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With environmental issues becoming an increasingly acute concern for countries worldwide,
Turkey is a country of prime interest in the ﬁeld of climate studies. Due to its location, it presents
an area ripe for exploring and understanding climate development and the history of global
environmental change within the context of contemporary international relations. Lake
sediments, tree‐rings, speleothems and peat deposits represent valuable natural ‘archives’ of
environmental change which have been under‐explored in both Turkey and the wider Black Sea
region. This Strategic Research Initiative into the vegetation and climate history of the region
focuses on changes in vegetation, water resources, landscape stability and hazards in Turkey, the
Black Sea area and much of the wider Middle East over time. It also provides a key context of
interaction concerning human use of the landscape from prehistory to the present day.
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In this final year of our British Institute at Ankara pilot
project we concentrated on obtaining higher-resolution
landscape data in areas of particular interest to our overall
study. One such area is the sequence of ancestral Kura river
terraces around the village of Sevimli (see map over page)
from which we reported a ‘first look’ last year here in
Heritage Turkey. Although there are traditional maps of much
of the study region, they contain only comparatively crude
landscape data in the form of coarse interpolated contour
maps. These maps at best display data using 10m contour
intervals which is often too coarse a resolution to represent
many of the landforms of interest to our study. There is also
no prospect of obtaining access to aerial photographs for the
area of interest, especially as this region lies close to
international borders. This problem is not uncommon for
large parts of the world, and so in recent years many
researchers have turned to a new source of information,
specifically remotely-sensed data, to improve the resolution
of available topographic information. Satellite data have
become widely available but are often only free at coarse
spatial resolutions (for example Google Earth), with highresolution data available only to those with large budgets.
Thankfully there is a new, cost-effective way to obtain highresolution topographic data by utilising consumer-grade
cameras mounted on unmanned aerial vehicles (UAVs).
Overlapping low-altitude photographs can be processed using
traditional photogrammetry techniques, in combination with
newly developed algorithms (specifically Structure from

Motion or SfM algorithms), to produce very high-resolution
digital surface height models (DSMs). These UAVs, or
drones, have received large amounts of negative press
recently, but here is just one example of the many positive
benefits they offer. Although many westerners fear the
invasion of privacy, here in the sparsely populated areas of
the Kura valley local residents were very curious to see the
UAVs in action and our frequently abrupt terminations of
early flights (i.e. crashing into hillsides) were a source of
much amusement both to the local children and to those
members of our research team not responsible for ensuring a
successful outcome! Although flights are largely autonomous,
the rough terrain meant both take-offs and landings were
performed manually, a skill which took some time to master.
This new drone method can yield superb results but it
does require many hands helping out. Fortunately, this year
we were joined in our fieldwork by two student fieldwork
apprentices, Jessica Playle and Lola Yusuf, who were
successful in receiving sponsorship from the Royal
Geographical Society. Both are undergraduate students in

Tuncer Demir prepares the Skywalker 1900 UAV
for a mapping mission
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General topography of the Kura catchment close to the Turkey-Georgia border. Grid represents UTM Zone 38 coordinates
geography at Newcastle University and both played a crucial
role in helping us to deliver the outcomes of this fieldwork.
Neither student had previously been to eastern Turkey but
both quickly settled into the fieldwork routine and started to
appreciate the delights of the local cuisine and the ‘unusual’
animal-sourced materials used to build walls around
dwellings (and, one presumes, used for fuel in the winter).
Our aerial photography was undertaken using a 12M
pixel Canon S100 digital camera mounted in a 1.9m
wingspan Skywalker fixed-wing air frame. The aerial
photography mission requires relatively precise control over
the location of each photograph in order to achieve the
necessary ~60% overlap and sidelap in images. The flight
route for the aerial mapping mission is pre-planned using
open-source ground-control software and the mission
transferred to an on-board flight controller (in our case a
3DR Pixhawk) which is linked to an on-board GPS. For the
orthophoto shown in the figure on the next page (figure A)
the mission required a mosaic of 222 photos taken at an
altitude of ~120m above ground level. At this height each
photo pixel covers a ground area of ~7cm2. The data were
processed in Agisoft Photoscan Professional software using a
number of ground-control points measured to 2cm accuracy
via a differential single frequency GPS system. The end
result is a highly accurate DSM, accurate to within ~14cm in
ground position and ~30cm in height. This level of accuracy
is beyond that of commercially available satellite data and it
serves as a detailed base map for all subsequent work.
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Figure B shows a section of the mapped area immediately
south of the deeply incised modern Kura river valley. Using a
hill-shade of the DSM we can, despite the obvious
agricultural modifications, clearly identify at least two highlevel strath (erosional) river terraces cut into the underlying
lava flow. These terraces must therefore postdate the lava
flow but they must also predate the vertical incision of the
Kura. The surface morphology of the lava flow indicates that
it emanated from the south and flowed northwards into a
contemporary ancestral Kura river valley which had its axis,
indicated by a surface depression, to the south of the strath
terraces. This is also confirmed by the subsurface data we see
at outcrop. Indeed, as suggested last year, this lava flow
blankets a palaeolandscape which includes the contemporary
valley floor and at least two higher aggradational river
terraces to the south. These pre-lava terraces have 5m+ of
fluvially-deposited sediments and they represent a different
style of fluvial activity to that witnessed by the post-lava
strath terraces and subsequent near vertical incision of the
Kura river.
The pre-lava terraces are the deposits of a river which was
able to move freely across the softer, more erodible upper
parts of a much older basin fill. The wider area lies within a
structural basin, referred to here as the Sevimli Basin,
bounded to the east and west by major strike-slip faults (see
map above), with smaller faults bounding the northern and
southern margins. This structural basin is typical of the wider
region, where tectonic extension resulted in the formation of

many initially internally draining (endorheic) basins. These
basins gradually filled with thick sedimentary and volcanic
sequences (up to ~300m thick) during the mid to late
Miocene. The precursor to the current Kura river system,
which now flows across many of the structural basins, did not
evolve until after the onset of regional uplift and inversion of
the basin sequences sometime in the late Miocene (i.e.
between around 8Ma and 5Ma).
The pre-lava terraces appear to represent a comparatively
large river system suggesting a catchment which extended
upstream beyond the confines of the Sevimli Basin into the
much larger Hanak Basin (see map) where our investigations
have identified possible upstream equivalent deposits. As we
await the results of our Ar-Ar analysis of this lava, we do not
as yet know its age but we suspect it will be early within the
Quaternary, i.e. the last ~2.5Ma. Further extension of this
river system into the Ardahan Basin, and beyond into the
Göle Basin, most likely occurred much later, and so this prelava flow ancestral Kura river had a catchment smaller than
the current river. The sediments contained within the early
terraces buried by the lava flow are sands and gravels
cannibalised from the upper parts of the Miocene basin fill,
both from the immediate Sevimli and upstream Hanak
Basins. However, the majority of the sediments removed
from the Miocene basins by this river system were ultimately
exported further downstream into Georgia where they are
stored in the Transcaucasus depression. Significantly, for at
least part of this time the Transcaucasus depression would
have been a seaway between the current Caspian and Black
Seas acting as a variable base level for river incision.
Although we have not yet identified any archaeological
record from these sediments, they most likely represent
deposition in channels set in a wide floodplain, an
environment eminently suitable for early human occupation.
Whether the early humans that settled around Dmanisi
(Georgia: see map) around 1.8 million years ago walked this
way we cannot tell, but it is certainly possible.

The lava incursion required a re-routing of the river
around the blockage. The strath terraces indicate that the river
was able to find a new route around the dam to the north. It
seems probable that this erosion removed what remained of
the soft-sediment Sevimli Basin fill to the north, exhuming
the upper surface of a thick sequence of older (Miocene) lava
flows. These Sevimli Basin fill lava flows form the walls of
the canyon into which the Kura river is now confined. The
un-roofing of the basin fill lava provided a much more
resistant substrate for erosion. Although the ancestral Kura
continued to incise, it was now confined to the southern edge
of the Sevimli Basin fill, unable to move laterally into the
resistant lavas and thus widen its valley floor. The change of
behaviour is thus unlikely to be solely a response to a
changing external stimuli (for example an increase in uplift
rate), but more likely it is a dynamical system response to a
change in resistance to erosion of the material at the river
bed. The narrow confines of the incised valley restrict the
chances of preservation of any subsequent sediment
accumulations and this section of the ancestral Kura system
thus becomes a sediment transfer zone, conveying sediment
from upstream downstream into Georgia.
This detailed local study, alongside our more regional
observations, have highlighted the presence of a significant
fluvial archive. The stratigraphy is complicated but there is
sufficient exposure to afford a reasonable chance of
establishing a meaningful interpretation. During our fieldwork
we have observed numerous Palaeolithic artefacts
highlighting the possibilities for significant and exciting
discoveries in this key area for the human story. Now that we
have some baseline information we have been able to
construct a larger research proposal in association with
archaeological colleagues from Turkey and the UK (now with
the Natural Environment Research Council), in which we will
seek to understand better the evolution of the Kura catchment
in Turkey and Armenia, and attempt to determine further its
significance for human dispersal throughout the Pleistocene.

Left (A): orthophoto of
mapped areas south of
Sevimli with inset showing
approximate location of
figure B. Right (B):
detailed hill-shaded DSM
with river terrace bluffs
highlighted in blue
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