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Microfeatures and Distribution of Calcium Carbonate
in Some Calcareous Soils of Egypt

M. M. Wahba

Soils and Water Use Department, National Research Centre,

Cairo Egypt.

HE AIM of this work is to deal with macro and micromorphology of

the forms and distribution of calcium carbonate accumulation in
some calcareous soils of Egypt. Four calcareous soil proﬁles from
El-Fayoum, Maryut, Burg El-Arab and El-Arish valley have been
chosen to study the distribution of CaCO4 in different fractions and
their pedogenic  accumulation in different shape . size , colour and
nature. Concerning the distribution of calcium carbonate in different
soil fractions, it is found in clay textured soils most of the CaCO; is
usually found in the silt and clay fractions, whereas in the clay loam
textured soils, the calcium carbonate content was rather regularly
distributed over the clay, silt and sand fractions. While the sandy clay
loam and sandy textured soils have the majority of calcium carbonate
in the sand fraction. On the other hand, most of the active CaCO4
content was within the clay fraction. The microscope investigation of
thin sections show many shapes and different formations of
carbonates. The nucleic carbonate nodules are dominant as secondary
formation in the alluvial soils of Fayoum. While in the lacustrine
deposits of Maryut grain carbonate cutans are the distinct phenomena.
In the profile of Burg El-Arab, many calcified shells and oolitic sands
are the main components of the calcareous materials in the soil mass.
Many forms of calcite have been observed in the soil of Al-Arish
valley as coarse and fine mineral grains and nodules in difterent

shapes.
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The accumulation of pedogenic calcite is a common feature in the soils of the
arid and semi-arid regions . The various climatic conditions have resulted in a
variety of forms of calcite precipitated at various depths in the different soil
types , as may be observed partly in the field , and more completely under the
microscope. In this point, Pal et al. (2001) stated that the semiarid climate
removes Ca®* jons from the soil solution by precipitating carbonate, and also
causes the ESP and sodium absorption ratio to increase with depth, Sehgal and
Stoops (1972) reported that calcite formations in soils may be of two possible
origins namely “primary” that is inherited from the parent rock and "secondary"
that is developed or formed in the soil itself. On a landscape basis, carbonate
occurs mainly in C_, horizons in mid and upper slope soils as a result of moisture
movement and ground water flux (Wang and Anderson, 2000). Magaritiz and
Amiel (1980) studied the calcium carbonate origin in some calcareous soils in
the Jordan Valley, they demonstrated that the pedogenic carbonate constitutes
about 50 % of total carbonates in the soil and the highest pedogenic carbonate
concentration occur in the finer fractions. In this point, Wider and Yaalon ( 1974 )
concluded that the size and growth of calcite are controlled by the texture of the
soil matrix. Massoud (1972) reported that CaCO; was found in various size
fraction depending on the soil forming factors mainly parent material and
climate. Abdel-Aal er al. (1990) and Wahba (1998) found that carbonate in Burg-
El-Arab soil concentrated in coarse fractions. Generally, the size of calcium
carbonate crystals is related to the dominant size fraction of soil particles
{(Abdou el al,, 1984 ).

Therefore the knowledge of carbonate fabrics (e.g. the carbonate being finely
dispcrséd, or accumulated in nodules etc.) in soils are of very great importance
for understanding genesis and several soil chemical reactions. Khadr et al. (1997)
studied the micropedological characteristics in a toposequence of the soils of
Fayoum, Egypt. They showed that typic Calcitorrerts contain micro crystalline
calcite embedded in the soil matrix. Dasog et al. (1991) found that in semi-arid
Boreal clays masepic fabric was evident from the surface down to lower solum,
whereas in sub humid soils it was confined to lower solum. Shell fragments
found in Vertisols suggest a marshy or lacustrine conditions in the early stage of
Vertisols development of the pedon sites in India { Wright,1990).
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The aim of this current work-1s to study the distribution of total and active
calcium carbonate in different soil fractions which varies in texture and genesis.
Also, the forms and fabrics of carbonate accumulation have been investigated on
the thin sections for selected samples from the soils under investigation applying
the polarizing microscope

Material and Methods

Four profiles were selected to represent calcarcous soils in Egypt. They are
located in Tamia-El-Fayoum , Maryut , Burg El-Arab and El-Arish valley. Field
description of the studied profiles were recorded according to the FAC
Guidelines (1990) and classified according to Soil Survey Staff (1999). Soil
samples were air dried and passed through a 2-mm sieve . The soil samples were
analysed for particle size distribution, pH, total soluble salts , total calcium
carbonate, organic matter content and amorphous iron and manganese extracted
by dithionite citrate bicarbonate (DCB ) buffer solution (Black er al., 1982),
active calcium carbonate according to Yaalon (1957). Micromorphological
study:thin sections were prepared according to the general procedure elaborated
by Stoops ( 1976 ), using a mixture of plastic material diluted by styrene and
accelerated by catalizer. The thin sections were examined by polarized
microscope (Zeiss) and described according lo terminology developed by
Bullock er al. (1984).

Resuits and Discssion

The main morphological features of the studied profiles are shown in Table 1.
Results of the mechanical composition profiles given in Table 2 reveal that
textural classes vary between clay, sandy clay loam, clay loam to sand. Data in
Table 3 indicate that total calcium carbonate in the studied profiles varies from
11.1 to 46.70%. The total carbonate is generally high and it either accumulates
on the subsurface layer as in profile no. (3) or increases with depth as in profiles
no. (1,2,4). These soils could be classified under the subgroups level as follows;
prefite (1) Typic Torriorthents, profiles (2,3,4) are Typic Haplocalcids.

Egypt. J. Soil. Sci. 43, No. 1 (2003)
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TABLE 1. Main morphological features of the different layers of the studied profiles.

; Colour Consistence Soit Boun-
Irof. | Loca- Topog- | Land { Parent | Drai- | Depth - ! . 7 :
N | tion. raphy | Use. | Materinl | nage om. llor. moist Dry Textare | Suuctuee | sticky | plastic Iif:: dary
0-15 A Rrownish blaek Grayish yellow ' C Ma ST PL SL Ds
10YR 22 brown 10YVR 6/2
N = ma . . .
| T“l;"" . £} t & w | 1550 | Amer | ruoenich back | Brownish gray C Ma VST | VPL MO DS
& é [ 10YR 31 I0YR 471 )
Fayoum ] <3
50-100 | €2 | Vi hrm | eevRan | € Ma | VST | veL | MO _

0-20 ApCa | Bright yeflowish | Yetlow orange S.C.L AS ST PL » 8T DS
brown 13YR6/6 10YRE/6 . =

"
" ) " .
H g E _ yell:mlsll brown Bright yellowish
2 leyllt A : 5 i w 20-60 ::MQ L0YRS% brownl6YR7S C.L SB ST PL ST BS
o -
v a8° N Bright yellowish
60-100 | 2 | (iupeg o | PrownIOVRER 1 g 7| sp .| ST |- PL 5T _
0-20 ApCa | Bright ycllowish | yellow orange S.C.L AS ‘ST PL ST DS
brown LOYR7/4 10YRA
"
= s
B & G 3 CCu | Bright yellowish | yellow orange .
3 ;I':g A g £ w | 2050 ' brown 10YR6/6 | 10YRE% - S.C.L AS ST PL ST DS
vl & 5 :
Arab = 3 L. §0-100 | €2Cr Grayish yellow dull yeliow
brown LOYRE2 orange 10YR7/2 cL S8 ST PL ST .
" 0-20 Cky Light yellow Yellow orange S SG NST NPL EX AS
El- Zx orange 10YR8/3 | 10YRB/%
-
4 Arish G -’ E -3 E e Light yellow Yellow orange ‘ .
valley A 20800 | K2 | uranpe 10vREM | 10VESS $ SG NST NPL EX _

Topography: F: Flaie; A: Almost flat; G: gently undulating; Land use: U: Unculiivated; Drainge: W: Well drained, E: Excessively drained;
Texture: C: Clay; S.C.L. sandy clay loam: C. L: Clay loam; §: Sand; Structure: Ma: massive; AS: Angular and Sub-an ular blocky; SB:
Sub-angular block; SG: Single grain; Consistence: 3T: Sticky; VST: Very sticky; NST: Non sticky; PL: Plastic; VPL: Very plastic; NPL:
Non plastic, Soil reaction: SL: Slightly calcareous; Mo: Moderately calcareous; ST: Strongly calcareous; EX: Extremely calcareous;
Boundary: DS: Diffuse boundary; AS: Abrupt smooth.
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TABLE 2. Texture analysis and some chemical characteristics of the studied profiles.

Particle size
Profile | Depth | = ;| pH | gc | OM | Fe,0, d istrilf uti.on < Textore
No. cm. =S am i % Ppm | go%t l‘;-f. % S’.:t %-"' class
. 200u 20u 20-2e <2u
(1) 0-15 ¢ Ap | 817 13] 123 | 7220 | 1326 | 27.00 | 11.27 | 4837 | Ciay
El- 1550 (At g2 117 a1 | 7080 [ 1233 (2367 21.72 1 4228 | Clay
Fayoum | 50.100 | C ! 8.2 ;1.8 ( £.00 | 7480 | 570 {2029 | 2349 | 50.52 | Clay
2) 020 [* |82 i056) 088 | 2405 | 29 1451 | 197 | 323 | S.CL |
Maryut | 20-60- ":’:‘ 851050 | 0.65 | 2770 | 22 | 3L1 | 302 365 ;: (.0,
I 60-100 | C2a | 8.4 0.9 | 050 | 2500 | 15 | 355 | 268 | 331 | C.L
(3) 0-20 | *e | 8311397 0.75 | 2115 | 430 {5010 | 21.70 | 239 | S CL
Burg El-| 20-S0 1€l | g | 145] 0.66 | 2202 | 370 [41.50 [ 26.10 | 287 | S.C.L
Arab [ 50-100 i€ | 7981151 | 045 [ 2280 | 330 | 2740 3360 | 357 | C.L
£l 9-20 Okt 85 [045] 034 | 1451 | 3330 {4570 ; 810 | 1290 | Sand
El-Arish | 2080 | Ck2 | 8.6 |021 G4 ! 1500 | 29.10 { 47.90 | 950 | 1350 | Sand
Valley -

TABLE 3. Distribution of

otal and active carbonate contents in the different fractions

Total CaCO; fractions % of Active | Active CaCO,
= carbonate total CaCO; carbonate | fractions Yeof total
Location | § £ | intotal. ln fotad | CaCo,
- pr———
. i ':;?'}:f cand ::; silt [ Clay | s08% . opg :,'::l silt. | clay
Tamia 0-15 tL0 1 1050 | 1880 | 303G | 4040 9.7 432 {10321 15,53 | 7113
EiL- 1550 1250 1 1140 | 2030 | 2490 | 43.40 9.1 33 | fos 12308 | 6264
Favoum | 510 | - s 17.80 | 1510 | 2230 | 4080 102 1.9 | 1196 | 1861 | 61.65
Tom 1570 301 | 6AB | 895 | 2646 TK] 126 | 2101 | 335 1 4748 1
Maryut | 2868 2570 | 175 | 31.01 | 3140 | 3484 12.7 0.79 ; 1457 | 3992 | 44.7:
|, i 60-100 340 | 096 | 3537 1 31.19 | 3248 13.3 0.75 | 1955 § 33.08 | 46.62
[ 3130 825 | 4751 | 2589 | 1834 125 7.4 | 1840 | 32.80 | 4640
Burg El- o7 604 | 5963 | 1637 | 1796 144 | 278 | 1597 | 33 | 4723
Anab g 39.94 250 | 3005 | 3285 | 3490 155 193 | 968 | 3729 | 5110
Fl-Arish | 920 Ty 3640 | 4360 | 7.87 | 1213 44 680 | 2045 | 34.11 | 3864
valley | 20480 | . 578 3812 | 4218 | 835 | 1135 51 |sst juslnaggen

The distribution of total carbonate among the particle size fractions are
summarised in Table 3 and Fig. 1. According to soil texture, the profiles under

consideration can be grouped into 3 groups:

Group | : clay
Group 2 ; clay loam
Group 3 : sandy clay loam and sand.

Egypr. J. Soil. Sci. 43, No. | (2003)
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CacOo¥h distribution ln sample(2) clay. .Gat03% distribution in sample(1) clay
11.40% -
cabg 10.50%
43.40% 20.30% 40.40% c.sand 18.80%
ciay r.sand ) clay s
24.90% 30.30%

it it

—

TaCO3% distribution In sample{4) S.C.L.

CaC03 distribution in sample (3] clay.

1 T
|
) ) b
2agy 1% ! | 17.80%
clay ©3ane ! : 40.80% c.eamd
|
! |
8.95% 1.48% I I
it 1.sanc i
|
o
i
CaCOM, distribution tn sample {6) C.L. : CaCOY% distribution in sampie (5) C.L.
|
0.66% | 1.75%
24 csnd 3537y | 34.84% ceand  31LI%
clay f.3800 i clay {.sand
i
31.19% ¢ 32.40%
™ "

CaCO% distribution in sampie{8) S.C.L.

17.95% 6.04%
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|
: 18.34% B.25%
sy S i clay c.sand
18.37%
sitt H
50.63% | 25-3_: 47.52%
Lsand i si f.sand
i
CaC0¥% distribution in sample {10} sand .
12.13% CaCO3% distribution {n semple (3} C.L.
Tar o 36.40% 250%
sit ¢.sand 34.90% csand  30.05%
: clay f.sand !
£3.60%
tsand o, 32.55%
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Fig. 1. Calcium carbonate distribution % for the sampled soils.
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For the group (1) : The majority of calcium carbonate content in this soil was
within the clay fraction. These results are in agreement with, Bui er al. (1990),
and Sobecki and Wilding (1983). In the same respect, the predominance of clay
and silt size carbonate is indicative of pedogenic secondary carbonates . Negm ef al.
(1990) added that the high content of CaCO; in the clay fraction can be
attributed to the transportation and sedimentation processes of these soils in
aqueous medium. On the other hand, when calcium carbonate found in clay or
silt size it will be more effective on crust formation in calcareous soil.

For the group (2) : In clay loam soils (profiles 2 and 3; at a depth of 20-100
cm), the calcium carbonate content was rather regularly distributed over the clay
, silt and sand fractions. Wider and Yaalon (1974) referred that the sizc and
growth of calcite are controlled by the texturc of the soil matrix.

For the group (3) : In sandy clay loam and sandy texture (Burg El-Arab and
El-Arish), the majority of the calcium carbonate was within the sand fraction
{2-0.05mm). These results coincide with Harga and El-Shazly(1982) and Rabic
et al. (1993), who concluded that the main origin of these soils are the oolitic
sand minerals. .

Active calcium carbonate

In Table 3, it is apparent that the active carbonate content in the different
fractions follows the order clay > silt > sand for all samples, the majority of
calcium carbonate within the clay fraction. These results indicate that the clay
and silt fractions are the main factors controlling the active carbonate content.

Micromorphological characteristics of the profiles

It is very important in dealing with calcareous soil to recognize the form
(shape, size and distribution) of carbonate particles, as total percentage of
carbonates can be inadequate guide , i.e two types of soils may have distinctly
different properties although they contain the same quantity of calcium carbonate
when calcium or magnesium carbonates are present in soil as fine crystallites in
the plasma resulting in a compact porphyroskelic groundmass fabric, they may
have different chemical and physical processes in the soils.The systematic
microscopic description of soil thin sections are cited in Table 4 .

Egypt. J. Soil. Sci. 43, No. 1 (2003
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* TABLE 4. The micromorphological features of the studied profiles.

[ Profile Ground mass
No. Coarse materials Fine materials Organic maiter CIF relsted Yoids Pedofeniures.
distribution H L
Tamia Few large grains in the Clay medium and fine Organic matter is | porphyric and the | In the surface layers Some large and small diffuse irregular nedules rich in
El- surface and subsurface | silt mixed with O.M. and | composed of b-fabric is some large chambers and ) ials. Few small nodules of pure
Fayoum | layers, the whole profile | iron oxides, crystic some plant rests speckied in the Many large metd-vughs. | caleium carbonate crystallives, and mamy small
contains few fine grains, | plasatic, fabric is of brown color in | surface layer. pletely rounded of iron compl
20-50cm | quarntz, feldspars, mia dominans, some pasts different decom- ore cbserved in Lhis Jayer and few diffused neoferrans
{¢lay) some opaque and otlicr show the speckled and positions stapes. arouad some channcls and planes,
trans! imeral moasic speckled b-fabric.
Maryut | Grains are mostly sub- The fine material is In the sub-surface | Many chitionic The voids are mainly of | The cutanic feature observed in calcareous soils are
angular calcite.crysialis | composed mainly of layers therc aren | locally gefuric simple and compound cuians, organic cutans and iron-mangancss culans
20-50¢m | of silt 1o fine and size mitro- calcium carbonate | few organic and enawlic. packing voids. Ortho- with grains calcium earbonate.
{clay loam) | associated with quanz patticles, it is rich in materials in meta-vughs in the
and other mineral carbonate and iron different stages of samples which have
crystals. compounds. decomposition. coarse texturs arc uiso
) observed.
Burg EL- | Meso and macro grains Yellowish brown to dark | Few dack enauli¢, chitionic | The dominant voids ar¢ | Many large fragments of long shape striated
Arab arc dominant moderately | brown , mainly clay and | punctuation. besides close and | compound packing completely calcified shells, some have dark brown
sarted, different shapes sil sized minerals mixed open poryphyric. § voids, itregular inter- color, and some iron nodules.
20-50cm | ;dominant quariz, with amorphous connecled different size
{sandy clay | feldspars, caleite, and compound of Fe and Ma. vughs.
loam) heavy minerals.
El-Arish | Single and compound The fine material is mainly gefuric Simple and compound Various shapes and specics of shells partly or
Valley mineral grains, composed mainfy and chitionic. packing voids. completely calcified, have coarse sand size and many
dominantly quanz, poly- | inherited caicareous None micro crysialline calcite nodules and small orthic
crystalline quartz and nodules which shaw ferrogenous nodules.
caleite. distinct i | Tubric,

911
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Tamia, El-Fayoum (clay texture)

Few small nodules of pure calcium carbonate crystallites are observed, photo
(1), these nodules according to internal fabrics are nucleic and aggregate of
external morphology. C/F related distribution is porphyric which associates with
the textural clay. On Nile alluvial soils the presence of CaCO;y of secondary
formation accumulations at the soil surface due to water evaporation and the
subsequent transformation of soluble Ca(HCOQ,); into CaCO4. The high amount
of lime nodules is noticed in the alluvial soils, particularly in soil affected by
fluctuating water table associated mostly with inadequate drainage conditions.

Photo 1. El-Fayoum, large and small diffuse irregular calcareous nodules. Profile
(1). 15-50cm. 80x.

Maryut (clay loam texture)

It is noticed that the fine material is composed mainly of micro-calcium
carbonate particles, and the grain cutanic features are common. The calcite
nodules are irregularly distributed through out the profile, as a result of the less
amounts of percolating rain water, and the high rate of evaporation in such arid
climatic conditions, in same cases these calcareous complex nodules are
enriched with iron and manganese compounds (photo 2). With regard to the fine

Egwpt. L Soill Sci. 43, No. | (2003)
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material, it is composed mainly of micro calcium carbonate particles and the
grains (coarse materials) are mostly sub-angular calcite crystals of silt to fine
sand size associated with quartz. These findings coincide with Wang and
Andreson (2000) they found that in the Cca horizons, carbonate in clay and fine
silt fractions is mostly calcite. Calcitic coatings on the surfaces of both silt and
sand particles forming the oolitic sands.

Photo 2. Maryut, complex nodules of calcism carbonate and amorphous iren
" compounds: Profile (2) 20-60cm. 50x '

Burg El-Arab (sandy clay loam texture)

From the pedofeatures anany large fragments of long shape striated
completely or partly calcified shells (photo 3). The high proportion of the calcified
shells and oolitic sands, relatively stable, form an essential part of the soil mass
and regarded in such marine or lacustrine sediments as skeleton grains. These
shells exhibit very dense internal fabric which is reflected on their hardness. It is
evident that the North Western Coast was covered for a certain period by
seawater. In such conditions saturated suspension of soluble calcium bicarbonate
are crystalized and deposited by abrupt evaporation consequently fine crystallites
are formed in between the relative large shells and oolitic sands acting as strong tinkage.
The chemical weathering is mainly responsible for the formation of these soils.

Egypt. J. Soil Sci. 43, No, 1(2003)
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Photo 3. Burg-El-Arab, Surface layer, striated shells, partly calcified. Profil (3).
20-50cm. 50x. :

El-Arish vailey (sandy texture)

The pedofeatures in this profile have various shapes and species of shells
parily or completely calcified (photo 4), have coarse sand size and many micro
crystalline calcite nodules. The rounded shape of caicite nodules with sharp
boundary may be transported with alluvial sediments, by wind. Generally,
geomorpholgy of El-Arish valley consists of three conspicuous parent material
is mostly dominated by calcareous sediments which derived from Pliocene and
Miocene limestone. Due to the prevailing arid envirornmental conditions in this
region, physical weathering seems to dominate and to act on the redeposit
sediments.

The pattern of carbonate distribution in the different soil fractions can be
explained as follows : in coarse textured soil , the calcite crystals can be
precipitated and grow in the wide vughs. In clayey textured soil the pores and
vughs are mainly of fine-size, the calcite crystals can not reach coarse size and
remain in fine fractions.

Egvypt. J. Soil. Sci. 43, No. I (2003)
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Photo 4. El-Arish valley, Shell fragment completely calcified. Profile (4) 20-80cm.
S50x. ’

Conclusion

The active CaCO; associated with clay textured soil (as in the alluvial
sediments of Fayoum) characterised by porphyric related distribution mostly
form nodulic pedofeatures as a result of fluctuation of water table saturated with
Ca (HCO,),. While in the lacustrine sediments (as in Maryut profile) CaCOj is
precipitated from the saline sea water as small crystallites of calcite either
forming the fine material in the ground mass or as cutanic features around quartz
or feldspars grains which is well known as oolitic sand. However in the sandy
calcareous soils particularly in the marine and lacustrine deposits the calcified
shells are forming a considerable proportion of the coarse component as sand
fractions while the active calcium carbonate are relatively very limited.

The calcareous pedofeatures as small nodules or oolitic sands can be
transported by wind and deposited in another region as in El-Arish valley,
causing an increase in the total calcium carbonate content but not in the active
fraction.

Egypt. J. Soil Sci. 43, No. 1(2003)
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Therefore, the total ‘carbonate content is not the only effective parameter in
the soil but the proportion of the active CaCO; which influence the
pedofeatures and consequently the physicochemical and hydrological reactions.
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