficient of Feo' at 25°C
(vis, 2.2220° K e ).

0.0 = radiation induced optical density at 304 mm,

i/ = path length of silica cell in ca.

G = number of h}" ions produced per 100 ev of energy
abeorbed (Vis. 15.5).

t = time of irradiation in mimutes.

The dose-rate value was corrected for the natural radiocactive decay
of cobalt 60 (T4 = 5.3 yoars).

Optical a»sorption measurements at 77°K :

Measurements of the optical absorption spectra of ’( =irradiated
alkaline lasses at 77°l( were obtained by means of Unicam SP 800 spectro-
photomete:>, The normal compartment of this instrument was replaced by a
specially constructed variable temperature unit, Before irradiation, the
opticel sbsorption spectrum of the sample to be irradisted was measured

at 8301( against a blank cell containing an identical glassy sample.
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6) Photoblea ‘hing :

The photobleaching processes were done with visible light using

a 1000 Vait tungsten lamp as= a source, The samples were bleached in &

pyrex dewar provided with silica windows placed vertically in front of
the lamy for 3 - 5 minutes until the sample was colourless. FPhoto-

bleaching was carried out using ethanol contained in silica cells as

filter.
In: saved source {1 kw filament) was used for exposing the samples

to infrered radiation after photobleaching the samples.

RESULTS AND DISCUSSION

Kevan ha: noticed that photobleaching the blue centres (trapped electrons)
in 7 ¥ alkaline glass at 585 nm gave rize to & new, very broad absorption in the
infrared region sxtending between 800 - 1500 nm with its maximum at 900 mm,
However he coul¢ not regain the blue colour at 585 mm by exposing the sample to

an infrared sou:ce of wavelength 900 nm and he attributed this to experimental

difficulties,
Tn this ork (a) pure 7 ¥ KOH glass and (b) 0.2 M Potassium jodide in

7 ¥ KOE glass, ~ere all given a dose of about 2 M rads at T7°%.

The sar; es were then photobleached with tungsten 1light, using water or

ethanol filter o avoid effects of the infrared radiation, a colourleas glass

was obtained. his colourless glass gave a very weak and broad absorption above

850 nm (Pig. &) The above samples were then irradiated with an infrared light,

leading to st 4 .rk blue colour sbsorbding at 580 mm (Fig. b). It was noticed
also that the r:ocess of transformation from colourless to blue and from blue to

colourless was ‘eversible, If the concept of the dielectron is tenable, then

the sbove tranc ormation can be represented by :
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colour absorbing at 585 nm by the above transformation, Since the blue colour
was regeined by the effect of the infrared irradiation, we supported the two

ideas presented by Kevan and Buxton,

-

»

a

-21 =
- - visible light = (
e, + e e ceccenacens 5)
Y t, T+ filter 2t
and
o, infrared O+ 6 eeerieennn (6)
source 1 2

where tl and 1:2 represent two different trappring sites, The above phenomena
are explained ac:ording to two aspects in addition to the above dielectron

formation. (a) The idea suggested by Buxton et al. [5] in which an electron
photochemically »jected from a trap may not fall back into the seme trap but

also be retraprel elsewhere ; as shown below :

(e; Iy + by .y o, — (°;)1 cerenees  (7)

or it is possitl: that the electrons might be shuttled between ahallower and

deeper traps, arl very few reach 0° and hence suffer total destruction H

shallov + hyp (IR) — e

J{ eeeeenee  (8)

~<—— by (visible) + ¢y  (deep)

—> +

o
&+ !

(b) The idea sugsested by Gopinathan et al [6] in which they found an unstable
species in photc .yzed NaOH solution., The authors suggested the possibility
for this specicc to ionize by light of wavelengths as long as 340 nm and

produce e ~he hydrated electron. They attributed this species to a

aq ’

dissociable cory ex involving Ne+ and e;q 3 assuming its structure to be

Nele™ and,
4 - + -
(Ra. 2 )aq + h — Naaq toegg rereeeee (9)
The first two pcasibilities sounds more reasonable since in our experiments we
are photolyzing with a visible light ranging from below 340 nm and upto 850 nm.

By using the aucve range we were getting a colourless glass, and if the above

last reaction ¢: Gopinathan sussestion is true we should still get some blue
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arrested by vegetation around past and present wells, 3) Pleistocene
spring overflow deposits. Eazbabl [h] descrived these deposits

greomorphologically as "Semi-playa™ deposite.

More recently, Hilmy et al. [5) , took over studies of these
lale deposite from geologiecal am sedimentological points of view, to
determine their orgin and palseonvironmental significance, According
to Hillmy et al. (5] , the lake deposits oecur in the form of flat
plains and hummocks orieated in a NNW-SSE direction. Texturally they
were classified in the form of different varieties of sands and silts
(e.£. sand, mud sand, silty sand, sand silt, ... e¢tc.). The Carbonate
percentage varies, between 3% = 18 € in these deposits. Hilmy et al

5] suggested that the lake deposits in Khargs and Dakhla Qases,
were originated from the near®y formations, tramsported inm a fresh
environment and deposited in & shallow marginal environments of depo-

sition (e.ge lakes, ponds, lagoONnSe... €tce).

The present study aims to present the results of the mineralogy,
electron microscopy and geochemistry of the clay minerals existing in

the lske depositse

Location and Sampling

Kharga and Dakhla Oases are situated in the Southern Western
Desert of Egypt, at about of 200 Xm and 305 Km, respectively, west of
the Nile (from 4ssiut), (Fig. 1)« The analysed samples were collected
from the following areas, which comprise the main outcrops of the lake
deposits: Msharige, Bolaqe, Genah, Beris, El-Max and Kharga~ Dakhla
road (Khargs Oasis), El-Zayat and Mawhood (Dakhla Casis).

- -

CLAY MINERALOGY AND GBOCHMEMISTRY OF

Lar3 DEPOSITS FROM KHARGA AND DAKHALA OASES, EGYPT

The clg

Dakhla Oasges ('

from their min-

following mine

diffraction an.

Kaolinite, 111

and gypsum.

average shale -

localities of

Vast ar:

These deposit:

a8 lacustrine

Awad et a1 [

Recent age and

Oases. Gardne

groups: 1) 1:

M.E. Milmy, S.A. Hussein', and N. Saad

ABSTRACT
- fractions of the lake deposits from Kharga and
‘esterrn Desert, Egypt) have been studied in detail
'relogical amd geochemical points of view., The
‘als have been ideatified and described using Aeray
ilysis, infrared spectrometry and electron microscopy:
.te, momtmorillonite, mixed layers, Calcite, dolomite
ochemically, the lake deposits are more enriched with
iven »y Degens [67] which is more 11litiec.

INTRODUCTION

as of lake deposits are known to occur in several

‘harga and Dakhla Oases ( Western Desert, Egypt).

were first reported and described wy Beadnell [ 17
eposits, The name ™ lakes deposits " was given Wy

. 9 to the sand, silt and clay sediments of Pleistocene
deposited at the floor of both Khargas and Dakhla

et 81.[ 31 , divided these deposits into three

'ss=like or seolian silt deposits. 2) well deposits

*

Faculty of
Now on depu:
Science, Al-

Al-Mustansi:

‘clence, Ain Shams University, Cairo, Egypt.

ation to Department of Applied Geology, College of
Mustengiriyah University, Bsghdsd, Iraq,

iysh Journal of Science, Vol.3 (1978).
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X=-Ray analysis

Since the clauy minerals existing in the lake deposits are
of minute grain size and cannot be easily identified by means of
the polarizing microscope, the powder X-ray diffraction technigue
is considered to e a suitakle tocl for their identifieation. To

determine the clay and non=-clay minerals present in the leke
deposits, unoriented and oriented samples was anslysed. In the
first case, the original bulk sample was used, while in the second
one, three oricnted momnts for the e¢lay fraction (<2 u) was
prepared and three diffraction patterns were run, i.e. Untreated,

glycolated and heated st 550°C for two hours, Grim, [6,7]

Seventeen samples from Kharga and Dakhlu QOases were used in

X-ray enalysis. Table (1) illustrates location, description of

these samples and the method used for analysise

A- X=ray analysis of bulk sanmples

Six Xeruy diffraction patterns of bulk samples of luke

deposits ere shown in Fig. (2). Their X-ray data revealed the
presence of the following minerals:

1- fuartz: was found to the most ubiquitous non=clsy mineral
in the luke dercsitse All sumples were found to contain

different percentages of quartze

2= Keolinite:

sentutive clay mineral. The X=ray diffraction patterns of the

was identified in zll sumples as the most repre-

untreaeted mourts of kaolinite show & series of basul reflect-

ions, the most intense of which ure those at 7.15 4°. The

A0

"

DAKHLA K
OASIS gn chA

FIG(I)LOCATION MAP FOR KHARGA AND DAKHLA
OASES
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Table (1) Cont'd.
Sa;zh Location X-ray method description
-
12~ Kharga-~Dakhla Untreated Silty sand, compact, brownish,
road. ocalcareous,
13- Kharga=Dakhla Untreated 8ilty compact, brown, calca-
road, reous,
U~ Kharga-Dakhla Oriented Silty sand, compact, bromn
road,
15- El-Zayat (Dakhla) Oriented Silty sand, compact, grey,
calcareous, gypsum,
16~ Mawhoob b Oriented Sandy silt, slightly compact,
very fine-~grained, calcareous,
gypsum,
17- " . Oriented Silty sand, frieble, brownish,

caleareous, plant remains,
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Table (1): Location, description of lake deposit samples and
the method used for X-ray analysis
Sa;gle Loc  tion X-ray method deseription

1- Maharig - (Kharga) Untreated Silty sand, compact, brownish,
fine-grained, calsareous.

K " " Oriented Silty sand, compact, grey,
fine-grained, calcareous,

3m " " Oriented S3ilty sand, friable, brownish,
fine-grained, ocalcareous.

b4 " LI Untreated Silty sand, friable, brownish,
fine grained calcareous,

S Bolage " Untreated Sand, friable, brownish, very

. fine-~grained, calcareous.

6= Beris " Oriented Silty sand, friable, brownish,
medium—-grained,

7- " " Oriented Silty send, friable, brownish,
fine~grained,

8- " " Untreated Silty sand with salt orystals
and (carbonate), friable,
brownish,

9= » " Oriented Silty sand, frisble, brownish,
calcareous,

10~ El-¥ax " Oriented Silty sand, compact, brownish,
calcareous,
11- Kharga-.-akhla Oriented Silty sand, compact, brownish,

road.

calcareous,
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nunber, intensity and sharpness of the diffraction pesks
depend upon the degree of crystallization of kaolinite.

3= Illite: seharacterized by a series of strong, wroed X-ray
diffraction peaks at 4.52 A , 4.29 A%, 3.42 A° and 3.36 A°
that are unaffeected by glycolation or heat treatment.

The Z~ray diffraction patterms showed a reflection at
about 10 A®which indicate the presence of illite or halloy-
site, But the presence of a basal reflection at 3.3 A° is

caused only by the latice of illite.

L~ Hontmorillorite: It 1s.a clay mineral in which the component
layers are not tightly bounded Wy k¥ ions (mica) or Mg+2
ions (vermiculite) but contains water molocules in a similar
situation. When drieé under ordimary room condition when
it has ¥Xa* s &8 the exchange ion, it has one molocular layer
of water and a basal reflecticn at about 12.5 A°, when Cn+2

is the exchange ion has two molocular water layers and a

®asal reflection at about 14.15 A° Grim, [7) . Ca-montmori-

llonite 1s the type which 1s represented in the six samples

of lake deposits under investigation.

5 Carbonate minerals: These are represented by calcite and
dolomite, Calcite is identified in samples No. 3, 8, 12, 13,
vhile dolomite is identified in samples No. 1, 5, 8.

B L~-ray analysis of orilented samples

The anslytical data obtained from the eleven X-ray diffraction

patterns of the oriented samples of leske deposits are shown in

-31-
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Tables (2, 3, +), while Pigse (3,4) shows the X-ray diffrection

rattern of som: selected samples. The following is a description

of these patterns @

1=

Untrest:d Z-ray method: The X~ray diffraction patterns of

the untreated samples (Pigse 3, &) show the following

characters

The diffraction recordings of all samples are character—
i1sel by the presence of a relatively broad peak with a
spa:ing in the range of 15,22 A° tc 14,22 A° (see Table 2).
This firet~ order basel reflection ie present in most
saryles with a relatively moderate intensity and reaches

ite largest value in samples 6 and 9,

A sa8rp basal reflection appeurs in the a=-ray diffraction
patierns of samples 15 and 16 only at 7.55°A and 7.49° .

A sharp basal reflection appears in the A=ray diffraction
patterns of all samples at 7.18°A. This first-order pesk
is nost intense in samples 6, 9, 11 and 1l4,

The a-ray diffraction patterns of all samples exhibit a
basal reflection with a spacing at 3.56 4°., This seconad-
ori:r peak occurs with small intensity with the exception

of samples 6, 9 and 11 where its peaks are instance.

Ancuher peak in the range of 3,35 to 3.34 A° appears in
the patterns of all the samples. This peak is of a
relatlvely smaller intensity than the above one except

samples 9 and 11 where this peak is the most intense pesk,
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Table (2): X-ray diffraction data of the untreated clay samples
Sample Sample Sample Sample Sample Sample Semple Sample Sample Sample Sample
2 3 6 7 9 10 1 1 15 16 17
a’ 1 a1 a4’ 1 a® 1 CYASN SE YU ¢ a® 1 a® 1 al 1 a® 1 e’ 1
1472 30 15,22 33 15.22 40 14.96 100 14,72 39 14.72 400 15.22 33 1472 4O 15.22 57 14.22 4O 15.22 55
— -~ - -- -— - - -~ — - ——— e -—- - -— -~ 749 70 7.55 400 -— -
7.48 3 7.8 73 7.18 &6 7.18 67 748 4 7.18 91 7.18 89 7.18 100 7.18 70 7.18 25 7.18 100
—— -- -— - - - - -— 427 24 - - k.23 22 —— e —e- - b3 62 mem me-
3.5% 26 3.5 76 3.5 100 3.5%6 M 3456 54 3.56 96 3.56 T8 3456 T3 3.56 77 3.56 48 3456 N
3.35 9 3435 100 3.3 T 3.35 83 3.35 100 3.35 64 335 100 3.35 4T 334 100 3.35 62 3.35 52
3.02 106 3.0 70 - - -— - 3.0 13 3.04 36 3,03 22 @ —- - 304 - 100 3.04 22 304 25
2.83 47 2.90 45 —- -— -— - -— - -— - -~— -— - - 2,88 20 -— - -— -
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£~ A mcderate intense peak appears in the range of 3.04 A°
and 3,02 A® in all samples except samples 6, 7 and.ll,
Alsc another small peak appears in the range of 2,9 to
2.8 A® in samples 2,3 and 15, Samples 15 and 16 ahow
a sl.arp peak at 7.49 and 7.55 A°. In samples 9,11 and
16 inother peak is present at 4.27, 4.23 and 4.31 A°

res.ectively,

Glycolaed method: In the glycolated smmples (Table 3) the
X-ray 4.ffraction patterns are almost identical with those

of the :orresponding untreated specimens (i.e. there is no

remarkasle shift in the position of the peaks), except for

the first peak at 15,22 to 14,22 A®, which shifts to about

16.66 4'. Also there is no appreciable change in the rela-
tive in.ensities, e.g. the peak oecurring at 3.35 A° in the
untreat:d sample No.9 is the most intense one also the gly-
colated samples. The peals appearing at 7.49 and 7.55 &°

appears also in glycolated samples.

Heated aiethod: Table (4) shows i-ray data of the heated

samples. In the heated clay specimens, the i-ray diffractions

show that the first peak in the range 14,22 -~ 15,22 A® (basal

spacing) is shifted to sbout 10 A°. This 1s due to the removal

of the absorbed interlayer water by heating to 550°c. The two
basal rsflections detected in the diffraction recordings of
both tii: untreated and glycolated samples with spacings at
about 7.18 A° and 3.56 A%, were completely destructed by
heating. The peak at about 3.35 A° was unaffected, The peak
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at 3.04 A° disappeared upon heating. The small peak revealed

by both the untreated and glycolated specimens of sesmples 2,

3 and 15 at about 2.88 A° disappeared upon heating. The peak c
revealed by both untreated and glycolated specimens at 7.49

and 7+55 A° orf samples 15 and 16 diseppeared also upon heating.

L0

On heating to 550°C the peak at about L4.27 A® showed a relative

dearease in intensitye.

Discussion of the results of X-ray diffractlon analysis

A= Clay mineral

The above mentioned X-ray patterns reveal the presence of the

following clay mineralss

1~

Kaolinite:

The mineral was identified from the presence of a series

of basal reflections, the most intense of which are those at
about 7.1 A® and 3.56 A°. These two peaks were not affected
by glycolation and disappeared on heating. The number,
intensity and sharpness of the diffraction peaks depend
primarily on the degree of crystallization of kaolinite,
Kaolinite has been identified in all the studied sampless The
disappearance of the two peaks 7.1 A° and 3.56 A° upon heating
(due to the collapse of the clay lattice) 1s exhibited only by

A

kaolinite at that temperature (550°C).
Tllite:

It is characterlized by a series of weak, bro=d, a-ray
aiffraction peaks at 10 A° (001), ~5 A° (002) and ~ 3.35 4°
(003) which were not affected by glycolation or heat treatment.
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sbout 3.04 A® in all samples except sanmples 6,7 and 1lh.

Dolomite 1s represented by the peak at about 2.88 A° in

samples 2, 3, and 15,

2~ Gypsum: Is identified in only two samples 15, and 16 at
7.49 and 7.55 A° peak which disappeared on heating at 550°C.

5~ guartz: Is 1dentified in all samples, It was revealed by
the peak at 3.34 A® in the untreated, glycolated, and heated

specimens.

Infrared spectrometry

It is possible to determine some of the vibration frequencies
of atoms of a solid by using the absorption method in which the
infrared radiation is passed through the sample. If the freguency
of the radiation coincides with a vibration fregquency, the solid
absorbs some of all of the infrared radiation of frequency. The
percentage of radiation which is absorbed by the samples is plotted
against the incident wavelength (in freguency).

The infrared asbsorption spectra of the different clay minerals
have been studied by several workers, Hunt et al {91, and Keller
et al [10,11] reported infrared spectra of many of the natural clay
minerals in the range between 5000 cm > and 650 cm™} Bellany [12] ,

extended the spectral range of study to 400 cm.1 .
The main groups in the lattice of clay minerals responsible
for the infrared vibrations according to all workers are: the

bonded (OH) group, the unbonded (OH) group, the (Si~0) group, the
(0-H~A1l) group, and the (S1-0-Al) group.

- 41 -

The pesak which appears at 3.35 A° 18 the only one present
in all samples of lske deposits whereas the other peaks were

not all present.

Mixed-luyer clay minerals:
Tre identifieation of mixed-layer c¢lay was based mainly

on the nethod adopted by Killot [8) .

The Xeray diffraction patterns of all samples revealed
the pre¢sence of mixed=layer clayse. The pattern of the untreated
specimen is characterized by a broad basal reflection at about
14.22 .2 which upon glycolation was shifted to about 16 A° ’
when h:ated to 550°c for two hours, this pattern collapsed
to & s acing at 10 A%. iccording to Millot [8) , this
behavi.r indicates a randomly interstratified Ca-montmor-
41loni e=-1llite clay. The spacing at about 14.22 A% in the
patter. of untreated specimen is ths average (001)/(001)

[+]

spacin.; obtained from the 10 A~ and 14 Ao spacings cheracter-

istic »f illite and Cas-montmorillonite respectively. The 16 A°
spacin; exhibited by the pattern of the glycolated specimen
indics.es that montomorillonite layers are abundant and this
spacinz is the result of the 10 A° /17 A° combination. The
peak r:ported in the tracing of the heated specimen at about
10 A° nepresents the comination of the 10 A® peak of illite

and 9.3 A° peak of the heated Ca-montmorillionite.

B~ Non-clay minerals

Carbcrate: The carbonate minerals oeccur as calcite and dolo-

mite, Calcite is represented by a moderately intense peak at
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The in'rared spectral analysis were carried out on the same

seventeen sanr ) les which were examined by i-ray diffraction analysis.

The samples w:re studied by infrared spectrometer (Unicam Spe =

1200), using -he procedure recommended by Keller et al. [11] .

Table (5) shows the wave lengths of the identified bends in the

snalysed sanr .88

Fige. (5) shows the infrared spectra of some

selected samples.

v

These »ands revealed the following charscters :

A smal . ebsorption band (A) recorded in all samples, except

samples 1, 11, with a vibration ranging from 470 - 475 cm b,

In mos: of the samples this band is resolved in to two or
three ainor bands (e.g. samples Ko, 17, 3, 14, 16). This
band corresponds to the vibration of the (Si-0) group caused

ksolon.te at L0 cm™t,

A very sharp and broad band (B) recorded in all samples in

the raige 520 ~ 540 el-l.

to the vibration of the (S1-0-Al) group,Pablo [137) .

This absorption band corresponds

In sarple 4, this band repregents the stretching vidbration

1

of thia group caused by kaolinite at 540 cm *. In the

spectr. of all other samples it represents the vibration of

the sane group caused by illite at 520 cm % Abu Zeid 4],

recori:d this band at 535 cm ) .

A shar) band (C) recorded in the infrared spectral curves

1

of all the samples in range 693 ~ 698 cm ©. This abgorption

band r:presents the vibration of (Si-0) group shown by

Kaolinite at 690 cm-l.



e
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A small absorption band (D) appeared in the spectra of all
saemples, in the range 775 - 780 cm’l. This band corresponds

to the vibration of quartz (Keller et al.) [10} .

A small absorption band (E) appeared in the infrared spectra

1

of all samples in the range 795 - 798 em ©. Thie band

represents the vibration of the (S81-0) group caussd by
kaolinite (according to Hunt et al. [9] , this group appeared

at 793 cm-l). Also Abu Zeid, [14] recorded this group in the

range from 790 -~ 800 cm’l.

A sharp sbsorption band (F) appsars in all samples in the

range 875 ~ 880 cm-l. This band eorrespends to the vibration

of cOy group (dolomite), mecording to Reller et al [11] ,

who gave the spectrs for dolomite at 878 r.'m"1 .

A sharp absorption band (6) in all the studied samples, but

small in samples 1 and 11, eppeared in the range 910 = 915

cmhl. This band corresponds to the vibration of the (OH=Al)

group. Aecording to Hunt et al. [ 9] , thie group is

recorded at 909 cn-l .

Very sharp and broad sbsorption band (H) appeared in all

1

semples in the range 1040 - 1050 cm ~ characteristic to

gilicate minerals. This band is caused by illite at 1030

en™t , Avu zetd, TW] .

A sharp band (1) appeared in all semples, except ssaple 124,

1

in the renge 1420 = 1LLO cm —, represents the vibration of

CO5 group (calcite), according to Keller et al. [11], and

Huang et al. [15]) .

H
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xaolinite, illite, eusrtz and carbonate minerals. These results
are in agreement with those arrived at from X-ray diffrection

analysise.

Electron microscopy

The development of the electron microscope has permitted the
precise determination of the shape of the particles of the various
clay minerals and its use has shed light on the range of particle
aize of the components of clay and on the degree of size variation

of the clay particles according to duration of weathering and

distance of transportation. The electron micrographs of the clay

mineral particles were obtained using an Elmi D, Electron Micros-

cope (Carl Zeiss Jene) with a resolving power ranging between 20
to 30 A® .
Electron micrographs of the clay samples were obtained using

the suspension method described by Key {19} .

The study of different electron micrographs obtained,
revealed certain morphological features for the clay perticles

which are described in the following: (See " Beutlpacher gt al

{20} .
a-= The majority of the clay particlec are present in the form
of aggregates and spherulitlc clusters represented in the

electron mierographs as irregular patches of different shades.

b- In some micrographs, the single crystales display euhedral
habit with a tendency to from six~sided flakes with promine~
nt elongatior in one directicn, These crystals present a

moderately well crystallized type of Kaolinite.

10-

11-

12~

13~

15-
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Two small and sharp bands appeared in all samples (J) at 1660
en™? ana ‘K) 1 -1
. n the range 1695-1710 cm = . These two bands

represen’ the vibration of quartz (Keller gt a1l [14)

A small *“:ind (L) appeared in all samples, except samples 17,
5, 95 wr¢ 10, in the range of 2210=2230 cm-'l s represents the
vibraticr of dolomite (Huang et al. [15] .

A small ' ind (M) in all semples in the range of 2340-2380
cm 1, ex::pt in sample, 1, it appeared at 2510 cm e This
band aecn 'ding to Huang et a1l [15] , represents the CO
group (Cu.cite). ’

A broad : nd (N) appeared in all samples in the range 3430~
-

3450 cm This band represents the vibration of bonded or

absorbed OH)s According to Van der Marel et al Li6] ,

thie band recorded at 2440 cn™? .

A 1 -1

shall b.nd (0) at 2620 em apreared in all ssmples. This
band rep:-gsents the vibration of unbonded (OH) (Serratosa
et al. [l”] + It represents an overlap of the absorption

bands cau: ed by both i1llite and kaolinite,

A emall b:nd (P) at 3695 cm L spreared in all of samples.
This band represents the vibration of unbonded (0H) group
(Kaolinite) according to Ledoux et a1 V18] .
From the toregoing description of the infrared bands of the
analysed camples and their interpretation and dentification
the authc: 3 srrive to the conclusion that the studied acnplla
of lake dejcsit consist essentially of the mein chemieal

groups, naanely -,
» y OH, 81-0-Al1, si-o, co3 which represent



electron aicrographs of clay Perticles
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The clay minerals exhibit various shapes and forms, nanely:
(a) plets particles, (b) flakes with poorly developed
hexagore l outlines in which the edges of the flakes are
somewhat ragged and irregular, (¢) lath-ghaped and stick-

like ecrystals, (d) nearly rounded outlines.

The rem:rkable variation in the grain size of the clay
particles which was observed within each samples and between
the difterent clay samples, in addition to the irregularity
of some particles indicate that kaolinite crystals have
undergor.e much mechanicel work and abrasion during trans-

portaticne.

A notic: able variation in thickness c¢f the different clay
particli s is revealed from the differences in density of the
differe:;t particles in electron micrographs since some parti-
cles ar not opaque (dark toned) indicating a relatively
large t.ickness, others are lighter indicating thinner
particl+s, & third group is characterized by uniform thick~
ness as indicated by the homogenity in density of the

particl:se

The fo. owing cley minerals and their morpholcgical features
identif.ed in the lake deposits samples (Plates 1 & 2 ):

Esoloni e:

Kiolinite oecurs as moderately well-crystallized
crystels which esre represented by pseudohexsgoral flake-
shaped articles, Figs. (6,7). Sometimes the particles
show & tendency to from aggregates with different shades
indicatilng different thicknesses (Fig. 8).
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Plate -2- glectron micrographs of clay particles

Fig. (12)

Fig- (1)

Fig. (16)

Fig. (13)

Fig- (15)

-
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Tts well-crystallized, thick, well~formed and six-

sided crystals are also represented. (Fig. 9).

Al8o gome stick -~ like particles of Kaolinite occur
(Fig. 1()e Peorly crystallized kaolinite, on the other
hand, ocecurs in the electron micrographs as smaller and
thinner particles than those of the moderately wellecrysta-
111zed kaolinite (Pig. 11).

Montmor:llonite:

Mcntmorillonite 1s represented in the electron micro-
graphs 'y irregular, more or less equidimensional, extremely
thin fl:kes of different sizes (Pigse 12, 13). In some
instanc+s, the flake-ghaped units are descrinable but

frequen:ly they are too small to be seen individually.

In some electron micrographs, montmorillonite 1is
represeited by irregular flake~shaped aggregates which appear
to be s'acking units without regular outlines (Pig. 14).

Illite:

I.1ite 1s represented in the electron micrographs by
small, reorly defined, platy psrticles, occasiorally with
angular borders end commonly grouped in irregular aggregates

without any distinct outlines (Fig. 15).

Kixed~iayer clays:

The montmorillonite-~1llite mixed - layer clsy is
represented in the electron micrographs by spherulitie clue-
ters sni thin rluty rarticlez cf undefined habits (Pig. 16).
Adequsts dats for any generslization on the electren

micrographs of mixed-layer cleys are not availlastle.
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Chemical analysis of laks deposit samples

Seaple 1 2 3 4 5 6 7

810, 57.78  55.2% 62.28 38.21 39.79 78.97  69.73
41,05 11.55 11.8%  9.38 14.93 10.98  2.42 5.67
Fe,0, LS 5.89  5.56  6.55 7.50 1.52 2.7
MO 2,09 2,99 3.38 3.1 6.32  0.86 1.09
Ca0 5.73 7.46 6.19 1132 7.8 3.73 3.36
Na0 0.57 0.78 0.0 0,39 0.0 0,38 0.89
K0 0.82 0.96 0.87 0.87 177 0.3 0.48
Pe05 —=  0.03 0.2 0.19 0.39 0.13 0.21 0.18
Ti0, 0.75 0.77 0.75 0.87 0,67 0.22 0.40
Mno 0.02 0.67 0.07 ©0.06 0.62 0,03 0.03
805 -— 0.33 0.53 0,75 1.23 0.99  0.07 0.10
c1” 0.07 0.22 0,10 0,18 0.23 0.4l 0.95
L.0.I. 15.75 13.15 10.07 20.86 22,72 3,79 .2
Total 99.93 99492 99.99 100.07 99.98 99.95  99.83
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GEOCHEMISTRY OF LAKE DEPOSITS

Fourteen ‘epresentstive samples of lake deposgits were
selected for : emical analysis. The analysis were carried out
for the fine | 00 mesh) bulk samples aecording to a modified
scheme (El-H1a~awi)(:211 s based essentislly on the methcd of
Shapiro and Br:nnock [22] e In thig method, silica, alumins,
iron, mangane: -, titanium and phosphorous were determined
spectrophotor: riecally. Calcium, magnesium were determined
titrametrical: ', while sodium and potassium were determined by

flame photomet <y

The resu! 8 ef the chemicsal analysis are given in Table (6).
The following hemiesl characteristics of lake deposite are

arrived &t btes:d on the results of the chemical anslysis : -

S1lica ¢ (S8i0.)

Siliea i: present bound to aluxina and other elements in the
structure of ¢ .&y minerals and in some cascs, as free silica
forming quartr grains. The percentage of silica varies between
87.97 % and 33.21 %, These values of €10, depend on the
following:

i- The amour: of free quartz: the higher values of silica are

mostly en:ountered in the hLighly ssndy semples.

ii~ The amoun: and type of clsy minerals present: generally
kaoliniti samples have higher silica than illitic/or

nontmoril onitic onea.

1ji- The perce-tage of calcareous matter; it was observed that
the highl calcarecus samrles, show littie amounts of

silies (=.g. samples No. L,5).
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Alumina : (A1203)

The percentage of alumina varies between 14.93 % and 242 - %Ke
Aluming forms & considerable part of the cley minerals present.
Keaolinitic samples have higher percentages of slumina than monte
morillenitic and/or illitic ones e.ge sample Ko. 16 which mainly
consists of kaolinite, (from X~ray diffraction snalysis) has a
higher percentage of Al,05 (14.58 %)« While sample No.6 which

consists of montmorillonite has a low value (2.42 %),

On the other hand low vslues of almina are cbserved in the

highly calcareous and/or sandy samples.

Iron : (F°2°3)

The iron present in leke deposits cecurs meinly in the iron
ITTI state. It is present either in the structure of the clay
minerals and/or as independent strainings of hematite, or goe~

thite. The percentsge of iron IIT varies between 7.50 ¥ and
1.04 %.

Manganese (unoz)

It was detected in all samples but in low percentages. It
varies between 0.02 & and C.62 %. The higher percentuoge cecurs
in Gensh area. It is mostly present as colloidal manganese
hydroxides and/or absorbed on the clay particles. According to
Goldschmidt {:25} ‘, the ionic potential of divalent menganese
is low, therefore vulnérable to leaching, In hydrolystate

sediments, mangasnese content depends very much on conditions of

sedimentation. Under reducing conditions, manganese is selectively

removed from the hydrolystate material, while under oxidizing

coqgitions a selective manganese fixation tskes place. It has

Table (6) Con-'d.
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«

Sample 3 9 10 11 U 15 16
No.
8102 67.71 67.20 71.25 58.19 58.04 52,95 52,26
A104 7.CE 5.87 5.26  10.44 14,01  11.72 1.58
Fe203 40 2,75 3,08 4,65 5.61 1.05 7.83
Mg0 1.¢ 1.01 0.86 2,14 2,23 2,9 1.57
ca0 Lot 4.58 4,36 7.99 3.73 4.59 5.20
Na0 0.%3 0.73 0.32 0.40 0.46 0.72 0.92
K0 0.t7 0.67 0.83 0.82 0.92 0.96 0.9%
Pe205—“ 0.7 0.18 0,19 0,17 0.1  0.17 0.23
Ti0, C. - G.A5  0.42  0.80  1.05  0.87 0.98
¥no 0.0 0.06  0.04 0,06 0,06 0.07 0.05
50, 0.1 0.4  0.07 048  0.67  0.57 0.89
c1 0. 0.41 0,22 0.31 0,37 0464 0.09
L.0.I. 12,7 15.01  13.04 12,83 12,02 21,67  1lhoh5
To tal 9%. 97eCo QUenlh 95,28 2,435 99,87 100,01
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the tiny flakes of the clsy minerals, A high titenium content in
clays may be related to the amount ef trioctshedral illite, &nd
decomposition of biotite (from the parent rock) is a likely

titanium source.

Phosphorus : (P205)

The percentage of P205 varies between 0,02 € and 0.55 % in
all samples of the lake deposits.

Ignition loss :

It is a measure of the organic matter content, chemically
combined water and, in calcareoue samples, the Co, driven off
from carbonates. Its percentage varies between 3.7% % and
22,72 %. The remarkably higher values of the ignition loss is
attribvuted to the fact that 1t is mainly calecareocus and rich in

organic matter (Plant remains).

Conclusions regarding the geochemistry of lake deposits:

The following conclusions are arrived at from the above

mentioned characters of the lake deposits in the studied area ¢

1~ These deposite consist essentially of s102. A1203 y calca-
reous, and organic materials, The silica is present as free
quartz or as Si-0 groups within clay structures (es detected
from a~ray and infrared analysis). Alumina occurs essentia-
1ly in the form of clay minerals (Kaolinite, 1llite,
montmorillonite). The calcareous materials (CeO, MgO)

occur in the form of calcite and dolomite. The organic

L3
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been found tha’ the NnO content increases in finer colloidal
fractions relsiive to other size fractions. Its abundance is,

however, appreciably affected by post depositional conditions.

Calcium and M¥egnesium : (Ca0, MgO)

The percentage of calcium and magnesium in the lake deposits
varies betwee: 11,32 % and 1.73 %, for calcium and 6.32 € and
0.86 ¥ for magnesium. Most of calcium and magnesium in the lake
deposite is present mainly as carbonates (calcite and dolomite)

deposited simi ltaneously with the lake depositas.

' Sodium and Po‘assium : (Nazo, xzo)

Sodium s:1d poteassium in the lake deposits occurs in twoe
distinct foru:, the first as water soluble salts, and the second
as constituen' s in the clay mineral structure. In the secornd case,
it is well kn wn that potassium and sodium may occur in montmori-

llonite and : e montmorillonite-~illite mixed layer clay mineralse

Sodium a:d potassium are present in all areas and their higher
values can be explained by the fact that 1llite and mixed layer
montmorilloni .e and 1llite constitute a considerable part in the

clay fraction in these areas.

Titanium : (TLOZ)

Titanium 1is fresent in the analysed samples in minor amounts.
Its percenteg: varies between C.22 ¥ and 1.05 € 1in all the samples. .
Goldschmidt [ 23] , suggested that only small amounts of tite-
nium are chen.cally or physically bounded to the clay minerals,
but the titanmum of hydrolyesates 18 probably present as very
finely crysts.line Ti0 (or T10, - hydrate) deposited along with
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K,0+ de-quO
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FIG.(17) PLOT OF LAKE DEPOSITS IN
TERNARY DIAGRAM
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materia.s (ignition loss) is present in the form of organic

matter plant remains).

2=~ The san!y lake deposits are generally poor in calcareoua

materis.s, and the opposite is true for clayey depositse

3~ Degens (24| , geve the relationship between K,0 + Nay0 +
Cao, "eQ + Fe203 + Mgl and A1203 in a ternary diagranm.
Fig. (1) shows this relation from which 1t appears that
lake dejosits are more enriched with the average shale given
by Degens [24] , which is more illitic than Kaolinitic and

montmor.llenitic.

CORCLUSIONS

The clav fractions of the lake deposits was studied in detail
to identify -heir mineraslogical composition. Z=-ray diffraction
analysis of »ulk samples and orinted samples (untreated, glycola-
ted and heat:d samples) mades poasible for the identification eof
the followirng minerals: Kaolinite, illite, montmorillonite,

mixed layers, calcite, dolomite and gypsum.

The infrared spectrometry revealed the presence of the main
chemical grcups in the clay fraction of the lake deposits samples,
namely : OH, Si-0=Al, Si-C and C03s These groups represent kao-
linite, illite, Quartz and Carbonate minerals.

Study ¢© morphological features of the minerals, using the
electron microscope showed that keolinite is found as moderately

well-crystellized pseudohexagonal flake-~shared prarticles, six-
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depesits availsble in the western Desert, Egypt ( about 750,000 square kilo-
meters in area). Kharga and Dakhla Oases Constitute the essential and major
area of the new valley project.

Previous workers El - 17] on the Kharga and Dakhla Oases, were mainly
concerned with their geology and stratigraphy.

More recently, several authors [18 - 21—_‘ took over studies of the
mineralogy of some formations encountered in both Oases,

In the above literature, no information can be found about the lake
deposits in Kharge and Dakhla Oases, These deposits cover a wide area in
both Oases and consist of silty deposits which can be conducted en a wide
scale fer agricultural expansion.

The present study deals with geology and petrology of the lake deposits
encountered in Kharga and Dikhla Oases, Eight locations were chosen for this
study, where best outorops of these deposits were met, These are Maharige,
Geneh, Bolage, Beris, El-Max, Kharga-Dakhla Road, BEl-Zayat and Mawhoob, The
origin of these lake deposits and their environmental of deposition were also
discussed.

LOCATION

Kharga Oasis is situated in the Southern Western Desert of Bgypt, at
about 200 km west of Nile (from Assiut). Its length is oriented in a north-
south direction. It is located between latitudes 2° 32 & 26° 05! North
and longitudes 30° 25' & 30° 50' East, Pig. (1). The elevation of Kharga
Oasis ranges from 4 to 98 meters and in few cases it reaches up to 136 meters
above sea level.

Dakhla Oasis is located in the South Western Desert, at about 305 km

South 50° West of Assiut. It forms a depression lying at about 120 km

-
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GEOLCG [CAL AND SEDIMENTOLOGICAL INVESTIGATIONS OF THR
Li<E DEPOSITS: FROM KHARGA AND DAHKLA OASBS ,
WESTERN DESERT , EGYPT.

. *
M B, Hilmy, S.A, Hussein and N, Saad

ABSTRACT

The Pleis.ocene-Recent deposita of Kharga and Dakhla Oases (Western
Desert, Egypt) :omprise wide areas of typical lake depositse. These
, deposits were st.died in detail to determine their origin and palason-
vironmental sign ficance, They occur in the form of flat plains and hummocks
oriented in a Nv--SSE direction, and cousist mainly of different varieties of
sands and silts. It is suggested that these deposits were originated from
the nearby forma ions, transported in a fresh enviromment and deposited in

& shallow margin:.l environments of deposition,

INTRODUCTION

One of th most important problems facing the world today is the over-
increasing press:re of population, on a limited area of cultivated lapds,
Therefore much - tention has been recently paid to solve this problem, The
most important a:l largest project of the BGDDC (zgyptian General Desert
Development Org:r ization, is the New Val.ey project, This project relies on

the underground « iter poteantiates ard maging use ol the soil and cla
y

.
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Al-Mustansiriyah University, Baghdad, Irtalz. olo&y, Gollege of 3eience,

Al-Mustansiriy +h Journal of Science, Vol. 3 (1978).



- 68 -

West of Kharga Oasis, The Oasis is elongated in a north-west, south-east
direction. It is located in the south part of the western Desert and
extends from latitude 25° 15' North to 26° 00' North and from longitude

28° 30' Bast to 29° 4L7' Bast, Pig. (1).

STRATTGRAPHIC POSITION OF LAKE DEPOSITS

Kharga and Dakhla Ceses are occupied by sedimentary rocks belpnging
to Quaternary and Pre-Tertiary Bras. However, small hillocks of granite
are exposed in the southern part of Kharga Oasis, and their age has been

considered as Pre-Carboniferous [22] .

The general succession of the stratigraphic sequence of Kharga and
Dakhla Oases, compiled by the authors from different sources in the literature,

can be summarized in Table (1) from top to base.

Table (1) shows that the lake deposits in Kharga and Dakhla Oases,
belong to Quaternary deposits, Lake deposits consist mainly of more or less
isolated patohes of soft friables alternating bands of shales and sandy clays,
They contain some plant remains, stone impliments, and frequently rich in
crystalline gypsum flakes, The thickness of these lake deposits varies

between few meters to more than 15 meters,

GEOLOGY OF LAKE DEPOSITS

The name "lake deposits" was given by awad et al. [17] , to the sand,

8ilt and clay sediments deposited at the floor of both Kharga and Dakhla Oases,
These deposits were firat reported and described by Beadnell [ 5] as
lacustrine deposits, Gardner et sl. [7]) , divided these deposits into

three groups:
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3- Loess like or Aeolian silt deposits,
2~ Well deposits srrested by vegetation around past and present
wells,

3- Pleistocene spring overflow deposits.

Embabi [25_] described these deposits geomorphologically as Semi-playa
deposits,

Lake deposits occur in several localities in Kharga and Dakhla Oases,
They are generally situated in the low~lying areas of the two depressions,
because the Nubian sandstone is the older strata present in the depression,
lake deposits are generally observed in the nearby localities and the contact

between them can be easily recorded.
The following areas comprise the main outcrops of these deposits:

Mahariqe, Bolaqe, Gensh, Beris plain, El-Max and Kharga-Dakhla road
(Kharga Oasis), Zayat plain and Mawhoob ( Dakhla Oasis).

In the field, lake deposits exhibit a well-marked stratification (Fig.2).
The lamination and bedding planes are mostly horizontal, but some inclined
planes were observed (Fig. 3). Different surfaces of unconformity are detected
withix; these deposits (Pig. L) indict;ting the breaking in the sequence of
deposition.

The most common structures observed withii these deposits are graded-
bedding, cross-bedding (Fig.S), and color-banding., dSeveral joints (Fig.6) and
small - scale faults occur separating and cutting these deposits (Fig. 7).

Lake deposits are lacking of fossils except for some plant remains

which are common in these deposits (Figs. 8,9).

In the field lake deposits exhibit the following morphological features:

"

»
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(1) stratigraphic sequence of Kharga and

Dakhla Oases

Kharga Oasis

Aeolian deposits
Salt deposits

Lake deposits

Gravel Terraces

Caliche
Travertine
Thebes formation
Esna shale

Trawan chalk

Dakhla shale

Phosphate formatio:

Nubia formation

Grani te

Dakhla Oasis

Type and thickness

Age

Aeolian deposits
Salt deposits

Lake deposits

Thebes formation
Esna shale

Tarawan chalk

Dkhla shale

Phosphate formation

Nubia formation

Sand-dunes
Salt-marches

Sands and silts

Gravels of flint and

linestone.

Caliche salts
Spring deposits
Limestone (23~146 m)
Shale (20 - 130 m)

Chalk, limestone
(3-45 m),

Shale, mudstone,
limestone (+ 150 m)

Phosphate, shale,
limestone, (0.1 -
6m.

Sandstone, shale
(+100m).

Granite

=sS===z=¢ ==

Recent
Recent

Pleistocene
Recent

LJ L

Lower Eocene
Upper Palsocene

Paleocene

Paleocene~

cre taceous

Cretaceous

Pre=cretsceous

Pre-carboni-
ferous
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Plat plains :

These plains are the most common and extensive forms developed by
lake deposits, They are nearly flat with small variations in levels
and slopes and with thicknesses varying between few centimeters to 2 m.
Sqm of the plains seem to be cracked by vertical jointing. The most
important plains are the Sherika plain (part of Kharge Village), Beris
plain (in the Southern part of the depression) and Zayat plain in the

mid~way between Kharga and Daikhla depression.

Hummocks

These are small longitudinal ridges occurring in groups oriented in
e NNA-SSR direction (Fig., 10), They were observed and described in most
areas where these deposits were found ( in the flat plains ). The
hummoek is a small conical hill, having a length varying between 3.0 to
30 meters, a width between 0.5 and 2 meters, and a height between 0.5 and
5 meters above the adjacent plains., In general, the fronts of the hummocks
are broader and higher than the snouts. They have steep sidvs which
exhibit wind scouring, vertical faces witn slip.ed backs at the front.
The body of' the hummocks is full of plant remains in contact with the
ad jacent plains, The hummocks from the side view show a triangular shape
(Fig. 11). The body of the hummocks has also an orthogonal system of
Joints which run along their longitudinal axes and across them.

The deposits have a prevailing brown tint color which changes in
some localities to yellowish or greyish, depending on the ratio between
sand, silt and clay in the deposits,

Some of the horizons show some sort of stratification, such as thin
horizontal beds, or oross-bedding., This stratification is a good evidence

of slow and shallow water action at the time of deposition. Between the

-

-m-

Fig. (2) Stratification Fig. (3) Inclined beds

in 1rte deposits
in lake deposits.

Fig. (4) Local unconformity Fig, (5) Cross-bedding within

; ithin the hunrockse the lake deposits

Fig, (6) Vertical joints Fig. (7) Minor displacenent

i:. the lake deposits in lake deposits.
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zone which forms the base of the hummocks and the underlying zone which

forms the adjacent plains, locel unconformities were observed e.g. in

Al
L]

the sherica plain and the southern part of the Beris plain, This is an
indication that these deposits were laid down during difterent pluvial

periods which were seperated by dry periods during which the deposits

w
L4

were dried up and exposed to wind action.

Due to the friability of these deposits they are well acted upon by

weathering processes ( wind and rain ) and they show columner structures

(Mg, 8), The main trend of the hummocks is due to these actions and Fig. (8) Fliwnt remains and Colurmar Pe. (9) Plant sorains within
gtm. sture in lake deposits

indicate the main direction of these wind (NNW-SSE), due to extensive weathering

the lake deposits

Within the lake deposits there are several salt beds which oscur as
£in® white materials between the deposits, Also, few scattered gypsum

erystals and gypsum veinlets are observed within these deposits (Fig.12).

SANPLING

One hundred and fifty three samples of lake deposits were collected

by the euthors, These samples remrasent the different varieties of lake

deposits, Table (2), represents the location (Pig.13) and numver of Fire (1) General view of
Fig. (11) Side view of a hurmock.
samples collected. the humnocks.

o)

ig. (17) Photo:icrograph of sandy

Fig. (12) Gy sm crystals within 8il%, notice the presence ~f

inie der-sits. glauconite recllets.Crossed Nicols 7 26
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Table (2) : Location and number of samples studied

Loocation No. of Samples Serial Numbers of
Collected Samples

I- Maharige 47 147

II- Gensh 2 1-2

III~ Bolage 19 52-71

Iv- Beris 36 72=-108

V- Bl-Max 7 109-115

vi- Kharga-Dakhla road 9 116-124

ViI- El-Zayat 13 125-138

VIII-  Mawhood 7o 139-153

EN
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Table {3) : Sand and silt ratios in lake deposit samples

Sample sand eilt sample sand silt sample sand silt
No. % % No. # #» No. % %
1 23.75 76.25 Uy 44,75 55,25 8l 56499 43,01
2 24.65 75.35 45 44,58 55.42 85 51.90 48.10
3 33.61 66439 NS 28.76 71.24 86 55021 b4e79
N 15.2  8.76 47 15.95 84,05 87 55,76 4h.2h
5 10.78 89.22 52 93.33 6.67 88 51,03 48,97
6  0.51  59.49 53 91.57 8.43 89 50,59 L9.41
1 33.37 66.63 54 89.19 10,81 90 52,97 47.03
13 38.35 62,65 55 93.70 6.30 91 50.33 49.67
W 39.29 60.71 56 86.15 13.85 92 63.04 36,96
15 4164 58.36 58 93.05 6.95 93 51.29 48,71
21 37.01 62,99 59 73.54 26.46 %. 47.19 52.81
22 30,59 69.41 60 51.51 48.49 95 67.48 32.52
23 30,71 69.29 61 30.02 69.98 96 56,29 43.71
2 25,68 432 62 48.35 51.95 97 61,31 38.69
25 32,66 67.34 63 58.43  41.57 98 42,12 57.88
26 30,05 69,95 6 75.03 297 99 48.06 5L.9%
27 40,56 594de 65 51.95 48.05 100 43.69 56.31
28 31.81  68.19 66 35.46 6l 54 101 31.56  68.44
29 36403 63.97 68 67.06 32,9 102 43.29 56,71
31 4245 57.55 69 69.72 30.28 103 59.91 40.09
32 43,73 56.27 70 66 .03 33.97 104 35.39 64,61
33 40,30 59.70 n 77.02 2.8 105 - 49.43 50.57
3 36.67 63.33 s 33.38 66.72 106 52,94 47.06
35 20,16 79.84 75 55.34 L4 66 11 35.01 64,99

»
.

1-
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PETROLOGY OF LAKE DEPOSITS

The petro;-aphic characters of the lake deposits are treated under

the following he:dings :

1- Granu.lometric analysis.

2= Textiral classification,

3= Carbcanate = silt - sand relationship.
4~ Thin section study.

5= Heav: mineral analysis.

Granulome-ric analysis :

Two ~echniques were used for the determination of the particls
size dist: ibution in the lake deposits, These are :
(1) the :ettling velocity technique for the clay and silt fraction
( the pipette method after "Kilmer and Alexander” 1%47), and
(2) the .ieving technique for the sand - size fraction using s set

of sieves of different mesh diameters,

Table (3) shows the sand and silt ratios in the studied lake

deposit s-mples,

In t-e preseut work the statistical grain size parameters of
Folk and Vard [24) were applied, Table (L) shows the average
calculete! grain sigze parameters cof the analysed samples of each
locality. The average mean size values "Mz" range between 5,5 §# to
1.33 # , vhich means that these deposits have grain sizes ranging
from medi m s ..t to medium silt. The average inclusive graphic
standard - eviation values " O I" range from 1.81 £ to 0.40 § , which
range between moderately to well-scrted except for scme few samples

which are pocrly sorted. The average inclusive ;raghic skewness "oKI"
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Table (3): Cont'de

Table (4) : nverage calculated grain size parameters of
luge deposit samples
MZ I SKI ¥
Location
sand silt sand silt sand silt sand silt
Mehariqe 2.32 5.20 1.81 0.45 =-0.09 0.07 0.87 0.95
Genah — 5.50 -— 0.40 0.00 0.01 0.% 1.10
Bolage 1.33 -— 0.75 -— -0.01 0.11  1.09 0.90
Beris 3.01 —_— 0.78 - .07 0.07 0.67 1.33
Bl-¥Max 2.90 -— 1.25 -— C.01 0,02 1.00 1.10
Kharga-Dakhla
road 4,02 5.30 0.54 0.42 =0.02 0.08 0.9 1.10
RBl-Zayat 2.65 5.22 0.40 0.5, 0.01 0.05 1.00 1.10
Mawhoob 3.65 5.30 140  0.50 -0.04  0.04 0.92 0:%

Sample sand ilt Sample sand silt Sample sand silt
No, 7 ) ‘_/’o No. o s No. % »
36 45.30 Z..70 76 51.22 48.78 s 51495 48.05
37 12,02 27,02 77 59.87 40.13 108 30.19 69.81
38 23,75  7:.25 78 63.16 36.84 109 57.9% 42,06
39 38,19  6..81 79 76.27 23,73 110 52.83 47.17
40 384k 5..5 80 54.88 45.12 112 42,26 57.7%
] 42.93 57,07 81 2.7 58,23 1n3 37.63 62,37
42 32,22 5,78 82 29.52 70.48 14 47.79 52.21
43 40,34 51,66 83 54.26 45,7 115 19.21 80.79
17 36,12 5:.88 128 6.76 93.24 w2 22,17 77.83
18 35,02  5..98 129 13.37 86.63 w3 41,81 58,19
119 35,22  5..78 131 22,66 7734 Ly 35.2 64.76
121 4L5.87  5.,13 13 35,39 64,61 5 30,61 69,39
122 21,38 7 .62 135 36.00 64,00 ws 15.77 80.23
123 3149 50051 136 24,03 75.97 W7 12,2, 87,76
12, 6. 7% 3 .26 137 32.48 67.52 9 20,21 79.79
125 11.38 3 .62 138 28,10 71.90 151 4346 56,54
126 20.00 3,00 0 32.87 57.13 152 36,55 63.46
127 5.72 9,28 1 4138 58.62 153 43.29 56,71




Table (5): Average function values of Sahu

Y ¥, Y 3 Y L
Locality
Maharige ~34.5217 117.1569 =0,7303 8.928
Bolagqe =3+ 4700 102,02353 =5.0450 T.2367
Beris 4. 9660 9, 7353 ~3.5129 7.2109
Bl-Max -3, 0986 123.6914 =10.6175 7.063
Kharga-Dakhla =1, 888 117,0350 =0.6175 9.190
road
El-Zayat L Y 116. 7475 -0.5783 9.1425
Mawhoob ~14.9910 118.9067 =0.5325 9.3738

2o
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values, ruage between - 0,01 to 0.1l which indicate that the sediments
are nearl; symmetrical in character, The average graphic Kurtosis (RG)
values rarge between 0.67 and 1,33, this indicate that lake deposits
range froo platy - to leptokurtic character. In the same time, the

discrimineat functions of Sahu [25] were calculated (Table 5),

Fror the average values in Table (5), and according to Sahu [25]
functions, 4t appears that the lake deposits were deposited in a
shallow wa-ginal environment of deposition (e.g. lakes, ponds, lagoons,...
eto), with a significant role of turbidity currents., In some stage of
deposition, aeolian processes prevailed, sediments were carried and
deposited .n these shallow environments giving rise to small scale
deltiac ~ .ike deposits,

The a.thors proceedsd further, by constructing "C M" pattern of
Passega [ 6__1 to establish the relationship betwsen texture of sediment
and proces of deposition, The " C M " diagram is shown in Pig. (14).

It is conc uded that the lake deposits samples are scattered in the region
of medien ¢iameter larger than 125 microns, in an area parallel to C = M
line, The coarsest grained sediments are more frequently at Bolage and
Beris, whil.e the finest grained sediments are more frequently at Maharige,
El-Max, Knhurga - Dekhla road, Bl-Zayat and Kawhoob.

From " Passega regions " plotted on the "CM" diagraem it appears that
the studiec sediments were generally deposited from uniform suspension

and with & clear effect of turbidity currents,

Textural classification of lake deposits :

In tris work the nomenclature scheme for textural classification of
fine-grainel sediments adopted by Pettijohn [ 27 , are used to classify

the analysel samples, The mechanical analysis data were used in this
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study. Aocording to their mechanical composition the sand and silt
ratios are given in Table (3). Pig. {15) 1llustrates the relationships
between clay, sand and silt for the studied samples aocording to the
classifications given by Pettijomn [ 27 .

Aocording to the symmetrical scheme of Pettijohn [27] Maharige
samples are classified as silt and sendy silt, Bolage as sand and silly
sand, Beris samples are olassified‘as silty sand, and sandy sglt, at
Rl-Max the samples are sandy silt and silty sand, Kharga=Dakhla road,

El-Zayat and Mawhoob samples are sandy silt and silt, while Genah

samples are silt.

Carbonate - silt - sand relationship ;

The percentage of carbonates was determined using HCI (1:10) for
leaching them and the carbonate loss was then calculated. Table (6)
shows carbonate percentage in each sample Fig. (16) represents ternary

diagrams showing oarbonate-silt-sand relationships.

From Fig. (16), it is clearly observed that Maharige lake deposits
are rich in carbonates (8.6 ~ 18.08 5% ), also in Khargs -~ Dakhla roed
the percentage of carbonate may reach up to 14.9 #, in the other
localities, carbonate percentage varies between 3.9 and 8.3 %. From
Fig. (16), one can conclude alsc that Kharga- Dakhla roed, El-Zayat,
Geneh, Mawhoob and Maharige deposits are more silty while Bolage, Beris
ard El-Max lake deposits are more or less sandy, & conclusion which is

in harmony with that obtained from the textural classifications of these

deposits,

Thin section study :

Ascording to the above-mentioned texturel characters of lake deposits,

these deposits consist mainly of difrerent varieties of sand and silt
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deposits, 4bout "50" thin sections of sand and silt samples were made Table (5) : Carbonate percentage of lake deposits
apd studied petrographically, These thin sections were prepared from samples
representative samples of lake deposits from different localities in @ &
Sample Carbonst 2 Sample Carbonate Sample Carbonate
Kharge and Dakhla Oases. .
No. ” No. » No. %
Petrographic Description of Sandstones (Figs, 17 = 23) > : 5 10,2 43 3.52 ny 10,40
3
&~ Mineralogical composition 8 8.t bk 10.7 12, o9
12 Vo X 45 8464 126 3452
Quartz is the most common mineral found in sandstones of lake
13 10.7. 47 .36 127 1,76
deposits, it ranges between 20 % to 80 % of the total mineral compcsition,
U 18.0 54 3.9 129 2,5
The sise of quarts ranges between coarse anmd fine grains, M¥ost of the v
15 10.0.: 61 75 130 &
quarts grains are single ones showing straight to slightly undulose
22 12 64 6 13 704
extinotion except in Mawhoob amd Bolaqge where the grains are single and
23 10.4. 66 5.28 135 4.16
composite, Accessories are found in addition to quartz and clay minerals
2% 8432 70 4 136 3.36
e.g. oalcite, which constitutes about 10 %, minor amounts of feldspars
25 10.3 76 6.4 8
and rounded pellets of glauconite, B ks
27 .2 78 6 Ul 4.9
b= Cementing materials : 28 12.95 82 .2 w2 5,
.95 .
Cement commonly exceeds 5 s of the rock. There are different types . 29 15.0.. % 4.6 w3 7.8,
of cementing materlals in the sandstones of lake deposits, The most 31 9.12 107 5.1 Wl 4.80
common is thevkwdrated iron oxides and argillaceous materials. Carbonate 13 9.12 108 8.3 W7 5.92
minerals (caloite a.nd,/or dolomite) have been observed in the sandstones 30 1.0 109 5.2 W9 7.84
(in Maharige), They fill the interspaces between the quartz grains, 38 13,32 m 7.9
c= Texture of sandstone : . N 39 10..2iy 15 7.6 Genah 2 5.28
In thin section sandstone minerals exhibit different textural charac- L3 13.62 ns 13,1

terse Sandstones are moderately sorted, ranging from subrounded and e

angular fine grains,

Medium grains are alsc found in some areas but not common as fine

grains, The sandstone generally exhibits heterogeneous fabric without any
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indication of grain arrangement. According to the textural classification
of Folk 28 , these sandstones are considered immature to submature

sediments. ¢

Petrographic description of silts

Mineral composition :

811t samples consist mainly of very fine - grained silty minerals,
which are difficult to be identified under the polarizing microscope,
The clay minerals are grey, steel black or opaque in color, Dissiminated
in these ergillaceous materials, there are some quertz greins, carbonates
(calcite, dolomite), iron oxides, glauconite and some other ascessory

minerals (e.g. zircon, tourmaline, staurolite),
Texture of silts :

In thin section the silt is mainly very fine-grained under high
magnification, the grains seem to be rounded, 2Smbedded in this silty
material, several minerals are observed e.g, quartz, feldsrpars and
csrbonates, Different forms of reworked fossils are observed, they are

rounded and pocrly preserved, These silts are rich in plant remains,

Heavy mineral analysis :

The authors proceeded further by separating the heavy and light
minerals from some sampies using bromoform as a separating medium (spe.gr.
2, 85). PFractions with grain size between 0,20 and 0.63 mm were used in

this study, since the bulk of the heavy minerals tend to concentrats within

these size limits (Table 7). From this table it can be observed that the *

percentage of heavy minerals increases with decreasing grain sigze,

Pig. (18) FLc oricrogtaph of sand- Fig. (19) Photcnict sg.wp:. of sandy
si’- enrichcd in npaque calcarccus silt, notice thePresence
i 1 A aph~ns
miner ls. { ¢nk),p.p.L. X26 cf very fine and roundetd carh-nates,
crossed liicols, x26 .

Fig. (20) Ph> onicrograph of sandy Fig.(21) Photonicropgraph nf
silt,s . wing quartz,feldspar, calrzameons potch withdn wilt
micqoeline and arbonate grains embedded cros-ed Nicols, X 26.
in silty matri , crossed Nicols, X 26.

¥ig. (22) Photo: iercgraph of Calcarcous r18. (23) Photonicrograph of sandy
silt with t¢0 ‘e rewor xed foraminferal Calcareous silt,with sonre Composite

tests, Cross.d Nicols, X 26. Quartz grains, Crodded Nicols, X 26.
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Mineralogy of heavy iractions :

The heavy minerals encountered in lake deposits oconsist meinly of opaque
minerals, zircon, tourmaline, staurolite and rutile. Garnet, biotite,
glauconite end monazite are present in subordinate amounts, The percentage
distribution of the main heavy mineral constituents was determined by counting
under the lioroadope. The results are given in Table (8). The following is a

description of the most common heavy minerals :

Opaque minerals :

These constitute the major part of the heavy minerals, They are mainly
represented by iron oxides, iron~titanium oxides and hydrated iron oxides

(hematite, ilmenite, limonite), They oscur as subangular to rounded grains,

Non-opaque minerals :

The non-opaques were identified by means of the polarizing microscope.

The following is a description of the minerals:

1- Zircon:

It is one of the most common heavy minerals encountered in lake
deposits, Generally it is present in the form of euhedral prismatic
grains with irregular terminals, Subhedral and subrounded grains are
also common, J&ircon is generally colorless with different amounts of

inclusions.

2= Staurolite :

It occurs in the form of subhedral to anhedral grains mostly sub-~
angular to angular, It varies in color from yellow to brownish, The
dark color varieties show different contemts of inclusions,

5 Tourmaline :

1t ococurs in all samples in significan® amounts, Its form varies

.

-9l -
Table (/) : Percentages of heavy minerals separated
from different fractions
Loocality 0,25-0,17 0,17-0.125 0.125-0.063
om o m
Mahariqe 1.07 1.2 3632
Bolage 0.409 0.90 3.67
Beris 0.22 0075 }018
Bl-Max 1.02 14l 3.7
Kharga-Dakhla 3.89 3.2 3.38
road

El—z.y‘t 5021 5015 30%
Mawhoob 0.84 0.86 6.42
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between‘elongated prismatic and oval. Rounded grains are common, Its
color is pale green, yellow , grey, and dark brown with strong

pleochrism.

W= Butile:
It is one of the common minerals in the mon-opaque heavy mineral

fractions of the lake deposits, It is characterized by rod and knee-

shaped forms with rounded termination. It exhibits three distinct

yellow, red and brown colors.

5= Garnet :
It occurs in less amounts in some samples. It is characterized by

granular triangle forms, colorless and isotropic.

Mineralogy of light fraction :

The light fraction of the lake deposits was examined mioroscopically, It
was found that quarts farms up to 99 # of the light fraction while feldspars
form about 1 %. Quartz occurs as colorleas to turbid grains. The majority of
the grains are of the simple type (monocrystallina) and show parallel extinction,
Composite grains with slightly undulose extinction are rare,

Peldspars are present in angular forms (microcline, orthoclase),
Mjocrocline is represented by colorless grains end shows the common cross-hatching
twinning between corssed nicols.

Origin of lake deposits and their environment of deposition :

Based on their field oecurrence and pertrographic properties, lake deposits

are though to have their main constituents derived from the nearby formations,

Lake deposits consist mainly of different varieties of sand and silt

deposits (e.g. sand, mud sand, silty sand, sandy silt,... etc). The sands

.
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increase and concen:.rate at the ocentre of depression of Kharga, while silts
increase northward wnd westward. This is well illustrated in Mg. (24) which
shows the isolines »f sand/shale ratio in the studied area,

From this figure, it can be soncluded also that these deposits originated
essentially from th: nearby formations. The sands in lake depositas increase
near the sandstone “ormations (e.g. Nubian sandstone). 4Also the lake deposits
become more clayey :car the different formations rich in silt and shale
deposits (e.g. Dax: .a shale)., The two arrows in Fig. (24) show that the silt
increase in the ncrth and west directiu.s, these directions are mainly toward
the escarp of the .spression where best outcrops of the shale and clay for-
mation are observel, On the other hand the sand increases in opposite
directions to these¢ arrows (i.e. toward the centre of the depression). It
must be noted that, the Nubian sandstone formation outcrops in low~lying areas

of the depression, vhich lies at the centre of the area,

The carbon:‘: content increases in same manner as silt content (Pig,25).
This is also attr:i.ted to the oecurrence of limestone formations in these
directions (e.g, T:rewan chalk, Thebes formation ... etc). The decrease of
carbonate ratio in lake depcsits is meinly observed at the centre of the

depression which :: accompanied by an increase of sand content,

The differe: ! varieties of heavy and light mineral assemblages encoun-

tered in lake depcsits, are very closely similar to those determined in the

Nubjan sandstone :'¢ -zation L19—] - Yue imaividual minerals have in general,

the same characteri stics,

The granulcstric analysis, discrimenent functions of Sahu, and "CN"
Pattern, indicate taiat lake deposits were mainly deposited in a shallow marginal

environment of depcsition (e.g. lakes, ponds, lagoons,...etc), Such an environment
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lies mainly in the low sites within the depression. The sediments were trans-
ported in a fresh water medium (as indicated from plact remains)., In the dry
seasons,asclian processes prevailed, A small - scale deltaic environment
appears in the sites of deposition, Turbidity currents were important during
processes of deposition, and the finer materials were generally deposited from

& uniform suspension.

CONCLUSICNS

The present wark deals with the geology and petrology of the lake deposits
(pleistocene-recent) in both Kharga and Dakhla Oases, EBight looations were
chosen for this study, these are: Maharige, Genah, Bolage, Beris, El-Max

(Kharga Oasis), Kharga Dakhla road, El-Zayat and Mawhoob (Dakhla Oasis).

Field observations show that lake deposits are generally situated in the
low~lying areas and show a well-marked stratification. Different sedimentary
structures are observed within these deposite (e.g. graded-bedding, cross~
bedding, color banding, small-scale faulting and unconformity). These deposits

lack fossils except for some plant remains which are common in them,

Lake deposite exhibit two main morphological forms: The first one,
which is the most common and extensive form, is called " flat plains ", The
second, ‘is in the form of small longitudinal ridges occurring in groups

oriented in a NNW-SSE direction, These forms are called " hummocks ".

Grain size analysis of lake deposits reveals that these deposits range in
size between medium sand and silt. They are well to moderately-sorted, nearly
symmetricel skewed and range from platykurtic to leptokurtic characters,
Discriminent functions of Sahu‘ show that they were deposited in a shallow
marginal environments of deposition (e.g. lakes, ponds, lagoons ... etc), with
a significant role of turbidity currents, At some stages of deposition, aeolian

processes prevailed and the sediments were carried and deposited in these shallow
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environments giv. ng rise to & amall scale deltaic - like deposits, The aeolian
procesaes prevei ed in dry seasons. The "QM" pattern of Passege indicatss that
the finer materi.ls depositsd froa uniform suspension and with a clsar effect

of turbidity cur ents,

Petrologi :al studies indicate that these deposits consist mainly of
different varist.es of sands and silts (e.g. silt, sand, silty sand, sandy
s1lt ... ets.). The sands increase and concentrate at the centre of depression,
while silts inore.se nortimard and westward, The carbonate content increases in
the seme manner s the silt ocontent. The different varieties of heavy and light
mineral assemblase encountered in the lake deposits are very closely similar to
those identified in the Nubian sandstons formation and the individual minerals
bhave the sams chiracteristios, Based on their petrologioal characters the lake
deposits are tho.ght to have been transported and deposited in a fresh -~ water
environment (as :ndicated from plant remains) and originated from the nearby
formations, The:e deposits becams more sandy near ths Nubian sandstone for-
mation (at the :entre) and more clayey and calcareous near the caloareous and

the olayey forma .ions (nortiward and westward),
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In these lecalities, the salt marches and encrustatlons

occur in the shallow depressions and are geneial;y mixed with

sand and cley. However, the upper layers of the oglt are almost

white and pure. The thickness of the sslt deposits very gener-
ally from few centimeters to about two metres, particulary near
the centre of the depressions {Lakes), Here the salt is almoast

pure and well-crystalline.

The slum occurs in sevéral locelitiee in Kharga Ossis,
[ -8 -ll-ﬁaharique, Bellaida, Gebel Taref, Beris and in the
hille west of Qasr Lebekha. In Dakhla Oasis, slum occurs &s

encrustations surrounding water wells near ¥ut and Qalamun.

Minevalogy of seit and alum encrustations:

The salt deposits cccur generally as earthy masses,
letét&leq'with clear and well-developed cryastsle of hallte in

some casen, (Plate-1). Admixtures of cley and sand give light

greyish colour to the salt, The alum occurs mainly in the

form of white to white greyish concretions with aifferent forms
end sizes, (Plate~1).

Xx-ray Qiffraction analyses of some salt samples reveal
the presence of halite and quartz admixture (Table 1); some
samples show the presence of clay minerals (particularly keol~
inate and i11ite) Fig. (1). On the other hand, samples of
alum have been found to consist mainly of halite, quartz, pot-

ash-alum and sodium-alum (Tables 2 and 3), Fig. (2).
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MINERA OGY AND CHEMISTRY OF SALT AND ALUM
DEPC 5ITS FROM KHARGA AND DAKHLA OASES
WESTERN DESERT, EGYPT

8. A. HUSSEIN®

ABEBIRACT

Surface salt occurrences are known to occur in several
parts in the flosr of both Kharga and Dakhla Oﬁses (Western
Desert, Egypt). Among these salt occurrences alum deposits
are recorded. A mumber of representative samples of thess
deposits were riudied by X-ray diffraction analysis, infrared
spectroscopy ardl were chemically analysed in order to reveal
their exact com;poasition. Beside halite, sodium and potash
alums have beer found, The mode of occurrence and origin of

these salts are aleo discussed.

IRTRODUCTION

Surface calt occurrences of encrustations are known to
occur in seversl parts on the floor of both Kharga andé Dakhla
Oases.  Althouia Beadnell[1,2] recorded the presence of alum
in some 1localities in Khargae Oagis, no detailed work has,
hitherto, been carried out to reveal the exact natufe of these
salts. The present paper gives the results of zineralogical
and chemical =sralyses carried out on a number of rejresenteg-
tive samples ccllected from Kharga and Dakhla Oases (from

Boulaq, Kharga-teris, Massara, Temeida and Mut).

Geology Department, Ain Shams U

niversit Cair
gnideputatioq to Department of Applied géologyo’cgfgzt; gow
clence, Al~Mustamsiriysh Univeraity, Baghdad,'lraq ge ©

Al-Mustansiriyah Journal of Science, Vol. 3 (1978).
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Table (1) : X-ray powder diffraction data of salt sample

a . Ezﬂzs
Sample data Halite(1) Qunrtz(z)

al /1, el 11 af w1, ] )
L.35 13 L.26 35
334 97 3.34 100
2.83 100 2,82 100
247 L 2.46 12
2429 L 2.28 12
2.1 L 213 9 Fig. (a): " storraph of earthy *ig, (b): Fhotorraph of white clear

5:1ts from the surface crystalline salts.

2,00 89 1.99 55 ?éw::;f}i:f with much
1.82 7 1.82 17
1.71 4 1.79 2
1.68 3 1.67 7
163 18 1.63 15
1. ASTM card No. 5~-0628.
2, ASTH card No. 5~0490. ) ‘

Fig. (¢): inrotorranh of an alum
R N ¢oneretion.

Fir. (d): Photorraph of different
forms and shapes of alum
concretions,



Table (2) :
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A=pray pewder diffraction data of alum saaple

Sample data Halite(1) Quartz(z) Na-Alul(B)

al v, &} .11, «a? 1, ar I,
Le26 11 Le26 25 be23 100
3.96 12 3,98 4O
3,68 7 3.65 50
3.35 68 3.34 100

2.81 100 2.82 100 2,90 6
2.4, 10 2.47 8
2430 7 2.32 6
2.14 5 2,13 2.19 L
1.99 49 1.99 55 1.98 6 2.04 2
1,82 14 1.82 17 1.82 2
1470 . 1 1.70 2 1.69 2
1.67 1.67 7

1.63 12 1.63 15 1.62 L
1.54 11 1.59 13 1.50

1eb1 11 1.41 6

1.38 10 1.38 11

1.26 15 1.26 11

1+20 4 1.20 L

1415 10 1415 7

1¢ A.S.T.M. card No. 5-0628.

2

e

3.

A.S.T.M. card No. 5-0490.
A.S.,T.M. card No. 1~0397.
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Fig.(1l) X-ray dit-iction
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Fig.(2! X-ray ditfraction patieras of
alum samples: Ay, A2, A38A.

Table (3)
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: X=ray powder diffraction data of alum sample

Sample date Halite(1) Quartz(z) Ni-AIulcj)
a } /1, a X 11, e ! 11, e} w1
L4.27 17 L.26 25 Lhe29 100
Le11 11 4.03 4o
3.38 46 3.34 100 .24 Lo
3612 7 3.03 16
281 100 2.82 100 2.85 10
2.70 6 2.71 6
2.48 7 2.46 12 2.45 6
2,36 233 8
2.30 1 2.28 12 2,25 4
2,04 86 1.99 55 1.98 6 2,02 8
1.83 12 1.82 17

1.68 3 1.70 2 1467 7

1.64 22 1.63 5 1.66 3

155 3 1.54 13

142 15 141 6 1038 11

1.27 25 1.26 11

1.20 L 1.20 5

1415 17 1415 7

1. A.S.T.¥, card No. 5-0628.

2. A.S5.T.¥, card No., 5~0590.

3. A.S.T.". card No. 1=038L,
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Infrarec spectral anslysie of selected samples of salt

end alum were carried out wusing a UNICAM sp. 1200 infrared

1 ana 400 em’?

The sample wae nulled in a reference chemical compound, e.g.

spectrophotome fer in the range between LOOO cm™

Nujol (a heavy medicinsl mineral oil) which wes used by Miller
and Wilkins [;j:l in their excellent study of the spectra of
inorganic chen:cals. The "background" of Rujol absorption ie
subtracted fror. the mineral graph to obtain the absorption

characteristic: of the mineral.

The inf:ared spectra of salt samples (Pig. 3) show the
presence of quurtz and absorbed water. The quartz spectra
occur at the I:1lowing wave lengths: 4.25 u, 8-10 u, 12.50 u,
12.85 u and 14 .90 u. While the water bands occur at : 6.20 u,
4.20 u and 2.7) - 3.00 u.

The infrared spectra of slum (PFig. 4) show also the
presence of quurtez and water spectra beside the sulphate
spectra at 8.5) ~ 9,10 u, 14.90 u and 15.50 u. Ko carbonate,

phosphate or torate spectra have been detected.
Chemistry of salt and alum samples:

€ix samples of salt from Kharga and Dakhle Oases were
chemically ana.ysed; the results are given in Table (4L). These
analyses show that water insoluble residue (W.I.R.) which
consists rainly of admixed send grains and clays, varies acc-
ording to the semple collected. Samples near the margin of
the salt march:s contain high percentsges of such admixtures.

On the other rand, samples from the inner parts of the lakes

consist of ne:srly pure salt,
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Table (4) : Chemical analyses of salts from
Kharga snd Dakhla Oases

1 2 3 4 5 6

Na 29.78 27.01 24,36 2h.72 35.01 25.16
X 0,72 1.62  0.52 2.38 2,72 5.10
Xg 1,00 0.80 0,50 0,50 1,48 1,92
Ca 157 nil 1.00 1.00 0.10 1.68
a 48,70  55.20  LO.62  34.32  57.00  53.62
50, 2.90 2,5 a1 2.76  2.54  3.88
W.I.R.  15.86 2,20  31.36 25,52  0.92 4,28
Total  100.53  99.39  99.36  100.20  99.47  99.64

v, 3idues wnje 0 widads paavyur( v) 61d
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Table (5) : Chemical analyses of alum samples

- 116 =

1 2 3
Na 18.00 21.50 26,26
X L.90 2.72 6.12
Ng 1,00 1,C8 1.20
Ca 1.24 1.62 1.70
c1 30432 42,00 18,68
80, 22,02 12.72 18,68
Al 04 6.00 3.20 7.30
W.I.R. 15.54 14.02 10.40
Total 98.99 98.386 98.18
K-alum 60,00 32.50 72.00
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All the samples (water soluble portion) consist mainly
of sodium chlo-ide with minor amounts of potassium and magne~

slum chlorides and sulphates.

Furthersore, three saanples of aluz were chemically
analysed (Table 5), and it appears that the samples contain
algso a higher ;ercentage of clays. The calculated potash-alum
in the samples varies from 32-72% (as calculated from the K-

selt.

Organic of sel: and alum encrustations:

Field ovservations beside mineralogical and chemical
investigations reveal that the salt and alum encrustations
were formed by leaching the salts by the circulating ground
waters and the: deposited in the suitabid depressions on the
floor of Kharg: and Dakhla Oases by normal evaporation. A
direct proof o’ this is the presence of salt-alum encrustations
aeround some waier wells in the Dakhla Oasis. As a matter of
fact, most of .he shale members overlying the Nubian sandstonme
contain abundait salt alum stringers. By digging a pit in such
shales it has »een noticed that after few days or weeks the pit
will be filled with salt-alum encrustations and/or concretions.
This can be explained by the fact that both sodium chloride and
potash-sodium alum ere highly soluble, the husidity within the
pit expecially at night (the temperature falls down tc below
10°C) Plays mejor rule in dissolving such salts which move
toward the pit by osmosis (creaping phenomena)., It is interes-
ting to note tiat such mechanism of collecting alum, on a very
small scale has long been by the inhabitants in Kharga and
Dakhla Oases.
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CONCLUSION

Surface salt and alum occurrences are known to occur
in several parts in the floor of both Kharga and Dekhla QOases.
X-ray diffraction analyses of the salt reveal the presence
of halite and giartz and clay admixtures. The alum consists
mainly of halit:, quartz, potash-alum and sodium-alum The
infrared spectra of salt show the presence of quartz and abs-
orbed water, wrlle the spectra of alum show also the presence
of quartz and 7ater beside sulphate spectra. The salt consists
chemically of ¢>dium chloride with minor amounts of potassium
and magnesium chlorides and sulphates. The alum consists from
32-72% potash-:lum, beside sodium chloride and water ingoluble
materials. Ae to genesis of the salt and alum deposits, 1t
was proved that they were leached from the everlying shale mem-
bers and deposited in the suitable depressions on the floor of

Kharga and Dak! la Oeases.

1) H.J.L., Beadnell, Dakhla Oasis, its topography and geo-
logy; Egypt. Surv. Dept., Ceairo, U,.,A.R.
(1901).

2) H.J.L., Beadnell, An Egyptian Oasis; An account of the

Casis of Kharga in Libyan Desert:
Murray London. (1908),

3) F.A. Miller, C.H., and Wilkins, Infrared Spectra and
Characteristic Frequencies of inorg-
anic ions; Anal. Chem., Vol. 2y,
pp. 1253 = 199k, (19525,
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INTRODUCTION

The mechenical properties of insitu rocks depend on the essential
oharacter of the rock constituents as determined aithér by s. Petrological
origin 3 be The intersities together with alternation due to the water
sotion ; smd o. The variable discontinuities in the rock mass, such as
bedding, lamination, foliation, schistocity, Jjointing end faulting. When
the last two factors which generally cause a reduction in the mechenical
properties (strength and the Modulus of Elasticity) of the rock mass are
absent, they are expected to behave in a similar manner to samples collected
from the same rock mass as tested in the laboratory., Since it is impossible
to have elastically uniform rock medis, then tests on core samples will
supply data on their mechanical properties which usually give values that
pay probably as high es 10Qe above the insitu test results Portland (195'_',’1:-|
Therefore the numericael expression of the rock mass properties by field tests
could be more useful when applied to engineering problems that are related to
errection of large projects founded on rock mass or built as underground
objects.

Amongest the mechanical parame ters that can be adopted as a factor
in the evaluation of the geomechanical properties of the rock mass is the
Young's Modulus of Elasticity (B)s This parameter can be defined { in cese

of compreasion) as the proportionality constant between the stress ( 0 )
applied on a body and the resulted strain(€). The greater the value of (E)
for a solid the less will be the deformation resulting from a given compre-
ssive stress,

There are two field methods for testing (E), namely static and dynamic.
In the first, loading of the rock during an experiment changes very slowly

with time, Static tests usually are conducted by instruments such as
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SE: SIC FIELD TEBST APPLICATION FOR CIVIL
ENGINEERING

.
¥, NMashkour

ARSTRACT

The evolut' n cof ceonstruction techniquas in the field of large oivil
enginesring works makes more and more imperative to gain a deeper knowledge
of the gec—wechan cal charscteristics of the rock mass in which the

struc tures ere f:» nded or framed,

Amongest tx geo—mechanical properties of feundation rock, the young's
1]

Nodulus of Elasti ity (£) now can te obtained from the relationship derivi
eriving

fron the theory - elasticity by whick (8) is tied to square of (vp)

compressicral wav: velccity. However, in the majorj ty of cases ismd
Jori s seismic

wethod yields valie of (E) much higher than the velue of (E) derived by the
Y

classical static -est, Hence the object of this paper is to present
3 nt a

comprehensive stu ies into the factors causing the differences between the
a,
evaluating the se: smic field surveys for Civil Bngineering, and finally
?
finding & relatio; ship b
oi p between (Vp) and (8) for insit

isitu different types of

rocks, )

Department of :pplied Geclog:

F o
Onpvereity, Do o Tran , College of Science, Al—-lustanairiyah

Al-Mustansiri= 1 Journal of Science, Vol., 3 (1978)
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The stress strain behaviour of rocks is non-linear, The nature of
non-linsarity cen be olassified into two groups, extrinsic non-lipearity
when a rook mass involving many discontinuities so that its response in
bulk to loading is non=-linesr and intrinsic non-linearity when e specimen
of rook (contains minute cracks ) is tested in the laboratory where it

often display a non=-linear stress-strain curve.

In the field, the rock mass that response to loading will exhibit
both extrinsic and intrinsic non-linearity, Hence the non-linearity ean be
rightly attributed to the influence of variable discontinuities into rock
mess end to the micro oracks and pores in the rock Walsh (1965 afs:“ The
cracks and pores in the roock affect both determined E sta, and E seis, Under
the static loading, the load is usually so high to cause the re-adjustment
and closing of the cracks and pores which consequently results in sliding of
cracks faces along each other that will eventual.y cause an energy dissi-
paticn, Wwalsh (1965 bp-‘.‘ Seismically determinea (s, 0. rocks however is
entirely free rrom tie effect of the cracks ana pores since the maximum
alternating stresses arising from seismic tests is toc lox to permit the
slow readjustment and deformation of rock fabrics which usually have a role
of ap;lication several orders of magnitudes higher than the statically determined
mocules, Generally known that elasticity modules of rock is a highly sensistive
indicator of minute differences in the material., The smallest changes in
petrograpaic constitutici, censity, structure, humidity content and state of
conservation are clearly revealed, also in comract rock samples, B-value
comnonly is a function of pressure, In several cases it was found that for
a greater number of rock samples of similar external appearance taken from a
limited area of a quarry, the value of (E) showed variations from the mean in
excess of 10 }é, Link (1961.;"‘8:.l These dispersions inerease with the size of the

rock samples, Tests on a granite specimen, for instance, resulted in an (E)

.
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hydraulic jack and *'sting chambers, The measured value is called static

modulus of elasticit (Esta.)'

The dynamic r-thod is that which, on the basis of causing impact on
tne ground enables z-.uging of the velocity of the elastio waves that transmit
tarough the body of -he rock mass. The seismic body velocities are usually
measured oy tecinni.. s as direct measurement turouin adjacent closely spaced
bore~ncies, sai i 2ismic refraction metncu. Joe measursa value is cal.ed
seismic mouuius i 2 asticity ( 3 seis,. In t.e majerity ol cases (s seis)
is consiaerap.y i . 'r tnan the (£ staj. Ihe difrerence petween these two

valuss na3 interes:e. many research people for several vears,

The main co.2 tives of tae work are ; l. correlation oetween the
(s seis) uand (3 stu, iasitu roc«s, Ze 4Vaiuating tae seismic method for
dstermination (4 s¢i.y wd 3. Fiiuing 8 re.satiousnip vetween the (Vp)

Ja 2 N .o 3
and (3) ror airferes: tvyes oi insitu reock masses,

2, CCRRELATICHN BSTHSEN (3 35I8) .0 (B 3Ta)
C? 1.SITU 2CCK ha3S
Theoretical.; seismic and static metnods scould give tae same value
or (3) For nomogene::s and 2lastic material. .crever tas seismic metiod
usudily vi2ld valu s rigper taan those arrived asz static=ily by various

p2reentages i2pe:

Do Tn® IOCK quailty of tu2 1.5itu medis;  .urpay and

D ¢ N o | A % I

20l (1900,[ y WA CPd Ll L0UDE {1666, .. orEaloiaV \4.:005']. ‘he
LaPs8 LiSCrepanCLes  TCuluCu Y2TWeRN o wllde e 4 3213. OF DSCKS 2xpiaiLea
OF & 4nlh Co 00w F U, LS0UI0L, CF USrIeCt 2L30TL01iTLe S LiLAArity is

coucerned, Z.: (17 "9 slcwed ..at SOLUELLT La. 34T s@tirrigutica o (&)
Jor pars of LOmesRi s LouIXC.Ll waTarid., “ile comcon materials, ars Jouid

TC agree wit.du ... i UWO fercente
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galleries of shaf'ts, the surrounding rocks will always be extensively
unwatered by the gallery. E seis of a large rock mass, particularly at

the bottom of & valley will, in most cases be influsnced by water -

saturated fractures,

3, EVALUATION OF THE SEISKIC METHOD FOR
B SEIS DETERMINATION

During the last two decades, seismic method for determining the elastic
properties of rock has found increasing application in the field of rock
engineering, particularly in connection with dam foundations, tunnel construction
and mining projects, Generally, the method has been advantageously employéd to
the design of the engineering structures especiali.y when they are supplemented

by other types of t'ield and laboratory tests Onadera (196}P'n. The widspread

use of this method is explained by tie following facts :=-

p In engineering practice when high rates test data are to be applied to
problems of rapid loading, such as dril.ing, crusaing end blasting,

seismic determination of (£) can be valuable tests.

2= In seismic method, tne measurements are maie at a pertinent location in
the field and neimce seiswic pulse is afiected to a certain extent by the
number and character of the existing discontinuities, Llioreover costs
involved are low and that the method permits a rapid determination of
(B) for strata of greater extent, Thus by tnis method, zones of
different properties cean be separated relatively quiokly in a hetro-
geneous rock complex.
In the case of large dams, for instance, separated zones of defined
elastic properties expressed by & seis can be cbtained along the profile

and at the required depth., In the case of tunsels and shafts, these

-
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valus of about 3.5 X 107 Kg’euz measured over a length of 15 om but of

Z
8,0 X 105 Ks/on“ for a 1 cm length, Philips (liﬂm Deviation of sush

extent made the c.vil and mining engineers to relay om rield test of roek

mechanical proper:ies rather than on test of small samples,

The possic.iity of direet applicaticn of seismic method is sometimes

not too optimistis, sinoe the method gives always higher values than those

derived by static loading. Hense one must shed some light on the causes

affeoting the dif erences bestween B seis. and & sta, measured in the field.

1.

S seis. determind in the fiald for taat part of the insitu rook
traversed .y the elastic waves, The insitu s, sta, is measured by

a static 1.ading tests over an area which is but a fraction of the
aresa of th: seismic wave path, It is therefore incorrect to attempt to
correlate 'hose two values, In view of the great differences betwsen the
two areas f ianflusnce, one would actually be correlating differeant
reglons of the rock. For instance imaitu statio loading by flat jaok
is to be ¢ :nducted on the immediate periphery of the tumnel or founda-
tion ( The sone whicn is usually afrected Oy many frastures and oracks
present cr ginally in the rock mass or induced due to the process of
blasting w.d exoavation). Therefore, ome may expect that the sta,
will be mu. n less than the E seis, obtained from tpe (Vp) comming from

s0lid part of tle rook mass a way from the exoavation,

Field stat.: loading usually takes several days, a possibility of
inducing :: acks in the immediate vioinity of the loading causes atronger

deformatic: that result in lower valiues of o 3sta,

Higner 5 sci5. may also be due rock humidity and water in the cracis,
& sta, uu.e o monoxial pressure is iower ror humid than for dry rocks
4

; i
Hughes an.  ross (1951P]. wheu roox tests are performed in exploration
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ii- Shallow structural feature can be mapped such as faults which may
be disappear under overburdea or under the waters of a lake, shear
sones, contact sones, buried structural features, such as old
limestone sink holes may ds delineated by the method.

1ii~ The strike and dip of geological formations may be determined,
iw- Determination of lateral and vertical substratum homogeneity.
- Depth of water table,

vi= Prediction of grout take.

4~ DISCUSSION OF THE VARIOUS PARAMETERS
CONSTITUTE THE BQUATION OF ( Vp ).

A rock medium (in spite of its crackings, diaclases and lack of
hnnogmty) gan as a whole be considered relatively elastic in its mechanical

behaviour, In the field of seismic refraction work, several types of propagating
waves are generated on impaction the ground, The most importance of the propa-
gating waves are, the compressional and shear wave velocities (Vp) and (Vs)
respectively. The percentages amount of (Vs) to be generated in a particular
impact 1a different according to the volume and way of impact. The (Vp) mode has
the highest velocity and is the mode normally detected in refraction seismic
surveying, Since the (Vs) travel slowly and unless their amplitude is relaiively
large, they are up to be confussed with (Vp). Furthermore, impact senses usually
produced a prolonged vikration so that a succession of arriving waves will merge
with one another instead of remaining distinct, Therefore the opportunity to

measure the (Vs) velocity in the field often produces difficulties,

The mathematical theory of elasticity furnishes the following general

13
expreasions for the (Vp) and (Vs) velocities, Dobrine (1960; ].

-«

-
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zones ar: established along their Lay-out, Hedstrom and Kollert (194-9{}2‘.1
Field me:sured E sta. is time consuming and expensive, and therefore
limited :0 & emall nmumber of sites, Moreover, the choice of the testing
area 1s ‘requently restricted by various considerations, Beaides,
extendiny the validity of the values found for amall areas to other

gones of the dam foundation is often problematic, the rore so as the

values are likely to show a wide dispersion,

As the field seimmic velocity, is not only influenced by the mmber and
type of iiacontinuities in the path of the pulse, it is also influenced
coneiderably by the properties of the intact rock, The effects of the
discontiwities in the rock mass car be estimated by comparing the field
seismic relocity with the laboratory sonic velocity of an intact core
obtained from the same rock mass, and the ratio E seis/E sonic is called
soundnec: of rocks in situ, The highest the ratio the less fractured,
Jointed “he rocks in situ, i.e. the soundest the rocks in the field.
Oxmdera[1 d rroduced a soundnese classification table of rocks in situ.
Such clessification helps to facilitate communications among civil engin-

eers, design engineers and contractors,

The seisaic technique while it is used for determination of E seis in e
foundatisn rock mass can provide an assesmment of the geological and

enginecring condition of the sites such as :-

ie It ~ives good result when employed for location zones of loosened
structures in connection with the deriving of tumnels, determining
tr3 effectiveness of grout injections, and investigating large
arzas at dam sites with the aim of detecting irregularities in the

rcck formations of the valley and the flanks,
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0,25 in the formula No,l, but the value of rock density was varied from
1.5 to 3.5 @!1/::1:13 by an increment of 0,5 gm/cm3 each time, The
calculated & seis, was then plotted versus each chosen value of density.

The curve shows that higher values of density raise the curve upwards,

Usually the volume weight of rock (p,n), gauged insitu is always
smaller than the volume weight tested on samples of the same rock. Kedo
et al in OnaderaDI]shoved by intense field tests of densities at several
dam sites by means of gamma ray logzing in holes drilled in the rock medias,
that although the density varded with the depth, the values of the density
of the insitu rock mass were usually 10 - 15 % smaller than the values of
densities measured in the laboratory on core samples, The &verage of this

range is taken in the calculation (section 5),

Poisson's ratio of the rock ( O'm) & -

This ratic can be calculated by static loading on core samples or
in the field on the basis of measurements of both Vp - and Vs - velocities
using equation (3). As was pointed out at the beginning of this section,
it is hard to carry out the correct following up of phases of Vs-waves in
seimmic records. Therefore, it will be more appropriate to assume a value
of Poisson's ratio, provided that it will not affect seriously the
calculation of (E), This assumption serve to minimize both time and cost,
In engineering practice, where silicate rocks are ususlly encountered,
Poisson's ratio of which varies over a narrov range (0,15 - 0.3) for hard
rocks, This is small to the theoretical possible variation of the value
from -1 to 0.5, Hence, for compact rocks, the value of Poisson's ratio in
the formula of (Vp) may in fair ap-roximation be taken equal to 0,27, To
Justify this approximation, the curve in rig. 2 was plotted. It was produced
by assuming conetant Vp = 12 500 ft/sec and rock density (’: 2.5 gm/cm3

in the formula No,l, but the value of poisson's ratio ( 0 ) was varied from

.

*
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@_(;w)z 0+ 0) Q-26)

) (1-0) @

E= 2 C(re)? (1-0) (2)
- Vs 2

g. 1o lwE) (3)
2-: (& )P

WVhere & , © | and E are the poieson's ratio, density and Young's Nodulus
of Elasticity of t1e material respectively., When E seis of the insitu rock is
to be determined !+ the equation (1), the three parameters { § ) » ((o ), and
(Vp) must be invertigated, Each of these parsmeters has a relative effect om
the resultant valu: of elasticity modulus. For the purpose of evaluating the
relative effect «f each of these elements, it is convenient to represent

equation (1) in tie following manner : -

Pn
Egeis = F [f ( gn) . (0), (VP)zJ (4)

Thus E sei: is a function of 3 -

i- Density of the rock (()) t-

This can be measured either in laboratory on core samples or in the
field, T volume weight of the rock is a function of petrology (p) and
porosity 1) ; (g) is the acceleration, and ( 2;’1 ) is the mass of the
rock. Ro:ls of different petrology with smaller weight have, as a rule,
a smaller - p-velocity, vwhereas rocks of the same petrology show an
increase o velocity with decrease in porosity, and, consequently with
increase i: volume weight. To illustrate the effect of denaity on the
calculate = seis, The curve in Fig.l., was generated, This curve was

produced b assuming constant Vp = 12500 ft/see and poisson's ratio (§ ) =
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0.05 to 0.40, by an increment of 0.05 - each time. The caleculated E seis.
was then plotted versus each chosen value of poisson's ratio. The figure
shows that values of poisson's ratio less than 0,27 shift the curve upwards
and greater values shift it downwards, The slope of the curve is always
small for the part of poisson's ratio range between 0.1 and 0,27, Hence an
error in assuming a value for the poisson's ratio in this range will have
very little effect on the actual and correct calculation of E seis. of
rocks. Whereas the sharp downwarde increasing in the slope of the curve
for values of Poisson's ration above 0.3 indicate that serious errors will
be introduced if a ratio is choseen above this limit. Por example, if a
value of 0 = 0,3 was assumed for a type of rock, while in fact § = 0.35,
then the estimation of (E) would be 30 % larger which conceivably leads to
gerious consequences, Therefore for rocks having inferior elastic propor-
ties it is important to measure the insitu Poisson's ratio seismically.
This can be achieved without difficulty, since the accuracy of detecting
the (Vp) and (Vs) wave velocitiee is higher in rocks having larger values
of Poisson's ratio contrary to harder rocks. Figure (3) by Evison (1956;"‘{]

illustrate this fact,

Compressional wave velocity (Vvp) & -

This is determined on the baais of the first arrivals of seismic
records, The relative effect of the paranmeter (Vp) on the calculation of
E seis. can be deduced from the equation (4), since the value cf (E)
involves function of ( &) and (P) but of an appropriate velocity
squared, Hence a little change in the velocity will cause considerable
changes in the calculation of E seis. To illustrate this effect, the curve
Fig. 4 was plotted, This was produced by keeping Poisson's ratio { & )
and rock density ( P ) at 0.25 and 2,5 gm/cm3 respectively constant in the

formula No.,l, but the valve of VP - velocity was varied from 7500 ft/sec to

-«

E-Elasticity Modulus x 10° p.e.i

E-Elasticity Modulus x 10° p.s.i
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Fig. 1. Ill.istration of the effect of density on the calculated

(E) for VPal2,500 ft/sec. and O~ = 0,25,
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Fig. 2. 1Illi:stration of the effect of Poisson's ratio on the
cal:ulated (E) for VP = 12,500 ft/sec. and L= 2.5 sm/cm3
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30,000 ft/sec, by an increment of 1000 ft/sec each time. Ths salrulated
E seis, was then plotted versus each chosen value of velasity, Thersfore
in the field of seismic tests, a correct measurement and interpretation
of the received Vp-velondty is of great impevtance if ancurate calenlation

of E seir is required,

Generally, the Vp-volocity i3 affected by many envirormentnl factors
some of these factors increase the velocity, othera tend to dercrease it.
In both cases field determination of B seis, will ultimately nffected, the
comron vaviable factors likely to occur within the earth engineering work

are presented as follows :~

Effect water enturstion: Vy~velocities always incveacas with the satura-
tien, Iaboratory siudies on the effect of saturaticn om the voloeity
) . L)

measurements was studied by Hughes and Jones (1ec1Y U In thetr eyperi-
mente, the velocity started to drep after 4t reachzd 207 nf the complete
eaturation, In order to study the function of satveslicn voristion on
the velecity, conslder the aschematic pattern of aani-tene arning as
closed packed ephered for four dagvess of satnvation ar chown in ™g,5,

3 /140 ﬂ{ia] s ’
after Mughes and ¥elly (165277, In these vacking of ryhever, the
interstitinl water is siown in black, and the interetdi*ial aiv in wvhite,
In looking at dry, unsiressed rock, we find tist the grains are in leoge
contact, in this case, we vxrest low signal, bui if a small anount of
water is adled and it wets the rock, it will be mi’ed into the snall
cracks. nad will serve %o incrensy the ares of coniani afTo~tivaly at
atrospheric pressure. Usvally a very small quentily of welep v2rults in

signals, =0 vhen mors water is adled, the effeci would be exjcected to be

small.

The model Yty Hughes and Yallytié];iven abtove oxplains the general varia-

tion of velocity curve with the variation of the saturation degrees.

Poisson's ratio ( o )

B-Elasticity Modulus x 106 P.8e1
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5.0
4,.0L
3.0
2,0
1.0{
Y2/v8
L 1 J 1 ]
1.0 2.0 3.0 4.0 5.0
Pig. 3. Theoretical variation of Poisson's ratio with ratio of
selonio wave velooities (After Evison (1956)“).
16

8|
2 B a

/1 N v x 207 2¢/s00
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Fig. 4. Illustration of the effeot of compressional wave velooity

¢n the oalculated (B) for o~ = 0.2%5 and L= 2.9 ll/ol’.
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measured velocities in dry state, except for the material having very low
compressibility. To explain this fact, one may refer to the conclusion
by Bughes and Cross (1951;17‘-! that in dry sample, ths pulse is travelling
alternatively through rock and air, while in water saturated rocks, the
palse is travelling alternatively through rock and water, Because water
has much higher velocity than air, then the initial velocity in water

saturated rock would be higher than in dry rock.

Nur and Simmon (1969{38] have noticed that the Vp-velocity increase greatly
wvhen measured below the water table, while the S- shear wave velocity
remained essentially unaffected, Therefore the use of Vp-velocity are
calculating E seis, is discouraged for the case of low quality rock
masses (vp = 10,000 ft/sec) below the water table. Water (vp = 5,000 t/
sec) couples the seismic energy across joint openings, coupling much shorter
travel paths than would be possible in the same rock mass above the water
table. Thus, Young's modulus calculated from observed compressional (vp)
would be much too large. In this case, the measurment of shear wave velo~
cities is much more valuable because they will remain unaffected for
heavilly jointed rock masses below the water table, Ambraseys and Hendron

(1968;19] suggested that Young's modulus may be more aprropriately determined

from equation of shear wave velocity.

Effect of rock anisotropy : Imsitu rock masses are anisotropic in nature,

Therefore they exhibit directional properties, The common cases of
anisotropy, likely to occur in rock masses, are bedding and various kinds
Measurements of (Vp) along the bedding is always higher than

]. The

of fractures,
thogse measured perpendicular to the bedding, Vantland (1953ﬁé°

orientation of the velocity measurements relative to the anistropy present

in the rock mass is of considerable significance; Enill (1968{-21], showed

3
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High Saturation Complete Saturation

Low Saturation

DPry

Fig.5 Schematic representation of fluid in porous rocks ( After Hughes and kelly (1952)16)
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a correlation between " inaitu " and laboratory measurements of Vp-
velocities, we are faced with the task of restoring the samples to their
original state of stress in order to make meaningful measurements.

The nature of the three dimensional stress field to which rocks under
different circumstances are subjected, is a point to argue. The horizon-
tal streeses in a rock can be as much as two or three times the normal
overburden pressure. The inteneity of horizontal stresses msy also be
varied in different orthogonal direction, If the aim is to investigate
the effect of confining pressure on the Vp—velocities in close simulation
to " insitu " condition of stress, the conventional triaxial testing is
the best available method, since results can be reproduced to a wide range

of circumstancea. Pinally the reader may refer to the extenaive result by

Birch (1%1’?@, on the effect of confining pressures on the Vp-wave

velocities in different types of rock samples,

5 ~ RESULTS AND CONCLUSIONS

Utilizing the fact of the great dependibility of (E) on the (VP) which has

just pointed out in section 4, a relationship between these two parameters is

plotted in Pig,6, and the derived formula is :

E seis. = 0.0201 VP2 = 0.0052 VI’ = 0,0182 1b/sq. in - (5).

In plotting the relationship of Pig. 6, the following consideration are

taken @

1-

Large number of (Y?) measurements done in different ingitu types of sedi~
mentary, metamorphic and igneous rocks are used, some of 95 valuss wvere
collected from different literatures, mainly from Bransilavp:!

Headstron and Foller$2) Oliphon (1950J2%)  Rassistrom (196925
Molotova and Vassilev (1960&27:! Linhan (19«5298_-,l Flavio (1966;29_‘! and

Hobson and Hunter (1969?6‘].
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that marke¢ anisotropy in granite foundation due to stress relief Joints,
contributir 7 to an extreme variation of 50 ¥ in the measured velocities,
whereas anj sotropy due to slightly cleaved argillaceous rocks contributed

to a variction in the velocity not more than 16 “,

Effect of ! igh-velocity gzone: Presence of a zone or & layer of high
velocity r: terial along the seismic line will provide a path through which
the arrivir ; waves will travel, This will not be a representative or an
average velicity for the rock mass as a whole k’antlam@q For example, a
limestone ::d in a shale sequence or a silicified fault zone in an altered
granite m::3 may give misleading results if adequate care is not taken in

interpretsat._on of seimmic results,

Effect of ¢ mfining pressure : Generally Vp-wave velocity increase, where
zeasured iT specimen subjected either to uniaxial or confined pressure,
This is besiuse in unatressed samples, the rock grains are in loose
contact, t:. as the pressure is increased, the loose grains are brought
into contec: and reduce the porasity. Thus making the rock a better a
coustic med .um, Gregory (1966)22]. The rate of velocity increases in dry
porous rock under confined pressure is less than that for saturated samples

Vyllie et =. (1958{23].

Insitu, the overburden and the ad jacent rock serves as confining pressure
on any part of the rock in place, Hence logically, when cores brought up
from certa: depth of " insitu " rock mass, the coring operation causes the
samples tu ‘e almost instantenously decompressed from overburden pressure
to the atro pheric pres-ure. Hence the mechanicel and physical properties
of the rock will change to a certain extent that the Vp-velocity measured
through the- wvuld nst be the seme, had measurements were taken in the

same type - rock at the particular depth where they come from. Thus for
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2- The density was taken separately for each type of rock as an average of a
considerable number of measurements on core samples taken mainly from
Daly et al (1966§3i} and Smithson (1971£?§J lLaboratory average density
for each type of rocks wae reduced by 12,5 ¢ to obtain the field rock

density (see Section 4 - i), end
3= The value of Foisson's ratio was taken equal to 0,27 (see Section 4-ii).

The relation of equation (6) does not reprecent the first of its kind,
A similar relation was plotted by Brown and Roberishaw (1953i3j} which was
later replotted in logarithmic scele by Hawltins (1969§>;]and the derived formula
Vp2'34

E = x 1070 1v/Sq.in. (6)

However equation (6) has definite advantages over the relaticnship of
equation (6 ) for the fact that Brown sand Robertshaw[}i} used the results given
by Reich given in [55} were originally based on erroneous assumptions for the
reasons that the majority of the 70 calculated modulii of elasticity used in the
plot were not computed directly from the Vp-velocities, but the values of (B) were
determined statically and the velocities were caleulated assuming Poisson's ratio
to be equal to 0,27 and aprropriate density,

Two sxamples of application are given in the table below %o compare the
vslucs of 7 seis. obtained by enuations (5) and (6) vith the field © sta., The
table shows that field T sta in sclid foundation compare bet‘er with the E seis
calculated by eguation (5) than from Zquation (5). This i3 representing an
improvement in the direction of the closing the gap between the values of (E)
arrives at the two methods, and then make the civil engineers to safely relay on
seismic method for testing this parameter., In the case where the site iz
fractured and faulted, E seis. is much higher than E sta, This is quite Justified,

since a site has an inferior elastic properties has a Poisson's ratio greater than
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6- CORCLUSIORN

An aprroximate empirical relation between Young's Modulus and
the compressional wave velocity in consolidated rocks is derived, Upon
measuring the Vp- volocity in the rock media, B seis, can be ohtained
directly without reference to the values of the Poisson's ratio and
rock denaity, However for correct computation of B seis. in sites
having inferior elastic properties, the value of Poisson's ratio should
be measured insitu seiasmically.
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0.27 (the value w.ich assumed in the relation of equations 5 and 6),

Therefore

when these equatiins were used in the calculation, an error was introduced

which had remark ably caused the over-estimation of the calculated E seis, For

illustration see Mg, (2). Therefore in condition like this the value of

Poisson's ratio cust be measured seismically,

Example of Application

Rock 7px10°  E.seis.x 10° B seis.x 10° E sta  Site con-
name :t / sec pei{equ.5 ) psi(eqa, 6) x 106 psi dition
Granodio-
rite 3,9" 1.58 1.74 1.33 +  Solid
Andesite 9.9" 1.9 2.24 0.25 +  cracked
and
faul ted

* measured 'y Kudo et al in Candera [1]3.
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In Three—~dimension the problem of a plene crack under pressure acting
on its face has been amalysed by the well known Boussinesg-Fapkcvich repre-
sentation. The displacement field u;(x) is generally represented by means
of Newtonien Potentiel, the density of whieh {s equal tc the ereck opening
displacement ( Buckner [1‘;} ). There are other representation of the
displacement field in the elastic body as functions of crack opening
displacement vic the elastic potentisls introduced by Kudpradze [15—_] .
Kosseoka [16] made use of this single layer potential and doubtle-layer
petential ¢ the first kind and found ar equetian of crack openicg displace-

ment,

Here in this paper we cnmnsider the general loading for a plane crack
of artitrary shape, Our rerresenteticn of displacesmeni field gives a set
of three integrel equations fo: the crack displacement d&isccntinuities, This
method bas some advantage for purrose of numerical analysis beceuse integral
equations extend over the crack surface only., Hence a Three—dimensionel

problem has been reduced to a Twc-dimensional one.

2- Basic Bquations and Tensors

Let x, be the Cartesian co-ordinates of a point X, ( i = 1,2,3) and

¢! be vase vectors, The displacement field u(x) is given by

Bu = pDu + (M+p) grad div us=-=f

in domain €. , A\, p are La'me constents, f is the body force snd fL is
finite range three-dimensional space filled with elastic material. When
Mwl, N = - 1 we get A. = A (Laplace operator),

(o)

The generalised stress vector operator P on an area element normal

to unit vector n is

n A~ 242
P(n)u=(<1+p) % + P’;x. divG+0L(ﬁxcur1 ?1) (2:2)

(2.1)
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THE PROBLEM OF CRACK OF ARBITRARY
SEAPE UNDER ARBITRARY LOADING

SJM, Shlrfddill.

ABSTRACT

The problem of orack of arbitrary shape subject to arbitrary losding
bas been investigited, The displecement field is represented by single-
lsyer and double-layer potential of second kind, The equation for orack
opening displacement has been established, Crack opening displacement under

pressure has been analysed.

INTRODUC TION

Gensral methods of solving crack problems in Two-dimensional
Elasticity Theory aas been developed by Inglish [1] , Westergesrd [10] ,
Sneddon {3, 5, L4, 20] , Cottrel [15] , Baremblatt [2] ,

Sanders [ 4] , Snaarfuddin [6, 8] and others, Probless of systea of
cracks have also bteen tackled by Koiter 9] , Sharfuddin {7] , and
others, Methods Lsed by most of the authors are Fourier Transforms, Integral
Equations (sometiaes dual) or Hilbert's technique as presented by
Muskhelishvili |1, 12] .

Institute for iivancement of Science and Technology Teaching,
GPO Box, 809, Dacca - 2 , Bangladesh, Now on deputation to

Al-Mustansiriysn Journal of Soiemce, Vol.3 (1978)
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where O (x - y) is Dirac Delts function soncentrated at the point § .

A
On differentiation with respect to X the oomponents G); are given by

K aa \ D A (XS‘VKZQX‘,"Z;L)_}
& &Y= o {(MBH) Mf(i,9)+( +H) P9 (3.2)

A A P 2 2
shere P(&Y);{(R*&)+L&ri)+(ﬁ_39 } (3.5)
and ¥kj is Kronecker delta.

Let the solution of homogeneous slastostatics equation (rizo) is given
. k
by displscement field u ., Tsking G(y) equal to & (x,y) from (2.4)

following Kudpradse [15] we get,

d oy U, Y) = j[C:d,Q ).{P"mﬁ w)}- C&LH)-{P"(V)GK LX,\I)ﬂds‘/ (3:4)
da

where
1, x € n
dX) =
* *€eda (3.5)
/7
o, x € (L  exterior to (L -

This fundsmental relation (3.4) when L =M  and @ = A gives the basic
relation of the boundery integral equation method ( Cruse [187 ).
A
Here the term Pn(y) Gk(x , ¥) is singular for points X on 4L, This
singulerity is due to normal derivative of f"l. Therefore for d = % the

integral (2.4) is to be understood in the sense of principal value.

Kudpradze-Bashelishvili [15] tensor is defined by

P90 G) = 2P G () e (3.6)
) (3,k = 1,2,3)
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oL, ﬂ are real n.mbers, where
[o QUFY p E ‘)\ + pH (2-})
Betti's third foi mula on reeiprosal relation can be written as

(Kudpradse [15] ) :
J( 6. Avod. A 8)dv -I(G.P(n\‘(- 7. p® 3 e, (2.4)
n dn

whers d {1 is the Joundary,

When & a4 , (B =\  we get physisal stress veotor operatar
T(n) given by

) i) A . A
T =z 2¥ T Andiv 4 ¥ (n x Curi) (2.5)

T(n)u(x) gves tia intesity of stress in X on a surfece element through X

with normal o, hen

H (AN M A+ M A 2
dx-mif)“ B 2 f)\)fkwip ", (2.6)

the stress operst:r P(n) becomes Pseudo-stress operator denoted by Jn)

n)
LQrar) B (AH)QALH) A L p(A M) (a y (2.7
N %+3F  on T A+ 3p n-dive A3 (nxcurl)

3. Kelvin Jomigliana and Kudpradze-Bashelishvili Tensor

Let Green's tensor of an finite elastic body be c‘i‘ =,y

The vector X (X , ) satisfies the equation

D3 (X,9 = ~B@E-7) o (3.2)
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Here (P) before the imtegral sign means integral is understeod as a principal
value, The stress vector is continuous at any point where the density

vanishes, It may be noted that, if density is continuous it is soantinuous
throughout,
1n double layer potasntials we need kernal depending on mormal derivative

of l/() . Kossscxa [167] mede use of ' aud defined
IS _n(Z) K a .
H ) = o™ e & nds, - (1.3)
an

We made use of the operator P to Kelvin-Somaglina temsor with values &, 3

given by (2.6) and introduce the potential
A K A A .
w; (%) :J R(X,2,n @) 0 dsSe - (he o)
dn

- + =
Denoting by y* and y~ the point ondfl and d 1 whick have same co-ordinates
as ;, we get

W () - W) =29 LY) (.5

md
P

Wily") =-¢ (f/)+fQKL\/,1,n (2))$(2)dS, (4.6)
dn

Whendl is a plane, the equation (4.6) takes a very simple form., The
principal value of integral in (4.6) takes a very simple case and density ¢£(Y)
is simply equal to the displecement on the upper face P* | while -~ Cbi(y)
is the displacement on the lower face P~ . The stress vector at any point X

within {1 is easily calculated by appropriate differentiation of (4.4) using
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K
constants o{ , ( are chosen in such a way that ‘: is proportionsl to
normal derivativ: of f . The value of X, @ in this oase are given
w
by (2.6). Hence the compoments of temsor [’ are given by
J
K s A _ | 2 2 3() H)( X [ -1 0, (‘/
2T A+43H) ¥t MRAS JJ/J)\XK—YK)\O :OT\), P) G.n
Consider t.e plane P, normal to IK\I()) and containing the point y , Then
k. A ;
the vector ', ,¥,0{y) ) satisfies the homogeneous elastostatics equation
outside the plen: P, It can be shown that
K, A3 A A A
¢ 3y oF
P(X »/;ht‘j))°‘3?(x"7)e ()08)
where 3P(X—Y) is two-dimensional Dirac delta functiou on P concentrated at the
point Y, with s.gn + or - according as the point X belongs to the
positive or nega:ive side of the plane P, The property of (3.8) will be used

to describe the .ump in the displacement field across the erack,

4= ‘ingle layer and double layer potential,

Por any ca:tinuous veotor density \{(s) the single layer potential is

defined as

St =2 ] Gi(i,z)u{@)dsl , (4.2)
dn

satisfies the ho ogeneous elastostatic equation in Sl or Q.I . It is
continuous acros the surfaced(l . Applying operator THU()to both sides of
(4.1) and taking limit within () or Q when X-» Y- or X o T* the normal
Q(x) tending tc he outward normalto Q. at the point f, we get

A A &
Tnka) SWYF) . Y+ ii’[TnL‘d)
da

G 2w @ds, )
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0 =37 L, ¥, pom F\k‘/l;) ?6%‘ 452 - %)%4 %% L
5.3)
;{T&?f;%)gﬂ ( m'. sz) (\/P) 4Ss -
e ZE C’“’ ’bfgz) 7}:&;@ gg’i NGRS
Py
We take densities 'l,tf as follows :

W W= urw ?o% » (d=12) (5.4)

- ;\-:%\* 'a(b ’%d&),_)

From boundary cenditicns and taking ascount of (5.2), (5.3) and (5.4) we cbtain

the basic equations for orack opening displacement discontinuities,

\P) U’)
= ?)¢ "Z)CD, 20, ’b 3
s
BN LR T -1 K "od),_ L
TLY) = 21()\4_;_?4) {(7,2 DL, )’b‘j kf’(‘/ Z)) S,+ 11—;] 27, 'O‘i( ) ds 5(5.6)

205 4As,
Tf(>\+2¥‘)j’07ld F(V,Z)> %= @ ) &

T
DLy

3

Bquation (4.7) gives crack opening mede under norzal pressure and agrees with
the result given by Kossecka E16j . All integrals are taken over crack
surface S. This has advantage for numericsl analysis. It is only the oreck

surface that has to be divided into elements, (3.4) applied to this present
problem is extended to entire plane. The stress intensity factor may be

determined by studying the bebaviour of the discontinuity in the displacement

of the crack edge.

-y
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the operator (2,5 . Recause of aireng singularity in the kermal there is

some difTiecclty @ deriving the stress verter in P
. L4

S5- Bg.ation fer the -2 k orening discontinuities

Let & be & lanc crack ir An infinite elastic body., The orsck is
subjeeted te equs  ané oproesi rac tions i
qu né opresite tractions 4 Ti on its fasces, Let x - axis be
nermal te the plze of the crack, Ecuetion (2.4 sugrests that the density
is interpreted as the ball crach displacement discortinuity, q) = 0 outside
¢
crack edge and s surface. The displacement field in infinite body is

expresaed in terz of twe elastic pelentials
WYY 4 Sy
\Y)—\NLQ) 4D Y) (5.1)

The stress 'ield generated by (5.1 varisher at infity, The densities
and 7. are nox ‘h Y
Cpi \LL osen in such a way that the bourdary conditions are satige
fied on crack fac's, Siice three conditicns hsve tc e satiafied we have three

arbitrary choices for the densities,

In order to derive these condi ticns, one could determine components of
potentials wi and Si on P, The stress components of the single layer are
given by (4.2) :

P
%) = AN u'(M).v)JV( )’0‘ QW)) %2 '(d »2)
®) (5.2)

G, W= -
Y- zrrufzu)ﬁ*’ (z )@7 (W))dsz:@ L,2)

The stress .omponents ox P~ of the double-layer potentials are glven b;
Yy
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The point y belongs to the plane P, outside the crack S, The stress compenents

T3 0 0—51 5 (532 with respeot to the x -~ axia are respestively given by the
left sides of (5.5), (5.6) and (5.7).

Assuming the discontinuity d)i(y) near the point 2z to be given by the

asymptotic expression

d V2
<b€ W =SB (FH) (6.2)
where d is the distance of y +to the tangent zt , the point y belonging

to the crack surface. Now the limit (6.1a) is given by

o HOH) ‘
K@) = SR s (2) (6.3)
Hence the normal discontinuity 2 3 near the crack edge has the behaviour
Ny - 2(')\1—1N)
)= U,- L'L3=2d)3“<kz) TOTH) ( (6.4)

This is a well known result in case of a plane strain. Sih and Liebowitz 17
pointed out this remarkabls property by studying the local behaviour of the

solution of the honoseneousl boundary conditions (Ti = 0) on the orack, Here
we derive it from integral equation (5.5). The discontinuity in u, near the

orack edge is expressed by

20042 [4 >"1
1\\

W)= 20 Cos 8424, Sin0 = K2 KON (6.5)
The discontinuity in ug is expressed as in enti-plane strain case by
Vo
. ; 2 <z
‘_U.t_l = -—2_4)' Sme"‘l(bz_cose = K_:,k'z') klll) (o.o)

So when density Q)i is known (6,4), (6.5) and (0.6) can therefore be used to

get stress concentration factors,

{»
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Let us nov consider an infinite orack, extenmding over = co< x.‘,< ® ,
- g<xl<u. Assume that the load T; and densities are independent of the

variable Y .

Oa integrition by parts (5.5) to (5.7)

2K A+ 1)
—‘-‘(3')—T?L_'+l\* JCP( ) —. 3 ’ (5.84)
M t
T = J CPJ_KU fj-j s (5.80)
-3 [}
a
)\ 1
Ty, = :{-ﬁi ;:; Jq’@)éz - (5.8¢)

(prime denotes .ifferentiation),

(5.8a) and (5.8:) correaponds to & plane strain case and (5.8b) corresponds to

anti-plane stra.n loading,

6~ Stress conocentration factors

N
Let us co:sider the tangent t and the outward binormal : to ds at

the point 3 on the orack edgs. Let O be the angle between &' and &,

The stress comcentration factor are determined by singling out asymptotio
bebaviour of th: stress components Ujj(y)' U}m(Y)' U}t(Y) with respect to

local co-ordirc tes o s By

K,(Z) = Lo {og,(s)f’ Ww,z) (21’) \} (6.10)
K,(2) - L {cr L9) f’ ReAS Llﬁ) } o (6.10)
K@y = bin f o) Pt e 1 (6.10)
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7- Qbservetions

Let the problem of the elastic body without the eraak is solved either
by finite elemer t method or by boundary integral aethod. 7The stress vector Ti
on the area occipied by the crack is then known. Censider now the second
probles for the seame body subject to the traction - Ti on orack surface S
wd + T, on S* and the nullified boundary conditions elsewhere, This
problem has beer studied here where we approximate the bedy as an infinite
elastic body, The atress concentration factor for the first problem are the

same as those fc the seocond.

The prodles of crack opening under remote traction at infinity, for an
infinite body ma- be solved in the same way,

Question arises whether this apalysis for isotropic body ean be extended
for anistropic materials. Theoreticelly this san be done, This is based on
Greea's tensor i: anistropic cese, taken as the kernal of the single layer
elastic potentisi, while the double layer potential oan be obtained by mapping
the physical str-ss operator on the temnsor G. The use of this potential has
been suggested > Koseoca [16] in ber theory of dsfects of crystals, But
since tensor ¢ .s known only indirectly from its Pourier Transform it is not
easy to derive e.plicit equations for the crack problem in a form simple enough

for practical us¢,
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DM, =T (2)

’b"Tr = -m Tl'.‘s (3)

4

The analogue between equation (2) and the PCAC hypothess

shows that there should be a close correspondence between TTP;

ion between
and the axial vector current AF « The relat

d. Consequently, we dudce
'TRE and A, is discusse q ,

the ratio of the coupling constantes of K and T mesons

with leptons, namely:

3 k n
£ my

Furthermore, we give a rule to include weak interactions of

baryons with leptons in the strong interaction Lagrangian, and

hence derive the corresponding weak currents.

FIELD EQUATIONS OF FREE MESONS
m
t
The field equations of free mesons qu 8 , coverian

under SU(3) x L, can be written in the form [3]) :

(P Mas - (mﬂ'pmw,} T v
where Ol {3 = 0,1, 2, 3 and }'m=1,2,3and'ﬂ3:t"6'bp
m -
Using the completeness of Dirac algebra, Maﬁ can be -
expressed in the form Ly o ,
Im " Im ¥ _Am My Am
! et 5 « (5)
udmz{@o+t“‘5(b5 + 49 e, +7 @Ha—,_o' @w B
-.r
Whore 5% 3% L=-%" and ¥y = Y,

substitating (5) in (4), we obtain:

Im
Am Im im (6)
’b“@ps =p@5 ;'b_"@b_ =-M @}“5
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A WEAK INTERACTION MODEL
FOR BARYONS AND MESONS

*
A. K. Bassiouny* and B. M. Al=-Shalchy

ABSTRACT

A method »f introducing weak interactions of baryons
with leptons i. the atrong interaction Lagrangian for baryon
fields couple: to meson fields is given. The weak currents
of baryons ar:c deduced depending on their strong coupling
constants wit:. mesons and the weak coupling constants of meg-

ons with lept: s,
INTRODUCTTION

The PCAC wypothese has been suggested in order to prove
the Goldberger-Treiman relation. It is assumed that the
divergence of ‘he axial vector current nas the form:

M
-~ 2 —
[S RN = m_n_ T (1)

-

-]
M

where 71 1is t.e field operator of'TT‘mesona, and f. is

the coupling - .nstant between mesons and leptons.

Some mod: s yielding axial vector currents, which sati-
sfy the PCAC ! pothese, are constructed by many authors [1,é} B
However, the n.ture of the axial vector current in these models
is not clear. Here we construct a model based on the addition
of weak inters tions of mesons with leptons to the free field

equations of me¢sons, which for Pions have the forn:

-
Department . FPhLysics, College of Science, Al-Mustansiriyah
University, . aghdad, Iragq.
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B N N B Tl o 3[01 »t:u[oo]
wher_ev=(yg): \}_):(?/“): + oo]’ -~ Llo

3“. is the coupling conatant, K 15 a parameter having the
dimension of mass, which can be taken as & mean mass of mesons

in the octet, ‘3 nqw is dimensionliess.
m

The assumption that the Lagrangian (10) is inveriant under the

guage transforﬁations
+ N - *
T T aA0) 3 T T +aA(X) (11)

yields the current

- m._ -t - _ 1t
Jrw = 33-/%"- =37,T-3 gjrw ¥ ({B (+7)T- (12)

M -
where 0 er = %%': ——m:raﬂ'

\4

Taking e = =f , where aﬂ = th%

hypothese is fulfilled. Actually, the current J%“ is not an

s then the PCAC

axial vector, but the vector term in J%ﬁ is divergenceless.

Lagrangisn (10) yields the fields equation:

2 - 9 _m -(_ K,
(D+m“_) T _L——H { fbv‘{*_} ) (H—“(S)I_Ly (13)
which can be written in the form:

M~ _
0 ng =mT

(14)
~- = Ipmp o) T
where _mﬂ“y5=‘bﬂw--_$(__lw’}:‘(‘+.o;> L_Y (15)
The comparison of equations (12) and (13) gives:
~o
~- 1.
m = J (16)
Hs m"f,r TH

Y
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Y _Im £ri Lm £m §
TG, k8, 5 KE, =38, -2,8, ™

Equations (6) are the free field equations of the pseudoscalar

mesons, which are clsssified by:

n. .
Ewm g 2
i@ = ™
5
"

+ + 7]
™ K
° .
~E K @
K’ =27
s

Equations (7) ere the free field equstions of vector mesons ,

which are classified by:

Cwsl
Am Y z
D—
o= 7
b

u>—-f’ %0

s K (9)

+ X -

K ¢

—d

After switching on the strong intersctions, SU (2) symmetry is

broken, leading to the masa splitiing of mesons. As we shall

restrict outs2ives tu weak interactions, we shall coneider the

masses in tiec free fleld equations to be the physical masses of

+

DECAY CF TT. MESOKES INTC LEPTCNS

If weak interactions are added ‘o the free Lagrangian for

tions, then taes Lagrengian cen be written in the form:

M- 2 + - ) v M _c 2 __ca
L.(bvﬂ‘ 0T -MmTT )+b(REdW-mT )

3

m (- LRy -l [
"‘3:4—5[\{%("”;)“(_‘1"5T'—+W£{H(H’£)T}t”{“'n } (10)
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$ - -
Th f m
erefore ) @Hs = T+ YYIK K

~
It is obvious that one can interprete 1?“5_ ’ KHs; as the -
currents, if ths totalb currsnt JH is also proportional to Q-Hi
Letting ¢H5= o(J-“ where oL hes the dimension of 1/11\2
we obtain :
)ck - SK = m‘ﬂ’ (20)
f" 9 m,

DECAY OF VECTOR MESONS INTO LEPTIONS

4
The Lagranglan for f- mesona interacting with leptons is
+ -V 2t ~K {"‘ » ~ 1 tH
Ll D~ L f ..3f vE O+ )Tw Y

- i -H
+ Y ()T S }
The guage transformations

+ +
]:+f;+C/\,HU-) SERAVYEE

o

|

o
>
T

yield the current

{

Jp ==t f -y (T v -

M 5 L
which is divergenceless, since 'D J =

PH 6/\
The field equation is given by :

@ em) fr = -3 W, (1+%) T

Denoting mf fl]/ =’3H fy - 'b)/ f; therafore

o -

of

- m, f
s ff; where

163 -

4
DECAY OF K  MESONS IFTO LEPTORS

+
The Lagrengian for K  nesons can be aimilarly written

n . + K - 2 + - 9 m ~"(. o +
in the form _:.’bﬂk.’b K-m KK- _-.L“;_q{\yq{‘g.n;)_l_w;g(
—( > - H
+ YL U)K }
The inveriance under the guage transformations
+ + . - — *
Ko K-fr 5 KaK-fA

Gives the current:

- g Lo ol
o =-f 2,1 7-9,¥ %, 0+E)T v}
P A T MK s §e=f G

The field equstions are:

~— - 8 m ’i ~ l
My K= 0, <= 8 @ U5 TY (17)
Mo~ -
i) KP.S' o= VHK K (18)

Therefore k S
b = T Jkw (19)
Kk
RELATICN RETWREEN THE COUPLING CCNSTANTS 91r , SK

The tots]l current of charged mesons in the octet is

determined by :

Jp = Jmi + Jkn
K 2 - 2 -
where 0 J; = w‘rr 'f"TT 1 mkfk K
Correspondingiy, we can define the field operator @ by the
relation: "
~ ~_
(I)l 5 =TN5 + Kr“
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2 i22 123 ) U ¥ B

N

=p9N =N ’N=-”\7_§/\,N:Z » N = Z

* ° 0 233
M T W R (N E LS .
N == 75 + ;ﬁ? s N = ‘Qiz‘* G N > (27)
Amn fmn Nmfn
VQd. satlisfy the relations P“d = -
Amn mnf vifm o
N+ Ny + Ny =
¥ Las the decomposition
om @ | VU Am
{ Z(7 +—Lcr '
My = Z (L7 7, +“m£<I> BYEAC F20 8 )ap

. norna}isation constents.

where mesons are clsssified by (8), (9), and z, , 3, asre
Using (26), (77) and (28) ;
The strong Lagrangisn including oniy charged mesons is given Ly

- a * = + ’P + -—
VI P QAT A on o T U5 K, ) T

U\l"

‘ H
_3;55"\;%;@%1 K A +__.nL7( K *(1, Ko /2‘_
¥ E_-Laaf.ﬁﬁm = ?E_(r/‘fw’“ )z
=
‘4z ioﬁiék"“{“{sva)z

-%ifu’{ {HE; *> + 5/.::4 U’("‘*‘(‘(‘ﬂ' A
+—‘;-i'(cqg+m,r PR A LS AN

Hat o — — -

1f n- Pv’KHi -3 PY k,_./\-ﬁ meHZ

Hx— o —o MPE- 4
~ZEA"f =R E =N EET I (KT
_')_Z* f'Z-\—ZZ'{ 2 } + herm. conj.
where b g =10 g ﬁ’ is the coupling constant of nucleons

NTTN

ir tant
with Tl mesons, and b - 6 g 2z, is the coupling constan

NPHN

Ve
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27 - -1
]2=/:+3f,fnw1(t+1)ty_ m;,c: Jf# (23)
Similar to th= fy— mesons, the equations of ;- mesons
can be writte: in the form :

* - . * -

m, . KW:OLK -, K

’D)IK*‘:-Y‘:‘(—

KT e S (et T -

K, =K, - oW Y +3)T Y

K

ﬁ - DECAY OF BARYCNS

The wbovs unslysls shows that one cun introduce weuk inter—

actiens of bar-ons with leptons in the strong interaction Lagran-

glen Ly » if ve muke the following rep acements :

b 4 ~ t l‘
. _ i ____I }
-‘THS_>WP;'°' W—.{Dr V 1 (l+1) :
*- ~ % 7 [§
S 'OK__QL_'L )r«j -4.7{_"[»}
KH:‘+ K”_- mki p " ¥ HU o) &
- R ‘ (25)
= b F £ AT Wt
ﬁ*f ’fr" M B TLY
*t o ay * ¢ 2 ~C o L
KH~‘7 k‘w = LA-( JK*/ mKA{' {P (14 ’Dg.)til_g
The Legrangian L s which 1s inveriant under the group
SU (3) =x L&’ is given by [53 : ,
SN—I’"" L l’mn, L nim mm’ g L4 mnl
T = 4 2M » _
° Y { ap Mot Map N *MﬁNﬂ MapN(s
mm’ nlm’ i
im ma’ M Amn
\/\0(‘3 N +l(,l_5 ‘zfﬁ N@ ';\_z(p 1 N{}
nln1 mm’ p mn}
Cﬁ ’6 - CEH ’JdeB } (26)

where the barycns are claseiricd by ;



-168 -
A
therefore 1,-9 - _,_!?Fn’amm
! MM,
F A v
GlG-f9 | My which is the

If we take H = m“_ , then \’Tp/ T Jrn

o

Goldberger~Traiman relation.

We notice that the obtained barycn currents sre expressed

in terms of the strong coupling constents iaﬂﬁN "‘NfN of

nucleons with mesons and weak coupling constants of mesong with

ieptons [6] + These currents ~zn be alsn =2xpress=21 in terms

A AV
of Cebbibo's angle snd the retio Crp /C'—(i (A

g m v A \4
Dencting K . T = 'tane 5 G;;.-.GCosB , G{'g/(}p = X then
A w *
GPA_._Cr)(C.cs 9, Cfa=i;"m qy./g = GX <;,,e/ ,
2 2
Assuming that C% + Crv = G , therefors C\'v » C(;B sin @

Our resulia are then expressed in terms of the two pera-

meters x, © The currents obtained in this ferm sgrae with the

results besed on Cebbibo's theory for an F/D of 3/2.
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Making the reriicements (25) 4in L , we get the Lagrangian

L = Ls + L'
where L' car. e written in the form :
L= 0 + Tt

J= W 0 )T

is the barycen cairrent.

in the lepton current, and J

In the follc+ing table we give the resulting baryon currents

corresponding t> the possidle decay processes.

I rocess G JH

— v A
nfy(c‘wcp 9)P

roroe GG
= - ==,, V A o
> 2.+ 2
Tz e VEZGr 26T
= > =Y = (LG L Nzt
== =G rb
— > AN+ re = N o
TR =R (VEGAE ST A
- 5 —=° / ‘ +
53> t+3te E"KH(G—V-\—G;'{’_)Z
a4
neTire Edaggy
NP+ 1 e -AT (JZ4+3 /3
vV 25 9 A v )'+‘57\/;fo/‘)P
where G - Ziron “F 5 G . 2f~mgam
/y\;; P H
, i
Q-fN*“s‘ Cr/=_1{—urruag
v P A M
v
ABS = Cr and -~ mﬁ
v f& B ’ f;ﬂ}: QJWP NITN
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The resent work was simed. to _do_ulopo & new tecimique for preparing
s s6lf sum&t radiater iﬁio_h»ca-n- repl.ce the evaporation teéchaique, The
oft.ot of different types of neutron - chu‘_sod particle .radiators have been
" fmvestigated. It has been demonstrabed that, it is possible to use foils
sads of highly compressed powdor as & nsutron converter. The sonverter foils
have been made from LiF powder enriched with 138 1sotepe to 95%, The LiF
8elf supporting radiator foils showed superiority over those previously

propared Sy the evaporation method,
EXPERIMENTAL
Silicon surface barrier detsotors are mairly used as oherged particle

detectors, However, when using semiconductors for neutron dsteotion ssveral

problems are involved, (173

1) Beoause the neutrons are uncharged particles, they cannot be detected
direotly, They have >to interact with some reactive element to produce

charged particlos through some nuclear reactions,

2) Neutrons are commonly ascompanied with gamme rays of comparable or
greater energy, so & suitable detector should be either insensitive tc

gamna radiation or capable of separating the two compoments,
3) Multiple scattering of fast neutrons causes rapid degradation in their
energies which differs from the initial neutron energy.

L) Most of the useful reactive elements have much higher oross sections

for thermal nsutrons than for fast neutrons.

The most sensitive thermal neutron detectors commonly used are the BF3
gas~filled proportional counter. The behavior of this counter is severely

affected by the change in the electron space charge at the central wire which

-

enriched with Li® isotope to 9%.
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CONSTRUCTION OF SILICON SURPACS

BARRIER DETECTORS FOR SLOW NEUTRON DETECTION

A.A, ».-Saeed , d.A. Al-Kital and K.aA, Al—Joboou.

ABSTRACT

A new technique have been dsveloped for Freparing & self support

radiator which csn replace the direct evaporation method on the de tector

surface, The sel? converter foil is changeeble so many kind of material

oan be used, This converter foil made of highly compressed LiF powder

The results obtained show superiority

over those previsusly prepared by evaporation method., The detector energy

resolution for tritons of energy 2.73 Kev and alphos of energy 2.04 Mev is

found to be 200 kav,

energy resoluticn of 300 kev,

barrier detectois
slow neutrons.
the detector vy .

technique lead to

[

INTRODUCTION

compered with the results of sandwioh detector of

Many inve itigators have shown marked interest in improving surface

f the high tempe “ature needed to evaporate the film material.

in order to achieve more reliable means for measuring
“ e technique used was by coating the sensitive surface of
utron~charged particle converting film, However, this

the deterioration of the detector characteristics bscause

]

Now at the Dep .rtment of Physics, College of Science, Al-Mustansiriyah

Al-Mustansiriy h Journal of Science, Vol.3 (1978),



results from high meutron flux. In 1961, E. Baksi [ 2] prepered silicon
surface barrier d:tecter for thoml Deutron detection by evaporating '10
isotope on the nernaitin.fn_xr'fne of the detector, and ir the same year,

T,A, Love at al. [ 3] prepéod saRdwick detector by evapcratirg LiF oa

the surface of cn: of the detee‘tor‘l..' The low efiiciencies of these detoctar.i

v ‘ limit their use t: problems which invcive hign reutrcr intensities,
150 mm
In 1968 (4] , a silicon surface bartier detector was prepared

[
with gadclinium and G d1’7 jsotope foils or a corvertor feil which will

produce conversicn electron by the prospt neutron carture gsame reys in the

foil. A detectic efficimncy exceeding LC X was ohtained. Martin et a1.7 %]

[ B I = -}
Od'g
=TI
D
-
‘ v
3
PAY e

in 197 prepared s solution enriched with 1iF ontc an aluminfum backing and

Hard drying it under iafra red lamp, but they were not etle to explain the
steel
cylinder

=151 mm N

Cylinderical @ c

spectrum cttainec from the interaction of thermal neuatron with l;-‘.6 isotepe,

The preseat worx was eimed tc adapt the surfsce barrier detestor to

/\ a peutron detecic ' by constructiorn ¢f a neutron converior material as an

adapter, The belhavior of these detecters for neutren detections were studied
-~ by the use of sz‘”?' fisaion fragwert neutron source with paraffin as a
Hard
) ) moderating medius,
150mm - steel .
rod .
Preparstion technique

b a
(®) (a) The process of construction of surface barrier detectors with better

Solid Rod

e— 237 mm -4! ll—-235 rra —i e— 225 mm —¢|

then 12 k e v linewidth at room tempersture was an outgrowth of previously

~

used methods follswed in this laboratory [ 6,7) ., Conversion foils were

FPig. 1. Foil mold assezdbly,
prepared using a press method as in the follcwing description. Mold was

a~ Longtuderzal secxion {cide view). P
machined from a rarticuler hard steel as shown in Pigure 1, Li~ isotope were

b~ Cross section (top view).
( ) supplied by A.E.R E. Harwell England as LiF compound powder whose enrichment

with 145 isotope .s 95%. The mold assembly and the powder were pressed under
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Paraffin
Paraffin ':5‘
Sy
T8y v
duen souum pump
N G
RNz
~ o0 !
<A 0
oP 252 —y
channel
Paraffin Gilass tube
Parcflfin
3.3 thick
“(a
( ) Detecto
Bias

Supply

| Linear amp
and MCA 8100
canberra

4l
Si
Au

"l

Pig. 2. a- CP=252 Weutron detection pesembly.

b- The neutron source, detcctor and
foll arrangement.
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a disc of standari itensile machine to a pressure of about 5 x 10“ k;n/onz.
The uniformity arnl the thickness of the foils were measured by means of a
travelling micros: pe,

The foil ».s then mounted tetween tmwo thin tephlone rings. The
rings were thin en ugh to make the convertor foil as near as possible to the
detector surface., MWounting Araldite was vsed, and then ocured under infre
red lamp for 24 hcirs. Tephlone and Areldite materials ere hydrogeneous, and
since are highly rire and thermally insulated they will be inactive during
irradiation with tnermal neutroné, in addition the ring is not seen by the

sensitive face o the detector.

Detector response to neutron

Californitn 252 neutron source was used for testing the detector
response to neutrcn, This neutron source is spontaneous fission fragment

neutron source, v:th the following specifications ;

Activity = 27 m ci generated by 50 Mgm of Cf252’

yield = 1.1% x 108 r/sec,, sealed source,

aversge neutron 2. 2rgy = 2.3 Mev, three neutron per f‘ission., half 1life = 2.65
years for alpha » rticles, mode of decay is 96.9 % alpha and 3.1 % spontaneous
fission, Figure .a shows the arrangement used for studying the detector
response tc neutr ns, The neutron converting foils were made from LiPF as
described befcre, 1In the channel of irradiations paraffin of 3,3 cm thick as a
neutron bulk modz ator was put in order to obtain slow neutrons. The neutron
beam so obtainec as fast neutrons component together with the slowed down by
the moderator. T multichannel analyser (MCA) of 512 channels was calibrated
using Ra.226 alph. particle source., The arrangement of Figure 2.a was then

used far determin .tion of neutron detection spectrum. Convertor foils of
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optimum thickness:s were used and arranged in 2T geometry as showm in
Pigurs 2.b, The .older carryirg the neutron cenverter foil and the detector
wers fixed inside an opaque glass tube, The tube was then evacuated and
fixed inside the -oderator at a distance of 3.3 cm from the neutroa source,
The spectrum +ith and #itaout converter f:il was takern and printed sut by a
telytyze printer s shom in Pigure 3. The spectrum without converter foil
was always taker :s a dackground, however, a low yield background was
obtained. The pa:sage of fast neutron through matter may result in (a,
charged particle, reactioss and recoil ouclei is approximstely uegligible,
Thus the geometry shown in Pigure 2.b had been chosen to be the irrsdiatioa
arrangezent in or.er to decrease the fast neutron counting effect on the

deteotor,

RESULTS AND DISCUSSION

The therzal neutron flux after passing a certain thickness of a

moderator was caliulated ascording to the following equation [ 8]

_E_ 224142 Acos §

Eo "
(4 +1) 2

where Eo is the iicident neutron energy, £ is the scattered neutron energy,
A is the mass nurver of the moderator atom, and #§ is the neutron scattering
angle in the certre of mass system, By using this relation, and from the
specifications of the neutron source used, such as its initial yield, date
of use, half life, average energy, the thermal neutron flux after passing

& thickness 3.3 cn of paraffin was calculated to be 2.96 q/o.z. sec, The
efficiency for delecting neutrons of energy B by a detector of thickness x ’

containing N atuns per cmj of neutron absorber for which the absorption oross
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CONCLUSIONS

A pew technique have been developed for preparing a self support
radistor which can replace the direct evaporation method on the
detestor surface, The self support converter foil is changssable,

80 many kind of material can be used,

The results obtained show superiority over those previously

prepared by evaporatisn method,
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section is (a1t a given neutron energy may be ralated vy T9}

Efficierc

~
"

(1-e¢" ¥0,x )€

The terw 1 - ¢ = NU,X ) gives the fraction of the incident
neutrons which =r» absorbed in the detector, and the factor € is the
fraction of thesc neutrons which result in an output pulse from the detector,
and it depends or the rangs of charged particles in a material, The detactor
efficiency for ncatron detection is found tc be 0.016 for tritons at 2 = 2.73
Mev due to the r¢action of Lié {(n,el )T5 in LiF foil, The thickness of
the LiF converts: foil used in such geometry as shown in Tzure 2,a was
0.2 mms The spec trum obtained from slow neutron interaction with LiF due to
Li6 (n, oL )'I') reaction is shown in Figure 3, This reaction is excergic
reaction. The rcleased energy Q is shared betwesen the product particles and
wore calculated ¢3 2,05 Mev alpha and 2,73 Mev tritons, The cross section of
this reaction fo: neutrons of 0.025 ev is 945 barns. The high count rate
which appear in "ne lower channel of Figure 3,a are believed to be caused by
gamma radiation {r-om the neutron source and gamma radiation from the neutron
interaction witi iron channel, paraffin, and surroundings, Because of the
high cross secti:a and high Li6 enrichment - 95 6 , such discrete spectrum
was obtained, Tl two peaks mre the triton at 2,73 Mev and alpha at 2,05 Mev,
The energy resciition of the detector with LiP converter foil full width half
maximum at 2,73 }2v tritons is 200 kev which is better than the energy
resolution obtair 2d by sandwich detector[ﬂ. The detection effigiency for
LiF foil of thic<ness 0.2 wm, atomic deasity 0,533 x 10°° atom.s/clj, and
absorption cross section 380 barns, was 0,015 while the detection efficiency

of sandwich dets: tor was 0.003, for the same neutron energy.
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