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ABSTRACT

The Abis area Is ane of the pieces of land that have besn
reclaimed recently from Lake Maryut which lies to ihe
south and east of Alexandria city In northern Egypr. Sev-
entv samples taken from fourteen profiles were analyzed.
The Eh and pH values were also determined in the soil
samples. Analpses of the ground watrer samples found helow
each profile are also given. From the results of these analy-
ses i was concluded that oxidizing conditions are prevailing
in the sediments studied which have reutral pH values. The
gypsum present was probably formed in these sediments by
evaporation and crvstallization in the cavities and inter-
stices of clayey send sediments from solutions saturated
with previously formed calcium sulfute.

INTRODUCTION

Abis area s one of the pieces of land that have been
recently reclaimed from Lake Maryut, situated to the
southeast of Alexandria City in northern Egypt (Fig. 1).
The elevation of Abis area is generally below sea level, it
reaches -4.3 m level in some places.

As this area is closely related to Eake Maryul, it may
be of interest 1o give a short review of this lake It lies
along the Mediterranean Coast of Egypt west of the Nile
Delta at lat 31° 07°N. and long. 25° 57°E. Different stud-
fcs on the Lake Marvut were carried out by Shafie (1955)
Shukri et al. {1955 a, by and EL-Wakee! £1970). They
regarded s previous communication with the Mediter-
ranean Sed and the River Nile through the ancient canopic
branch, The present lake is brackish with no direct com-
munication either with the ses or the Nile. It receives large
amounts of drainage water from a number of drains, the
most important of which is El-Unoum drain. The water
level of the present lake is kept by pumping at about 3
meters below sea level there is seasonal varation of the

suifate content in Lake Maryut which shows a maximum
increase during Apnl and October and minimum decrease
during February and July. The regional variation in the
SO, /C! ralio was attributed to the effeet of drainage water
which has a high sulfate content.

Abis area is uaderlain by layers of clastic sediments of
approximately horizonial attitude, having grain sizes
ranging from clay to sand. From the results of granulo-
metnic analyses (Ghowail 1972), it has been inferred that
most of these sediment layers although laid down in a
lagoonal environment, are of fluviatile origin. These sedi-
ments were presurrably sapplied by a tributary of the Nile
River. A few sandy initercalations, however, have the
granufometric characteristics of beach sands and indicate
that the Mediterranean coastline has been migrating back
and forth repeatedly.

Gypsum has heen observed in the sediments of Abis
area during the reclamation work and had attracted atten-
tion because of 1ts possible importance for agricultural
purposes. Gypsum crystals are found either filling in cavi-
ties, fractures and fissures, or as intercalary big crystals.
The sediments are formed mainly of quartz grains, clay
minerals and shell fragments, with a small amount of iron
oxides, altered glasconite, chiorite, biotite, siderite, orthe-
clase and aragonite. The present work is concerned with
the geochemical conditions which plaved a strong role in
the formation of this gypsum in Abis area. For this puar-
pose, samples taken from 14 profiles distributed over the
area (Fig. 2) were chemically analyzed. Some other sam-
ples of subsurface water were also analyzed.

RESULTS OF THE CHEMICAL ANALYSES
OF SOIL AND GROUND-WATER SAMPLES

The results of chemical analyses of 70 of soil samples
taken from the mentioned profiles ranging in depth from
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TABLE 1

Gypsum cantent, calcium carbonate, organic matter and total iron percentages of soil sampies taken from Abis area (1971).

Number of  Depth of qu\.(ﬁ;omgm €aCO; OM. Total iron Number of ~ Depth of msﬁj‘;z‘fomm CatO; OM. Totat iron

profile {ayear cm. of sail Y % % profiia layer cm. of sail % % %
1A 12 58.10 4080 135 170 B 33 0.0 174 032 346
8 52 42.20 2490 138 2.20 C 43 2.0 493 087 442

¢ 62 25.20 3180 079 140 ) 58 0.0 274 025 332

o 77 7.15 4550 Q.71 1.80 £ 73 0.0 433 057 442

E g7 30,50 4800 036 190 ¥ 83 1,98 404 085 704

2 A 20 22,11 1700 289 240 ¢ 113 2.09 486 064 290
B 35 12,06 18,50 1,70 2.20 H 133 .76 486 052 278
¢ 45 16.00 2600 120 2.00 8 A 22 .28 7710 13 288

D 57 41.70 356 038 G.80 g 42 .25 485 D54 285

£ 72 53.30 1460 040 670 o 62 0.25 6.78 056  2.85

F 82 36.18 7200 1.4 140 ) 82 0.76 435 017 225

G 102 2200 27.50 088 160 g A 20 0.26 1160 088 4.0

b3 122 .06 19,30 091 1,20 8 i) 0.95 773 043 @70

3 A 70 3.98 27.30 1.7 372 C 58 0.25 3.80 002 078
B 50 0.27 2040 132 548 2 78 0.25 7.75 047 145

¢ 70 .27 85.00 0. 2.88 10 A 14 z.04 15.45 053 140

4 A 10 30.20 000 123 110 8 22 19.61 16.45 0.7 1.65
B 20 53.30 1770 085 110 c 31 3014 1545  0.31 148

C 40 30,70 2220 124 1.40 ) 5 21.72 2625 041 .70

D 80 12.06 16.60 127 150 E 61 .25 2220 144 320

E 70 16.85 2720 102 1.90 F 81 .33 8.75 0.50 275

F % 28.65 45,50 DAY 1.60 1A 40 i1.13 2740 144 580

E A 15 7.42 12.25 143  3.46 8 58 .38 34.80 112 200
B 2% 12.72 11.18 055 304 ¢ 75 2.2 5800 101 2.00

c 40 34.98 £.99 0.59 282 7 A 0 2.66 31.80  1.96 2.25

O 50 24.65 8.8¢ 071 346 8 27 2438 46.30 062 3.0

F 82 Q.2d 4.64 123 4 .56 O a7 a77 9,70 0.68 215

6 A 13 Co 1140 LA 456 i3 A 20 4.83 30.80 083 240
B 33 27.05 3.00 0.8 394 B 48 318 30980 097 188

c 50 3.0 333 b2 240 C g8 2.38 79.00 134 310

v gi izi fgz g:g; gjgg 14 A 25 5,53 3480 134 210

F 113 025 3375 OIS 185 8 =0 .25 §7.75 043 1.20

' ' ’ C 70 .2 67.75 038 310

7oA 23 0.0 611 083 310 D 90 324 3090 079 258

0.70 to 1.20 meters (Fig. 2) are given in Table I. The
samples were analyzed for total calcium carbonate, total
iron, the organic matter and the gypsum content. The
total calcium carbonate was determined by neutrafization
of the added excess acid by sodium hydroxide, and the
organic matter by potassium chromate and ferrous sulb
phate {Richards et al.,, 1954} Total iron was determined
colorimetrically (Jackson, 1938). Gypsum was deter-
mired by the acetone method (Bower and Huss, 1948),

Thirteen samples of ground-water found below each
profile are also analyzed. The results are given in Tahle 11,
The folfowing is a concise discussion of the resulis of the
chemical analyses for both sediments and ground-water
samples.

1. Generally, the higher guantity of gypsum is found
in subsurface layers at 2 depth of about 15 em from surface
and extends downward till about 50 cm depth, {Fig. 2).

2. Gypsum is formad in top layers, probably by evapo-

ration from the ground-water close o the surface and
having both calcium and sulphate ions in sufficient
amounts accerding to the solubility product principle. The
ground-water rises by the captllary action. Wisler and
Brater (1936), mentioned that “the thickness of the capit-
lary fringe* in granular material is a funcrion of the effec-
tive particle size and generally increases as the grain size
decresses. The fringe thickness may range from a few
inches in coarse gravel to 8 ft. in silty material and is
probably much greater in very fine-gramned sediments.

3. Generally, there is no relationship between gypsum
and calcium carbonate, organic matter and total iron con-
tent.

4. The amount of total caleium carbonate is more or

*The capillary fringe is the belt overlyng the zone of saturation and
comimning intersiiogs, some or wl} of winck are Rlled with water that s
in connoction with and is a continuation of the zong of saturation, being
held above that zone by capiilarity acting against the force of gravity.
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TABLE I
Chemical anabysis of the ground water of 14 profiles taken from Abis area {1971). *
Number Cations meqg./L Anions maq./L
of
profile Ca*t Mgt Nat K* HCO, co,; " SO, o
1 B§.15 98.57 326.00 9.0G 1.48 2.95 116.78 367.50
2 36.49 33.48 120.00 4.36 2.97 2.96 66.97 121,40
3 16.08 80.45 40500 12.7C 3.78 0.0 b2.85 582,580
4 £€5.50 127.61 465.00 14.00 4.0 2.96 120.74 - 548.50
5 12.08 6.47 110.00 260 12.83 0.G 4583 75.00
& 34.17 2238 16000 2.40 4.06 0.8 38.00 113.00
8 10.05 48.45 176.00 4.95 12.83 0.6 14.82 213.25
2 3.02 16.48 140.00 2.20 27.93 0.0 3.78 127.50
10 2010 £5.85 395.00 5.40 9.06 0. 82.40 408.78
11 42.20 119.65 375.00 7.45 12.83 0.6 7245 460.00
12 2680 25.85 53.50 270 4.85 0.0 B8.61 15.34
13 9.27 B.28 30.00 0.83 2.91 0.0 22.86 22.61
i4 17.00 14.20 114.00 2.60 3.88 0.0 7144 66.38

* The ground water of profile No. 7 is very deep.

Jess a consequence of the numerous shell fragments found
in the soil rather than precipitated calcium carbonate,

5, The organic matter content is generally found in
high quantities at surface layers due to the presence of
plang roots.

6. Tolal iron in soil saniples varies from 0.75 ¢0 7.049.

7. Generally, the profiles located near the lake (for
example profiles 3, 4), are of higher salt content than the
profiles which are found far from it (Fig. 1)

It can be concluded from the above relations that the
precipitation of gypsum is related to the amount of sulfate
content and the water table level, from which sulfate is
precipitated during concentration in certain permeable
layers of clayey sand grain size {Fig. 7).

The water table level depends on that of the lake, the
water drainage and amount of rainfall during the winter
season, During the dry season in summer, water goes up
through the pore spaces by capillary action to the surface
of the soil, where it evaporates and its dissolved salts are
deposited. Mahlis et al, {1970}, on their work on Lake
Maryut showed that its average sulfate chlorinity vatio is
higher than that of sea water and lower than the ratio for
river waters, Regional variation in the SO~ /CF ratio are
aftributed to the effect of drainage water having a high
sulfate content, and that there 18 a significant seasonal and
regional variation of this retic,

The amount of sulfate ions in the ground-water (Table
2) shows a refatively high amount which varies from one
profile to the other. Generally, it is related to the amount
of gypsum in subsoil layers as well as the distance from the
deposited gypsum,

Profile No. 7 (Fig. 2) which has the level of ground-

water far from the surface has no gypsum close to the
surface but it increases with depth which confirms the role
of evaporation and deposition of gypsum oor of the
ground-water,

DISCUSSION OF pH AND Eh VALUES OF
SOIL SAMPLES TAKEN FROM ABIS AREA

Precautions were taken, for the determination of the
redox potential (Eh), to prevent any contact between sail
and air and the armosphere. {n the field, soil samples were
taken in rectangnlar boxes, the surface of the soil sampies
is spraved immediately by a plastic material (polyester
dissolved in tolyen). The sprayed material penctrates
through the soil material to about 2 millimeters and dries
after few seconds leaving a very thin film coating the
surface of the soil sample. The Eh value was determined
in the laboratery using platinum electrodes (Zobell, 1947).
At the same time pH of soil samples was determined.

The oxidation-reduction potential or Eh values {shown
in TFable IID) of the soil samples taken from Abis area
indicates that all of them have positive values, 1.e. oxidized
conditions, except ome sample has a negative value
{~.015 V), because this sample extends 40 cm below
ground-water, This particular sample is in the weakly
oxidized zome. The oxidized Eh values of the samples
under study range between 0.105 10 0.523 V with an aver-
age of 0.408 V,

Sometimes these measurements have lower values in
the subsoil layers than the other ones (profiles 1, 2 and 4
and Table III). The other Eh values are almost constant
in the different profile layers.
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TABLE 11
ph and oxidation-reduction patential {Eh} measuremants of the samples taken from Abis sail {1871},
G, W, L.—Ground-Watar level

Kurber of Depth of Eh H Number ot Depth of Eh H

profile layer cm. Volt P prafife layer cm. Volt R
1 A 12 0.380 7.2 B 33 0.435 8.08
B 52 0.405 6.7 C 43 0.490 7.75
c 62 0.325 70 D 58 0.460 7.82
GW.L. D 77 0.218 6.9 E 73 0.497 7.20
E 97 0.265 6.8 F 83 0.485 7.50
2 A 20 0.355 6.9 g : ég g-j;g ;-ig

B 35 a.21% 7.1 . y
C 45 0.375 73 8 A 22 0468 7.05
D 57 G410 7.1 B 42 0.468 7.585
E 72 0.175 6.8 GW.L, c 62 0.473 7.50
F 82 £.390 6.9 D 82 0.458 7.28
GW.L. fj :gz g"‘gg 3'? 9 A 20 0.440 7.80
2 3 : B 39 (.450 8.20
3 A 20 0470 7.1 GW.l, c 58 0.444 7.80
G.W.L. B 50 0.440 7.1 D 78 0.444 7.70
c 70 0440 75 10 A 14 0.449 7.38
4 A 10 0525 74 B 22 0.454 7.50
B 20 0.375 6.3 c 31 0.464 7.30
c 40 G348 8.1 D 48 0.459 7.45
D 60 0.425 7.1 GW.L. E 61 0.139 7.82
G4 E 70 0.186 8.7 F a1 0.431 750
F 80 0.155 75 1 A 40 0.459 7.10
B A 18 6.310 7.40 GILL, B 58 0.439 7.10
B 25 0.300 7.60 C 75 0.377 6.85
¢ 40 0.410 7.50 12 A 20 0.377 7.40
g 50 0.430 750 B 27 0.430 7.50
GWLe B 62 0.415 40 Gwi. c 77 0.455 7.40
F 82 0.410 7.49 D 07 0.480 7.30
6 A 15 0.460 7.30 13 A 20 0.445 7.67
B 35 0.480 7.40 GW.L. B 45 D.475 7.10
C 50 0.510 6.90 c 85 ~0.015 7.30

) B8 0.510 6.80

G.W.L. = a3 0.492 6.90 14 A 25 0410 7.70
P 13 0.435 7.18 B 50 0.473 7.43
GWlL., ¢ 70 0.455 7.55
7 A 23 0.447 7.85 D a 0.435 7.48

The presence of the iron oxide and the glauconite al-
tered to dark brown iron oxides as shown by the study of
thin sections confirms the slightly oxidizing conditions
actuaily prevailing in the section. The oxidation condi-
tions found in some of the samples taken below the water
table level are maintained by the oxygen which is carned
downward by moving waters (Larsen and Chilingar, 1967}
in as much as they are not very far from surface,

The pH values of the soil samples ranged between 6.65

and 8.7. Generally, it is found in the neutral range, slightly
above or below 7, with an average of 7.4,

It is known that the oxidation of pyrite or marcasite
needs sufficient oxygen and heavy tropical rainfall (high
CO, + O,). In other words it needs very high Eh (about
900 mV} and low pH (about 2} (Fairbridge, in Larsen and
Chilingar, 1967). These conditions of pyrile oxidation are
not prevailing in Abis area, where the Eh is about 408 mV
and pH is about 7.4.

A B P
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CONCLUSION

It can be said that the gypsum formation at Abis area
cannot be due to the direct oxidation reduction process, in
as much as a suitable environment for such an oxidation
process is not available. The formation of gypsum by
evaporaiion and erystaliization out of solutions saturated
with previously formed calcium sulphate is more favoura-
ble in emvironments such as found in the Abis area, ie.

1. The ground-water is found nsar o the surface and
has both calcium and sulfate jons in sufficient quantities.

2. This ground water rises by capiliary action espe-
cially in summer until i reaches the more permeable lay-
ers, where the less soluble salts (gypsum} precipitate,

This conclusion indicates that irrigation and drainage
programs would eventually lower the rate of formation of
gypsum in Abis soil, with the important consequence from
the agricultural point of view.

ACKNOWLEDGMENTS
The authors are indebted to Professor M. M, Ei-Gab-
aly, the minisier of Agriculture, and Professor M, N, Has-
san, the Chairman of soil and water department, Faculty
of Agriculture, Alexandria University, for their valuable
help and discussions during this work.

REFERENCES

Bower, C. A, and Huss, R. B. 1948, Rapid conductometric
methad for estimating gypsum in soils. Soil Science, 66:199.

El-Wakeel, 8. K., and Wahby, 8. D. 1970. Texture and chemistry
of Lake Maryut sediments. drch Hpdrobiofogia, 67, 3:368-
3835, ¥

Ghowail, S. I, 1972, Theories of sppsum formation in some

Egypuun soils. Ph.D. thesis, Faculty of Agricelture, Alex.
andria Umiversity, Egypt.

Iackson, M. L. 1958, Soif chemical analysis, Preatice-Hall, Ine,
Engiewood Chiffs, N.J., p. 389

Larsen, G. and Chilingar, G. V. 1967, Diagenesis in sedimenic
Elsevier Publishing Company. Amsterdam, London, New
York, 351 p.

Mahlis, A. M., Morms, 5. A and El-Wakesl, S. K. 1970, The
major anions in Lake Marynt waters. Hydrobiologia, 36
2:375-294,

Richards, L. A., et al, 1954, Diagnosis and improvement of
saline and alkali soils. 1.5, Dept, Agr. Hand Book 60:160 p.

Shafie, A, 1952 Lake Mureotys, s past history and its futur
deveiopment, Bl Inst Desert. Cafro, Z(1171-101 '

Sholrt, N. M., and Philip, G. 195§ a. The geology of Madite
ranean coast between Rosctta and Bardiz. Bull Inst d’
gppre. 37:(2) Part I. Recent sediments. 377-394.

Shukri, N. M. Philip, G. and Said, R. 1955 b, The peclogy of the
Mediterranean coast between Rosesta and Bardia. Part H
Pieistocene sediments. Bull Inst. d'Egypre. 37:(2), 395444,

Wisler, C. O, and Brater, E. F. 1956, Hydrology. New York.
John Wiley and Sons, Inc. London. Chapman and Hall, hm-_
ited, p. 213,

Zobell, C. E. 1947, Stadies on redox potential of marine sedi-
ments. Hull Amer. Assor. Perrol Geol, 3(:477-513,

e e

%




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

