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- STUDIES ON THE GEOCHEMICAL AND MINERALOGICAL
PROPERTIES OF LAKE NUBIA SEDIMENTS

M. EL DARDIR
National Institute of Oceanography and Fisheries,

ABSTRACT

Twenty three samples from the main channel of
Lake Nubia collected during July 1985 were chemically
analysed for mafor chemical constituents, viz: Al,
03, Fep 03, Ca 0, Mg 0, {a CO3 and for organic matter.

The mineral composition of the sediments was
described by studies of the 1ight and heavy minerals.
The microscopic investigation of the light fraction
indicated that quartz forms up to 97 X while feldspars
form up to 2 %. The heavy minerals encountered
in the sediments under {nvestigation consist mainly
of opaques, fron, tourmaline, rutile, garnet, biotite,
hornblend, monazite and others.

- INTRODUCTION

After the construction of the High Dam at Aswan, a very large reservoir

was formed. The total reservoir, area is 6276 Km? at level of 180 m. relative
to sea level.

A small area of the reservoir is located in the northerm Mediterranean
semi-arid zone, while the major part of the reservoir is in the subtropical
- zone (El-Ramly, 1973).

The part of the reservoir located in Sudan is called Lake Nubia extends
- from Adindan in the north to Del cataract in the south (Fig. 1).

The Aswan High Dam reservoir from a limnological point of view forms
one unit. Howevers, the southern part of the reservoir (Lake Nubia) will
be directly affected by the flood. Such an area will naturally possess
prevailing riverine conditions.

The sediments in the southern region are mainly silt and sand, while those
of the northern part are chiefly silt (Fig. 2). The eastern and western sides
of this Lake are surrounded by a rocky terraine primarily consisting of
piedmont and peneplain sandstones of the Nubia facies.
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Mechanical analysis of the bottom sediments of Lake Nubla.
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General Characteristics of Lake Nubia:

The amount of total dissolved solids in the Lake is about 210 mg/l at
El-Daka (487.5 Km. from High Dam). It decreases to 166 mg/l at El-Dawishat
(431 Km. from High Dam).

The thickness of the oxygenated layers varies in the lake at different
sites under the effect of the flood. The waters in the gorge region are
completely oxygenated from surface to bottom. Generally, the water is
saturated during the winter and becomes poorer in the summer season.

The pH value of the surface water is higher than the deeper water during
all seasons. The waters are more alkaline in winter and spring than in
summer and autumn. The flood causes changes in pH, with a high in the
pre-flood period and a decrease during the flood.

The maximal values of electrical conductance (306 umhos) were recorded
in Lake Nubia (at Kingarti) and the minimum value was (about 240 umhos)
recorded at Murshid. The E.C. varies with depth, depending on the amount
of the suspended materials. In addition the flood water affects the E.C.,
as it changes depeding on the level of the flood.

MATERIAL AND METHODS

a- Sampling :
The bottom samples were collected by a Petersen dredge from the different
locations.

b~ Chemical Analysis *

Al303 was determined using the complexometric Nafluoride method
(Welcher, 1958). Iron Oxide was analysed using the method described by
Usatenko and Mikhailova (1956). (Ca) and (Mg) were determined according
to the method of Patrovsky and Huka (1958). The Collins calcimeter was

Enlsgsds )to measure Ca COj according to the technigue proposed by Jacksons

For determining the oxidizable or active organic carbon in the sediment,
the method of Schollenberager (1927) as described Danna (1965) was followed.

C- Light and Heavy Minerals

The size ranges between 3.5 0 to 4.0 0 and between 4.0 8 to 5.0 0 were
chosen for the separation of minerals in bromoform. (sp. gr = 2.85).
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RESULTS AND DISCUSSIONS
1- Geochemistry :

The values of the chemical constituents analyzed in the bottom sediments
of lake Nubia are given in (Table 1). _

The distribution of Alg03 and Feg 03 (Fig. 3) are in general consistent
with each other suggesting deposition as hydrolysates, as result of their
fonic potintial (Mason, 1966). The variation in Alg03 is partly inverted
relative to that of the clay fraction (Fig. 2) perhaps because of the dominant
role of aluminum silicate minerals other than the clay (Such as feldspars)
(Fig. 3). Aluminum, relains dissolved both in acid solution with pH less
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TARE (1)

The cantants of the anslysed chemice) constituent In Lake Nubis Sediments.

Samplia Algdy Fag0y Cal Mg Cacoy Organic Locattan Statfon fu/k.0.
L2 mattar
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] 0.6 12,19 1.90 0.1% t.19 3.0 €1 Sawtsnat fast 41
0 .90 7.70 1.64 8.13 2.86 .68 €l Oawishat East L1l
it .70 6.20 1.72 0.3 N 1.18 £ Dewtshat West a1
12 18.51 4.40 1.03 8.17 e.41 L1 Attert fast 425
13 18.70 N 1.00 [ %} .40 M Atteri Middla 418
14 14.13 3.50 1.05 8.21 2.4 3.40 Atteri Vest (1L
4] 1%.12 $.10 170 0.62 2,% 1.03 Semna tast o3
i€ 2.6 [ %] 1.78 0.68 .88 3.0 Samne Hiddla %)
u 18.10 7.10 .00 0.4 1.10 LM Semna Mest 403
1 16.40 10.%0 3.73 L2ad 120 2.62 Murshidg East e
4] 16.80 1.9 1.%2 0.10 nn 128 muranid Niddia mn
] 14.50 .90 .00 - 3.98 2.67 Murshid test s
1) 17.00 20 1.50 0.4% .10 2.48 Ssrra fast FtE
2 0.3 10.7¢ 1.02 Q.52 1.%0 T.7¢ Sarre Niddla b1
3 17.8 7.2 1.00 0.3 1.9% an Sarra Wast pr

than 4 and in alkaling waters in the pH > 9. Aluminum hydroxide precipitates
only in the nighborhood of the neutral point, wich is readed in the bottom
waters of the Lake Nubia (Fig. 4). Weathering is generally dominant under
oxidizing conditions and iron in the oxidized state is highly insoluble in
alkaline water. This may explain to the occasionally inconsistent distribution
of Alg03 and Fep03 in the sediments at some sites in the area under
investigation. Aly03 versus Feg0j in the bottom sediments. A shart scatter
diagram (Fig. 5). A show a positive correlation (r = 0.58) between these
components.

The veriations of Cal and Mg0 in lake Nubia sediments are partly
consistent with each other at some sites; however, they are mostly
inconsistent at others (Fig. 6), It is wating that Ca0 increases at the expuse
of Mg0 (as remark that Ca0 increases at the expance of Ng0) as suggested
by their negative correlation (r = ~ 0.33) (Fig. 7).
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pH values of bottom water during July (1985).

The pH values of the bottom water is above 7.7, (Fig. 4}, which in on
the boundary for Ca COj3 precipitation according to Krumbein and Garrels,
(1952).

The maximum value of CaCOj content of the bottom sediment of the
Lake is much lower than that of the shallower more productive natural
lakes of Egypt as Lake Marut, where CaCOg3 content ranges from 14.82
to 68.84% (El-Wakeel and Wahby, 1970) or that of the natural lakes of
colder regions such as lake Michigan where CaCOj3 is around 30% (Callender,
1969; Gross et al, 1972) and lake Superior where CaCOg3 is more than
40% (Dell, 1971). Serruya (1971) suggested that CaCOj3 precipitated is
controlled by photosynthesis in Lake Kemert and Lake constance.
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Alp 03 v.s, Fep 03 scatter diagram of bottom sediments.

The distributions of CaCOj3 in sediments and of pH in Lake Nubia bottom
waters are mostly not related, which indicates that the CaCO3 abundance

is not affected by the pH values. It can be deduced that the encrusting
organisms play the chief role in the lake.
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CaCOj3 and organic matter distributions are also not related to each
other, (Fig. 8). This is confirmed by the organic matter vs. CaCOjy scatter
diagram (r = -0.10), (Fig. 9). Hassaan et al (1984) studied the sediments
of lake Nasser and the northern part of Lake Nubia and reached the same
conclusion for both surface and subsurface sediments.

The organic matter provides an indication of the amount and type of
food settling to the bottom from the water column.

Table (2) illustrates comparison of average determined chemical
composition of Egyptian lakes.

2- Mineralogy:

The mineral composition of the sediments has been discussed by many
authors, (Shukri, 1950, 1951 and 1953; Nakhla, 1958; Zagloul and Kalel,
1965; Labib and Sys, 1970; Buursink, 1971; Kamel et al, 1973; Gewaifel
et al, 1981 and El-Massry, 1983).
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Organic matter and Ca CO3 concentrations in Lake Nubfa sediments.
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Organic matter v.s. Ca COj scatter diagram of bottom sediments.

The mineral content of the Aswan Hign Dam reservoir sediments has
not been much considered before. Moreover, Hassan et al (1977 a) and
Higazi and Elewa (1983) carried out studies of the clay minerals. Phillip
et al (1977) provided some insight on the distribution of heavy minerals
of Lake Nasser sediments.

In this work, the mineralogical sharacteristics of the light and heavy
fractions as constituents of the lake Nubia sediments are studied, in order
to elucidate the various types, depositional history and sources of the
deposits.

A microscopic investigation of the light fraction Indicates that quartz
makes up to 97% of it, with feldspar not exceeding 2%. Other minerals
as altered feldspars, mica and chalcedony were identified but only as
traces. Quartz occurs as colourless to milky grains, which are sometimes
stained by iron oxides.
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YABLE (2)

Comparison of sversge detersined chemical compasitton of Lake Mavut, Burollus, Qarun, Nasser and Nubis sediments,

Harut Burollug Qarun Nassar Hubie
Constituents {€)-Vatee! 3 Wahby) (Mos30ud) (Mossond) Hassaan ot al {the prasent work)

ta70 197¢ 1976 1984
ALy0y . . - §.31-25 10.50-30.60
Fey0y . - ——- 3.13-17.98 1.16-12.10
€0 aee . e 0.26-6.29 1-2
90 - - - 0.22-1.01 0.10-0.88
Cat0y 14.80-68.80 37.44-51.43 39.43-54.18 1.4-2.00 1.75-2.98
Organlc matiar 2.85-22.98 13.37-18.75 4.48-0.88 1.19-5.73 2.62-5.08

Fig. (10)
Photomicrograph of heavy mineral grains showing ztrcon (Z), tourmaline (T),
rutile (R}, granet (6), biotite {8), hornblend (H) and monazite (M).
(PPL. X 60).
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© TABLE (3}

Parcentogs of the (dentified non - opsque minerais.

3.0 Zircon Tovrmaltoe Rutile Garney Biotite Hornblend Monazfte Gthers
1 n.n 10.% 15.80 9.3 17.22 7.8 1.5 1.0
H 35.21 2.7 12.70 7.20 14.2¢ 8.37 o 0.27
3 33.8¢ 19 12 1410 7.33 12.3 11.18 1.7 0.55
4 58.11 16.50 9.70 9.1 ig. 14 3.8 0.90 1.44
1] 43.12 7.3 16.70 1.58 - .. 9.8%0 .10 0.680 0.5%
[ 39.00 7.3 u.a ‘9.3 3.0 1.6 0.93 1.4
7 .10 32.87 1.1 15.11 [¥ )] 5.3 4.70 1.87
L] 0.17 30.11 6.71 12.8 3.38 491 - 2.2¢
" 24.16 .12 24.51 14.18 3.10 $.14 - 2.81
1t 25.50 2.1) 20.70 1z.1% 1. rn - 0.87
15 84.13 2.10 1.1 2.10 4.83 3.3 0.8 1.2%
un %1 17,33 ”.u 3.00 2.10 .98 - 1.20
18 3.6l 12.13 27.10 6.3% 16,50 0.3 - 2.01
20 4.3 10.% 24.12 9.20 10.11 nn - 0.66
21 s0.21 12.3% 22.17 3.8 9.12 1.00 - 0.87
3 50.94 10.16 25.11 §.00 7.0 0.22 - 0.5

The heavy mineral fraction is less than 5% by weight of each sample
Opaque and non opaque minerals are. found, although the opaque minerals
form the bulk of the heavy mineral traction in all samplea. These minerals
are mainly represented by iron oxides, irén titanium oxides and hydrate
fron oxide minerals.

The non-opaque minerals ldentified in the samples are zircon, tourmaline,
rutile, garnet, biotite, hornblende, monazite and some other minerals,(Tabie
3), (Fig. 10).

Zircon is the most common mmem i;: the lake Sedimenta 1ts frequency
renges between 24.16% and 59%. The most abundant type of zircon is
colourless and is found in all samples.

Toutmaline is the second dominant mineral in all the studied sediments,
the average frequency of tourmaline ranges between 10.16 and 37.67%.
Tourmaline grains are generally prismatic anhedral, subrounded to
subangular.

Rutile is found almost in all investigated samples, with frequency ranging
between 6.71 and 47.51%. It is represented by reddish-yellow to brown
varieties. Generally, rutile grains are subangular to subrounded.

Garnet {8 recorded in all the samples. Its frequency ranges from 2.1
to 17.22%. Garnet is represented by pink and colourless varieties with
subangular to subrounded grains. It sometimes contains inclusions of iron
oxide. _
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“The average percentage of biotite ranges between 2.10 and 15.11. Biotite
is recorded in the investigated samples as irregular, subangular flakes
of brownish and yellowish colours.

Hornblende abundance is low in all the samples, with a range between
0.22 and 11.16%.

Monazite is only observed in the southern part of Lake Nubia. Its
frequency range betwen 0.2 and 0.9%. Monazite is recorded as subangular
to subrounded.

Other minerals are occasionally present as minor constituents in Lake
Nubia sedimetns. These minerals are staurolite, pyroxene, kyanite, epidote;
and glauconite.

The heavy minerals in the study area are more or less the same as those
recorded in similar Nile sediments at other localities, e.g., the Rosetta
area (Zaghloul and Kamel, 1985), Abu Khashaba in (Kamel et al, 1973)
in Egypt, as well ag Atbra river ,the White and Blue Nile alluvial sediments
in Sudan (Gewaifel et al 1977). However, the heavy minerals assemblage
studied in the present work (Lake Nubia) indicates more common subang'ular
vand subrounded grains

2 CON CLUSIONS .

The folwing conclusions ganhe drawn- T = :

1~ The ‘AlgOg and Fe 03 are deposited slmultaneously as hydrolysates,

while the CaO and Mgo distribuﬂons show negatlve correlation with each
other. Gt e .

2— The amount of orgamc matter 1s highiy correlated mth the amount

- of silt."

3- The lake sediments'are mainly Silt, except at the southern part.

4- The light minerals are composed mainly of quartz grains with occasional
feldspars.

5- The abundance of the stable heavy minerals are as follows, arranged
in decreasing order: zircon, tourmaline and rutile.

6~ The most abundant metamorphic minerals are garnet and staurolite,

REFERENCES

Buursink, J., 1971. Soils of central Sudan. Utrecht. Grafish Bedrijf Scholanus
and Jens Utrecht, N.Y.

255



Callender, E., 1969. Geological characteristics of Lake Michigan and Superior
sediments. Prooc. 12 th. conf. Great Lakes Res., pp 124 - 160.

Dell, B.I., 1971. Late Quatermary sedimentation in Lake Superfor. Ph.D. Thesis,
Univ. of Michigan,

El-Massry, A.E., 1983. Sedimentological and geochemical studies on some deep

~ sediments from the eastern part of the Med. SEA. M.Sc. Thesis, Zagazig Uni.

El-Ramly, I.M., 1973. Final report on Geomorphology, Hydrogeology, planning for
ground water resources and land reclamation in Lake Nasser regfon and its
environs, ) L

.E1-Hakeel, S.K. and S.D. Wahby, 1970 b. Texure and chemistry of Lake Marut
sediments. Arch. Hydroblo., 67 (3): 368-395.

Gewaifel, I.M., M.G. Younfs and E.M. El-Zahaby, 1981. Heavy minerals study of
some Nile alluvial soil in Egypt and Sudan. Egypt. J. sofl. Sei., 21, 1, 1-
7.

Gross, D.L., J.A. Lineback, N.f. Shimp, and W.A. White, 1972. Comparison of
Pleistocene sediments in southern Lake Michigan, U.S.A. 24 th. Int. Geo. Con.,
8: 215-222.

Hanna, A., 1965. Organic matter in soi]. In: Chemistry of soil. 2 nd. ed., Bear.
F.E., American Chem. Society monograph series, New York.

Hassaan, M.M., A. Elewa, A.F.A. Latif, and M. E1-Dardir, 1984. Geochemical studfes
on the sediments of Aswan High Dam Reservoir. Abstract presented at the third
symposium on Quaternary and development in Egypt, El-Mansoura, Egypt.

Hassan, F., M. Abu Zied and K. Hafez, 1977 a. Rineralogical composition of the
clay fraction of the High Dam Lake sediments. Lake Nasser and River Nile

Project, Report prepared to Acad. of Sc{. Res. and Tech. Egypt.

Project, Report prepared to Acad. of Sci. Res. and Tech. Egypt.

Higazy, M. and A. Elewa, 1983. Clay minerals studies in the sediments of Lake
Nubia, Sudan. Mid. E. Res. Cent., Ain Shams Univ.. Sci. Res. Serfes, 3: 1-
19.

Jackson, M.L., 1958. Soil Chemical analysis . Constable, London.

Xamel, 0.A.. A.H. Rasmy, A. Khalfl, and R. Bakir, 1973. Mineralogical analysis
and evaluation of black sands at eastern part of east sfde Nile section, Abu

Khashaba Area, Rosetta, Egypt. Annals of the geological Survey of Egypt. I[II,
Khashaba Area, Rosetta, Egypt. Anna)s of the geological Survey of Egypt, IIl.
227-247.

Krumbein, W.C. and R.M. Garrels, 1952. Origin and classification of chemical
sediments in terms of pH and oxjdation-reduction potentials. J. Geol., 60:
1-33

Labtb, F. and €. Cys, 1970. Soil lacustrin and marine deposits in the united Arab
Republic. Pedologle, 20, 381.

Mason, B., 1966, Principles of Gechemistry. 3 rd. ed., New York.

Massoud, A.H. S., 1976. Studfes on the nature and compositfon of the sediments
of two Egyptian Llakes found under different local conditions. Limnologla,
(Berlin). 11 (1), 368-395.

Nakhia, F.M., 1958. Mineralogy of the fgyptian black sands and {ts application.
Egypt. J. Geol., 2,1.

Patrovsky, V.R. and R. Muka, 1958. Complexometric titratfon (XXI). Volumetric
determinatfon of Fe Al and Ti in Silicates chelatowetric deterwination of
Ca and Mg0 Chem. Lisly, V. 50, pp. 1108-1112.

256



Phillip, G., F. Hassan, and J. Khaiil, 1977. Mechanical amalysis and wineral
composition of Lake Masser. Lake Nasser and River Nile Project, Report Prepared
to Acad. Of Sci. Res. and Tech. Egypt.

Schollenberger, C.J. 1927. Soil. 24, 65.

Serruya, C., 1971. Problems of sedimentatfon in Lake of Geneva verch Theer Angew.
Limnol., 17: 209-218.

Shukri, N,M., 1950. The mineralogy of some Nile sediments. Quart. Jour. Geol.
Soc. london, 105-511.

Shukri, N.M., 1951, Mineral anlysis of some Nile sediments. Bull. Inst. Desert
d* Egypt, 1,39.

Shukri, N.M., 1953, The mineralogy of Egyptfan sediments. Bull. Inst. Desert d'
Egypte, 3,937

Usanenko, Y.J., amnd L.J. Mikhailova, 1956. Determination of Fe 1n Fe ores and
agglomerates with Trilom. B. Zavodskay. Lab., 20, 1168-1165.

Welcher, F.J., 1958. The analytical uses of ethylene diamine tetra-acitic acid.
D. Van Noster and Comp. Inc. Princeton. New Jersey, 121 p.

laghloul, Z.M. and K.E. Kalel, 1965. The mineralogical and Petrographical features
of monazite from the black sands of Rosetta. J. €eo. U.A.R., 9, 1: 17-31.





