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STELLINGEN

I
Een systematische morfologische analyse van geconserveerde bodemprofielen (lak-
proficlen) draagt op efficiénte wijze bijj tot de kennis van bodemvorming en bodem-

geschiktheid.

Dit proefschrift

It
Voor het verkrijgen van gegevens over doorlatendheid, vochthuishouding, zout-
uitspoeling, beworteling en structuurstabiliteit van het gehele bodemprofiel, dient meer
gebruik te worden gemaakt van ongestoorde grondkolommen, zo mogelijk reeds
tijdens het veldwerk. :

ut
Het grote verschil in bodemvorming tussen de westelijke en de oostelijke Secundaire
Laagten van het Konya Bekken, is het gevolg van verschil in hydrologie.

Dit proefschrift

v
De bodem dient te worden beschermd tegen elke vorm van vervuiling.

Punt 6 van het concept Europecs Handvest voor de Bodem, Straatsburg 1971

v -
In semi-aride gebieden zijn vegetatie en landgebruik onbetrouwbare elementen bij
het interpreteren van luchtfoto’s voor bodemkundige doeleinden.

VI
De moderne 'remote sensing’ heeft weinig waarde als hulpmiddel bij het uitvoeren

van regionale bodemkarteringen.

VII
Het oude Konya Meer heeft twee recessiefasen gekend, elk met kleine fluctuaties als
gevolg van variaties in het klimaat, en geen zes zoals door Cohen & Erol (1970) wordt
verondersteld.

Dit procfschrift



YIII
De keuze van landbouwstelsel en gewassen in de tropen en subtropen dient in de
eerste plaats te worden bepaald door klimaat en regionale bodemgesteldheid.

IX

Bij het in cultuur brengen van afvoerloze laagten in semi-aride gebieden, zoals de
Secundaire Laagten van het Konya Bekken, wordt onvoldoende rekening gehouden
met nadelige effecten op langere termijn; zulke gebieden kunnen beter worden
bestemd voor natuurreservaat. '

X
Open zeilkatamarans {tweerompsboten) zijn door hun bijzondere eigenschappen het
aangewezen boottype voor de watersport in de kustwateren, op de Randmeren en op
de Zeeuwse stromen.

Proefschrift van T. de Meester
Wageningen, 2 april 1971
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Samenvatting

Zeer kalkrijke bodems in meefafzettingen van het Konya Bekken, Turkije

. Het Konya Bekken, in het zuidelijk deel van het Centraal Plateau van Anatolié in
Turkije, is een hoogvlakie van ca. 1 miljoen hectare, omsloten door heuvels en bergen,
Het heeft geen bovengrondse afvoer naar zee. Het centrale deel, de Meervlakte, was
eens de bodem van een pleistoceen meer. Het bestaat nu uit zeer kalkrijke klei en is
omgeven door cude strandwallen. De bodemgesteldheid van de Meervlakte werd in
de zomerseizoenen van 1964-1968 onderzocht als onderdeel van een oefen- en onder-
zoekproject (het Konya Project) van de afdeling Tropische Bodemkunde van de
Landbouwhogeschool te Wageningen. De resultaten werden vastgelegd in vijf publi-
katies, waarvan dit de laatste is.

De geologische vormingsgeschiedenis gedurende het kwartair werd in grote lijnen
gereconstrueerd met behulp van bestaande klimaatsindelingen, aangevuld met eigen
waarnemingen. Verondersteld werd, dat het Oude Konyameer omstreeks 16000 v. Chr,
volledig opdroogde en dat omstreeks 9000 v. Chr. een vijftal secundaire laagten zich
weer met water vulden tot ondiepe meren en moerassen, welke sindsdien geleidelijk
zijn opgedroogd.

De bodemvorming vond voornamelijk plaats in zeer uniforme witte kalkrijke klei,
maar als gevolg van de vroegere en huidige waterhuishouding, topografie en vegetatie
ontstonden duidelijke verschillen. De bodemgesteldheid werd uitvoerig bestudeerd op
regionale grondslag en gekarteerd. De drie hoofdtypen zijn: de ‘Steppe Marl Soils’,
de ‘Marsh Marl Soils’ en de ‘Playa Marl Soils’. Laatstgenoemde komen bijna uit-
sluitend voor ten noorden en ten oosten van de stad Karapinar. De profielbeschrijvin-
gen en andere gegevens van veertien karakteristicke bodems werden weergegeven in
tabellen, voorzien van een structuurtekening of profielfoto.

Lakprofielen werden gebruikt voor een nauwkeurige studie en beschrijving van het
bodemmateriaal, waarbij voornamelijk de door bodemvorming ontstane elementen
en de scheurtjes en porién de aandacht hadden. De betreffende terminologie werd
ontleend aan Brewer. Het gebruik van lakprofielen vormde een goede aanvulling op
de veldgegevens, terwijl op slijpplaatjes kon worden bezuinigd.

Het bleek dat een grote biologische activiteit (vermoedelijk van wormen) in heden
en verleden tot op een diepte van enkele meters de voornaamste oorzaak is van de
structuurvorming; ook de invloed van recente ontginning en van irrigatie werd aan-

getoond en verklaard.
De textuur en de mineralogische samenstelling van deze zeer kalkrijke gronden



bleek die van een ‘silty clay’ te zijn. Na verwijdering van de carbonaten is de textuur
fets zwaarder. De carbonaten, voornamelijk calciumcarbonaat in de vorm van calciet,
nemen van de ‘silt’ fractie slechts een iets groter de¢l in dan van de “¢lay” fractie. De
kleimineralen behoren voornamelijk tot de smectict-groep; palygorskiet is in enkele
monsters aanwezig. Uit chemische analyses en rontgenanalyses en vit waarnemingen
aan slijpplaatjes kon worden afgeleid, dat de kalkrijke klei, het moedermateriaal van
de gronden, een afzetting is die voor ca. 609 bestaat uit chemisch neergeslagen cal-
ciet, uit schelpdeeltjes, uit kalkslib van rivieren of van abrasie en uit kalkstof. De rest
bestaat uit kleimineralen, deels in situ gevormd en deels, evenals de mmerale zand-
korrels, afkomstig van slib uit rivieren, abrasie en stof. :

De landbouwkundige geschiktheid van ‘Steppe Marl Soils’ werd voornamell_]k be-
studeerd met behulp van de resultaten van het lakprofielonderzoek; eigen waar-
nemingen en literatuurgegevens vulden ze aan. De gevolgde methode van onderzoek
was niet nieuw, doch werd verbeterd en aangepast. Structuur, vochttoestand, vocht-
huishouding en chemische bodemvruchtbaarheid werden vergeleken met die van een
voor de streek ‘ideale’ grond. De afwiikingen daarvan werden geschat en vervolgens
werd beoordeeld in hoeverre de geconstateerde gebreken zouden kunnen worden ver-
beterd onder de drie mogelijke landbouwsystemen: droge landbouw zonder bemesting,
droge landbouw met bemesting en geirrigeerde landbouw met bemesting, Tenslotte
werd voor elk van deze drie systemen de landbouwkundige geschiktheid van de bodem
vastgesteld in een schaal van vier klassen: goed, matig, beperkt en ongeschikt.-

De ‘Steppe Marl Soils’ bleken onder de droge landbouwsystemen te vallen in de
klasse ‘ongeschikt’ of ‘beperkt’ (voornamelijk als gevolg van vochtgebrek) en in de
klasse ‘beperkt’ onder het geirrigeerde systeem (voornamelijk als gevolg van slemp-
gevoeligheid en van een onvoldoende reactie op bemesting). Alleen met zeer moderne
cultuurmethoden, gebaseerd op plaatselijk onderzoek, zoals in Israél en Florida ge-
beurt, kunnen dergelijke zeer kalkrijke gronden in de klasse ‘matig’ komen.
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1 Introduction

1.1 The subject

The Great Konya Basin is situated about 300 km south of Ankara at an altitude
of 1000-1050 m.

Stafl and students of the Department of Tropical Soil Science of the Agricultural
University in Wageningen have studied its soils and made a reconnaissance survey of
the whole Basin and semidectailed surveys of certain parts, with the assistance of
Turkish soil scientists. Results have been published by Groneman (1968), Driessen &
de Meester (1969) and de Meester (1970). Driessen (1970) studied soil salinity and
alkalinity and Janssen (1970c) soil fertility. The present work covers the highly
calcareous lacustrine soils in the central part of the Basin, the Lacustrine Plain, mainly
consisting of clayey Marl Soils.

Because of its complicated history as an ancient lake floor, and its soil formation,
soil physics and agriculture, this Lacustrine Plain seems the most interesting part of
the Great Konya Basin.

Much of the work has been on the detailed morphology of preserved soil profiles
called *soil peels’. The information from these laboratory studies have allowed much
better interpretations about soil formation and suitability than field studies alone,

Suitability under three management systems, including irrigation, has been assessed
by comparing the properties of the soils with those of an ideal soil. This assessment
has gained special relevance since the Turkish government has a plan to irrigate large
tracts of the Lacustrine Plain.

Lacustrine soils with similar geogenesis, topography and soil formation are rare,
and where they occur the soils are usually poor and salt-affected. Published studies
are mainly on carbonate mincralogy as in Australia (Alderman & Skinner, 1957) or
geomorphology as at Lake Bonneville in the United States (Gilbert, 1890; Graf et al.,
1961). There is little opportunity for comparison of the soils with others elsewhere.

As to the agricultural value of highly calcareous soils, the only useful information
is on Lisan marls in Israel (Dan et al., 1962), and Perrine marls in Florida (Smith ef al.,
1967), but for several reasons these marls are only partially comparable with those in
the Basin. ‘
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1.2 Terminology and definitions for highly calcareous soils

Soils containing considerable quantities of calcium carbonate and magnesium
carbonate are common. They have been haphazardly called, for instance, marls,
calcareous soils and lime soils. So it seems useful to define current terms to be used
in this publication.

Lime, according to Webster’s Third New International Dictionary is ‘(a) a caustic,
highly infusible solid that consists of calcium oxide often together with magnesia and
is obtained by calcining limestone shells and other forms of calcium carbonate, (b)
hydrated lime, and (c) calcium,” The term ‘lime’ is in common use in geology (‘lime-
stone’) and soil chemistry (‘liming a field’). In soil science secondary carbonates are
often referred to as secondary lime nodules etc.

In this study the use of the word ‘lime’ will hereafter be avoided.

Calcareous, according to Webster, is ‘(a) resembling calcite or calcium carbonate
especially in hardness, (b) consisting of or containing calcium carbonate, also con-
taining calcium.’ ’

The term ‘calcareous soil” is in common use in soil science. It refers to the presence
of calcium and magnesium carbonates in the soil.

The term calcareous will be used only in a general way, as in the title of this publi-
cation and in field descriptions. In the field the following differentation may be made
on the basis of effervescence with 105 hydrochloric acid:

audible, not visible: slightly calcareous (3-10%, CaCO; equivalent)

clearly visible : moderately calcareous (10-30%7)

almost explosive : highly calcareous (> 30%)

The term calcareous will also be used to indicate secondary carbonate seggregations,
such as calcareous nodules or calcareous concretions.

Carbonates Webster defines a carbonate as ‘a salt or ester of carbonic acid’ (H,CO,)
and carbonic as ‘relating to or derived from carbon, carbonic actd or carbondioxides’,

The word is widely used in physical chemistry of soils, Handbook 60 (Diagnosis,
1954) states: ‘the alkaline earth carbonates that occur in significant amount in soils
consist of calcite, dolomite and possibly magnesite’. The 7th Approximation (Soil
Classification 1960) applies the expression ‘fine earth carbonates’ in the same sense.
The term refers to qualitative and quantitative analysis and not to field estimations,

The usval way to express the alkaline earth carbonates of the soil is by determining
the calcium carbonate equivalent by the methods of Scheibler {Diagnosis, 1954), which
are based on the production of CO, with acid. But this may cause errors up to about
16%; if carbonates of magnesium are present.

In this study the term ‘carbonate equivalent’ will be used where the calcium or
magnesium carbonate content of a soil can be better specified than with the words
slightly, moderately or highly calcareous mentioned above.

2



Carbonatic has been introduced in the 1967 Supplement to the 7th Approximation
(Soil Classification, 1960) to indicate a soil mineral group as a family characteristic
of highly calcareous soils, The term 1s used as follows:
sandy, silty and loamy soils are carbonatic when they contain over 40% (w/w) car-

bonates (as CaCO;) and gypsum, and when carbonates make up more than 659

of the sum of carbonates plus gypsum
loamy, silty and clayey soils are fine-carbonatic when more than a third of the fraction

<< 2 um consists of carbonates and the apparent texture of the soil is fine-loamy,
fine-silty or clayey. Particle-size classes are not mentioned; the soil is referred to
as just fine carbonatic,

Hereafter term ‘carbonatic’ will be adopted for the highly calcareous soils of the
Basin. But instead of solely mentioning ‘fine carbonatic soil’ the texture class will
always be added as in ‘carbonatic clay-loam’ and ‘carbonatic clay’.

The term ‘carbonatic’ will mainly be used in descriptions and discussions of well
analysed highly calcareous soils.

Marl, chalk and tuyfa indicate geogcnet:c differences between highly calcareous
sediments,

According 1o Webster, marl is a ‘loose and crumbly deposit (as of sand, silt or clay)
that contains a substantial amount of calcium carbonate’, The term is used mainly
in geology and the cement industry for a mixture of fine-grained lime and fine terra-
genous material.

Pettijohn (1957) indicates marls as ‘certain friable earths accumulated in recent or
present-day freshwater lakes.”

According to a petrographic classification, marl should contain 35-65% carbonate
Other mixtures are indicated with terms as ‘limey marl’ (65-759{ carbonate) and
‘clayey marl’ (25-35% carbonate).

In soils, marl often coincides with peat. Brady (1965) states that ‘in many cases
peat soils are underlain at varying depths by a soft impure calcium carbonate, called
boglime or marl.’ The Soil Survey Manual (1951) mentions that marl (defined as by
Webster) is usually formed in lakes and ponds and that the calcium carbonate may
have originated from the calcareous remains of the alga Chara (Chara marl), from
mollusc shells (shell marls) or from simple precipitation from solution,

As in Kellogg (1956) the term *marl’ will be used hereafter as defined by Webster
as a convenient name for the highly calcareous, lacustrineg clay soils of the ancient
lake floor, which indeed contain 30-70% calcium or magnesium carbonate.

The word is zlso used to indicate soil associations or soil series, as in ‘Marl Soils’,

Webster defines chalk as ‘a soft white gray, or buff limestone chiefly composed of
the shells of Foraminifera.’

Pettijohn (1957) refers to chalk as a porous fine-textured somewhat friable material
which is normally white and consists almost wholly of calcium carbonate as calcite
and formed mainly by accumulation of the remains of planktonic calcareous micro-
organisms. But he adds that the term ‘chalk’ is used in geology for a wide variety of

3



carbonate deposits. Other authors call chalk any lmestone that is soft.

In this study the term chalk is used in ‘Chalk Soils’ as a substitute for the soil
association ‘Soft Lime Soils’ (de Meester, 1970), a soft sediment which contains up
to about 98% calcium carbonate equivalent.

According to Webster fufa is ‘a porous rock formed as a deposit from springs and
streams.’

Pettijohn (1957) calls calcareous tufa a purely chemical precipitate from super
saturated soluticns, being the product of local precipitation in springs, lakes and in
the soil profile. It may be deposited on plant stems and has a high porosity and a
spongy character. It is weak and semi-friable, and restricted to recent or Quarternary
deposits.

The term tufa will be used in ‘Tufa Soils’, to replace the term ‘Marsh Soils’ used
for the soil association in the Ashim swamps, where the calcium carbonate equivalent
reaches 90%,.

In genetic systems highly calcareous soils have been called by various names, such
as Pedocals (Marbut, 1935), terra calxis (Kubiéna 1953), calcimorphic soils, calci or
calcitic soils (in: Bunting, 1967). These terms will be ignored here, as it seemed pru-
dent to adhere in this study to the soil classification of the 1967 edition of the 7th Ap-
proximation (Soil Classification, 1960). In this classification caleic horizon isused of a
diagnostic horizon that ‘includes horizons of secondary carbonate enrichment that are
more than 15 cm thick, have a calcium carbonate equivalent content of more than 15
percent, and have at least 5 percent more calcium carbonate equivalent than the C
horizon. If no C horizon is present, and the calcic horizon is not indurated, it is more
than 15 cm thick, has a calcium carbonate equivalent content of more than 15 per-
cent and contains more than § percent, by volume, of identifiable secondary carbo-
nates in concretions or soft powdery forms.’

1.3 The Great Konya Basin

1.3.1 General data

The Great Konya Basin is one of saveral drainless areas on the Central Anatolian
Plateau, which is itself also a closed basin (Fig. 1). Several rivers flow into it from all
sides (except the north) giving rise to marshes and several lakes in its central part.
Their catchment area is a belt of mountains surrounding the Basin but in the southeast
the River Carsamba extends its catchment area far into the mountains, including the
large Beysehir Lake. This river begins in the lake’s only outlet and is fairly well
regulated by dams; its vearly discharge is about 400 x 106 m3.

The ciimare is semi-arid with hot dry summers and cold moist winters, The annual
precipitation is about 300 mm, mainly falling from November to April. Total evapo-
ration exceeds precipitation by 1000 to 1500 mm. Northern winds prevail, but westerly

4



Fig. 1. Position of the Central Anatolian Basin and its constituent basins.

‘}'—\, rivars 8, === =

— —— i ) )
_— present [akes ”~ limit of central Anatolian basin
“ZZE Ancient Konya Lake #*=%eu  [|imit of constituent basins

Sekil 1. Orta Anadolu Cukuriufunun ve alt bsliimlerinin yerleri.

storms occur in winter, southerly storms in summer, The frost-free season is about
165 days.

As to the geology, according to de Ridder (1965), the Great Konya Basin is struc-
tural and is in the south bordered by the complicated group of Devonian and Permo-
Carboniferous limestones, schists and Cretaceous limestones of the Toros Range.
Tromp (1947) mentions serpentine intrusions, one of which borders the Basin south-
east of Konya. In the north and east the borderline is formed by the Anatolides, a
mountain chain chiefly consisting of Palaeozoic sediments, schists and igneous rocks,
and covered by Mesozoic limestones.

During the Tertiary uplifting the Anatolian dome broke and subsided with respect
to the flanks, giving rise to large depressions filling with water during much of the
Tertiary and Pleistocene periods. In this water alternating layers of clay and fresh-
water limestone were deposited during the Neogene, at present cropping out at several
places along the Basin fringes and also present in the Basin at various depths due to
faulting and folding (Ketin, 1966),

There is evidence that a large, shallow lake existed in the late Pleistocene, which is
hereafter referred to as the Ancient Konya Lake. The Quarternary history of this
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lake will be discussed in Chapter 2.

During the Miccene period, after the uplift had stopped, volcanic activity started,
presumably first near Konya (Westerveld, 1957). This resulted in a zone with several
volcanoes around the eastern part of the Basin with widespread andesite, dacite,
basalt and tuff.

Information about the substrata is available from a few core-drillings, mainly in
the western part. The deepest were 400 metres and did not reach the bottom of the
sediments but ended in heavy clays, probably of Eocene-Oligocene age. The sediments
include clastics (clay, marl, sand, gravel and conglomerates) as well as hard and
cavernous freshwater limestones intercalated in many places by beds of soft chalk,
They must have been formed by chemical and biochemical precipitation from lake
water during the Neogene and possibly also during the Pleistocene although there is
no evidence for this (de Ridder, 1965}.

1.3.2 Soils of the Great Konya Basin

Soil associations The soil associations were distinguished mainly by physiography.
A simplification of the soil map of de Meester (1970; Fig. 2) shows the broad soil
associations only, The schematic cross-sections of Fig. 3 illustrate the topography
along three traverses.

The very flat plains with Marl Soils (Lm) in the central part of the Basin aie the
dried-up floor of the Ancient Konya Lake. This floor is covered along its southern
and western limits by alluvial sediments (A, alluvial fans). The River Carsamba Fan
(Ac) is by far the biggest and is a former delta rather than a fan.

Elsewhere along the fringe narrow belts of hillwash were deposited in the form of
steep Colluvial Slopes (C), but also as gently sloping piedmont plains or Bajadas (B).
C and B together will be referred to as the Piedmont Zone (de Meester et al., 1966).

Remnants of Neogene Structural Terraces (T) occur locally. The terraces have
different but indistinct levels. The highest levels (Th}, however, are undulating and
incised by erosion whilst the lower are relatively flat. The lowest, Tc, is close to the
ancient lake level, '

The former shoreline of the ancient lake is still marked by Sandridges (Lr), which
have locally been levelled off into Sandplains and Beaches (Lp).

Where the Basin narrows, near Karapinar, a large body of sand was deposited
which has become an area of Sand dunes (Dd) and there is also an area with sand
dunes of much older origin (Do),

Several poorly drained areas, in depressions or at the springline of alluvial fans or
the piedmont zone, are marshy or flooded. Uplands consist mainly of limestone, but
volcanic rock occurs near Konya and in the eastern part,

General characteristics The soils of the soil associations differ, in particular in profile

development.
The recent soils, such as the Alluvial Fan Soils, the Sandridge Soils and the Marsh



Fig. 3. Three schematic cross-sections through the Basin and the Lacustrine Plain. For position,
see Figure 2.
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Soils, have weakly developed A and B horizons. Secondary carbonate seggregation
occurs as pseudomycelium and faint white spots, and is not enough to meet the
conditions for a calcic horizon (Soil Classification, 1960).

Most of the Marl and the Sandplain Soils, the Bajada and the Colluvial Slope
Soils, which are about Pleistocene in age, have in general a well developed structural
B horizon and a pronounced calcic horizon. Some soils in volcanic material have
duripans,

The Terrace Soils, which are Tertiary (Neogene), have also pronounced A and B
horizons and well developed calcic horizons, locally even petrocalcic.

Soil texture is mainly clay or loam, but the Sandridges, the Sandplains and the
Dunes are sandy and the colluvial slopes are cobbly. The former Backswamp Soils
are very heavy clay.

Soil structure is in general granular or subangular-blocky in the surface soil, but
becomes angular and prismatic with increasing depth.

Soil salinity is widespread and increases from the fringes inwards. The soils of the
Basin are in general internal solonchaks except in depressions and spring zones,
where external solonchaks occur (Driessen et @l., 1970). The soil salinity in August

9
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