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ABSTRACT

The sample (Koam-Mashaal), east Rosetta, Egypt, lieson the coastal plain of the Mediterranean Sea, 15 kmto the
east of Rosetta mouth of the River Nile, Egypt. The study area extends for about 3.0 km along the coast, and forms
5.4 km?in surface areathat ismostly covered by beach sands. The magnetic susceptibility measurementswere first
applied as surface field measurements. Besides, quartered 966 field samples, taken from large samples coll ected il
adepth reaching 50 cm from the ground surface, were measured for their magnetic susceptibilitiesin the laboratories.
The measurements of field magnetic susceptibility (k) attain their maximum val ue reaching about 38.0 x 10 Sl unit
in the central northeastern part of the study area, showing a great anomaly running parallel to the shoreline.
Meanwhile, the measurements of |aboratory magnetic susceptibility (k ) attain their maximum val ue reaching about
28.6 x 10 Sl unit in the same central NE part of the study area.

Eleven sampleswere selected for mineral separation and mineralogic study. This study indicatesthat both ilmenite
and magnetite represent 87.81 % of the total economic heavy minerasin thefield (T,), while the remaining four
economic minerals (zircon, monazite, garnet and rutile) represent only 12.9 %. An empirical polynomial equation
was designed to determine the total economic heavy mineral percentage (T,) in unknown black-sand placer
samples, if their laboratory magnetic susceptibility (k ) isknown, in Sl units. Besides, another empirical equation
was designed to determine the (T,) in unknown black-sand placer deposits, when their field magnetic susceptibilities
areknown, in Sl units.  © 2013 Trade SciencelInc. - INDIA

INTRODUCTION

Thebeach and alluvid black-sand deposits, north-
western Nile Délta, are continuing to receive attention
of scientistsaswel| asthe Egyptian Government dueto
their content of strategic and economic heavy minerds.
They contain some economic minera sthat areimpor-
tant in nuclear power aswell asmetdlurgica and engi-
neeringindustries. The black-sands contain six main
minera saccompanied by many minor ones. According
to their abundances and economicimportance, the six

main mineralsare: ilmenite, magnetite, zircon, mona
zite, garnet and rutile. Traces of cassiterite, gold and
rareearth elementsare dso recorded. Themain objec-
tives of the present paper are to study and map the
spatial distribution patterns of the heavy mineral con-
centrationsinthesamplearea.

LOCATION

The sampleK oam Mashaal area-under study- lies
on the coastal plain of the M editerranean Sea, 15 km
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to the east of Rosettamouth of the River Nile, Egypt
(Figurel). Itislocated betweenlongitudes30° 322 103
E and 30° 342 083 E and latitudes 31°262 593 N
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and 31° 272593 N. The sampleareaextendsfor about
3.0kmalongthe coast, and forms 5.4 km? in surface
areg, that ismostly covered by beach sands.
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Figurel: Map of northern egypt showing thelocation of the sample K oam-mashaal ar ea, East r osetta, M editerranean Sea

coas, Egypt.

GEOLOGY

Black sand depositsinthenorthern Nile Delta, es-
pecidly inthesample K oam Mashaal area-under sudy-
havereceived theattention of saverd researchers, snce
early 20" century. Theseresearchersinclude Elshazly
and Wassefl9, Elhadary!, Abu-Diab™ and Bakhei !
Alaskary and Freihy!? identified three depositional
phasesin theupper 30 m at Rosettaand Damiettaprom-
ontories. These are from base to top: transgression,
regression and erosional transgression phases. The
beachisgeneraly flat in the Rosettaarea, where sea
water crossesthe beach during winter stormy condi-
tionsand hightide periodd®.

MAGNETIC SUSCEPTIBILITY MEASURE-
MENTS

I nstrumentation

The pocket susceptibility meter, type KT-6,
GeofyzikaBrno, Czech Republicisdesigned for quick-
field measurements of magnetic susceptibility of out-
cropping rocks, drill coresand larger pieces of rocks.
It was used to determinethe magnetic susceptibility in
both the field and the laboratory. So, the black-sand

sampleswereput in plastic cylindrical containers, 11
cmindiameter and of 6 cminheight, whicharesuitable
dimensionsfor measuring samplesinthelaboratory.

Thesengtivity of theequipmentis1* 10° Sl units,
and themeasuring rangesvary from—999 to 9999*10-
3 Sl units, with automeatically switched accuracy: 9.99,
99.9, 999131,

Survey and sampling procedures

The sample Koam Mashaa area-under study- is
relatively aflat terrain. Thefield and laboratory mag-
neti c suscepti bility measurements, besi de spectrometry
represent the most appropriate geophysical toolsfor
prospecting of black-sand placer and sand-dune de-
positg®9. Environmental magnetism dedswiththemag-
netic propertiesof natural iron-oxidesasatool for un-
derstanding and interpreting the processesin sedimen-
tary systemd1 419, |t hasbeen applied successfully in
modeling sediment loadsinfluvia systemg>.

Themagnetic susceptibility measurementswerefirs
applied assurfacefield measurements. Moreover, quar-
tered 966 field sampl es, taken fromlarge samples col -
lected till adepth reaching 50 cm from the ground sur-
face, weremeasured for their magnetic susceptibilities
in the laboratory. The gathered samples were taken
a ong equal ly-spaced stations, 50 m apart, at 32 paral-
lel equally-spaced (100 m) profiles. Theseprofileswere
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orientedinaN-Sdirection and spaced at 100 minter-
vals, covering an areaof about 5.4 km?,

A 12-channa Global Positioning System (GPS)
instrument was used to set up the survey gridwith a
Universal TransverseMercator (UTM) coordinate sys-
tem, using the World Grid (WG84) as datum. The
sampleswere collected from the same places, where
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thefield magnetic susceptibility measurementswere
taken. The adequate form of data presentation was
thefilled colour contour mapsfor field and |aboratory
magneti ¢ susceptibility measurements (Figures2 and
3). A quick ook to these maps showsagreat similar-
ity between both of them, especially for |ocations of
the black-sand lenses.
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Figure?2: Filled-colour contour map of thefield magnetic susceptibility (FM S) measur ements, K oam-mashaal area, East

rosetta, M editerranean Sea coast, Egypt.
Contour interval =2 Sl unit x 10°
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Figure3: Filled-colour contour map of thelabor atory magnetic susceptibility (L M S) measur ements, K oam-mashaal ar ea,

East rosetta, M editerranean Sea coast, Egypt.
Contour interval =2 Sl unit x 103
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QUALITATIVEINTERPRETATION

Common

Visud examination of thefield andlaboratory mag-
netic susceptibility contour maps (Figures2 & 3) shows
that the measured |level s are almost the same, espe-
cidlyfor dight variationsin ther shapesand locations.
Some of the delineated high magnetic susceptibility
anomaliesarecircular in shape, whileothersareelon-
gated, either parallel to the Seashore or inthe NW
direction. Thehighest levelsof magnetic susceptibility
arelocated nearly in the central part and the north-
eastern corner of the study area. Theselevelsareas-
sociated with the eastern side of themgjor black-sand
lensand Koam Mashaal old sand dunes. The lowest
levels of magnetic susceptibility arelocated in three
places: near the Mediterranean Sea shore line, the
southern border of the study areaand in an area of
ENE-e ongated contours parallel to the shorelineand
related to the old and dry man-excavated drainage
channd. Theintermediate magnetic susceptibility level
isdistributed dlover theremaining surface of the sudy
area.

Field magnetic susceptibility (k)
The measurementsof field magnetic susceptibility
0 ANMEYE
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(ko) ataintheir maximum val uesreaching about 38.0 x
102 Sl unit in the centre of northeastern part of the
study area, showing agreat anomaly running parale to
theshoreline. Theminimumk_vauereaching 1.52 x
1039l unitissituated inthe central southern part of the
study area, which representsan old dry man-excavated
dranagechannel. Theaveragek_ vaueinthestudy area
reaches12.2 x 10 Sl unit.
Thepatternsevident onthek_ contour map (Figure
2) reflect the generd trends of the zones of black-sand
concentrations, which arewell described by theelon-
gated shapes of anomalies, clearly seen on thismap.
Thisk_ contour map could be separated into three dis-
tinct zonesranginginintensity fromlessthan 6.0 x 102
Sl unit to morethan 18.0 x 102 Sl unit, and in colour
fromblue(low intengty) toviolet (highintengity). These
diginctthreelevesare:
(A) Low k_zone(from 1.5x10° Sl unitto 8.0 x 10
Sl unit)
Thiszoneismainly encountered at the centra south-
ern part of the study area, parallel tothe Seashore
line. It coincidesa so with three places: theold dry
man-excavated dranage channd, the southern and
northern partsof thestudy areaaswell asthe south-
ern part of Koam Mashad sand dunes. Thisleve is
showninblue(Figure4).
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Figure4: Filled colour zonation map of the field magnetic susceptibility measurements(k.), Koam-mashaal area, East

rosetta, M editerranean Sea coast, Egypt.
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Figure5: Filled colour zonation map of thelaboratory magnetic susceptibility measurements(k ), Koam-mashaal area, East

rosetta, M editerranean Sea coast, Egypt.

(B) Intermediatek_level (from8.0 x10° Sl unitto 14.0
x 102 Sl unit)
Thiszoneis|ocated between thehigh and low k_
zones. Itisshownin green, dark and light yellow
(Figured).

(C)Highk_level (from 14.0 x 10 Sl unit to 30.0 x
103 Sl unit)
Thiszone extendsover alargeportion at the cen-
tral northern part of the study area, parallel tothe
Seashoreline, with someextensionsin the north-
western direction, besideasmall part toitssouth.
It aso extendsto Koam Mashaal sanddunes. Itis
showninredandviolet (Figure4).

L aboratory magnetic susceptibility (k)

Themeasurementsof |aboratory magnetic suscep-
tibility (k ) ataintheir maximum va uereaching about
28.6 x 102 Sl unit in the central northeastern part of
the areaunder study, in theform of agreat el ongated
anomaly, running pardld tothe Seashordine. Themini-
mumk_ vauereaching2.16 x 10°Sl unitissituatedin
the centra southern part of the study area, which rep-
resentsan old dry man-excavated drainage channel.
Theaveragevaueof k _inthestudy areareaches15.67
x 10 9 unit.

The measurementsof |aboratory magnetic suscep-
tibility k_evident onthefilled colour contour map (Fig-
ure 3) could besubdividedinto threerdlativeand dis-

tinct zones, rangingin colour from deep blue (low in-

tengity) tolight violet (highintensity) tohelpin datain-

terpretation (Figure 5). These three zones of k_are

described heresfter:

(A) Lowk, zone(from2.2> 10 Sl unitto 10.0 x 100
3 Sl unit)
Thiszoneisencountered at the centra southern part
of thestudy area, paralld to the Seashoreline. It
coincideswith threeplaces. theold dry man-exca
vated drainage channd , the southern and northern
partsof the study areaaswell asthelower part of
Koam Mashaal sand dunes. Thisleve iscoloured
by blue(Figure5).

(B) Intermediate k,_zone (from 10.0 x10* Sl unit to
16.0 x 103 Sl unit)
Thiszoneislocated between thehigh and low k.
zones. Itiscoloured by green, dark and light yel-
low (Figureb).

(C) Highk_zone (from 16.0 x 10" Sl unit to 28.0 x
10 Sl unit)
Thiszoneextendsover alarge portion of the study
area. It isrepresented by an elongated anomaly,
located initscentral part, pardld tothe Seashore-
line, with some extensionsin the northwestern di-
rection, besideasmall onetoitssouth. Thiszone
extends also to Koam Mashaal sand dunes. Itis
coloured by red and violet (Figure5).
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QUANTITATIVE INTERPRETATION

Common

The quantitative interpretation of both field and
laboratory magnetic susceptibility (k_andk ) mea-
surements are based on an attempt to determinetotal
heavy mineral contentsor concentrations(T_&T,)in
the black-sand placer depositsfrom their measured
(kcandk ) values. A standard curveiscreated (Fig-
ure 7), which represents the magneti c susceptibility
response of synthetic samples prepared, tofulfill this
purpose.

Preparation of synthetic samples

A relatively big surface, representative and com-
posite black-sand placer deposit samplewas performed
from all the 966 sampl es gathered from all the mea-
sured gtationsof theinvestigated area. Thiscomposite
sample was subjected to a separation process of eco-
nomic (heavy) and gangue (light) minera fractions, us-
ing the wet-table technique (Wilfly TABLE), depend-
ing onthegravitational separation. Thisprocesswas

k. =0.50 ke + 9.66
30 - o ;
25

kL Slunit
o

0 10 20
A ke Slunit
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carried out by the scientific and technical staff of the
OreDressing Laboratory (ODL), Production Division,
Nuclear Materid sAuthority (NMA).

A total of 15 synthetic samplesof different total
economic (heavy) minerd concentrationswere prepared
from the separated economic heavy and light minerd
fractions. Thetotd economic (heavy) minera contents
in these sampleswere accomplished to range approxi-
mately between 0 % and 90 %.

Relation between k_and k|

A bivariate correlation, dravn betweenk_and k.
for the 966 samples (Figure 6), shows a very good
correl ation between both of them, with acorrelation
coefficient “r.” attaining 0.50, wherethecritical value
“r.” reaches 0.06 at the 95% level of confidence (Geigy,
1962). A good and adirect relation betweenk_and k.
could beobserved (Figure6 A and 6B). From thissta
tisticd relation, thefollowing two equations could be
computed.
k.=057xk_+3.17 @A)
k_=0.50 x k_+ 9.66 )

Ke=0.57 k. + 3.17

40 4
30 ~
20 4
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. .

krF Slunit
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Figure6: Relationship between labor atory and field magnetic susceptibility (k.and k ) measur ements, K oam-mashaal area,

East rosetta, M editerranean Sea coast, Egypt.
Relationship betweenk and T,

L aboratory magnetic susceptibility (k ) measure-
mentswere conducted for the 15 prepared synthetic
samples. Thereationship between the measured labo-
ratory magnetic susceptibilities (in Sl unit) and the ef-
fective economic (heavy) minera contents(T ,in %)
was graphically presented in the form of astandard
curve (Figure7). Thisfigure showsthat thelaboratory
magneti c susceptibility (k ) responsesof thetested syn-
thetic samplesincreasewith theincrease of thetotal
economic (heavy) mineral (T, ) percentages. Thebi-

variate correlation between (k ) and (T ) for the 15
prepared synthetic samples showsavery good corre-
| ation with acomputed correlation coefficient “r_” at-
taining 0.99 and acritica value“r_” reaching 0.51, at
the 95 % leve of confidence (Clarkeand Cooke, 1986).
Fromthisstandard curve, amathematical relation can
be cal cul ated intheform of apolynomia equation as
follows

T, =0.72k - 0.0011 k 2—1.23 @3)

where T, isthetotal economic heavy mineral content
(T.E.H.M), in%ascaculated fromk , Sl unitsand k.

Snoivonmental Science
A Jndian ﬂo«/md



ESAIJ, 8(5) 2013

Mohamed A.El-Sadek and Sayed A.Elkhateeb

isthelaboratory magnetic susceptibility measurements
(x 10 Sl units).
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Figure7: A sandard curveshowingthereation between the
labor atory magnetic susceptibility(k ) measurementsand the
total economic heavy mineral contents(T, ) ascalculated using
k_ of the 15 prepared synthetic samples of the black-sand
beach deposits, Koam-mashaal area, East rosetta,
M editer ranean Seacoast, Egypt.

Therefore, the polynomia equation (No. 3) relat-
ingk and T, could beapplied to determinethetotal
economic (heavy) mineral percentages (T, ) intheun-
known black-sand placer samples(in %), if their |abo-
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ratory magnetic susceptibilities (k ) aremeasuredin Sl
units.

Theadvantageof thispolynomid equationisitsess-
nessin useaswell as saving time, money and chemi-
cals. It startsasimpleway to get quick and accurate
figuresof T  fromk_of thesamples. Thisapplication
givesapproximatefiguresabout the samples collected
from any smilar area. The obtained valuesaremoreor
less comparablewith the actual and real values. They
canrepresent religbleva uesin thereconnal ssance stege.

Relationship b etweenk_and T

Fromequations(2) and (3), T relatedtok_canbe
caculated asfollows:
T.=0.35k, - 0.0003 k_2+ 5.62 4
where T _isthetota economic heavy minera content,
in %, ascalculated using k., k_isthefield magnetic
susceptibility measurements, in S| x 10-3units.

Consequently, the polynomia equation No.4 rel at-
ingk_and T_can beappliedto determinethe(T,) inthe
unknown black-sand placer deposits, whentheir field
magneti c susceptibilitiesaremeasured, in Sl units

Test of thePolynomid Equationrelaingk & (heavy
minerd content) HM C. Thesamples, which nearly pos-
sess the same magnetic susceptibilities, were picked
up. Eleven sampleswere selected from the 966 samples
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Figure8: L ocation map of theselected, prepared, separ ated, fractionated and micr oscopically examined field samplesof the
black-sand placer deposits, Koam-mashaal area, East rosetta, M editerranean Sea coast, Egypt.
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(Figure8), according to their magnetic susceptibilities,
for minera separaionusing heavy liquids. From heavy-
liquid separation results, thepolynomid equation (N0.3)
could betested through its application on thelabora-
tory measurements of magnetic susceptibilitiesof these
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eeven sdectedsamples. Theresultsarelisedin TABLE
1. They show good compatibilities between the per-
centages of heavy mineral contents, ascadculated using
the polynomia equation (No. 3) and those determined
using heavy liquids.

TABLE 1: Total and individual economic (heavy) minerals, in %, related to the black-sand placer deposits, assepar ated
using heavy liquidsfor theeleven selected samples, collected from thefield, Koam-mashaal ar ea, East r osetta, M editerra-

nean Seacoast, Egypt.

Sample

Number Separ ated M agnetite IImenite L eucoxene Zircon Rutile Garnet Monazite
(Figure8) T.EH.M. (%) (%) (%) (%) (%) (%) (%) (%)
1 17.458 7.040 8.323 0.399 0.852 0.222 0.622 N. D.
2 13.887 4.602 7.626 0.294 0.811 0.195 0.360 0.0015
3 17.515 6.580 9.317 0.243 0.736 0.216 0.423 N. D.
4 3.671 1.265 1.978 0.151 0.108 0.044 0.124 N.D
5 9.511 2.610 5.769 0.268 0.356 0.144 0.364 N.D
6 17.854 7.098 8.866 0.373 0.807 0.255 0.455 N.D
7 11.221 3.520 6.158 0.430 0.446 0.165 0.501 N. D.
8 6.237 2.180 3.329 0.158 0.228 0.076 0.267 N. D.
9 3.537 0.988 1.882 0.192 0.174 0.059 0.241 0.0001
10 5.749 2.286 2.862 0.076 0.199 0.073 0.254 N. D.
11 12.243 4921 5.862 0.236 0.368 0.140 0.716 N. D.
Y 10.807 3917 5.634 0.256 0.462 0.145 0.393 0.00014
T. E. H. M. = Total economic heavy mineral content, in (%) N. D. = Not Detected x = Arithmatic mean
Bivariate correlation, between separatedandcal-  T,=0.9545T, +1.2977 (5

culated total economic heavy mineras, for theeeven
selected samples (Figure 9) showsavery good corre-
lation, with acorrelaion coefficient “r_” equalsto 0.99,
wherethecritical one“r,” equals to 0.60 at the 95 %
level of confidence (Clarke and Cooke, 1986). A lin-
ear rel ation between separated and cal culated totd eco-
nomic (heavy) mineral percentagesintheeleven se-
lected sampleswas observed (Figure9). From thissta:
tigtical relation, thefollowing equation isobtained.

Ts=0.9545 Tp + 1.2977

25
20
./K
X s ——
210 /
5
. /
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Figure9: Reation between separated and calculated total
economic heavy miner al content contents(T and T ) for the
eleven selected samples of the black-sand placer deposits,
collected fromthefield, Koam-mashaal area, East r osetta,
M editer ranean Seacoadt, Egypt.

From equation (3) and (5), thefollowing equation,
relating thecd culated total economic heavy minerd con-
tent T, in%, and thelaboratory magnetic susceptibil-
ity, k , canbecalculated:

T.=0.124+0.687k_-0.001k, %®6)

where T = Separated total economic heavy mineral
content using heavy liquids, in %, andT .= Calculated
total economic heavy mineral content, in%.

INTERPRETATION OFTHE RESULTS

Theresultsof heavy liquid separation of theeleven
sel ected black-sand samples show that, thetotal eco-
nomic heavy mineral content variesfrom 3.54 % to
17.85 %, with an arithmetic mean reaching 10.81 %
TABLE 1. limenitemineral represents 52.64 % of the
total economicheavy minerasTABLE 2. Itsarithmetic
mean equal sto 5.63 %, asrelated to thetotal black-
sand placer deposits, ranging from 1.88 to 9.32 %
TABLE 1. Magnetite mineral represents 35.17 % of
thetota economicheavy minerasTABLE 2) and 3.92
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% of thetotd black-sandsinthesdected samples,which  minerasrepresent only 12.19% TABLE 2. Therefore,
rangesfrom 0.99t0 7.1 % TABLE 1. Both ilmenite measurement of themagnetic susceptibility, asasgnifi-
and magnetite mineral srepresent 87.81 % of thetotal  cant physical property, representsan excellent tool for
economic heavy minerds, whiletheremaningother five  exploration of the black-sand placer deposits.

TABLE 2: Individual economic (heavy) mineralsin %, related to thetotal economic (heavy) mineralsasseparated using
heavy liquidsfor the eleven sdlected samplesof theblack-sand placer deposits, collected from thefield, K oam-mashaal area,
East rosetta, M editerranean Sea coast, Egypt.

Sample Number Iimenite  Magnetite IImenite + Leucoxene  Zircon Rutile Garnet Monazite
(Figure 8) (%) (%) M agnetite (%) (%) (%) (%) (%) (%)
1 47.60 40.28 87.88 2.28 4.87 1.27 3.70 N. D.
2 5491 33.14 88.05 211 5.84 141 2.59 0.011
3 53.21 37.55 90.76 1.39 4.20 1.23 242 N.D
4 53.90 34.47 88.37 411 2.95 1.20 3.37 N.D
5 60.70 27.47 88.17 2.78 3.75 1.52 3.78 N.D
6 49.67 39.76 89.44 2.05 4,52 143 2.56 N.D
7 54.87 31.38 86.25 3.83 3.98 147 4.46 N.D
8 53.35 34.98 88.33 2.53 3.66 121 4.27 N.D
9 53.21 27.94 81.15 5.42 4,93 1.68 6.82 0.004
10 49.78 39.76 89.54 132 3.46 1.27 442 N. D.
11 47.88 40.19 88.07 1.93 3.01 1.15 5.85 N. D.
X 52.64 35.17 87.82 2.71 411 1.35 4.02 0.001

N. D. = Not Detected

TABLE 3: Total economic heavy minerals, in %, ascalculated using the polynomial equation relatingk & T and as
separated using heavy liquids, for the eleven selected samplesof the black-sand placer deposits, collected from thefield,
Koam-mashaal area, Eadt r osetta, M editerranean Sea coast, Egypt.

Sample Number k *107° Ts T. Ts-TL Error Tc TsTc Error
(Figure8) (Sl units) (%) (%) (%) (%) (%) (%) (%)
1 24.2 17.46 15.55 191 10.93 16.14 132 7.55

2 21.2 13.89 13.54 0.35 2.50 14.22 0.33 241

3 26.8 17.52 17.28 0.24 1.37 17.79 0.27 156

4 6.41 3.67 3.34 0.33 9.01 4.49 0.82 22.20

5 12.6 9.51 7.67 184 19.39 8.62 0.90 941

6 28.6 17.85 18.46 0.61 341 18.92 1.07 5.97

7 15.5 11.22 9.67 155 13.86 10.52 0.70 6.21

8 9.73 6.24 5.67 0.57 9.07 6.71 0.47 7.60

9 4.02 354 1.65 1.89 53.45 2.87 0.67 18.87

10 9.6 5.75 5.58 0.17 2.93 6.62 0.88 15.23

11 18.4 12.24 11.65 0.60 4.88 12.41 0.17 1.39

Y 16.10 10.81 10.00 11.62 11.89 10.85 0.69 8.95

T, = Separated total economic heavy mineral content, using heavy liquids, in %.
T, = Calculated total economic heavy mineral content %, using equation (No. 3).
T. = Calculated total economic heavy mineral content %, using equation (No. 6).

Bivariatecorrelation rated total economic heavy mineral content (T, in %)
Bivariate correlations of each mineral content,in 1" theblack-sand placer depositswereconducted. The
%, inthe eleven selected samples, the cal cul ated total correlation coefficientsbetween each pair of thesevari-

economic heavy mineral content (T in%) andthe sepa: ables were estimated through th‘e cal cuIaFion of
’ Spearman’s product moment correlation coefficient “r.”
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TABLEA4. Therdiability of theca culated valuesof the
bivariate correlation coefficients has been checked
againgtthecritical value*r.”, extracted from the Statis-
tical TABLES (Clarkeand Cooke, 1986), at the 95 %
level of confidence, whichreached 0.60. Theresultsof
thiscorre ation show good correlaionsbetweenal min-
eral contents (in %) aswell asbetween the calculated
and separated total economic heavy minera contents
(in%). Theleast significant correlation coefficientsare
related with both garnet and leucoxene. Meanwhile, the
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other four mineralsshow the highest corrd ation coeffi-
cients(TABLE 4). Linear rdations between each min-
eral content (in %) and the separated total economic
heavy mineral content (in %) in the eleven selected
samplesareshown on Figure (10). From these statisti-
cd relations, thefollowing sx equationscould becom-
puted and used to determined the content of any min-
erd (in%), out of thesgnificant Six minerds, fromthe
determined total economic heavy mineral content (in
%), when separated using the heavy liquids (Figure 10).

TABLE 4: Matrix of correlation coefficient “r_” between the contents of the separated and calculated total economic heavy
minerals(T,and T ), in %, aswell asthemost significant six of these mineralsin the eleven selected samplesof theblack-
sand placer deposits, Koam-mashaal area, East rosetta, M editerranean Sea coast, Egypt.

Ts Tc IImenite M agnetite Zircon Garnet Rutile L eucoxene
Ts 1.00
Tc 0.99 1.00
IImenite 0.98 0.97 1.00
Magnetite 0.97 0.98 0.94 1.00
Zircon 0.91 0.90 0.91 0.89 1.00
Garnet 0.75 0.74 0.72 0.82 0.74 1.00
Rutile 0.96 0.95 0.96 0.93 0.95 0.72 1.00
Leucoxene 0.69 0.67 0.72 0.68 0.82 0.72 0.82 1.00

T, = Separated total economic heavy mineral contents, using heavy liquids, in %.

T = Calculated total economic heavy mineral contents, in %.

r. = Critical correlation coefficient (= 0.60), at the 95 % level of confidence.

IImenite % =0.495 T_+0.283 (7
Magnetite % = 0.405 T_-0.460 (8)
Zircon % =0.049 T - 0.072 9)
Garnet % =0.023 T, +0.147 (20)
Rutile % =0.013 T, +0.004 (10)
L eucoxene% =0.015T_+0.099 (12

where T = Separated total economic heavy mineral
content, in %.

It worthsto mentionthat the vdidity of the obtained
linear equations (from 7to 12) isrestricted only to the
studied black-sand placer deposit of Koam Mashaal
areaaswdl assamilar depodtsand smilar environments,
sinceloca variationsinthemineraogica characteris-
tics and sedimentation conditions could change these
percentages and, therefore, should betaken into con-
Sderation.

SUMMARY AND CONCLUSIONS

Thepresent study dedswiththeanalysisand inter-

pretation of theresultsof both field and laboratory mag-
neti c suscepti bility measurementsconducted onasample
area, east Rosetta, EQypt. The outcome of these analy-
sesand interpretationswere used to definethe spatia
distribution of the zones of heavy (economic) minera
concentrations. The magnetic susceptibility measure-
mentswere conducted, bothinthefield andinthelabo-
ratory, for 966 samples quartered from large samples
collected from depthsreaching 50 cm.

Thevisua examination of thefield and |aboratory
magnetic susceptibility contour maps showsthat the
measured levelson both (field and |aboratory) maps
arenearly thesame, especially for their shapesandlo-
cations. Thehighest levelsarelocated near the Medi-
terranean Seashore, at the southern border of the study
(sample) areaandin an areaof ENE-trending contours,
pardle totheshoreline. Bivariatecorreation conducted
betweenthefield “F” and laboratory “L.” magnetic sus-
ceptibilities (k_andk ) for the 966 samplesshowsa
very good correl ation between both of them, at the 95
% level of confidence.
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Figure10: Scatter plot relating each mineral per centagesand total economic heavy mineral (T ) per centages, separ ated
using heavy liquids, for the eleven selected samples, black-sand placer deposits, Koam-mashaal area, East rosetta,

M editerranean Seacoadt, Egypt.

A total of 15 synthetic samplesof different total
economic (heavy) minerd concentrationswere prepared
from the separated economic heavy and light minera
fractions. Thetota economic (heavy) minera contents
inthesesampl eswere produced to range gpproximatdy
from 0t0 90 %. Two mathematical rel ationswere com-
puted intheform of two polynomia equations, which
can be applied to determine the unknown total eco-
nomic (heavy) minera percentages, fromtheir known
field and/or | aboratory magneti c susceptibility measure-
ments.

Eleven sampleswere sdl ected from the 966 samples,
according to their magneti c susceptibility measurements
for minerd separation and minerdogic sudy. Heavy lig-
uid separation and magnetic fractionation werecarried
out ontheseeleven samples. Thetota economic heavy
minera content were found to vary from 3.54% to
17.85%, with an arithmetic mean of 10.81%. limenite
represents 52.64 %, on the average, fromthetota eco-
nomic heavy mineras. Itsarithmetic mean equals5.63
%, fromthetotal black-sand placer deposits, ranging
from 1.88 % t0 9.32 %. Magnetite represents 35.17
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%, ontheaverage, fromthetotal economic heavy min-
erals and 3.92 % from the total black-sands placer
deposits, which rangesfrom 0.99 %to 7.1 %. Thetwo
minerals (ilmenite and magnetite) represent 87.81 %,
ontheaverage, from thetotal economic heavy miner-
als, whilethe remaining other five heavy (economic)
minerasrepresent only 12.19 %, onthe average.

Bivariate correl ation betweenthe minera percent-
agesin these eleven sel ected samples, the cal cul ated
total economic heavy minerd percentagesand the sepa-
rated total economic heavy minera percentagesinthe
black-sand placer deposits were conducted. There-
sults of these correl ations show significant val ues be-
tween al minerd percentagesaswell asthecalculated
and separated total economic heavy mineral percent-
ages. Thelinear relations (equations) between eachin-
dividua mineral content and the separated total eco-
nomic heavy mineral content were calculated. These
equations could be used to determinethe percentage
of any minera, out of thesignificant Sx minerds, from
the determined total economic heavy mineral percent-
ages as separated using heavy liquids, asfor asthis
areaof study isconcerned.
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