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Abstract
The lacustrine sediments and geomorphological data from the Bor Plain situated at elevations between 1050 and 1100 m in 
southern Central Anatolia provide record between 9800 and 6700 yr cal BP of climate changes and events. The main aim of 
this study is to determine the relationship between the location of Neolithic sites and the deposition and recession phases of 
the lake during Holocene. The geomorphological history of the Bor Plain and palynological results allows us to reconstruct 
the relationship between the Holocene environment and reconstruction of Neolithic settlements within a spatially well-defined 
lacustrine landscape of ~ 600 km2. A 75 ± 13 ka aged terrace, consisting almost entirely of calcite and situated about 76 m 
above the plain floor, indicates that the plain was covered with a paleolake in the transition from MIS 5 to MIS 4. Consider-
ing the low total organic carbon and the high CaCO3 clay values, we conclude that the lake slowly receded in 9867 ± 39 cal 
BP. However, the presence of aquatic herbaceous forms such as Nymphaceae and Cyperaceae indicates an increase in the 
water level of the lake during 6776 ± 35 cal BP, after which it transitioned to a dried lake. Thus, the progression and reces-
sion phases of the lake became the determining factor in the site selection of Neolithic settlements on mounds by which are 
found the plain floor at elevations between 1090 and 1100 m in this period on the Bor Plain.
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Introduction

The tendency of the climate to change relatively suddenly 
has been one of the most surprising outcomes of the study of 
Earth history, specifically that of the last 150,000 years (Tay-
lor et al. 1993). Some and possibly most intensive climate 
changes (involving, for example, a regional change in mean 
annual temperature of several degrees Celsius) occurred on 
a timescale of a few centuries, sometimes decades, and per-
haps even just a few years (Adams et al. 1999). In Turkey, 
climatic and geomorphological changes occurred in south-
ern Central Anatolia during the Holocene (11,500 cal BP to 
Present) (e.g., Eastwood et al. 2007; Kuzucuoğlu et al. 1999; 
Roberts et al. 2011; Türkeş 2013) corresponding to the Pre-
historic and Neolithic periods; mainly since the Last Glacial 

Maximum, and at the transition from the LGM to the Holo-
cene, with several less important variations occurred during 
the Holocene. Examination of the evolution of lake records 
in Central Anatolia was carried out by research teams aiming 
at integrating on-site (geo-archeological, subsistence) and 
off-site (paleo-ecological) evidences (Asuati 2009). Nicoll 
and Küçükuysal (2013) present an overview of selected 
papers published since 2000 that interpret Late Quaternary 
multi-proxy paleoclimate records from Turkey and the sur-
rounding areas of the Near-Middle East and Mediterranean 
region. They suggested that while most archives across the 
region agree on the basic timing of an early–middle Holo-
cene wet period between 9600 and 5400 cal BP, the nature 
of sub-millennial variations observed on a global scale is not 
well constrained across the Near-Middle East and in North 
Africa. Berger et al. (2016) focused on Early Holocene rapid 
climate change records in the Mediterranean zone, which 
are under-represented in continental archives (9.2 to 8.2 ka 
events), and their impact on prehistoric societies. Eastwood 
et al. (2007) and Roberts et al. (2001) examined available 
pollen sequences from Central Anatolia. These sequences 
show that by the time of the first known Neolithic settlement 
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in Cappadocia (c. 10,000 cal BP), the regional vegetation 
was oak–terebinth–juniper grass parkland.

Numerous Neolithic and late period settlements were 
formed near the desiccated Late Pleistocene Konya Lake 
(Karabıyıkoğlu et al. 1999; Boyer et al. 2006; D’Alfonso 
and Mora; Baird 2012; Maner 2017; Ayala et al. 2017), 
Salt Lake (Tuz Gölü), Akşehir-Eber lakes, desiccated Bor 
Lake and others. Özbaşaran (2011) attributes this situation 
to the suitable geographical conditions such as highlands 
forested with slopes, open steppes, wetlands, pluvial lakes, 
and springs located along the flanks of mountain ranges for 
settlements during ninth and eighth millennium B.C.E in 
Central Anatolia Region. Their shoreline and catchment 
were suitable for agricultural activities that started in the 
Neolithic period (11,500–11,000 cal. BP). Kuzucuoğlu et al. 
(2018a, b) give information about the environment of human 
life in the Mesolithic and Neolithic periods in Konya plain. 
In this study, it is suggested that the transportation of differ-
ent types of grain-size sediments (clay–silt–sand–gravel) is 
the result of change in stream flows, lacustrine inputs, and 
climate. Other studies on climate change and the chronol-
ogy of human societies have enabled us to see the relation-
ships between archaeological artifacts and structures on one 
hand, and river and lake dynamics on the other (Vita-Finzi 
1969; Van Andel et al. 1986; Howard et al. 2003; Boyer 
et al. 2006). The crux of the matter consists of correlat-
ing records of climate change with evidence for its specific 
impact on landscape resources exploited by past societies 
(e.g., vegetation, water sources), and the subsequent impact 
of such landscape transformations upon human choices, as 
reflected in prehistoric habitation practices and settlement 
patterns (Asouti 2009).

The environmental changes recorded in the Late Quater-
nary sediments have implications also for human occupancy 
of south central Turkey and the origins and development of 
agriculture and settled village life, as testified in Neolithic 
settlement sites (or mounds, in Turkish "höyük"), such as 
Çatalhöyük (Mellaart 1967; Hodder 1996), Aşıklı, Musular 
(Esin 1996; Kuzucuğlu 2013; Kuzucuoğlu et al. 2018a), and 
Can Hasan III (French et al. 1972) dating from ca. 8300 to 
7000 BP. The relationship between archeological layers, riv-
ers, and depositions and/or erosion during the occupation of 
these sites indicates depletion of precipitation during the first 
two millennia of the Holocene (Kuzucuoğlu 2013). Matessi 
et al. (2018), in their study on the 7000 cal BP period and 
older mound settlements in Bor Plain, examined the effect of 
climate change in Holocene on the road system and layout. 
The change in the environment of the Bor Plain indicates 
that it was linked to climate change at 4.2 ka BP, but in other 
cases, it was based on wars, new socio-economic conditions 
and new technologies. Berger et al. (2016) examine climate 
changes identified at c. 9.2 and 8.2 ka cal BP, and their pos-
sible links with prehistoric societies in the Mediterranean 

region, with various regional focuses of which one details 
Central Anatolia. Kuzucuoğlu (2019) examined how Konya 
Plain was affected by the Last Glacier Maximum and subse-
quent climatic conditions, the progressive withdrawal phases 
of the existing lake in chronological order (from the end of 
Pleistocene to beginning of Holocene). Neolithic sites are 
found on the shoreline of the desiccated lake occupying the 
Bor Plain and its surroundings due to its particularly favora-
ble geographic position and stratigraphic importance (Balatti 
and Balza 2012). D’Alfonso (2010) determined 37 sites dat-
ing from the Late Neolithic–Chalcolithic period through to 
the Middle Ages on the Bor Plain. In addition, Köşk Höyük, 
dated to the transitional period between Late Neolithic and 
Chalcolithic, i.e., at the end of the 6th millennium/begin-
ning of 5th millennium BP (Öztan 2002), is located at the 
southern end of the Bor Plain. Taking into account the loca-
tion of sites, the investigation of geomorphological settings 
and the reconstruction of their dynamic relationship to the 
desiccated Bor Lake and water resources provide valuable 
data on the contraction events of the lake.

In this study, we focus on three major points: (1) the 
relationship between lake deposition, conservation, and 
erosion during the occupation of Neolithic sites (between 7 
and 6 ka cal BP); (2) considering changes in the lake levels, 
how the location of sites was affected by this process. In 
other words, how the elevation of sites was related to the 
recession and progression of the lake depending on climatic 
changes, and (3) as the water input of the Bor Basin depends 
mainly on rivers coming to the plain from mountains, how 
these data are to be reconciled with the cold and dry climatic 
conditions in terms of lake-level changes. To focus on lake-
level changes, lake sediments located within terraces near 
the Neolithic sites and bottom of the lake were analyzed 
to infer climate variation through clay-mineral assemblages 
(Celeste et al. 2007).

The main purpose of this paper is to determine the rela-
tionship between the location of Neolithic sites and the lake-
level changes during Holocene. In this paper, we focused 
only on Neolithic settlements on the terraces representing 
the shoreline and beginning of mid-Holocene, marked by a 
rapid retreat of the lake. Today, the Bor Plain is character-
ized by settlements and industrial activities along its margin. 
It is only partly used for agricultural cultivation, because 
some areas are unusable due to considerable salinity. Veg-
etable and fruit growing based on subsistence farming is 
practiced in the vicinity of the plain.

General settings

The study area comprises the Bor Plain (37º 56ʹ N, 34º 
32ʹ E), which is a plain of flat topography located on the 
southern Central Anatolia Plateau (Fig. 1). Its elevations 
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Fig. 1   a Location of study area 
(Bor Plain) situated in Central 
Anatolia Region; b mountains 
in immediate surroundings of 
Bor Plain; c Digital Elevation 
Model (DEM) of study area and 
location of mounds ( modified 
from D’Alfonso, 2010)
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range from 1050 to 1100 m above sea level (Fig. 1). Several 
mountains surround the plain. Mt. Bolkar (to the south), 
which is a part of the Middle Taurus Chain, consists mainly 
of pre-Miocene marine sediments (Bolkar carbonate plat-
form and other sedimentary rocks) (Dhont et al. 1999). Mt. 
İtulumaz (to the east), which is part of the Niğde Metamor-
phic Massif, consists of Paleozoic–Mesozoic marble and 
schist (Göncüoğlu 1986). The Melendiz, Keçiboyduran, 
and Hasan volcanics are located to the north and northwest 
of the plain (Fig. 1). According to Türkecan et al. (2004), 
the Melendiz volcanic complex (2963 m) consists of Upper 
Miocene, Pliocene, and Pleistocene products (Fig.  2). 
Another mountain located at the northern end of the plain, 
the Mount Keçiboyduran (2727 m) is a composite volcano 
with well-distinguished radial lava flows. These volcanites 
consist of a number of lava flows covered by volcanic (lava 
flows, pyroclastites) emitted later by Mt. Hasan (3263 m) 
(Türkecan et al. 2004).

As to Quaternary sediments (Fig. 3), Gürel and Lermi 
(2008) divided the Bor Plain into colluvial slopes, an alluvial 
plain, and a flat lacustrine plain filled-in by carbonate-rich 
silts. The plain is bordered by sandy-clayey beach ridges 
similar to those identified along the Konya plain in connec-
tion with the construction of the Çarşamba river fan. Roberts 
(1979) identified that the Konya plain was occupied by a 
paleolake dated to 23,000 to 17,000 yr BP.

Rivers from the surrounding mountains usually disap-
pear before reaching the center of the present plain, where 
a marsh sometimes occurs. The Bor Plain displays geomor-
phological signs of containing a lake, and lake area varia-
tions. Such indications, in the form of ancient beaches, ter-
races, and lacustrine deposits, have been identified on the 
edges of the plain. This pattern is associated with the pres-
ence of Late Neolithic sites. Thirty-seven sites, dating from 
the Late Neolithic–Chalcolithic period through to the Middle 
Ages, have been identified and recorded by archaeologists 
(see Fig. 1) (D’Alfonso 2010; D’Alfonso and Mora 2010; 
Balatti and Balza 2012). During the LGM, the c. 20 m-deep 
“Paleolake Konya” (e.g., Roberts 1979) was filling the pre-
sent Konya plain (western part of the paleolake), Eregli plain 
(middle part of the paleolake), and Karapinar plain (northern 
part of the paleolake). East of the present Eregli plain, the 
600 km2 wide Bor Plain seems also to correspond to the dry 
bottom of a lake. However, this system is today disconnected 
from the Paleolake Konya by altitudes > 20 m.

Aroun the Konya plain, coastal remains of the paleolake 
have been identified (wave-cut cliffs, raised shorelines) 
(Karabıyıkoğlu et al. 1999; Roberts et al. 1999; Fontugne 
et al. 1999; Reed et al. 1999).

Today, the climate of the Bor Plain is semi-arid continental, 
with cold, wet winters and hot, dry summers. Mean annual 
precipitation over the plain floor is < 350 mm per annum and 

Fig. 2   Geological map ( modi-
fied from Ulu 2009) of northern 
part of Bor Plain and center, 
and location of drill core (loca-
tion 1)
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a marked annual deficit in the water balance occurs during 
the summer months. Mean winter and summer temperatures 
are around freezing point and > 20ºC, respectively, with winter 
minima and summer maxima of around – 15 °C and + 35 °C 
(Türkeş 2005; Bayer Altın et al. 2012). The vegetation of the 
plain is dominated by Artemisia steppe, with open forests on 
volcanic (Quercus sp., wild fruit trees) and limestone (Pinus 
sp. and Juniperus sp.) slopes, when this vegetation has not 
been overgrazed or overcut for firewood (Bayer Altın 2010). In 
the past, agriculture on the plain was based on rain-fed crops 
together with semi-nomadic sheep husbandry. Today, agricul-
ture is not practicable in the center of the plain due to salinity, 
but irrigation developed in its southern part (less in its eastern 
part) has led to the growing of other crops (vegetables and 
grapes/viticulture) and decreasingly, cereals.

Materials and methods

In the study, lake sediments have been predominantly stud-
ied in two ways: mineralogical analyses to characterize 
lake typology (the lake phase), and also by geomorpho-
logical methods (the terraces). Changes in the ancient lake 
sediments were examined from the lower to the upper lay-
ers, allowing for the identification of differences in limnic 
deposition.

To identify the vertical distribution of clay minerals, 
one stratigraphic section at the bottom of the plain was 
examined using a drill core showed as L1 code in Fig. 2. 
Four samples are taken from the lowest part of the plain 
(1060 m) and at a depth of 2 m from the surface. Two 

Fig. 3   Geological map ( modi-
fied from Atabey et al. 1990) of 
south of Bor Plain and Location 
2 where sample was taken
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of samples were analyzed for C14 dating. One sample 
(L2 code in Fig. 3) for Optically Stimulated Lumines-
cence (OSL) dating was obtained from the lake terrace 
located on the eastern side of the plain. They were ana-
lyzed with respect to their mineralogical characteristics 
by X-ray powder diffraction (XRD) and dating analyses 
such as Radio Carbon (C14) and OSL (Optically Stimulated 
Luminescence).

The mineralogical analysis was carried out at Gelogical 
Department of Niğde Ömer Halisdemir University, Niğde, 
Turkey using a PANalytical diffractometer with Cu-Kα radi-
ation on powdered bulk sediment. The relative abundance 
of minerals was estimated from the height of the main peak 
multiplied by the correction factors proposed by Cook et al. 
(1975). To identify the vertical distributions of clay miner-
als, the stratigraphic section in the bottom of Bor Plain was 
examined using drill core. Samples were prepared for clay-
mineral analysis (size fraction < 0.002 mm) by separation 
of the clay fraction by sedimentation. The total clay (Tclay) 
mineral content is the total % of the clay minerals measured 
in bulk XRD.

Luminescence analyses of collected samples were con-
ducted at the Luminescence Research and Archeometry 
Laboratory of Ankara University, Institute of Nuclear Sci-
ences, Turkey. Samples taken for OSL analysis were opened 
under the weakened red light in the laboratory without see-
ing daylight with the help of opaque cores and reduced to 
90–125 μ dimensions. Due to the high ages expected, the 
feldspar pIRIR dating technique adhered to the principles 
of age determination and samples passed through suitable 
chemicals were analyzed. For example, the grains were 
treated with 10% HCl and 10% H2O2 for the removal of 
carbonates and organics, respectively. Luminescence dating 
analysis results of L2 sample whose ages are calculated are 
given in Table 1.

Sediment core age was determined using accelerated mass 
spectrometry (AMS) radiocarbon dating facility available at 
Laboratory of Marmara Research Center, Istanbul, Turkey. 
The total carbonate in the samples was measured and age 
determined. The samples were dissolved in phosphoric acid 
and carbon dioxide reduced to carbon. Depending on the 
measured C14 amount in the samples, δ C13 correction was 
made and the C14 age was determined. Carbonate content 
samples were picked at corresponding depths, as shown in 
Table 2. δ C13 values are reported as ‰.

Two samples were dissolved in phosphoric acid and the car-
bon dioxide was reduced to carbon. To determine the environ-
mental conditions (dry and humid), CaCO3 and total organic 
carbon (TOC) were calculated as a percentage. The amount of 
CaCO3 in the five samples was measured with a Schibler type 
calcimeter. Temperature and pressure regulations were taken 
into account for the measured value. At the first stage, all sam-
ples were air-dried naturally and ground to pass through a size Ta
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of 10 mesh. Quality control was evaluated based on duplicates, 
method blanks. Organic carbon content of five samples from 
this drill core was also estimated by titration method suggested 
by Gaudette et al. (1974). The following formula was used to 
determine TOC content in samples:

where T is consumption of iron solution, S is consumption 
for blank, 1.0 N is normality of dichromate, W is sediment 
weight, and 10 is dichromate volume.

The sediment sample was prepared for CaCO3 analysis, 
and it was weighed between 0.5 and 2 g based on the lime 
content of the soil and transferred to the reaction bottle. The 
transferred soil was piled on one side of the reaction flask. 
About 4–5 ml of HCl was filled into the acid tube (it should be 
prepared by adding 1 volume of HCl to 3 volumes of water). 
The acid tube was placed in the middle of the reaction flask 
with the help of long forceps. It was ensured that the soil and 
acid come into contact in the “U” pipe calcimeter device. The 
stirring process was continued until the gas outlet is finished. 
After, the gas outlet is finished and the water levels in the "U" 
pipe are equalized. CO2 gas volume from the scale on the "U" 
pipe is recorded by reading the temperature from the thermom-
eter and the pressure from the barometer, and the lime content 
% is calculated with the help of the formula below

where Vo is gas volume in cm3 converted to normal condi-
tions, A is sample amount in g, and 0.4464 is 1 mol CaCO3 

(1)
% Organic Carbone = 10(1 − T∕S) ((1.0N (0.003) (100∕W)),

(2)CaCO3 =
Vox0.4464

A
,

is the coefficient showing how much CO2 will come out 
of A gram sample based on 1 mol of CO2 under normal 
conditions.

Also, fossil pollen analysis (palynological analysis) of 
the samples was performed. Two samples for pollen analysis 
were examined under a microscope using standard palyno-
logical techniques for disintegrating Quaternary sediments. 
Tilia and Tilia Graph software were used to construct the 
diagrams. Cluster analysis was performed by CONISS 
(Grimm 1987). The methodology of palynological analysis 
work was described by a schematic flowchart (Fig. 4).

The detailed geomorphology map we used was the Erol 
System, which is based on the Neogene and Quaternary 
erosion cycles of Turkey in relation to erosional surfaces 
and their correlated sediments, derived from 1:25,000 scale 
topography and geological maps. According to this system, 
denudational evolution of the Anatolian Peninsula and the 
Taurus Mountains to the south is a continuous process influ-
enced by neotectonic phases, climatic changes, and sea-level 
oscillations since late Oligocene (Erol 1991). Denudational 
surfaces of different ages have been studied in relation to 
their correlated sediments (Erol 1991; Fairbridge et  al. 
1997). The age of the landform systems (Fig. 5) was indi-
cated by Erol (1991) as DI, II, III, IV and the Pleistocene 
terraces as S levels. For studying paleolake levels, this sys-
tem was applied, as in Fig. 5a. Based on this system, the 
relationship between the Holocene terraces and location of 
the mounds was detected (Fig. 5b).

Results

Geomorphology

As shown in the geological map, the Pleistocene terraces 
are found in front of the Pliocene surfaces (Ulu 2009; Oktay 
1982). Under the influence of Pleistocene climate fluctua-
tions and continuous subsidence in the central parts of the 
Tuzgölü Basin controlled by the Tuz Gölü Fault Zone (Dirik 
and Erol 2000; Kürçer and Gökten 2014), several step-like 

Table 2   Range of δC13 values and C14 age correction for total carbon-
ate in sediment samples

Depth (cm below 
land surface)

Sample type C14age (year BP) δC13 (%)

145 Sediment 6776 ± 35  − 3.9 ± 1.0
180 Sediment 9867 ± 39  − 1.8 ± 0.8

Fig. 4   A summary of the stand-
ard, mineral acid-based palyno-
logical preparation technique 
(Riding 2021)
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terraces had been developed around the Bor Plain. Long-
term morphological development of the plain is controlled 
by Bor segment, which is a segment of this fault zone, is 
represented by the Holocene fault scarp NE of Kemer-
hisar (Kürçer and Gökten 2014). They are correlated to the 

younger alluvium and recent shorelines located in the south 
and north of the plain. The shoreline terraces of the Pleisto-
cene Bor Lake are indicated on the geomorphological maps 
(Fig. 6a, b). This lake has left shoreline traces at 1110 m and 
1100 m, from the lake level raised during Pleistocene, and 

Fig. 5   a Idealized cross-section 
showing relationship between 
denudational surfaces, terraces, 
and their correlated sediments. 
Abbreviations: D0: Oligocene 
denudational surface, DI: lower-
to-middle Miocene peneplain, 
DII: upper Miocene pediments, 
DIII Pliocene fluvial accumu-
lation surfaces, DIV: lowest 
Pleistocene fluvial accumulation 
surfaces, SY: old Pleistocene 
higher terraces, S0: middle 
Pleistocene middle terraces, 
SA: young Pleistocene lower 
Terraces, VT: Holocene valley 
bottoms, ma: lower-to-middle 
Miocene sediments, mu: upper 
Miocene sediments, pl: Pliocene 
sediments, T: pre-Miocene 
basement rocks, F: faults ( 
modified from Erol, 1991). 
b Mounds on Holocene and 
Pleistocene terraces in front of 
Mt. Melendiz
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at 1090 m, 1080 m, 1070 m, 1060 m, and 1050 m, marking 
Holocene contraction and expansion phases of the lake in 
the plain (Bayer Altın et al. 2015).

Although the lake shoreline and terraces are more 
advanced and distinctive at the northern margin (Fig. 6) of 
the plain than the southern margin (Fig. 7), high and low 
terraces are not easily differentiated nor identified at the foot 
of Mt. Melendiz. The lake extended to the steep slopes at the 
foot of Mt. Melendiz and thus was deeper than at the south-
ern margin. The coarser sediments in this area supplied the 
material for the large, long shoreline consisting of sand and 
gravel transported by streams, especially the Küçüköz and 
Omar streams coming down from Mt. Melendiz. As a result 
of the geomorphologic conditions, lacustrine terraces are 
composed of sand and coarse gravel transported from talus 
by streams. These terraces are found either on the lava flows 
or under the alluvial cones and slope debris (Fig. 6a, b).

Accordingly, the lake persisted longer in this area than its 
southern part because of its deeper base along its northern-
most limits. The maximum elevation of the lake is estimated 

to have been between 1170 and 1150 m. This level is an 
eroded terrace surface along the foot of Mt. Melendiz and 
it corresponds to the maximum level of the lava thresh-
old north of the study area. To the west of the foot of Mt. 
Melendiz, alluvial cones would have developed on the beach 
of the oldest–highest (1170–1150 m) lake shoreline (SY1). 
Remains of lake terraces recognizable are found at 1080, 
1070, 1060, and 1050 m, thus marking the Holocene reces-
sion with re-advances (see Fig. 9 for terraces). The Late 
Pleistocene lake terraces (SA1-2) are fairly extensive from 
south of Mt. Melendiz to north of the town of Bor. This 
indicates that basin formation continued until the end of 
Pleistocene and the beginning of Holocene.

During the wet periods, the lake level may have been 
reached the Cücüburnu threshold formed by lavas limiting 
the NW corner of the Bor Plain in the later stages of Upper 
Pleistocene, and at that time the alluvial cones to the east of 
Cücüburnu Hill probably started as a small cone growing 
according to the lake level on the Pleistocene-Holocene tran-
sitional shoreline (see Fig. 6a). From the end of Pleistocene, 

Fig. 6   Geomorphological map of northern part of Bor Plain. a Terraces are found either under alluvial cones and slope debris; b among lava 
flows and Holocene highest lake terrace covering scoria at foot of Mt. Melendiz
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Fig. 7   Geomorphological map of southern and southeastern Bor Plain, also location of Köşk Höyük situated between 34°36′42.07" E and 
37°50′52.59" N (UTM, ED50, Zone 36 N)
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the shoreline terraces seem to have receded toward the bot-
tom of the lake and several large and small cones spread on 
the lake bottom at the foot of Mt. Melendiz and Mt. Keçi-
boyduran. Therefore, the shoreline from 1100 to 1090 m 
is proposed as the highest terraces of Pleistocene-to-Early 
Holocene. This level represents the level of transition from 
Pleistocene to Holocene. By the time of the 1090 m level, 
milder and drier conditions prevailed and the receding lake 
left a flat area of fertile farmland suitable for occupation 
by Neolithic human societies. Therefore, the shoreline of 
1090–1080 m is proposed as the transition between Early 
and Middle Holocene lowest terraces. In the Early Holo-
cene, this new emerged land was populated with new vil-
lages dated Middle Holocene, i.e., Chalcolithic. The Holo-
cene lake bottom must have extended from 1075 to 1050 m 
(actual bottom).

As to the Holocene terraces, they are the lowest and 
youngest terraces in the plain. The elevation of these terraces 
infers rapid climate changes during Holocene. In the study 
area, the Holocene traces are represented by the shoreline 
located in front of the Upper Pleistocene terraces, marsh 
deposits, alluvial fans located on the Upper Pleistocene ter-
races, and paleosols. At the southern margin of the plain 
(Fig. 7), traces of the lake are less obvious due to the wide 
alluvial plain with a low slope consisting of smaller grain-
size detritic material deposited by streams coming from the 
mountainous areas.

Relationship between terraces and mounds 
on desiccated lake

The age of the sample coded L2 taken from the location 
called İftiyan is 75 ± 13 ka years (Fig. 7). It was formed 
during the transition from MIS 5 to MIS 4. MIS 5 is defined 
by Shackleton (1969) and Emiliani (1955) as the last inter-
glacial era. This terrace is located 76 m above the lake floor, 
because it developed under fault control and has been identi-
fied as the highest terrace in Late Pleistocene. This indicates 
that the first large lake development occurred in Middle 
Pleistocene. That the lake level started to rise is evident from 
the accumulation of transgressive terrace sediments between 
1110 and 1120 m. During this transition phase, the level of 
the lake reached approximately 70–60 m. This recession led 
to the establishing of Köşk Höyük, which was first settled 
from Late Neolithic to Early Chalcolithic (6350–4900 BP) 
(Öztan 2002), at 1170 m, just above the lacustrine terraces 
at this margin (Fig. 7).

In addition to geomorphological results, the earli-
est archeological remains prove the existence of human 
occupation, depending on climatic changes. The Neolithic 
peoples preferred fertile shoreline stretches, especially ter-
races near an easily available water supply. We focused 
our study on the sites located at the boundary of the plain 

such as the Kınık, Topraktepe, Çıplaktepe, Kayı, Balcı, and 
Tuwana mounds. In the study area, except for Köşk Höyük 
and Tuwana (a Hittite name), all mounds dated to the Early 
Bronze Age (ca. 5000–3000 BP) are found between 1100 
and 1080 m. Tuwana has been dated to the second half of 
the eighth century BP (Neo-Hittite) (Hawkins 1982). Kınık 
mound was occupied from Early Bronze Age I through to 
the Middle Ages (D’Alfonso 2010). The major occupa-
tion phase of the site corresponds to the Early and Mid-
dle Iron Age (twelfth–eighth century BP) (Hawkins 2000). 
In the north, Early Bronze Age mounds are concentrated 
between elevations of 1100–1080 m. They must have been 
established about the time that the 1080 m level was being 
formed, between 5000 and 3000 BP. Thus, human settle-
ment and the inception of agriculture occurred during the 
recession period of the 1100 m lake. The shoreline of the 
1100–1080 m lake has smaller grain-size gravels than the 
upper terraces. Indeed, a few gravels greater than 5–7 cm 
diameter in high shore traces were observed, whereas the 
gravels on the shoreline at 1100–1080 m are on average 
1–2 cm in diameter. This is probably the result of a weak 
current in the lake and a moderate climate.

Ten sites out of the 30 Neolithic settlements were dated 
to either before Early Bronze Age II or after the Late Roman 
period (Balatti and Balza 2012). This indicates that the lake 
level, affecting distribution of the settlements, increased and 
decreased. A relatively younger part of the fans and talus 
which lie on the northern edge between the 1100 and 1090 m 
shoreline, and which extends from the foot of Mt. Melendiz 
to the mounds, grew after the recession from the 1090 m 
level. These fans are characterized by recession of the lake. 
The 1110 and 1100 m levels of the Bor Plain and the first 
two levels of other basins (from west to east; 1017–1010 m 
level of Konya Basin, 930–920 m level of Tuzgölü Basin and 
1110–1105 m level of Sultansazlığı Basin, respectively) may 
be attributed to the last period of Pleistocene (Fig. 8a). The 
lake levels of these basins were formed at different eleva-
tions because of their differences in structure and topogra-
phy. Therefore, Tuzgölü Basin has lower levels than other 
basins, because the topography of South-Central Anatolia 
descends gradually from east to west.

The 1090 m level confirms a fairly continuous recession 
during Holocene, because the mounds found at the levels 
mentioned above in the Konya, Tuzgölü and Bor basins were 
all dated to 6000–3000 BP (Mellaart 1961; Kansu 1944; 
D’Alfonso 2010). In addition, the Early Neolithic settlements 
were established far from the maximum extent of the lake 
shoreline and above this limit. If it is possible to reach a 
conclusion regarding the Bor Plain in respect of the impact 
of environmental change on human societies, we can say 
that past communities settled in the high and dry area of the 
basins during cold periods (when the level of the lake was 
high due to low evaporation) and near the shoreline during 
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dry periods (when the lake level was low due to high evapo-
ration). This is related to the fact that the plain surface is 
more suitable for walking upon, due to the retreat of surface 
water, during dry periods.

The best example of this is the Tuwana settlement (now 
named "Kemerhisar"). A double site was found in the area 
where Kemerhisar (now a small town) is located. One of 
the sites is Tuwana ancient settlement. Another is found on 
Ambar Hill, which was an earlier occupation, located to the 
northwest of Kemerhisar. The evidence at Tuwana is more 
complex. Archeologists consider that the findings discovered 
under ruins dating to the Hellenistic, Roman, and Byzantine 
periods are from the pre-Classical age (Rosada and Lachin 
2010). Our opinion is that the earliest occupation was on 
Ambar Hill. Findings dated to the Late Hittite Period were 
found on this site (Çınaroğlu 1987). This hill was probably 
occupied from the Classical age to the Hellenistic period, 
and then deserted. A site (e.g., late Hellenistic) was estab-
lished on the surface of the plain, which is the current loca-
tion of Tuwana. There is no evidence as to why the site on 
Ambar hill was deserted. However, we can suggest that past 
societies who lived on the hill moved down to the plain dur-
ing the Early Hellenistic period due to retreat of the lake 
waters.

Thus, past societies could easily walk along the bottom of 
the plain. A settlement was established on high land (Ambar 
Hill) due to occasionally rising (transgression) of the lake 

level before this period. This implies that the site could have 
moved from the higher land to the flat surface of Bor Plain 
(Çınaroğlu 1987).

The general recession of the lake was interrupted by a 
number of minor transgressions (Fig. 8b). Sediments with 
small round gravels between two mud deposits were mass/
sediment gravity flows in character; these deposits include 
a matrix that supported gravel and pebbly mud sediments 
transported by gravity, representing subaerial deposition by 
cohesive debris flow and pebbly mud flows on the alluvial 
fan environment that developed along the basin’s margin at 
the foot of Mt Melendiz. Following deposition, the overly-
ing fluvial sediments indicate recession of the lake level. 
This was followed by another transgression corresponding 
to the 1080 m level. According to archeological findings, the 
increase in lake level occurred either before Early Bronze 
Age II or after the Late Roman period. Both fluvial and 
lacustrine phases of the accumulation must therefore repre-
sent climatic fluctuation.

The main streams and tributaries from Mt. Melendiz 
flowed together into the lake to the north of Kayı village 
and Çıplaktepe mound near to Kayı village. This area was 
completely covered by lacustrine deposits consisting of 
sandy sediments deposited by a probably shallow Holocene 
lake including waves and currents. However, these drainage 
systems are now completely dried up. There are numerous 
water supplies such as streams and their tributaries at the 

Fig. 8   a Comparison of heights 
and ages of lake terraces sur-
rounding desiccated Bor Lake. 
Ranking of basins is from 
west to east (data for Tuzgölü, 
Konya, and Sultansazlığı taken 
from Erol 1978, 1991, 1999) . b 
Fluvial deposition between two 
mud sediments transported by 
streams during humid condi-
tions showing (side-by-side): 
increase in lake level and actual 
soil; recent drying of lake level 
at Çıplaktepe mound situated 
between 34°23′05.41"E and 
37°54′05.72" N (UTM, ED50, 
Zone 36 N)
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back of these mounds, from Mt. Melendiz. The Holocene 
valley bottoms testify to the presence of spring water around 
the mounds, utilized for agriculture, even during dry periods. 
During this period, the population mainly preferred to live 
at a distance of 1100–1090 m from the water supplies in hill 
settlements. In other words, even if the lake water receded, 
a water supply was available near the settlements for the 
survival of crops. The Köşk mound is found at the back of 
the Roman pool fed by a water spring and at an elevation 
of 1150 m, suggesting the presence of a water spring near 
the mound—essential for the survival of settlements—even 
during a dry climate. Ten mounds in the northern part of the 
plain were partially covered by lake deposits (Fig. 9). After 
the lake retreat phase, in which the Early Bronze Age settle-
ments began to be established, the blocks and large pebbles 
were covered by calcrete. In this area, all surface materials 
of the ten sites can be dated to either before Early Bronze 
Age II or after the Late Roman period (D’Alfonso 2010).

Age and mineral content based on XRD
Small changes in climate resulted in major changes in 

geomorphological processes (i.e., erosion, runoff, etc.), fluc-
tuations of lake level and sediments deposited in the Bor 
Plain. Location 1 (L1 of location shown in Figs. 1 and 2) 
corresponds to the bottom of the plain and includes lake 
bottom sediments representing stages of regressive events 
in the lake-level changes. The mean elevation of the local-
ity is 1070 m asl. It was examined reached to a depth of 
2 m from the bottom by a hand drill from the bottom of the 
plain. The C14age of samples taken from depths of 145 cm 
and 180 cm was 6776 ± 35 cal yr BP and 9867 ± 39 cal yr 
BP, respectively.

The mineral content of four samples taken from this 
lacustrine deposit was examined. Its sediments comprise 
detritic minerals. The assemblage of clastic minerals con-
tains augite, calcite, muscovite, goethite, and cristobalite. 
K-feldspar is present in trace amounts and less than 6% 
(Fig. 9a). Augite is present and the maximum values are 
in all parts of the core vary between 42 and 56%. Augite 
is followed by calcite and muscovite and their value varies 
from 14 to 20% and 11% to 19%, respectively. Values of 

cristobalite and goethite vary from 5 to 10% and from 7 
to 10%, respectively. Augite abundance in the lower part 
of the core implies an increase in clastic flux. The CaCO3 
ratio is 53% at 180 cm, 31% at 145 cm, 34% at 100 cm 
and 29% at 70 cm. The TOC ratio could not be deter-
mined at 180 cm and 145 cm (Fig. 10a). However, this 
ratio increases slightly and is 1% at depths of 100 cm and 
70 cm. Palygorskite is the most dominant clay mineral 
followed by sepiolite, chlorite, kaolinite, and illite. Values 
of palygorskite range between 55 and 58%. It increases at 
100 cm up to values as high as 58%. Values of sepiolite 
range between 15 and 17%. The presence of sepiolite in 
this part is an indication of significant evaporation. Chlo-
rite, illite, and kaolinite are other dominant clay miner-
als. The presence of chlorite, kaolinite, and illite varies 
from 11 to 13%, 9% to 10%, and only 6%, respectively 
(Fig. 10b). Quartz is less than 5% and is found in trace 
amounts.

Location 2 (L2) is found in the area called “İftiyan” 
located between the Bor and Kemerhisar settlements (see 
Figs. 1 and 3 for location). This site is located between 
37°51′33″–37º51′23″ north and 34º35′10″-34º35′12″ east. 
L2 is a cliff consisting of a lacustrine deposit located imme-
diately behind the mounds. The deposit is interpreted as a 
lacustrine terrace marking the former extent of a now desic-
cated Late Pleistocene lake. The mean elevation of L2 is 
1125 m. The lowest part of the Bor Plain is 1050 m. The 
deposit consists completely of lacustrine layers. Calk-tuff is 
found between the lacustrine layers. The deposit consists of 
an intimate mixture of clay and calcite. The thickness of this 
deposit is about 5 m. L2 is formed substantially of calcite 
which is 53% of the total mineral assemblage. Other miner-
als found are muscovite (15%), phillipsite (12%), cristobalite 
(11%), and plagioclase (10%) (Fig. 11). The dominant clay 
mineral is palygorskite (72%), and the other clay minerals 
formed are sepiolite (16%), illite (8%), and kaolinite (4%). 
The age of this sample was determined as 75 ± 13 ka (end 
of MIS 5a) using OSL analysis. A high rate (above 50%) 
of calcite, palygorskite, and CaCO3 and a low TOC value 
indicate the presence of an aridification phase at this level.

Fig. 9   Late Holocene regres-
sion traces and rocks covered 
by calcrete after regression due 
to drought near Balcı mound 
situated between 34°26′55.86" 
E and 37°55′45.87" N (UTM, 
ED50, Zone 36 N)
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Palynoflora of the Bor Plain

In this study, two palynofloras were identified from the sam-
ples of Locations 1 and 2 (see Figs. 1 and 2 for location). 
Despite the existence and dominance of the coarse clastic 
sediments in these locations, the samples collected from the 

thin clay levels include palynomorphs for the palaeovegeta-
tional and palaeoclimatic interpretations (Figs. 12 and 13).

The first microflora of Location 2 was recorded from the 
sample (L2) collected from the İftian area. The collected 
sediments of the L2 sample were deposited at the end of the 
MIS 5a period (end of MIS 5) based on the OSL analysis 

Fig. 10   a L1 samples obtained from first 2 m using drilling equipment at bottom of plain; b stratigraphy, mineral content, and C14 age from drill-
ing core of lacustrine sediments obtained at this level
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results (75 ± 13 ka). The identified palynoflora of the L2 
sample is not diverse; however, the percentage abundance of 
the pollen is high. The main pollen type is Pinaceae-Pinus 
haploxylon type and it is abundantly recorded in the sample. 
Ephedraceae of the NAP (non-arboreal pollen) pollen grains 
was identified in moderate abundance in the L2 palyno-
spectra. Additionally, Amaranthaceae-Chenopodioideae, 
and Ranunculaceae-Thalictrum of the NAP have a high 
percentage and are observed with Ephedraceae. Besides, 
Asteraceae/Asteriodeae, Oleaceae, and Fagaceae-Quercus 

evergreen type are less percentage, and these are accompa-
nied by gymnosperm and herbaceous angiosperm pollen. 
Glomus, which is a non-pollen palynomorph (NPP) that 
indicates the presence of erosional areas, was identified in 
abundance, and this palynomorph is accompanied by a mod-
erate abundance of algal forms.

The other microflora of Location 1 was obtained from the 
samples collected from the 1.80 m sedimentary sequence 
(see Figs.  1 and 2 for location). All samples are com-
posed of diverse palynoflora and have a high percentage of 

Fig. 11   Percentage of miner-
als according to x-ray patterns 
of < 250 μm fraction in ~ 2 m 
for L2 paleolake sediment 
sequence. CaCO3 and TOC 
percentages in this sediment

Fig. 12   Simplified pollen diagram showing distribution of main pollen types for the Location 2 in the Bor Plain
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abundance (Fig. 12). Palynoflora in the lower part of the 
section indicates a difference from the middle and upper 
parts. The claystone sample of 1.80 cm, which was deposited 
in 9867 ± 39 yr BP, is represented abundantly by Pinaceae-
Pinus haploxylon type of the gymnosperm pollen (20%) and 
Amaranthaceae-Chenopodioideae of the NAP (~ 55%) (her-
baceous angiosperm pollen). Additionally, Pinaceae-Pinus 
silvestris type, Abies, and Cedrus of the gymnosperm pollen 
are less abundant in the palynoflora. The angiosperm pol-
len are not rich in the sample and these are characterized 
by the less abundant Poaceae, Cyperaceae, Geraniaceae, 
Asteraceae/Asteriodeae Tubulifloreae type, Asteraceae /
Cichorioideae ligulifloreae type, Caryophyllaceae, and 
Polygonum persicaria (Polygonaceae) of the NAP pollen 
and Juglandaceae-Juglans, Fagaceae-Quercus evergreen and 
deciduous types of the AP pollen grains. In addition, Glomus 
of the NPP was recorded (Fig. 12).

The palynoflora of the sample collected in the section at 
1.45 cm (6776 ± 35 yr BP) indicates slight differences of 
the palynoflora compared to 1.80 cm (Fig. 12). The main 
types of this sample are Pinaceae-Pinus haploxylon type of 
the gymnosperm pollen (~ 25%) and Amaranthaceae-Che-
nopodioideae of the NAP (~ 50%). The gymnosperm and 
angiosperm pollen (AP) diversity of the 1.45 cm sample 
significantly decreases, and these are represented by low 
percentage of Abies, Pinaceae-Pinus silvestris type, Jug-
landaceae-Juglans, Fagaceae-Quercus evergreen, and Tilia. 
In samples from this level, the percentages of herbaceous 
pollen (Poaceae, Cyperaceae, Geraniaceae, Asteraceae/
Asteriodeae tubulifloreae type, Asteraceae /Cichorioideae 
ligulifloreae type, Asteraceae-Centaurea, Amaranthaceae-
Chenopodioideae, Caryophyllaceae, and Polygonum persi-
caria) increase. The percentage abundance of Artemisia also 
increased relatively and reached its highest value, and also 

the Ceralia type (Poaceae) is not observed in the palyno-
spectra (Fig. 11). Glomus of the NPP was observed.

Toward the upper part of the Sect. (100 cm), the micro-
flora drastically changes. The maximum value of the 
Pinaceae-Pinus haploxylon type of the gymnosperm pollen 
(~ 50%) and minimum value of Amaranthaceae-Chenopo-
dioideae of the NAP (~ 25–30%) were recorded in the sam-
ple at 100 cm. Besides this, other gymnosperm pollen spe-
cies consisting of the Pinaceae-Pinus silvestris type, Abies 
and Cedrus have low values, and these pollen species are 
accompanied by Pinus haploxylon type. Additionally, the 
AP pollen grains of the angiosperms represented by Tilia, 
Juglandaceae-Juglans, Fagaceae-Quercus evergreen and 
deciduous types are of low percentage in the palynospec-
tra at 100 cm. Herbaceous species of the NAP are diverse 
and abundant in the palynoflora, and these are character-
ized by Cyperaceae, Geraniaceae, Nymphaceae, Asteraceae/
Asteriodeae tubulifloreae type, Asteraceae /Cichorioideae 
ligulifloreae type, Asteraceae-Artemisia, Asteraceae-Cen-
taurea, Amaranthaceae-Chenopodioideae, Caryophyllaceae, 
and Polygonum persicaria. Besides this, the Cerealia type 
(Poaceae) was recorded at this level. Glomus of the NPP was 
identified (Fig. 12).

At the end of the Sect. (0.70 cm), the percentages of 
gymnosperm pollen (Pinaceae-Pinus haploxylon and sil-
vestris types, Abies and Cedrus) decrease. However, the 
maximum values of the Pinaceae-Pinus silvestris types, 
Abies, and Cedrus were reached at this level sample. The 
main pollen type of the NAP is Amaranthaceae-Chenop-
odioideae (40–50%), as in the other samples. Besides this, 
other herbaceous pollen species characterized as Ericaceae, 
Geraniaceae, Dipsacaceae, Asteraceae/Asteriodeae, Aster-
aceae/Asteriodeae tubulifloreae type, Asteraceae-Artemisia, 
Amaranthaceae-Chenopodioideae, Caryophyllaceae, and 

Fig. 13   δ18O record of Greenland ice core NGRIP between 60 and 125 ka. Original data given by Wohlfarth (2013), and sample location (red 
dot of Location 2)
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Polygonum persicaria were identified in the palynoflora 
(Fig. 12). The AP pollen species of the 0.70 cm sample 
are only represented by Oleaceae, Fagaceae-Quercus ever-
green and deciduous types. Additionally, the Cerealia type 
(Poaceae) was recognized at this level. Glomus of the NPP 
and a high percentage of fungal spores, cuticle pieces, and 
zooclasts were also recorded.

Discussion

Mineralogical content and indicators 
of environmental changes

A variety of clay minerals that are commonly found in mod-
ern continental saline environments and clays also form a 
considerable portion of the sedimentary successions accu-
mulated under evaporitic conditions in continental settings 
of the past (Calvo et al. 1999). Quantitative analysis of the 
mineral content of carbonated sediments allows us to pro-
duce additional data in evidence of parallel or non-parallel 
time variations of the proportions of the sediment compo-
nents, which may behave in-phase, out-of-phase, or inde-
pendently from one another (Kuzucuoğlu et al. 1999). Inoue 
et al. (1998) suggest that a high value of calcite indicates 
less saline waters and a smaller extent of evaporation in the 
Konya Basin. Calcite precipitation is usually attributed to 
periods having a high water level and low rates of evapora-
tion (Landmann et al. 1996). Solotchina et al. (2009) sug-
gest that sediments from the last glacial contain carbonates, 
signifying a positive trend in the lake’s water budget, for 
instance, that Lake Hovsgol in Mongolia. A similar con-
dition was observed in Konya Basin. During wetter peri-
ods, the carbonate mud flats surrounding the lake flooded 
and the lake possibly expanded to the full size of this basin 
(Kuzucuoğlu et al. 1999). Warmer temperatures lower the 
frost line, which promotes the weathering of clay miner-
als and these processes provide a higher influx of sediment 
and the preservation of the clay minerals in the lake’s sedi-
ments (Celeste et al. 2007). Clay minerals reflect strong 
physical decomposition and weak chemical decomposition 
in the study area. The mineral content of the samples taken 
from the lowest part of the Bor Plain shows that the level of 
the lake had significantly receded in ~ 9800 BP (in swampy 
areas) and was completely dried up in ~ 6700 BP. The forma-
tion period of these samples corresponds to the warm period 
of Holocene Climatic Optimum: 9000–5000 BP.

Using this approach, the value of calcite and palygorskite 
in the sample of Location 2 indicates cold-dry conditions 
(see Fig. 11 for value of minerals). On the other hand, in 
the L1 sample, the amount of CaCO3 and TOC from the 
bottom to the surface indicates that the lake level receded 
to form marshes and then was completely dry. In addition, 

in the upper parts, suddenly increasing cristobalite values 
show that the temperature gradually increased in Holocene. 
The presence of palygorskite and sepiolite supports this 
condition in all levels. Palygorskite indicates the processes 
of evaporation and capillary attraction throughout most 
arid phases. The Bor Plain sediment fill reflects Holocene 
climatic changes. However, TOC presence at location 1 
(albeit 1%) also shows sensitivity to local factors which can 
be explained by a low water level and variability of water 
input, i.e., increasing humidity leading to small transgres-
sions. TOC reflects the amount of organic matter in the sedi-
ment. If the amount of TOC is high, it usually means high 
vegetation due to the humid climate, while a low amount 
means low vegetation due to a dry climate (Tyson 1995). An 
extremely low value of the total organic carbon in lake sedi-
ments is seen in hyper-arid regions (Dong et al. 2018). Thus, 
it can be suggested that there was a short-term wet period 
in the Bor Plain after 6700 BP. During wetter periods, mud 
flats with calcite and TOC indicate that flooding occurred 
around the lake and the water level of the lake possibly rose 
to fill the whole plain. Similar results were reported also by 
Kuzucuoğlu et al. (1999) in the Konya Basin (see Fig. 15 
for correlation).

Such variations in both locations may be due to three pos-
sible causes: (i) primary precipitation of calcite and palygor-
skite. The lowest quartz values within the sequence occurred 
during a period of increasing aridity. This implies a transpor-
tation means linked more to run-off than to wind action; (ii) 
an inverse ratio between Tclay and calcite values indicates 
change in the climate, and (iii) the environment must have 
been exposed to alkaline–saline solutions in arid to semi-
arid climatic conditions with possible wet intervals owing 
to seasonal fluctuations. These fluctuations were repeated at 
least four times from Holocene to the present.

Palaeovegetation and palaeoclimate of the Bor 
Plain and correlations based on the palynology

In this study, palaeovegetational and palaeoclimatic inter-
pretations belong to the two different time intervals of the 
Quaternary; the end of the MIS 5, and 10,000–5000 BP.

End of the MIS 5 period

In Greenland ice core δ18O records, the high-frequency and 
distinct palaeoclimatic fluctuations during the last glacial 
period were first recorded by Dansgaard et al. (1993); also, 
data from the Greenland ice cores (GISP and GRIP) pro-
vided the first chronologies in which terrestrial and marine 
records could be compared. It was determined that during 
the MIS 5d-5a interval, there existed many more distinct 
and rapid shifts between warm interstadials and cold stadials 
in these cores (Grootes et al. 1993; Dansgaard et al. 1993) 
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than palynological and/or marine records on land (de Beau-
lieu and Reille 1984, Reille et al. 1998; Behre 1989). The 
subdivision of MIS 5 into the sub-stages MIS 5e, 5d, 5c, 5b, 
and 5a was separated by Shackleton (1969), and the author’s 
stratigraphic compartmentalization is widely employed for 
marine sediment sequences, and correlations with terrestrial 
and ice core archives.

Based on the palynological data of Europe, the open veg-
etation with steppe elements (Artemisia, Poaceae, Ephed-
raceae, and Amaranthaceae-Chenopodioideae) is widespread 
during the stadials. Besides, summer temperature values 
during the MIS 5d and MIS 5b differ little from the MIS 
5c and 5a in Europe (Klotz et al. 2004; Kühl et al. 2007). 
Overall, low precipitation values were recorded during the 
cold MIS 5d and 5b compared to the warm MIS 5c and 
5a (Klotz et al. 2004; Kühl et al. 2007). In this study, the 
obtained age of Location 2 is 75 ± 13 ka, and also, this time 
corresponds to the end of the MIS 5a (Fig. 13). The abun-
dance of Pinaceae-Pinus haploxylon type in the Location 2 
pollen spectra could indicate the existence of precipitation 
in the middle and high land areas during the end of MIS 
5a. However, the presence and abundance of the open veg-
etation with steppe elements represented by Ephedraceae, 
Amaranthaceae-Chenopodioideae, and Ranunculaceae-
Thalictrum, Asteraceae/Asteriodeae could be interpreted as 
climatic change from the warm MIS 5a to the MIS 4. Fur-
thermore, this transition interval in the Bor Plain could have 
been dry and different from the European data, based on the 
palynological evidence. In addition, abundantly existence of 
Glomus indicates erosion supporting the dry palaeoclimatic 
conditions. The high rate (> 50%) of palygorskite and cal-
cite, and the low CaCO3 value in the sample of Location 2, 
support dry climatic conditions.

Between 10,000 and 5000 BP

The autecology of palaeovegatation types in Anatolia is 
useful in the reconstruction of past environments. For this 
reason, we selected some palynomorph records from ‘ter-
restrial’ lake sediments in this study, namely, Gölhisar, 
Yeniçağ-Abant, Eski Acıgöl, and Van Lake. The eastern 
Mediterranean palynomorphs association is over-repre-
sented by Fagaceae-Quercus and Pinaceae-Pinus. Fagaceae-
Quercus evergreen type (Quercus ilex and Q. coccifera) 
can tolerate the drought of summer. However, their pollen 
requires significant winter precipitation, and it also reacts 
to low winter temperatures (Roberts et al. 2011). On the 
other hand, Fagaceae-Quercus deciduous type (Quercus 
cerris-type, Q. robur and Q. pubescens) requires higher 
soil humidity, especially in summer, but can tolerate dry 
and cold winters. Gymnosperm pollen taxa [e.g., Pinaceae-
Pinus spp., Cedrus, Abies, and Cupressaceae (Juniperus 
spp.)] are ubiquitous in Anatolia. However, some species 

of these pollen taxa (e.g., Pinus pinea, P. halepensis, and P. 
brutia) are able to tolerate summer drought conditions and 
colder high topographic regions (P. sylvestris and P. nigra). 
Besides, Abies belongs to mountainous vegetation units 
(Roberts et al. 2011). Amaranthaceae-Chenopodioideae 
of the herbaceous pollen species are steppic indicators and 
these can adapt to saline and arid conditions. Additionally, 
Artemisia prefers less aridity in the environment and is cold-
tolerant (Roberts et al. 2011). Pollen of the Poaceae family 
is well dispersed in the vegetation and the existence of these 
pollen species can point to spring and summer moisture. In 
Anatolia after the Climatic Optimum in ~ 7.000–5.500 BP, 
the generally noticeable progress of drought and human-
based destruction, existence of different processes in differ-
ent areas, observation of environmental events in different 
forms and intensity, and the composition of the trees vegeta-
tion has changed the diversity of species. Although forested 
areas have re-spread in some places, these events show that 
the same extent of forest as during the Climatic Optimum 
was not reached again.

Considering the palynological findings obtained from 
the samples of Bor Plain (Location 1), it can be said that 
Pinaceae-Pinus in the Bor Plain was widespread in the mid-
elevation areas, although Pinaceae-Pinus is not recorded as 
abundantly as it was in the Gölhisar Lake and Yeniçağ-Abant 
areas in ~ 9000–7000 BP (Van Zeist and Bottema 1991; East-
wood et al. 1999, 2007; Roberts et al. 2011) (Fig. 14). The 
presence of Abies, Cedrus, and Pinus sylvestris type belong-
ing to the gymnosperm pollen indicates the existence of high 
topographical areas in the environment. Also, unlike the 
records of Lake Van, Pistacia, and Ephedra were not iden-
tified in the Bor Basin (Van Zeist and Woldring 1978; Van 
Zeist and Bottema 1991; Litt et al. 2009). It was observed 
that in 6776 ± 35 yr BP in the Bor Plain (Holocene Opti-
mum), the herbaceous pollen species (Poaceae, Cyperaceae, 
Geraniaceae, Asteriodeae tubulifloreae type, Cichorioideae 
ligulifloreae type, Centaurea and Amaranthaceae-Chenop-
odioideae, and Caryophyllaceae) were abundant and diver-
sity increased. Accordingly, it can be said that herbaceous 
vegetation was common in low orographic areas of the Bor 
Plain. After 6776 ± 35 yr BP, the humidity increased rela-
tively based on the pollen record of the sample obtained 
from 0.100 cm (Fig. 14). The presence of aquatic herbaceous 
forms such as Nymphaceae, Cyperaceae, and Ericaceae and 
abundant fungal spores and zooclasts indicate an increase 
in the water level of the lake. According to the elemental 
analysis of sediments deposited in these humid conditions, 
high TOC values support increasing humidity. As well as, 
the diversity of AP pollen is remarkable, and it was observed 
that gymnosperm pollen species were accompanied by Jug-
lans, Quercus evergreen, and Tilia in middle and high topo-
graphic areas (Fig. 14). The forest represented by various 
plants in the Bor Plain could have developed as a result of 
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the favorable climatic conditions observed in the Holocene 
Optimum period.

In general, according to the palynological results of the 
Bor Plain, the diversity of gymnosperm pollen indicates 

similarities with records from other areas. However, the AP 
pollen diversity is very low in the Bor Plain and different 
from the gymnosperm pollen. An abundance of the Quercus 
form was not recorded in all the samples from the Bor Plain. 

Fig. 14   Sporomorph composition of selected areas (Gölhisar Lake, Eski Acıgöl, Yeniçağ-Abant, Van Lake, and Bor Plain)



	 Environmental Earth Sciences (2021) 80:525

1 3

525  Page 20 of 27

In addition, the presence of Glomus throughout the section, 
and its occasional increase, indicates the presence of ero-
sion. The existence of erosion is supported by the abundance 
of kaolin in Location 1. The sporadic presence of Cerealia 
pollen and lesser amount of Juglans in the palynoflora of 
after 6776 ± 35 yr BP indicates human effects. In addition, 
the fact that the Ceralia form cannot be abundantly included 
in the palynoflora shows that the settlers experimented with 
wheat cultivation. However, they could not continue due to 
the lack of appropriate climatic and environmental condi-
tions. In addition, it was observed that a dry period again 
started from the end of the section in Location 1, according 
to the existence of Abies, Cedrus, Pinus silvestris, and Arte-
misia after the Holocene Optimum period.

Today, the Bor Plain is completely dry and has settle-
ments and an industrial area on its margins. It is partly used 
for crop cultivation, although there are unserviceable areas 
due to salinity on the surface of the plain.

Palaeoenvironmental conditions and implications 
for the vicinity of the mounds

The area of the lake started to shrink in the Early Holocene 
due to decreasing precipitation and increasing evaporation. 
The shoreline of 1006 m on the Bor Plain represents the 
Early Holocene-Middle Holocene transitional level, as in 
the Konya-Ereğli Basin (Erol 1991). According to Roberts 
(1979), a wedge of lacustrine sediments represents a phase 
of lake advance and recession up to a maximum water level 
of about 1006 m in Karaman sub-basin of the Konya Basin. 
This transition level is found between 1090 and 1080 m in 
the Bor Plain. The desiccated Bor Lake gradually began to 
shrink and experienced a marked dry period during Holo-
cene. However, this lake did not dry out completely in this 
period. In the Konya-Ereğli and Tuzgölü basins, Erol (1971, 
1981, 1991) observed a northerly-to-southerly direction and 
larger pebbles in the spits of the shorelines, as well as a 
southerly direction and gradually smaller pebbles on spits 
of the Holocene shoreline. Roberts (1979) proposed that 
the last major phase of high lake levels in the Konya Basin 
occurred between 23 and 17 ka; after 17 ka during the late 
glacial epoch, the basin seemed to have been largely dry. 
Inoue et al. (1998) suggest that the Konya Basin had a cold 
and wet climate in the glacial epochs and experienced a dry 
and hot climate in the last interglacial period and Holocene. 
The start of the most humid climatic phase in central Ana-
tolia was determined as ca. 7.9 ka and this lasted until ca. 
6.5 ka, which signifies the beginning of the mid-Holocene 
dry phase (Kuzucuoğlu 2015; Mattessi et al. 2018). How-
ever, dry conditions are more evident in the Bor Basin from 
ca. 6.7 ka.

In the Holocene climatic records from the eastern 
Mediterranean, a wet-to-dry transition phase followed the 

Climatic Optimum (c. 7000–6000 yr. BP) (Kuzucuoğlu et al. 
2011). This transition lasted from the sixth to third millennia 
BP (Roberts et al., 2011), while the development of complex 
societies is accelerated in parallel (Cardarelli et al. 2010). 
To understand the Holocene scenario of the Bor Plain and 
its vicinity, the geomorphic position of mounds has to be 
considered. Geomorphological investigations show that col-
luvial slopes, and alluvial and lacustrine plains characterize 
the area around the Kınık mound. According to Roberts et al. 
(1999), formation of colluvial deposits such as alluvial fan 
deposition led to the formation of low-energy during periods 
of a low lake level (e.g., during Holocene). Study of strati-
graphic sections of this ancient basin on the Bor Plain in the 
vicinity of the village of Altunhisar highlights the presence 
of typical conglomerate–sand–mudstone–carbonate cycles, 
which are the result of lake-level fluctuations caused by peri-
odic changes in climate over the last 8000 years (Gürel and 
Lermi 2010). Regarding Holocene, the environment shows a 
period of paleosols, marsh, and shallow lake sedimentation, 
which can be dated to between Chalcolithic and the Early 
Bronze Age (6000–5500 yr BP) (Balatti and Balza 2012), 
followed by a drought period characterized by calcareous-
rich mud stone levels (Gürel and Lermi 2008). Similarly, the 
age of the settlement in the mound is dated between 6000 
and 7000 BP at Tepecik Höyük, which is located in Çiftlik 
Plain to the north of Bor Basin. It has been determined that 
the plain was partly a lake, and the settlement was located 
on the lake shore (Bıçakçı and Faydalı 2002; Bıçakçı 2007).

In the Bor Plain, as in Konya-Ereğli Basin, there are 
numerous mounds dated to Early Bronze Age I (Çınaroğlu 
1987; Hawkins 2000; Rosada and Lachin 2010). These 
mounds represent small and short-lived settlements. Accord-
ing to (Erol 1978), by the time the 1002 m level in the 
Konya-Ereğli Basin was reached, milder and drier condi-
tions were dominant; making occupation of the flat areas 
possible for farming. Roberts et al. (1999) suggest that riv-
ers entering the Konya Plain built up fan-shaped masses of 
alluvium during Holocene; and on the fans are found large 
numbers of ancient mounds which have been partly buried 
by Holocene alluviation. According to Boyer et al. (2006), 
dramatic changes to the settlements are probably associated 
with a cessation of local alleviation and the initiation of a 
new alluvial regime, most probably between Early Bronze 
Ages II and III, ~ 4500 cal. BP.

This suggests that the lake level may have receded from 
1100 to 1080 m in Early Bronze II. In the period that fol-
lowed Early Bronze II, the lake level did not rise above 
1100 m. If so, the Kınık mound was deserted before the 
Iron Age. All the lake records indicate that the time period 
from 4000 to 3300 BP was a wet phase within the overall 
cooling and drying trend that commenced during mid-
Holocene (Roberts et al. 2011). These dates correspond 
to periods of lake level rise and a humid climate. This 
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suggests a relationship between episodes of environmental 
change and the resulting fluctuation of lake levels with set-
tlement distribution leading to the development of human 
settlements on the lake shores during specific periods and 
their subsequent abandonment (Ballatti and Balza 2012).

The evidence points to the climate before Early Bronze 
Age II being cooler and wetter than the Climatic Opti-
mum and drier than Holocene. From this, we can infer a 
relationship between Neolithic settlements and the fluc-
tuation of Holocene lake levels (Fig. 15a–e). Numerous 
studies (Yasuda et al. 2000; Miller 2007; Roberts et al. 
1999; Karabıyıkoğlu 1999) on isotopes, pollen, geomor-
phological evidence, and archeological data from Konya 
and its immediate surroundings support the scenario of 
wetter climatic conditions before Early Bronze Age II. In 
fact, paleoenvironmental data show a sharp shift toward 
the end of Middle Holocene (ca. 2500–2000 BP) from 
a moister climate to the aridity that generally charac-
terizes Late Holocene in the region (Balatti and Balza 
2012). The nature of the Mid-Holocene climatic transi-
tion in the Eastern Mediterranean is an important issue 
in terms of understanding the environmental effects on 
early civilization in the region (e.g., Rosen 2007), and is 
also significant in terms of the teleconnections that con-
trol long-term change in the Mediterranean climate. Links 
between Eastern Mediterranean lake records and north 
Atlantic and Indian Monsoon climate systems have been 
proposed (Bartov et al. 2003; Jones et al. 2006). The rela-
tive strengths of the summer and winter seasons are also 
important as to whether these links have been consistent 
over time (Jones and Roberts 2008). According to Asouti 
(2009), after c. 6500 cal. BP, when diluted lake conditions 
dominated, there was a permanent fall in lake levels, with 
maximum salinity levels probably being achieved around 
3000–2000 cal. BP. According to this reconstruction, dur-
ing the Late Bronze and Iron ages, the plain experienced a 
phase of dryness (Balatti and Balza 2012).

The archeological evidence in reconstructing mid-Hol-
ocene landscape of the Bor Plain signifies a territory char-
acterized by considerable shrinkage of the lake and reces-
sion of the lake from the 1100 mlevel, with which lacustrine 
deposits are associated, to a point below Kayı, Topraktepe, 
and Çıplaktepe mounds between an elevation of 1090 mand 
1080 m. Erol (1981) suggests that there must have been at 
least three main advance phases and several minor oscilla-
tions during Holocene in the Konya, Tuzgölü, and Burdur 
basins. The present climate must be slightly drier, although 
probably not warmer, than the Climatic Optimum, since the 
prehistoric mounds and recent villages are coincidental in 
their distribution (Erol 1984). It can be said that in spite of 
limited re-advances in the lake level, the Bor Lake may have 
progressively receded during Holocene. According to Berger 
et al. (2016), the findings obtained from Kayı and Bayat 

Neolithic settlements in the north of Bor Plain were followed 
by humid and dry climatic conditions for 9000 years.

At another drill core taken from the bottom of Bor Plain 
(Bayer Altın and Fagel 2015), the upper part of the drilled 
core is composed of dark- and light-colored mud and clay 
sediments and the end of this part is composed of calcrete. 
Figure 16 shows a correlation between the Konya and Bor 
basins. The characterization of the sediments indicates that 
the Bor Plain stratigraphy contains mud, clay, and calcrete 
layers from the lowest to upper strata, which reflects a Holo-
cene climate and gradual change from wet (marshy) condi-
tions to dry conditions. The old lake covering Bor Plain has 
receded to form a swamp. There are still narrow swamps to 
the south of Kemerhisar today.

This episode also appears in the upper part of the cores 
drilled in some sub-basins of the Konya Plain. A freshwa-
ter system is indicated by shells and marshy deposits in 
the Konya core (C14 dated 4.9 ka cal. BP and U-Th dated 
5.5 ± 2.2 ka) (Kuzucuoğlu et al. 1999). The same results 
were recorded by Inoue et al. (1998). Fontugne et al. (1999) 
identified two phases of Holocene lake and marsh renewals, 
dated to 6.9–6.4 ka and 5.4–4.7 ka cal. BP. According to 
Kuzucuoğlu et al. (1999), the absence of a lacustrine record 
in the Konya Basin during the 9–6.8 ka cal. BP Holocene 
Climatic Optimum, which is also the time of the Neolithic 
population explosion with incipient domestication of cere-
als, possibly following natural selection of the ‘tough rachis’ 
mutation in wheat and barley by the extreme aridity of the 
preceding Younger Dryas (Rossignol-Strick, 1999), points 
to an increased effect by evaporation, possibly due to the 
derivation of precipitation by the Taurus orographic barrier 
(Kuzucuoğlu et al. 1999).

Some of the Neolithic settlements in the Bor Plain were 
established by the lake and some on the foot of mountains. 
The settlements concentrated on the lake shore show that the 
lakes were extremely determiner in the choice of settlement 
in this period. This can be clearly identified not only in the 
Bor Basin but also from the Neolithic and Early Chalcolithic 
Period settlements of the surrounding regions. The edges 
of many pluvial lakes were also selected as living areas in 
Hacılar, Suberde, Erbaba, Can Hasan III, Çatal Höyük, and 
Aşıklı mounds located in the Central Anatolian Plateau and 
Lakes region (Western Taurus) (Mellart 1967; Erol 1997; 
Kuzucuoğlu 2002, 2013; Dedeoğlu 2008; Kuzucuoğlu et al. 
2018a; Kuzucuoğlu, 2019). According to Erol (1997), the 
Late Pleistocene and Mid-Holocene segments of the basins 
located in Central Anatolia and the Lakes regions are cov-
ered with fertile farmland, occupied by ancient villages 
dating mostly from Early Bronze Age. The main reason 
for this situation is that, after the Paleolithic Age, due to 
the warmer and drier climatic conditions, with the reces-
sion of the water levels of the lakes and the change in the 
coastal lines, fields suitable for agriculture were opened to 
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Fig. 15   Recession and re-advance periods of Bor Lake from Upper Pleistocene to recent times. Location of mounds and relationship between 
mound and Holocene lake levels. This area is situated between 34°18′50.27" E, 34°38′43.62"E, 37°58′27.70" N and 37°44′42.56" N
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settlement. Increased erosion at Holocene periods in the 
plain, or accelerated aggradation in smaller catchments, is 
thus related partly to the Late Holocene climatic desiccation, 
but also to the increasing impact of human activities such as 
land-use practices on landscape during the Mid-Holocene 
as in the Konya Basin and Euphrates Valley (Kuzucuoğlu 
and Mouralis 2004; Kuzucuoğlu 2019). In this study, we 
argue that distributions of Neolithic settlements were well 
predicted by a combination of ecological reliability and lake 
terraces knowledge during the Mid-Holocene when climate 
and shorelines were still moving. The relationship between 
lake terraces and neolithic settlements will make an impor-
tant contribution to archaeological studies.

Conclusions

The Bor Plain was covered by a wide and deep lake in Mid-
dle Pleistocene (MIS 5). The regression of the lake began in 
the transition from Middle Pleistocene to Upper Pleistocene. 
The regression continued until the end of Holocene, with 
less obvious oscillations. The lowest shore corresponding 
to Upper Pleistocene was between 1100 and 1110 m. This 
resulted in the formation of terraces in the second phase 
and the lake level reached approximately 60–40 m. After 
this phase, the lake retreated significantly in Late Pleisto-
cene–Early Holocene. At the beginning of Holocene, the 
lake was at a level of 1075–1085 m and reached a depth of 
20–25 m. A dry period occurred, representing intense evapo-
ration of the lake, and there was a significant decrease in lake 
level. However, this lake was still a swamp in 9000–7000 BP. 
Since 6700 BP, a suitable environment formed for the estab-
lishment of mounds when the lake completely and rapidly 
dried up.

Thus, we demonstrated a relationship between lake-
level changes and Neolithic sites. From geological and 

geomorphological investigation of sediment cores from the 
bottom of the lake occupying Bor Plain, covering 6700 cal. 
BP, it can be concluded that the sediments in the lake are 
highly sensitive records of short-term climatic changes dur-
ing Holocene in southern Central Anatolia. Differences in 
humidity led to significant changes in the lake level, weath-
ering, and fluvial input, clearly reflected in the geomor-
phological (terraces) and mineralogical proxies, i.e., Tclay, 
calcite, cristobalite, and palygorskite. In particular, changes 
in the amount of these minerals indicate an alternation of 
cycles between wet and dry periods. Occurrence of a marshy 
surface coincided with Neolithic occupation. Palynological 
analysis has shown that it is no coincidence that Neolithic 
societies settled in the Bor Plain. The presence of Abies, 
Cedrus, and Pinus sylvestris type belonging to gymnosperm 
pollen indicates that mountainous areas surrounding Bor 
Plain were covered with forests consisting of these trees in 
10,000–9000 BP.

The old Bor Lake receded toward an elevation of 1100 m, 
and then, Early Neolithic sites are found on the plain sur-
face between 1100 and 1090 m. These sites, dating from 
the beginning of the sixth millennium, must have been 
established after the formation of terraces at an elevation 
of 1100 and 1090 m. After this period, recession of the 
lake was accelerated by drought. A new alluvial regime 
began after ~ 4500 cal. BP that was characterized by less 
marshy conditions. The long-term climatic trend during the 
past ~ 6700 years is toward more arid conditions. This is also 
reflected in palynological findings. The sporadic presence of 
Cerealia pollen in Ceralia form and less abundant Juglans in 
the palynoflora indicates human influence; wheat cultivation 
was attempted after 6776 ± 35 yr BP.

Short-term climate oscillations occurred in this period, 
comprising three expansions (rise of lake level) and 
four recession phases of variable length. The recession 
phases were during the Early Neolithic–Early Bronze I 

Fig. 16   Lithologic and chronostratigraphic comparison of Konya Basin (Kuzucuoğlu et al., 1999) and Bor Plain sediments
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(6500–5500 yr BP), Early Bronze II (Late Neolithic), Cli-
matic Optimum, and Roman warm period. The expansion 
phases were before Early Bronze II and after the Roman 
warm period (see Fig. 15d, e). This means that recessions 
of the lake were not continuous and sometimes expansions 
took place. The lake paused at 1100, 1090, 1080, 1070, and 
1060 m for a long time and then gained its present condition, 
i.e., as a plain. In addition, Bor Lake dried up later than the 
Konya Lake and volcanic activity, continuing until Holo-
cene, contributed to the lake’s drying up. The Bor Plain was 
preferred by Neolithic societies from the Early Bronze Age 
and during Early Holocene and Mid-Holocene depending 
on recession phases of the lake due to the availability of 
fertile farmland.
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