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INTRODUCTION

In 2004, we began a palaeo-environmental survey 
in the northern section of the site of Kaman-Kalehöyük 
corresponding to the archaeological excavation of North 
Sector X, located at the northern margin of the höyük. 
We took sediment samples from the section walls of 
the excavation grid and drilled cores in the lowland 
surrounding the höyük to reconstruct the sedimentary 
environment and palaeo-hydrologic history of the höyük. 
Our studies in 2004 and 2005 proposed that an abrupt 
change in hydrologic environment – water levels, soil 
moisture, and fluvial hazards – occurred at the höyük, 
and may have affected the distribution of structures at the 
settlement at the höyük (Kashima 2006). However, the 
magnitude and dating of the environmental changes were 
not yet revealed.

In 2006, we drilled 10 cores in the lowland 
surrounding the höyük. We performed lithologic 
observation, micro-paleontology analysis, and carbon-14 
dating of the cores. These analyses led to the conclusion 
that there was a wide pond or marsh that encircled 
Kaman-Kalehöyük during the Bronze and Iron Ages 
(Fig. 1, Photo 1 – 3).

RESEARCH AREA AND DRILLING SITES

Archaeological excavation by the Japanese Institute 
of Anatolian Archaeology has continued since 1986 at 
Kaman-Kalehöyük, about 100 km southeast of Ankara. 
Kaman-Kalehöyük is a mound-like archaeological site 
about 200 m in diameter that prospered continuously 
from the Early Bronze Age through the Iron Age, for 

approximately two thousand years. It was abandoned 
5th-4th century BC, just before the Hellenistic Period 
until the Ottoman Period (16th -17th century AD).

There is a huge alluvial fan distributed north of Mt. 
Baran in the western part of Kırşehir Prefecture. The fan 
was formed at Pleistocene period, and is now dissected 
narrow valleys. The höyük is located at one of the narrow 
valleys. The width of the valley is about 400 m near the 
höyük. According to the historic record, the ancient main 
road from Ankara to Kayseri passed along the southern 
margin of the höyük (Fig. 1).

Cores were drilled at ten sites in the plain in July 
2006. Three sites (B06-01, B06-02 and B06-03) were 
located in the northwestern area of the plain. They were 
drilled in the woods beside the small creek. B06-01 was 
in the same location as a 2005 preliminary drilling site, 
B05 (Fig. 1, Photo 4). Four cores (B06-04, B06-05, 

Fig. 1  Drilling sites in 2006 at Kaman-Kalehöyük
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B06-06 and B06-07) were drilled in the northern and 
northeastern areas of the plain. They were drilled on dry 
grassland (Fig. 1, Photo 5). The last three sites (B06-08, 
B06-09 and B06-10, Fig. 1, Photo 6) were located in the 
southern area of the plain. They were drilled along the 
presumed ancient main road.

METHOD OF ANALYSES

Drill Cores and Sampling
The cores were drilled using a percussion boring 

machine (DIK-121C, made by the Daiki Soil and 
Moisture Company, Japan). It is a handy tool, easy to 
transport and operate in a narrow space. Its engine has 
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Fig. 2-a  Geologic column of cores drilled north of the höyük (part1)
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Table 1  C14 dates from the cores
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enough power to excavate an undisturbed core up to 10 
m below the surface. Each core was dissected into 5 cm 
layers and packed into plastic bags after preliminary 
observation of the core at the drilling site (Photo 2, Photo 
3).

Lithologic Observation
Soil color, texture, grain size, sedimentary structure 

and organic contents were observed at the laboratory 
in the Japanese Institute of Anatolian Archaeology. The 
grain size components of the sediments have not been 
measured yet.

Diatom Analysis
Diatoms are single-cell algae that are good 

indicators of water environment. To identify diatoms 
in the core samples, 2 g (clay sediment) or 5 g (sandy 
sediment) of each sample was measured and carefully 
mixed in 100 ml distilled water with a mixer. The 

samples were divided into 1/1000 and then each was 
mounted on a glass slide using a synthetic resin of 
high refractive index (Mount media by Wako Pure 
Chemical Industry) for high magnification (x1000) light 
microscopy observation.

Carbon-14 Dating
The samples for C14 dating were sent to the 

Radiocarbon Dating Laboratory at Waikato University in 
New Zealand. The samples were measured by the AMS 
method and were calibrated to calendar ages.

LITHOLOGIC DESCRIPTION AND DATING OF 
THE CORES

B06-01, B06-02 and B06-03; northwestern part of the 
lowland (Fig. 2-a)

Core B06-01 penetrated only two meters to adjust 
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Fig. 2-b  Geologic column of cores drilled north of the höyük (part2)
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the drilling machine; therefore, the 2005 core B05 is 
discussed here, since it was drilled in the same location 
and penetrated four meters. The lithologic layers of core 
B05 changed as follows: 0.0 m – 0.6 m surface soil, 0.6 
m – 1.0 m sand and gravels, 1.0 m – 1.8 m dark grey 
peaty sandy clay, 1.8 m – 2.4 m sand and gravels, 2.4 
m – 2.9 m dark grey peaty sandy clay and 2.9 m – 4.0 
m hard reddish silt. The abrupt change in hardness and 
color from the non-solid deposits to the reddish hard 
silt at 2.9 m probably represents the change from the 
recent valley fill deposits to the Pleistocene deposit. Two 
sets of alternations between peaty clay layers and sand 
and gravel layers were observed in the valley deposits 
(Kashima 2006). Similar changes in sediments were 
observed in cores B06-02 and B06-03. The depth of 
the boundary between the recent valley fill deposit and 
the reddish weathered Pleistocene deposit was 3.2 m at 
site B06-02, and 3.8 m at site B06-03. The alternations 
between peaty clay layers and sand and gravel layers 

were clear at both sites. Two or three sets of alternations 
were observed in the cores.

Five C14 dates were measured from the three 
cores. The youngest sample dated to 1,888±35 years 
BP (Wk-17964), calibrated to 50 AD – 230 AD with 
95.7 % probability, from peaty clay at 150 cm depth in 
core B05 (B06-01). The oldest sample dated to 4,110±
39 years BP (Wk-19801), calibrated to 2830 BC – 2450 
BC with 95.7 % probability, from peaty clay at 380 cm 
depth in core B06-03. These dates indicate that the cyclic 
sedimentation of sand and clay occurred from the Early 
Bronze Age through the Roman Period.

B06-04, B06-05, B06-06 and B06-07; northern and 
northeastern part of the lowland (Fig. 2-b, Fig. 2-c)

The boundary between the recent valley fill deposit 
and the reddish weathered Pleistocene clay was observed 
at sites B06-04 and B06-05 at depths of 4.3 m and 4.5 
m, respectively. We did not reach the boundary at sites 
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Fig. 2-c  Geologic column of cores drilled north of the höyük (part3)
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B06-06 and B06-07, although we penetrated 5 m below 
the surface. Obvious cyclic changes in grain size of the 
deposits were observed as in the three cores from the 
northwestern area. One C14 date measured 2,866±39 
years BP (Wk-19802), calibrated to 1150 BC – 860 BC 
with 95.7 % probability, from peaty clay at 190 cm depth 
from site B06-06. It was consistent with the dating at 
sites B05 (B06-01) and B06-03.

B06-08, B06-09 and B06-10; southern part of the 
lowland (Fig. 3)

The lithologic faces of these cores were quite 
different from those of the previous seven cores. There 
was pale white clay at about 1–3 m depth at sites 
B06-08, B06-09 and B06-10. It was massive and firm 
clay without the organic material that was abundant in 
the clay layers of other seven cores. Below the white 
clay, the lithologic face changed to very firm sand with 
gravels. It was so firm that we could not penetrate below 
it at sites B06-08 and B06-09. After adjusting the drilling 
machine, we were able to drill below the hard sand-

granule, where there was peaty sandy clay containing 
much organic material. One C14 date was measured at 
the lowest part of the clay. It was 3,210±37 years BP 
(Wk-19803), calibrated to 1560 BC – 1360 BC with 95.7 
% probability, the later part of the Bronze Age.

DIATOM ASSEMBLAGES FROM THE CORES

The number of diatoms in the sediments varied 
mainly corresponding to the grain size. Diatoms were 
more abundant in clay layers than in sand and gravel 
layers. About 500 diatoms were observed in 1 mg 
sediment in the peaty clay at 2.7–2.8 m depth at site B05 
(B06-01). The diatom-rich clay can be divided into two 
layers in most of the cores drilled north of the höyük 
(B06-01 through B06-07). The upper layer consists of 
sandy clay, and was observed at all northern sites except 
B06-06. The lower clay layer was observed in every 
core from the northern area, and might be divided into 
subunits at site B06-03.
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The dominant diatom species from the two diatom-
rich layers was Hantzschia amphyoxys, a benthic fresh 
water species that lives in very shallow ponds and 
marshes (Plate 1; 1-2). In addition, other benthic fresh 
water diatoms such as Pinnularia, Nitzschia, Achnanthes 
and Cymbella were observed (Plate 1; 3-6). They also 
live in shallow ponds and marshes. In the lower clay 
layer in core B05 (B06-01), the species Nitzschia seemed 
to increase in abundance relative to all other diatoms 
(Kashima 2006). However, this trend was not clear at 
the sites drilled in 2006, and Hantzschia amphyoxy 
dominated most of the sedimentary layers that contained 
diatom fossils. It was presumed that there was no drastic 
difference in water environment between the lower clay 
layer and the upper sandy clay layer. Both layers were 
deposited under a very shallow pond or marsh.

The occurrence of diatoms was different in the 
three cores from the southern sites. Diatom was not 
observed in the massive pale clay except one layer 
(-1.7m at B06-08) that contained a few diatom fragments. 
In contrast to it, there were complete diatom valves in 
the peaty clay below the very firm granule and sand at 
B06-10. Hantzschia amphyoxy dominated in it.

Plate 1  Diatom fossils from the cores
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1-2: Hantzschia amphioxys, 3: Nitzschia frustulum, 
4: Cymbella cistula,5: Pinnularia borealis, 
6: Achnanthes minutissima
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Fig. 4-c  The locations of 
the firm clay layer, the main 
road deposits in the Roman 
Age or later.

A PRELIMINARY DISCUSSION OF PALAEO-
ENVIRONMENTAL CHANGE AT KAMAN-
KALEHÖYÜK

The results of the drilling survey in the lowland 
surrounding Kaman-Kalehöyük in 2006 indicate that 
the water environment was not stable and the water 
level changed from the Bronze Age through the Roman 

Period. There were two stages of high water that made a 
shallow pond or marsh in the area around the höyük. The 
older pond might have encircled the höyük, because its 
sedimentary signature was observed not only to the north 
but also to the south of the höyük (Fig.4-a). It existed 
from the Early Bronze Age through the early Iron Age 
based on six C14 dates.

After the period of the older pond/marsh, the water 
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level lowered and the lowland surrounding the höyük 
dried. The water level increased again in or after the 
Roman Period, because the peat layer of this stage was 
distributed above the IIa structure, the latest period of 
the Iron Age (Kashima, 2006). The distribution of the 
pond in this later stage was limited to the north of the 
höyük (Fig.4-b). In contrast, the southern area dried after 
the Iron Age, and the ancient main road went through it 
(Fig.4-c). The firm clay and granule deposit observed in 
cores B06-08, B06-09 and B06-10 is presumed to be an 
artificial deposit to construct the road, because there were 
neither organic materials nor diatom fossils in it.

Our previous drillings at lakes and swamps in 
Central Anatolia made clear that huge climatic change 
occurred during the Holocene (Kashima 2002, 2003; 
Kashima et al. 2005). Precipitation and evaporation 
rates changed abruptly corresponding to temperature 
fluctuations. Based on drilling surveys in small swamps 
near Kültepe in 2003, it was presumed that three flood 
events attacked the lower town (Karum) of Kültepe. The 
first flood event was dated to ca. 4500 BC, the second 
one to ca. 200 BC, and the last one to after 700 AD 
by calibrated AMS C14 analysis (Kashima et al. 2005). 
However, the high water stage during the Bronze and the 
Iron Ages was found only at Kaman-Kalehöyük, and was 
not in harmony with the water level changes seen at other 
areas on the Anatolia Plateau.

We have not yet found evidence to determine 
whether the high water level at Kaman-Kalehöyük was 
caused artificially or not. Further drilling surveys around 
the höyük may clarify the distribution and age of what 
might be a water supply system or structure.
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Photo 1  Aerial photograph of Kaman-Kalehöyük

Photo 2  Drilling survey at Kaman-Kalehöyük in 2006 (part1) Photo 3  Drilling survey at Kaman-Kalehöyük in 2006 (part2)
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Photo 5  Drilling sites north of the höyük in 2006 (part2) Photo 6  Drilling sites south of the höyük in 2006
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