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CHAPTER 13

Some Calcareous Soils Developed on Recent
Quaternary Basalt in Southeast Syria

S. Khalaf, J.C. Revel, M. Guiresse, and M. Kaemmerer

L. Introduction

I
In the Haurane region, in southern Syria, there are Quaternary basalt effusions that are recent but of
varying ages in climates where the rainfall varics between 400 and 80 mm/year. Calcareous soils are
developing on this basalt.

The purpose of this study is therefore to determine the origin of CaCQ, and to seck a relationship
between certain pedogenesis factors such as age, climate and relief and the morphology of the
secondary calcite precipitations.

I1. Location and Climate
A. Geographic Situation

The soils studied are in south-east Syria, in the Haurane region (Figure 1). This region consists of a
set of sub-regions which, going from east to west, are the Safa, Haraa, the Haurane plateau itself with,
in the middle, the northemn part of the Jabal ad Duruz and, lastly, the Leja. It is situated between
longitudes 39°60" and 42° East, and latitudes 36° and 37°45' North.

The two main factors governing the evolution of the soils are age and climate. This region is purely
volcanic, made up essentially of basalt and andesites from volcanic systems of various ages. This study
is limited to lava flows and the soils that have developed on flows attributed to the recent Quaternary

. period. .

B. Climate and Bioclimate
1. Winds

The winds are an essential element in the climate since they bring rainfall. The data concerning the
winds are scarce and sometimes old (Safadi, 1956). The prevailing winds are westerly winds which
bring rain from the Mediterranean. When they blow from the north-west the temperature fails. Hot,
dry south-westerly winds from the Sahara may blow in the spring. Similar easterly and south-easterly
winds also blow from Saudi Arabia and Iraq. These easterly winds often carry dust and precede the
heavy storms in the autumn,
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Figure 1. Representation of the studied area in Syria.

2. Temperature .

The temperature data are relatively dense for the western zone which is cultivated, but there are no
teadings for the eastern part. The temperatures were intrapolated, and range between 15.5°C and
18.5°C from EI Qunaytirah at an altitude of 950 m and Der'a at an altitude of 500 m. The maximum
recorded at Der'a is 45°C, but given the absence of data for the eastern zone, it can be assumed the
maximum temperatures are even higher than that. In 1994, we recorded a temperature of 45°C on
September 15 on the edge of the Safa. It is therefore probable that higher temperatures are reached
during July and August, the hottest months. The lowest temperature, -6°C, was recorded at Damascus.
The annual amplitudes, between minimum and maximum, can reach 50°C. The daily amplitudes,
between day and night, get higher as one goes eastwards, where the climate is increasingly dry.
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3. Precipitation

The rainfall data are scarce for the eastern part of the zone, but more numerous for the western part.
In the northern part of Haraa, the rains from the Mediterranean are seriously attenuated by the heights
of the Anti Lebanon. Further south, in the region under study, the Golan plateau allows the rains to
pass through to the region of Shahba. The Leja and the Jabal ad Duruz receive approximately 400 mm
of rain a year. This mountain range, whose northern end is situated in the region of Shahba, forms
another barrier which prevents the rains from going further eastwards. At Barek, about ten kilometers
east of Jabal ad Duruz, the anmual rainfall only amounts to 250 mm. Then, going further eastwards the
ischyets appear to be very close together. According to Safadi's data (1956), there is less than 100
mn/year rainfall at the level of the Safa mountains.

Most rain falls between November and March, with the heaviest rainfall in January. In May, there
are only a few millimeters of rainfall. Then from June to September there is an absolute drought. The
rains in December, January and February are relatively abundant and continuous, whereas the
November, March and April rains are very heavy and stormy. However, going eastwards, in the Haraa
region and particularly in the Safa region, there are just two storms a year, one in the spring and the
other in the autumn, and some years one of these rains does not materialize, which means that a whole
year can go by with only one period of rainfall. Rain therefore represents the essential gradient inthe
climatic vanatmns and rainfall rapidly goes from 400 mm y ' in the Leja in the west, to an estimated
80 mm v"' in the Safa. I

According to the xerothermic index, the Leja region has an attenuated semidesert climate wuh
between 200 and 250 biologically dry days. In the Haraa to the north of Jabal ad Duruz, the climate
becomes markedly semidesert with a xerothermic index comprised between 250 and 300; lastly, on
the edges of the Haraa and in the Safa mountains, the climate is desert with a xerothermic index
comprised between 300 and 355.

C. Geology

The geological references are old and scarce: there are the works of Safadi (1956) and of Russian
geologists Kraznov et al. (1966). These latter authors identified the various lava flows for which they
gave a relative age.

~ In the region of interest (Figure 2), the zone to the north of the Jabal ad Duruz is identified as being
basalt of the old Quaternary period. All the other flows are assumed to be of the recent Quaternary
period. However, in the absence of an absolute dating, a certain number of questions can be raised.
Indeed, according to these authors the lava flow at Qraa can be dated to the Middle Bronze age on the
basis of Duberiret (1933). But, according to the works of Echallier and Revel (1996), this flow is
necessarily older than the town of Kirbet el Umbacln which was founded in the Middle Bronze age.
As a general rule, the authors classified the relative age of the flows according to their apparent
freshmess. This morphology is therefore one of the essential parameters.

ITI. Morphology of the Lava Flows and Soils
The morphological appearance of the flows can be indicative of age. Indeed, the greater the age the

more the reliefs are attenuated by erosion of the crags and filling of the hollows. The parent rock/soil
ratio and the soil evolution are characteristics that could provide useful information. So, in the rest of
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Figure 2. Geological map of the studied area with location of profiles.
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Table 1. Results of the analysis performed on the studied profiles

Profile A Lf Lg Sf Sg pH % CaCO, % OM. % Na/T
SL3 39 34 i5 2 4 8 1.3 0.63 5
Si4 40 38 12 3 2 8 14 1.1 6.25
SLS 50 20 13 5 5 7.5 1.4 0.5 1.5
SL6-1- 55 18 11 5 5 . 81 1.4 1 6
SL6-2- 62 19 6 2 9 8.1 1.4 0.75 2
CH4-1-1 18 22 9 23 22 3 36 0 20
10-25cm

CH4-1-1 35 15 8 13 29 8 24 0 20
25-45 cm 4
CH4-1-3 23 255 14 13 23.5 7.9 33 0 10
45-100 cm

CH4-2- 24 26 11 16 16 8 38 0 21
0-110 cm

SHe-1- 44 31 5 7 8 8.7 14 0.5 6
0-30 cm '

SHe6-2- 46 28 8 6 8 8.8 18.6 0.5 13
30-60 cm

SH6-3- 36 33 5 9 13 8.8 25 0.5 23
60-115¢cm

Granulometry: A: clay (0-2 um); Lf: fine silts (2-20 pm); Lg; coarse silts (20-50 um); Sf: fine sands
(50-200 pm); Sg: coarse sands (200-2000 pm); Na/T: Exchangeable sodium/Total cation exchange
capacity of the clay fraction.

. Fisr
this chapter, each lava flow will be described along with the associated soils (Table 1) starting from
the most recent to the oldest.

A. The Most Recent Flow at Shahba (Bé Q4)

The most recent flow emanates from the volcanic systems located around the town of Shahba. The lava
flow running westwards from Shahba is limited in size, excessively scoriaceous, with rocky outcrops
and sorts of depressions completely filled with pozzolan and light and very blistered scoria. The
surface cracks in the outcrops are filled with very fine earth. This earth is yellowish red (5YR 4/6) and
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has a clayey texture. The clay minerals are predominately kaolinite and illite, with a small amount of
calcite and smectite. _

Some yellowish red (5YR 4/6) fine earth was found at a depth in the scoria but it was not possible
to isolate a sufficient amount of fine matter to performa chemical analysis. The clay minerals are illite
and kaolinite.

B. The Very Recent Basalt Flows (BS Q4)

This concerns the flows at Majadel, Qraa and the Safa. Given the similar composition of these flows,
only one description will be given. The upper part sometimes consists of ropy lava several centimeters
thick. Underneath this there is a highly blistered basalt over some decimeters separating into large
slabs. The deeper one gets, the rock is less and less blistered and the prismatic flow appears. The
macromorphological appearance varies. There is sometimes a single chaotic flow revealing mumerous
spurs that isolate closed depressions and, more rarely, convex flows that are cracked in the center or

“on the periphery.

The rock appears to be bare but there is some fine earth in the small cracks. The pedological
coverage in the depressions, however, is thicker and more continuous. Given the smallness ofithe
zones covered by soil, there are no crops even in the wetter area in the west. There are many lava
tunmels. Given the different appearances of the flows at Majadel and the Safa, the soils will be studied
in both cases.

1. The Majadel Flow

® Flow lithosol (SL3): the fine earth accumulated in the cracks is 5 to 10 cm thick, of yellowish red
(5YR 4/6) color, clayey texture and the rock is covered with lichen. The clay minerals are kaolinite
and illite. The Na/T ratio is 5%, the pH is 8, and there is very little CaCO,.

® The soil in the depressions (SL4) is 22 to 25 cm thick, of yellowish red color (SYR 4/6), and
clayey texture. The clay minerals are kaolinite and illite. The Na/T ratio is 6.25%, the pH is 8, and
there is very little CaCO,. '

2. The Safa Flow

® Flow lithosol (SS2): the fine earth in the cracks is light brown (7.5YR 6/4), and the texture is silty
clay. The clay minerals are mainly kaolinite, illite, poorly crystallized smectite, and quartz. The
Na/T ratio has a value of 10%, the pH is 8.8, and CaCO, is abundant in the fine earth and
inframillimetric caliches are found under the blocks.

® The soil in the depressions (SS1) is 25 cm thick, light brown (7 5YR 6/7) in color and the texture
is silty. The Na/T ratio is 19%, the pH is 8.2 and CaCO, is abundant in the fine earth and under
the blocks breaking off from the parent rock.

C. The Recent Flow at Dama in the West (B4 Q4)

The flow on which the villages of Dama and Derdama are built is considered to be older than those
above. The shapes of the flow reliefs are very marked but the ropy lava is not apparent. The basalt is
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blistered. The surface area filled by soils in the depressions is proportionally greater than in the above
flows. In the western part villages are able to live from farming.

® Lithosol (SL5): the fine earth in the cracks is 10 cm thick, and of reddish brown (5YR 4/4) color.
The texture is clayey. The clay minerals are kaolinite and illite. The Na/T ratio is 1.5%, the pH is
7.5, and there is only a very small amount of CaCO;_The rocky outcrops are covered with lichen.
® Soil in the depression (SL6): there are two horizons:

Horizon 1, from 0 to 18 em: light brown color {7 SYR 6/4) with clay-silty texture. The clay
minerals are kaolinite and illite. The Na/T ratio is 6%, the pH is 8.1 and there is only a very small
amount of CaCQO,.

Horizon 2, from 18 to 35 cm: brown color (5 YR 4/4) with a clay-silty texttire and polyhedral
structure. The clay minerals are also kaolinite and illite. The Na/T ratio is 2%, the pH is 8.1 and
there is only a very small amount of CaCO,.

D. Soils on the Old Flow at Haraa to the East (B2 Q4) "

This flow runs in the dry part of the studied zone. Nearly all the flow is covered by soil, with only the
rocks in much greater relief standing out. At least 80% of the surface area is covered by soil, therefore

leaving only 20% of the rocks exposed. At the level of these outcrops the top of the lava is

scoriaceous. To the east of the flow, on the surface of the soil there are many blistered blocks with a
major axis of 10 to 30 cm, with a hematite patina.

The studied soil (CH4-1-) was situated between Bir el Hassa and Bir el Hussein in a very dry zone
close to rocky outcrops and was 60 to 80% covered with stones. This profile breaks down into the
following three horizons:

Horizon 1, from 0 to 25 cm: brown color (7 5YR 5/4), polyhedral structure and clay-silty texture.
The clay minerals are smectite, attapulgite and kaolinite with a small amount of quartz. The Na/T
ratio is 20%, the pH is 8 and there is a large amount of CaCO,.

Horizon 2, from 25 to 45 cm: brown color (7 5YR 5/4), and clay-silty texture. It contains rounded
blocks of blistered basalt with major axis of 10 to 20 cm and deteriorating into concentric rubble.
There is 2 to 3 cm thick stalactite caliche under the blocks.

Horizon 3, from 435 to 100 cm: brown color ( 7 5 YR 5/4), clayey texture. The clay minerals are
smectite, chlorite, attapulgite and kaolinite. Thiskhorizon is marked by the presence of a large
number of friable clusters. The diameter of these clusters does not exceed 3 cm. The Na/T ratio
is 10%, the pH is 7.9 and there is a large amount of CaCO,.

In the zones which must have been depressions, the soil contains many fewer stones than on the
surface and the profile is as follows (CH4-2-): 0 to 110 cm, light brown color (7 5 YR 6/4), silty-sandy
texture. The clay minerals are kaolinite, attapulgite, calcite and a small amount of quartz. The Na/T
ratio is 21%, the pH is 8, and there is a large amount of CaCO, throughout the profile.
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E. Soil at Haraa on the Oldest Recent Quaternary Flow (B1 Q4)

According to Kraznov et al. (1966) the oldest recent Quaternary flow is the Haraa plateau which
extends from Barek in the west to the Safa in the east between the previous flow and the Qraa. This
flow has some rare rocky outcrops buried in a horizon of limestone accurmzlations brought up to the
surface by erosion. '

The whole consists of a reg or layer of gravel covering large surfaces which are difficult to
distinguish from the soils that have developed on basalt that is much older still. The soil found here
(SH6) has the following horizons: :

Horizon 1, from 0 to 30 cm: yeliowish red color (45'/YR 5/6) and clay-siity texture. The clay
minerals are smectite, chlorite, attapulgite, kaolinite and quartz. The Na/T ratio is 6%, the pH is
8.7, and as in all the other horizons in the profile CaCO, is present but in smaller quantities.

Horizon 2, from 30 to 60 cm: reddish color (2.5 YR 4/4), clayey texture. The clay minerals are
smectite, attapulgite and kaolinite. The Na/T ratio is 13%, the pH is 8.8 and the CaCO, reaches
a higher value than in the higher horizons. At the bottom there are blocks of basalt with a major
axis of 10 cm and an onion skin cortex. The caliche can reach a thickness.of 10 cm, “

Heorizon 3, from 60 to 115 cm: red collor (2.5 Y 4/6), clayey texture, still with some basalt blocks
with onion skin deterioration. Very numerous, very irregular limestone nodules up to 10 cm long,
in upright position.

The clay minerals are smectite, attapulgite, kaolinite and chlorite. The Na/T ratio is 23%, the pH
is 8.8, and the CaCO, content is higher.

F. Origin of the Carbonates

The origin of the carbonates should be sought in the products of basalt alterations. The basalt contains
9 to 10% CaCO,, mainly in the feldspars close to the anorthite pole and also, above all, in the glasses.
Ca0 therefore does not remain in the network of one silicate and, apparently by simple contact with
rainwater, the basalt very rapidly gives off CaO which is carbonated by the CO, in the atmosphere.
"There are various possible explanations for the precipitation of calcite.

In the very clayey horizons with a prismatic structure, the calcite precipitates in the form of friable
clusters bordering on aggregates. In the center, the friable clusters may be hardened. These clusters
appear to increase with epigenesis of the clays. The attapulgite is then associated with it.

In the horizons containing the coarse elements the calcite precipitates at their base in the form of
very impure caliche since it impregnates the clayey bottom matrix. These caliches take the form of
coalescent stalactites whose thickness increases with the age of the flow.

IV. Discussion

According to the already-mentioned works of Echallier and Revel (1996), the soils on the Haraa flow
% the oldest of the recent Quaternary period % has a very long history. According to thesé authors,
a soil has become differentiated from the basalt and, while the local reworking phenomena allowed
the depressions to be filled, the basalt was altered at depth to form balls with a major axis of 10 to 30
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cm from the prisms. A period of erosion brought these blocks up to the surface, thus protecting the fine
earth from further erosion. Then, as pedogenesis continued, the blocks on the surface were covered
by the hematite film and those that remained in the soil were reduced to 10 cm at the most along the
major axis. The caliches are often 10 cm thick. _

However, according to Echallier and Revel (1996), the caliches observed in the Bronze Age
vestiges (4,500 years old) were less than one millimeter thick. The pedogenesis on the two flows at
Haraa must therefore have taken place over a very long period to allow the formation of thick caliches.
The soils and flows at Haraa are therefore very old. This was also confirmed by the existence of a
hematite film which in North Africa, in 2 climate where there is currently less than 100 mm y™* rainfall,
affects the Tensift formations (100,000 years old) or even older formations (Kaemmerer, 1987).

Whatever the climate, it appears that the ratio of soil to parent rock increases when the age of the
flow increases. The essential pedogenesis process consists of an accumulation of fine earth in the
cracks in the outcrops and on the surface of the depressions. This process can carry on for a long time
since the soil on the Haraa flow is not particularly differentiated in the depressions and, on the
contrary, has a marked alteration profile in the vicinity of rocky outcrops. It is as if, over time, the fine
particles produced accumulate in the depressions, and then overflow towards the flows which were
then subject to alteration. The rocky outcrop/fine material ratio therefore decreases over time.

The climate also has a major influence on the evolution of soils and alteration minerals. A great
accurmulation of CaCO; is noted in climates with less than 250 mm y'! rainfall, and with 400 mm/year
rainfall in the Leja a redistribution of CaCO, would be expected (Ruellan, 1969, 1971, 1980; Bock,
1984; Kaemmerer, 1987) but the calcite is not expressed (Table 2).

These earlier authors worked on calcareons materials, and found that the redistribution of calcite
in the profile rernains visible with the current rainfall of between 100 and 600 mm/year. On basalt, the
release of CaO from the rock only produces calcite when the climate is drier and with a current annual
rainfall of less than 250 mm. This was confirmed by Smolikowski (1997) who did not observe any
accumulation of CaCO, on the soils that have developed on basalt in the Cape Verde islands with 280
min/year rainfall, The thickness of the caliches under the basalt blocks appears to be consistent with
the age of the flows: inframillimetric for B5 Q4, 2 to 3 cm in the developed soils on B2 Q4 and 10 cm
in the soils at B1 Q4.

With the dryness of the climate, the Na/T ratio (exchangeable sodium/total cation exchange
capacity of the clay fraction) increases but we never saw any efflorescence in the soils. Accumulations
of nitrate and sodium sulfate have been observed in the lava tunnel in the el Kbir cave in the Haraa
flow.

As pointed out by many authors (Ruellan, 1971; Bock, 1984; and-Kaemmerer and Revel, 1991)
the attapulgite remains linked to the neogenic calcite. It is therefore found to the east of the meridian
that passes through Barek, to the east of the 250 mm y ' rainfall isohyet (Pascal et al., 1989; Lang et
al., 1990).

The other clay minerals also depend on the clira)?atic factor. Kaolinite is present everywhere,
probably due to the alteration of non-calcic minerals. The humid zones are characterized by illite,
whereas smectite and chlorite are found in the driest zones where the solutions are more concentrated.

A special mention must be made relative to the quartz contained in the fraction smaller than 2 pm.
It does not exist in the basalt and is found in the driest zone of the study either in the skeletal soils, or
on the surface of the differentiated soils on basalt or on the whole soil profile of the filled depressions.
Given that this quartz does not come from the basalt, it is probably carried by wind from the Sahara
or Arabian desert. These distant transport phenomena have been described by many authors in dry
regions but mainly to explain the carbonatation (CaCO,) of soils on non-calcic soils (Gile et al., 1966;
Ballais and Vogt, 1979; Fryrear, 1986; Rognon , 1991). The barrier formed by the Jabal ad Duruz no
doubt prevents the dust from continuing to and falling in the western part.
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Table 2. Summary of the various forms of limestone accumulation in the studied profiles

Profile Form of limestone accumulations

SL3 Very little CaCQ, in the fine earth

SS2 {Lithosol) CaCO, is abundant in the finc earth; inframillimetric caliche under the
blocks

832 (depression) CaCO0, is abundant in the fine earth

SL5 Very little CaCO, in the fine earth

SL6 Very little CaCO, in the fine earth

CH4-1- (0-25 cm)
CH4-1- (25-45 cm)

CH4-1- (45-100 cm)

CH4-2- (10-110 cmy)
SHo6 (0-30 cm)

SH6 (30-60 cm)

SH6 (60-115 cm).

Large amount of CaCO, in the fine earth
Under the blocks; stalactitic caliche, thickness 2 to 3 cm

Very large number of friable clusters; large amount of CaCO, presént in
the fine carth

Large amount of CaCO, throughout in the profile (in the fine earth)
Small amounts of CaCO, present in the fine earth

Larger amount of CaCQO, than above in the fine earth; the caliche can
reach a thickness of 10 cm

More CaCO, in the fine earth than above; very numerous, very irregular
limestone nodules, vertically elongated and up to 10 cm long

V. Conclusion

The differentiation of soils on the basalt in south-east Syria depends on the climate and the age of the

rocks.

Concerning the climate, the essential limit is the 250 mm/year isohyet:

¢ when it rains more the neogenic minerals formed from the basalt are kaolinite and illite;

® when the climate is drier than 250 mm/year the neogenic kaolinite formed from the non-calcic
minerals is still present, but the characteristic minerals are smectite and above all the
calcite/attapulgite pair;

® windborme exogenous quartz is very likely to be found in the driest zone.

Conceming the age of the flows, a few facts emerge:
® the older the flow, the more the surface of the flow is covered by loose soil, and the thicker it is;
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® the older flows (B2 Q4 and B1 Q4) have a complex history as shown by the layer of debris and
the hematite film;

® for the dry zones, the thickness of the caliches under the blocks of basalt is proportional to the age
of the flow.

The forms differentiate from precipitation of the calcite coming from basalt or coming from dusts of
wind. They present different sizes, from clay to sand and bigger sometimes. The caliches at the bottom
of pebbles have a shape like stalactite coalescent and their thickness depends on the age of basalt. The
clusters are formed in the cracks of the prismatic structure. They are constituted of white calcite crystal
powder of the size of the silts. Sometimes the center of the cluster is hardened, especially when the
age of basalt increases
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