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Abstract

This chapter examines the relationship between the
changing geomorphology of physical land forms in
tectonically and volcanically active regions, topography,
soil nutrients, movements of large mammals, and patterns
of human subsistence and dispersal in the early stages of
human evolution. We place particular emphasis on the
ways in which minor topographic barriers—for example,
river gorges, fault scarps and basaltic lava flows—
constrain the movements of large mammals during their
seasonal migrations and offer opportunities for early
humans to take advantage of predictable natural constric-
tions to ambush animals. We also emphasise the impor-
tance of soil edaphics—the mineral composition of soils
as a source of trace elements essential for animal growth
and health—as another key variable in determining the
distribution and movements of animals and their human
hunters. Soil edaphics are closely related to the nature of
the underlying regolith or bedrock, and are consequently
highly variable in their distribution, providing additional
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constraints on animal movements. We show how the
combination of topographic and soil-edaphic mapping in
conjunction with the observed locations of stone-tool or
fossil assemblages can highlight patterns of early human
behaviour, using examples from the East African and
Jordanian Rifts and the Arabian margin of the Red Sea.
Finally, we note that these methods have the potential to
be applied more widely in other regions of the world and
to problems of animal and human health at the
present-day.

1 Introduction

The physical landscape forms the basis for the development
of animal and human habitats. Studying the interaction
between the fauna and the environment therefore requires an
understanding of the character and evolution of landscapes.
Here we provide examples demonstrating that the knowl-
edge and techniques derived from tectonic geomorphology
can provide this information and be adapted to research in
palaeoanthropology, archaeology and ancient and modern
land use. Combining evidence in the fossil and archaeo-
logical record with an understanding of landscape processes
allows an additional insight into past human and animal
behaviour, and is an important complement to the data
derived from excavation and the study of artefacts and fos-
sils alone. The approach we have developed combines
extensive fieldwork with satellite-derived data to produce
maps of the landscape as it would have existed at an earlier
time, taking account of the animal species that would have
been the primary food supply and their habitat preferences,
and incorporating evidence of changes in land forms brought
about by tectonic activity and other geomorphological
processes.

This work was originally inspired by the need to place
archaeological sites and other evidence of past human
behaviour into their wider landscape setting in order to
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illuminate the patterns and causes of early human dispersal
and colonisation of new territory in the very earliest stages of
human development in Africa and adjacent regions. As the
work has progressed, it has become clear that the results of
our approach have considerable relevance not only to the
past but also to a better understanding of environmental
factors that affect animal and human health at the present day
(Winder et al. 2013; Deves et al. 2014, 2015; Bailey et al.
2015; Kiibler et al. 2015, 2016).

In this chapter we consider selected aspects of recon-
structing the ancient use of the landscape, with particular
emphasis on the role of topography and soil edaphics in
constraining the distributions and seasonal movements of the
large herbivores on which human subsistence largely
depended for long periods of the past (Owen-Smith 1988).
By soil edaphics we mean the ability of the soil to provide
essential nutrients in the form of trace elements necessary for
the growth and survival of large herbivores. We summarise
the relationship between tectonic topography and the early
stages of human evolution, and set out in more detail the
variables we consider as significant in palaeolandscape
reconstruction and the methods we use to reconstruct ancient
topography and soil edaphics. We show how soil edaphics
are closely linked to the nature of the underlying rock sub-
strate, and how the constraints imposed on animal move-
ments by a combination of topography and soil edaphics
would have facilitated the capture of large mammals by early
human hunters. We do not enter here into the debates about
whether early hominins obtained meat by scavenging or by
hunting (see debates in Blumenschine et al. 1994; Dom-
inguez-Rodrigo 2002; Pickering 2013), but note that our
reconstructions are consistent with ambush hunting of large
and dangerous animals by early members of the genus Homo
with no need for equipment other than hand-thrown missiles
or thrusting spears.

For examples, we draw on case studies from the East
African Rift in Kenya, from the Dead Sea Rift in the
southern Levant and from SW Arabia (Fig. 1). Although
these are widely disparate regions, they are united by several
features in common. First, they are all regions with evidence
of human occupation in the earliest (Lower Palaeolithic)
periods of the Stone Age; more specifically they are asso-
ciated with similar stone-tool assemblages of Acheulean
type, made by some of the earliest members of the genus
Homo (H. ergaster or H. erectus), the earliest of our
examples extending back in time to 1.4 Ma. We examine
selected archaeological sites from each region, chosen
because they are substantial sites indicating repeated use of
favoured locations in a wider landscape and because they
provide good illustrations of landscape reconstruction. Sec-
ondly, they occur at different points along one of the major
axes of earliest dispersal of the genus Homo, namely the East
African Rift and the Red Sea and Levantine corridors, and
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illustrate features that we consider to be significant in pro-
moting or permitting population dispersal. Thirdly, they are
associated with different geomorphological expressions of
the Afro-Arabian tectonic system.

The dominant feature of this tectonic system is the East
African Rift. Rifting is thought to have been initiated with
the massive flood-basalt eruptions that occurred in Ethiopia
at 30 Ma, with propagation southwards for over 1000 km as
far as Mozambique and the borders of South Africa,
exploiting weaknesses in the Earth’s crust. Throughout, the
Rift displays typical features of rifting, with progressive
uplift of the valley margins by normal faulting, creation of
lake basins on the rift floor formed by internal drainage, and
substantial volcanic activity. North of Ethiopia, the ‘Proto
Red Sea’ was a northward extension of the East African Rift,
but subsequently widened into a young ocean as the Arabian
Plate began to move north away from Africa, creating the
Gulf of Aden in the south and colliding with Europe to the
north. North of the Red Sea, the transform faults along the
western margin of the Arabian plate as it moved northward
created the so called Syrio-Jordanian Rift. This is not,
strictly speaking, a rift but is the result of strike-slip motion.
The cross-sectional profile of the resulting valleys is nar-
rower than in a true rift, but in other respects there are many
similar tectonic features including high levels of earthquake
activity, significant episodes of magmatism and internally
draining lake basins.

We begin with examples from Kenya in the classic
landscape setting of the East African Rift. This is one of the
earliest and best studied centres of early human origins and
development, and the region which offers the most detailed
application and illustration of our methods. We then move to
the southern Levant, another region with a long history of
geological and archaeological investigation that provides a
solid platform for palacolandscape reconstruction. Finally,
we turn to the intermediate region of the western Arabian
escarpment. Here, there is a shorter history of investigation,
and discovery of new archaeological sites and palacoenvi-
ronmental investigations are ongoing (see the other chapters
in this volume).

2 Landscape and the Evolution of Homo

It is widely accepted that a progressive drying of the climate
resulted in the gradual disappearance of tropical forest and
thus affected the range of forest species in substantial parts of
Africa, and specifically in East Africa (Bobe 2006; Cerling
et al. 1997; deMenocal 2004). As forest cover reduced after
5 Ma, fauna began to exploit more open savannah condi-
tions characterised by grasslands, small trees and shrub
vegetation. Today, although forest contains a larger diversity
of species, savannah supports a very much larger faunal
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Fig. 1 Location map of case studies and archaeological sites plotted
on a map of the Afro-Arabian tectonic system showing general relief
and major tectonic features. Red arrows indicate separation of the
African Rift and the relative motions of the Arabian and African plates.
Uplift of the Ethiopian and East African Plateaus is the result of

thinning and swelling of the Earth’s crust over hot plumes rising from
deep within the Earth’s core. The Ethiopian plume broke through the
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crust with massive eruption of flood basalts at ~30 Ma. This is thought
to have triggered the initial separation of the African Rift to the south
and the proto Red Sea to the north, with subsequent separation and
northward motion of the Arabian Plate by ocean spreading in the Gulf
of Aden and the Red Sea, creating the Dead Sea transform fault in the
north-west and collision with Plates to the north (not shown)
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biomass per square kilometre than any other zone of the
planet (Maglio and Cook 1978). Several faunal lineages
show radiations as species began to exploit the rich new
ecological niches associated with the increasing grassland
(Bobe and Eck 2001; Bobe and Behrensmeyer 2004). This is
also true for hominins; the fossil record indicates several
early hominin genera (Sahelanthropus, Orrorin, Kenyan-
thropus, Ardipithecus, Australopithecus), which may reflect
different evolutionary strategies to living in new habitat
types. Of these genera, only Homo has remained, becoming
with time the top predator (e.g., Wood 2005).

The key to how hominins may have adapted to living in
novel environments may well lie in the types of landscapes
they exploited. Here we refer to the physical landscape that
Earth scientists are used to exploring, that is, landforms,
rocks, sediments and soils, and we use the term environment
to mean the combination of vegetation and the physical
landscape. Within this context, savannah corresponds more
to a vegetation type as part of the environment, rather than to
the physical landscape. While vegetation types are quite
sensitive to climate change, features of the physical land-
scape are not affected to the same extent. Landscapes evolve
in response to geodynamical processes such as active tec-
tonics, volcanism, erosion and deposition. These processes
shape landscape geomorphology and hydrology, and act on
the geology and on soil composition, which can in turn affect
the edaphic properties of the soils. The simple picture one
might have of savannah becomes more complex when one
starts considering the features of the underlying physical
landscape. This can be made of various types of rocks and
soils. It can be rough or smooth, covered by volcanic lavas
or deformed by active tectonics. As a result, it can vary in its
sensitivity to climatic oscillations. Habitats are the suitable
environmental (vegetation and landscape) conditions that
pertain to a particular species (Vrba 1982). Suitable regions
for hominins need to meet key habitat requirements, namely
a range of forage (C3 browse and C4 grass food types),
refuge from predation and a source of drinking water (e.g.,
Reynolds et al. 2011). There are specific geomorphological
contexts that can provide these habitat requirements, notably
those affected by volcanic or tectonic activity.

We have shown that the locations of Palaeolithic sites in
many regions are closely associated with tectonically active
and topographically complex landscapes (King and Bailey
2006; Bailey et al. 2011). In almost all cases, tectonic and/or
volcanic activity was ongoing when Palaeolithic people were
present in these regions. Continuing activity rejuvenates
features and prevents them from being smoothed by erosion.
Such areas are associated with a wide variety of landforms,
for example, rocky outcrops, cliffs, gorges, ridges, offering
plenty of look-out and observation points, opportunities for
shelter and protection from most predators and key strategic
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advantages for hunting (e.g., King et al. 2010; Bailey and
King 2011).

Early humans, being slow moving, would have been
vulnerable to fast-moving cursorial predators in flat, fea-
tureless landscapes. For the same reason, throughout history,
persecuted people have always moved to mountainous
regions to escape cavalry, trucks or tanks. Tectonic activity
is particularly efficient at creating complex landscapes
including: (1) cliffs and river gorges, which hominins and
other primates could exploit for safety and sleeping roosts;
(2) catchment of drinking water; and (3) heterogeneous
environments, potentially associated with a range of food
types. A key advantage of tectonically active areas is that
faulting or folding activity can disrupt water tables and
create lakes and swamps that are constantly renewed as long
as the activity persists. Faulting can thus provide a range of
uplifted, dry areas where grazing animals would predomi-
nate, with down-dropped, wetter areas that would provide
ecological heterogeneity within a relatively small spatial
range and sources of drinking water and other resources.
This pattern fits well with existing inferences about hominin
habitats from many sites in Africa (see Reynolds et al. 2011
for a review).

Early hominins, such as Australopithecus, are considered
to have exploited trees for security and adapted to the
savannah by means of anatomical adaptations, progressively
acquiring effective bipedalism. The energetically (relatively)
efficient Homo body form appeared at about 2 Ma (Wood
2005). The most widely accepted view is that this adaptation
allowed more rapid movement on flat ground, and freed the
arms for carrying. An extreme version of this is the
‘Endurance Running Hypothesis’ (Bramble and Lieberman
2004), which proposes an ability to run prey animals to
exhaustion as a primary hunting technique (but see Pickering
2013, p. 99-102 for a critique). Other possibilities are
thermoregulatory efficiency that allowed exploitation of a
day-time hunting niche (Wheeler 1993). Recently, an alter-
native hypothesis that considers the role of topography in the
evolution of the early Homo body form has been proposed
(Reynolds et al. 2011; Winder et al. 2013, 2014; Deves et al.
2015). This ‘Scrambler Man’ hypothesis argues that rough
topography would have selected for a progressive transition
to an upright posture associated with bipedal locomotion
through climbing and scrambling activities. This view con-
trasts with previous models based on adaptations to forest or
flat savannah in favour of physical incentives presented by
steep, rugged terrain. Using rugged topography to monitor
and trap migratory mammals could have selected for greater
speed and agility in hominin populations over time. This
hypothesis explains well the key anatomical changes
observed over the course of human evolution (e.g., Winder
et al. 2013).
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3 Key Variables in the Reconstruction
of Landscapes and Animal Movements

We argue that complex topography has not only played a
role in human evolution and land use but is also a critical
factor in defining the habitats and seasonal movements of
large herbivorous mammals, imposing constraints that
facilitate human exploitation. We consider two physical
attributes of a landscape that can affect animal movements:
(1) the roughness of the topography itself; and (2) soil
characteristics that indicate areas of good and poor pasture
quality.

By roughness we mean irregularities in surface mor-
phology (Bailey et al. 2011, p. 4-5). A rough topography
may be contrasted with a smooth topography—one with
surfaces that are smooth and level. But roughness can occur
at different scales, ranging from steep mountain slopes and
vertical cliffs to surfaces that appear flat but are difficult to
cross because of jagged erosional features, such as some
limestone karsts and lava flows. In assessing roughness, we
use measurements of slope angles derived from Digital
Elevation Models (DEM) (Bailey et al. 2011, p. 277), sup-
plemented by field observations. Our interest is particularly
in identifying topographic features that are sufficient to block
or deter the movements of large herbivores, channel their
movements along predictable pathways, and make them
more vulnerable to human predation.

The majority of herbivores are thought to migrate in
response to changes in available water, grazing and seasonal
temperature variations. In modern landscapes, seasonal
movements of wild animals are limited by humans fencing
off large areas, but historical documents record these types of
migrations. For example, early European explorers to
southern Africa recorded mass migrations of springbok
(Antidorcas marsupialis) and other animals to areas of fresh
grazing (Skinner and Louw 1996). The seasonal migrations
of wildebeest (Connochaetes taurinus) and other grazing
animals in the Serengeti continue today. Seasonal resource
variations are still exploited by transhumant shepherds in
many parts of Europe, who move their animals in the same
way that wild species such as the red deer (Cervus elaphus)
would have moved in the past without human intervention
(Sturdy et al. 1997).

With regard to soil attributes, we pay particular attention
to edaphic factors as a guide to pasture quality, though we
also note the importance of water retentiveness, especially in
arid or semi-arid regions. Edaphic factors, or the shorthand
term ‘edaphics’, concern the ability of the regolith (i.e., soils
and subsoils) to supply, by plant take-up, the nutrients
necessary for herbivore growth, health and reproduction.
These edaphic factors are critical to the growth of young
animals and the continued health of younger and older
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individuals. They can shape animal movements within a
landscape as a result of the presence or absence of vital
nutritional components in the vegetation of certain areas.
The availability of soluble phosphate is especially important,
as this supports bone development. Its limited availability
plays an important role in Serengeti wildebeest migrations
today (Murray 1995).

Simple phosphorus or phosphate levels in soils and
subsoils are not, on their own, guides to the edaphic quality
of the soils. Tricalcium di-orthophosphate, the main con-
stituent of animal bones, is only soluble in ionised acidic
water, and its release into soils in a form which can be taken
up by plants is normally very slow. So, for high edaphic
quality in relation to phosphates, not only is an adequate
source of the minerals required, but the conditions must be
such that the minerals can actually be taken up by the fodder
which the herbivores eat (Henkin et al. 1995). Even where
the regolith provides abundant sources of the main minerals
and nutrients in a form which can be taken up by plants,
specific trace elements may be missing, for example, ele-
ments, such as selenium, cobalt, copper or potassium (Bur-
rows et al. 1979; Corah 1996; Formigoni et al. 2011; Kadim
et al. 2003; Ruess 1984). In such cases, animals may need to
make periodic movements to areas that supply the missing
elements. Nowadays, fodder supplements and fertilisers
often provide this requirement for domestic animals without
the need for extensive movements.

We distinguish soil edaphics from soil fertility. Soils may
be fertile in the sense that they can support lush vegetation,
but may nevertheless be lacking in the nutrients essential for
animal health, especially for the growth of young animals.
A given soil might support abundant vegetation, but this
may be of poor quality when viewed as a source of food and
trace elements for herbivores. Over wide areas of the
Mediterranean, for example, until the recent substantial fall
in grazing pressures resulting from changes in modern
human economies, the edaphically poorer areas often carried
more abundant plant vegetation precisely because they were
less exploited by animals, while the vegetation in the
edaphically richer areas was bitten down hard, reflecting
their differential attractiveness to herbivores (Sturdy and
Webley 1988; Sturdy et al. 1997).

4 Methods of Palaeolandscape
Reconstruction

The aim of palaeolandscape reconstruction is to derive a
digital landscape model (palacoDEM) at the time of hominin
occupation for the desired study region. The starting point
for reconstructing ancient landscapes is a present-day DEM,
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usually derived from freely available Shuttle Radar Topo-
graphic Mission (SRTM) data. This is then corrected by
subtracting a correction displacement field (CDF) across the
DEM to restore earlier elevations. Creating a CDF requires
information on (1) fault motions, (2) erosion and deposition
of sediments, (3) volcanic activity, (4) other sources of
surface motion such as subsidence from groundwater dis-
posal. Each of these variables needs to have a temporal
component (absolute or relative) to allow the CDF to be
determined for a specific time interval. This can be judged
by analysing the relationships of geological units and
structures, for example, tilted lake beds or lava flows over-
lying tectonically faulted structures, and combining them
with geochronological data, which are available with vary-
ing degrees of accuracy in our individual study regions.
Tectonic motion can be restored with computer models and
codes using dislocations in a 2D half-space based on ana-
lytical expressions (Okada 1982). Vertical motion from
non-tectonic processes such as groundwater disposal or
collapse of magma chambers can be reconstructed by cre-
ating palaeo-contour lines from a large number of topo-
graphic profiles, which are then corrected for subsidence and
erosion using Geoinformation Software packages (GIS).
A more detailed description of this methodology can be
found in the supplementary material of Kiibler et al.
(2015), and has been applied in greatest detail to the
Olorgesailie case study discussed below, where tectonic
changes have had the most significant effects on landscape
morphology.

5 Edaphic Analysis

The objective of chemical analysis of soils and plants in the
context of understanding edaphic properties is to gather
information on nutrient variability in the individual rock
units and sediments in the study region. Usually three to five
soil and plant-tissue samples per rock unit are taken to allow
for nutrient variability. Composite soil samples are taken
from five sampling points in a 5 X 5 m square from the
uppermost 25 cm of a soil profile. For deep soil profiles in
unconsolidated sediments, additional samples along a depth
profile (core or soil pit) are taken. Plant sampling usually
focuses on collecting grass and other shallow-rooted plants
at the soil sampling site. Soil and plant samples are then
tested for the concentration of the most important
macronutrients and trace elements such as calcium, copper,
iron, manganese, magnesium, nitrogen, phosphorus, potas-
sium, sodium, and zinc. Further soil samples are tested for
pH-value, electrical conductivity and total organic carbon.

S. Kiibler et al.
6 The Kenyan Rift

Olorgesailie in the southern Kenya Rift lies in the centre of a
60 km-wide rift floor (Fig. 2) and is famous for its abun-
dance of Acheulean artefacts, fossil mammals and
palacoenvironmental indicators together with a cranial
specimen of Homo preserved in sediments spanning ~ 1.2
to <0.5 Ma (Isaac 1977; Potts 1989; Behrensmeyer et al.
2002; Potts et al. 2004). The site is adjacent to a palaeolake.
Prey animals include elephant, hippopotamus, giant baboon,
equids and bovids, with evidence of carcase butchery.

The geology of the region comprises extensive trachyte
flows laid down between 0.7 and 1.4 Ma, overlapping the
period when the site was in use (Fig. 3). These are the
dominant rock type on the rift floor. Also present are
Plio-Pleistocene basalts and tuffs dated to 1.4-2.7 Ma
associated with the volcanoes of Mt. Olorgesailie and Mt
Esayeti. There are many sub-parallel fault scarps, and these
are nearly vertical in places, especially on the trachyte,
which is particularly resistant to erosion, and these constrain
east—west movements of large animals and humans (Kiibler
et al. 2015). Sediments carried from the north and the rift
flanks are present in small patches, but uplift and back tilting
prevent the entry of sediments from outside the main rift.

The landscape around Olorgesailie today is significantly
different from when the hominins were present, resulting
from ongoing faulting and the partial collapse of the
Olorgesailie volcanic caldera (Fig. 4a). Tectonic motion on
two north—south trending normal faults has resulted in tilting
of the Legemunge lake beds that contain the archaeological
material. These deposits were originally laid down hori-
zontally, so that the fault motions must postdate the
archaeological occupation. The caldera collapse of the
northwestern Olorgesailie edifice resulted in draining of the
palaeolake. The past and present geometry of the landscape
is defined by its tectonic structure, allowing reconstruction
of the palaeco-morphology by modelling fault displacements.
By removing the effects of fault motion and making cor-
rections for erosion and deposition of sediment (Fig. 4c, d),
a palaeo-DEM of the landscape can be created as it would
have appeared during the period when hominins were pre-
sent (Fig. 4b).

Modern analyses of macronutrients and trace elements
from soils on a representative sample of lithological and
sedimentary units demonstrate a consistent relationship
between edaphic quality and the underlying regolith (Kiibler
et al. 2015, 2016). Trachytes with poor-quality soils domi-
nate the region (Fig. 3), with richer soils developing only on
some other volcanic rocks and on sediments brought by
rivers from the north and east. This is supported by
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Fig. 3 Oblique 3D view of the South Kenya Rift centred on the
Olorgesailie hominin site, showing faults and other geological features.
The region is heterogeneous with some areas well-vegetated and others
with thin vegetation. Thin vegetation can result from soils that do not
favour plant growth, but can also result from heavy grazing and

interviews with Masai shepherd families who are well aware
where animals must graze and browse to remain healthy.

In the past, soils close to the palaeolake would have
provided an attractive focus for animal grazing and brows-
ing, especially during the dry season. But this area is com-
paratively small, so that large herds would need to move to
the more distant rift flanks 30 km away, where more
extensive grazing would have been available particularly
during the wet season. Routes of animal migration to or from
the flanks were greatly constrained by the numerous north—
south fault scarps and would need to pass along a predictable
route between the lake and the volcanic edifice (Fig. 4b). It
is on this route that the archaeological site is located.

dsalts *

browsing of favoured vegetation. The image is based on ETM + legacy
data. Topography from SRTM v4.1 data with a vertical exaggeration
of ~8. A red star indicates the Olorgesailie site. Maps created by SK
and GK using Adobe Illustrator CS 5.1, MAPublisher 9.4.0, Global
Mapper 16, and ENVI 5.1

We conclude that a key reason why the Olorgesailie site
was attractive to hominins and repeatedly used over a long
period is its proximity to a nearby area that has excellent
edaphics in a wider region that is highly deficient, and that it
controlled the only route allowing movement of large ani-
mals between east and west, facilitating trapping by ambush
hunting. Proximity to a reliable source of drinking water,
suitable volcanic stone for making artefacts, and good
look-out points for monitoring animal movements are
additional advantages of the Olorgesailie location, but are
not sufficient to explain why the site remained a repeated
focus of human activity over such a long period. When the
caldera collapsed and the lake was drained, the topographic
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Fig. 4 Digital elevation models (DEMs) of the Olorgesailie region.
a Present day topography. Prominent fault scarps are indicated in black
and those indicated in yellow and white are used in the modelling of
earlier topography in (b). The yellow faults are young faults, and
post-date the lake and the period of hominin activity at Olorgesailie.
The white faults result from caldera collapse. b PalaecoDEM of the
Olorgesailie region. White circle indicates the position of the Olorge-
sailie site. The volcanic edifice of Mt. Olorgesailie was already in place
and impeded drainage to the south, resulting in the formation of the
lake. A possible late lower lake level is indicated in dark blue. Some
faults in the trachytes do not cut basalts of the Olorgesailie edifice and
therefore clearly pre-date it. Dotted lines show faults that formed
barriers to animal movement and are thought to have existed when the

site was used by hominins. The drainage system was limited by a
barrier in the same place as hypothesized by Behrensmeyer et al.
(2002), so the barrier could have been higher than the lake without fully
blocking drainage from the lake. Likely grazing areas are indicated.
Routes to the flanks of the Rift negotiable by large animals are shown.
Fault scarps and the volcanic edifice would only be accessible to
smaller and more agile animals. ¢ Correction displacement field
(CDF) for caldera collapse. (d) CDF for faulting. Only the largest
effects are visible. Images are based on SRTM v4.1 data. Maps created
by GK using Adobe Illustrator CS 5.1, and Global Mapper 9.4.0.
Landscape reconstruction and fault mechanisms are calculated with
Almond 7.05 software (www.ipgp.jussieu.fr/ king) based on the
program developed by Okada (1982)
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Fig. 5 Map of the Kariandusi region, showing the location of the site, major topographic features, proposed movements of large mammals and the
outline of the expanded lake at the time when the site was in use. Maps created by SK and GK using Adobe Illustrator CS 5.1, Adobe

Photoshop CS 5.1, MA Publisher 9.4.0, and Global Mapper 16

constraints that favoured ambush hunting disappeared and
occupation ceased.

The site of Kariandusi in the central Kenyan Rift provides
an informative comparison, showing similar features to
Olorgesailie, except that it was used over a much shorter
period. The material was originally deposited on a tributary
of the Kariandusi River draining into the adjacent Lake
Elmentaita, and comprises numerous Acheulean bifaces and

other stone artefacts, with dates bracketed dated between
0.79 and 0.98 Ma (Leakey 1931; Gowlett and Crompton
1994; Shipton 2011). There are few faunal remains, con-
sisting only of some equid teeth because of poor conditions
for preservation of organic materials.

The distribution of edaphically-rich soils in the wider
region is patchy, with the best concentrations on the rift flank
to the east of the site. Here, an extensive upland basin is

geoff.bailey@york.ac.uk



Tectonic Geomorphology and Soil Edaphics as Controls ...

663

1000

Altitude metres
U
8

-50

Fig. 6 The central Dead Sea Rift and adjacent regions showing relief,
the coastline at lowered sea level and Lake Lisan at its maximum
extent. A selection of major Lower Palaeolithic sites is shown. Red
circles are Acheulean sites with faunal remains including elephant,
white circles are Acheulean sites without fauna. After Deves et al.
(2014). Sites referred to are as follows: J. Joubbata; YV. Yaafouri

enclosed by steep faults and easily accessible to herds of large
animals only from the rift floor to the west and northwest
(Fig. 5). At the time when the site was occupied, much larger
areas of the rift floor were submerged under an enlarged
freshwater lake, and the lakeshore was at a higher level,
forming a barrier to animal movements from west to east
except through a narrow corridor close to Kariandusi (Kiibler
et al. 2015). As at Olorgesailie, freshwater, raw material for
making stone artefacts and good viewpoints were all locally
available throughout the Pleistocene. However, the Karian-
dusi site appears to have been used only during the period
when high lake levels gave the location strategic advantage in
relation to topographic barriers to ambush large mammals
during their seasonal migrations. This reinforces the impor-
tance of complex faulted terrain and topographic barriers as a
determinant of Acheulean site location and use.

Kinneret ,
Lake |5

Valley; BR. Berekhat Ram; MB. Maayan Baruch; E, Evron; GBY,
Gesher Banat Ya’aqov; U. Ubeidiya; M. Mashari’a (Ronen et al. 1980;
Goren 1981; Goren-Inbar 1985; Tchernov 1988; Bar-Yosef and
Goren-Inbar 1993; Tchernov et al. 1994; Macumber and Edwards
1997; Goren-Inbar et al. 2000; Ronen 2003). After Deves et al. (2014)

7 Southern Levant

The Jordanian or Dead Sea Rift, comprising the system of
valleys and lakes that extend northward from the Gulf of
Agaba on the Red Sea through to the Lebanon and Syria, is not
strictly speaking a rift in the same sense as the East African
Rift. It is, rather, a strike-slip structure resulting from the
northward rotation of the Arabian Plate away from Africa.
Nevertheless, it has many similar geological and topographic
features, including high levels of earthquake activity and
faulting, volcanic activity with extensive basaltic lava flows,
elongated valleys with lake-filled basins subject to variations
in lake level, marked changes of elevation over relatively short
distances, and generally-speaking a complex topography
(Enzel and Bar-Yosef 2017).
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Fig. 7 Simplified geology plotted on a relief map of the area shown in Fig. 6 and used to identify areas of differing soil edaphic quality. Of
particular importance are the basalt regions, which develop soils with high levels of soluble phosphate. Site information as in Fig. 6. After Devés

et al. (2014)

The long history of archaeological investigation has
resulted in many sites of Lower and Middle Palaeolithic age
(Fig. 6; Enzel and Bar-Yosef 2017). The Galilee region of
Israel, centred around and west of the Sea of Galilee, is
particularly rich in sites. Possible reasons for this are the
complexity of the landscape with numerous cliffs and deep,
steep-sided valleys that provided human groups with secu-
rity and tactical access to large mammals. The geology of the
region is dominated by limestone and basalt, which can offer
attractive environments for herbivores including good
edaphic properties. These bedrock-types can also erode to
form surfaces with small-scale roughness (known as angry
karst on limestone). And these rougher surfaces provide
significant impediments to animal movement and opportu-
nities for human hunters.

Deves et al. (2014) considered topographic and edaphic
constraints on access and how the region could have been
exploited by large animals (e.g., elephant, rhinoceros,

aurochs) in the Lower Palaeolithic (Fig. 6). The altitude can
reach 1000 m in the Golan, and other regions are above
500 m, resulting in substantial differences in temperature
between summer and winter which promote seasonal
movements of large herds of animals between upland and
lowland pastures. Many areas would have been inaccessible
to large mammals such as elephants because of steep slopes
and complex topography. These features provide major
constraints on seasonal animal movements. The geology
includes sedimentary rocks typical of many regions around
the Mediterranean plus basalt flows, some of which have
been active in historic times (Fig. 7). An earlier study in
Greece (Sturdy and Webley 1988) has characterized soils on
similar geology and provides a guide to edaphics and water
retentiveness in this region (Fig. 8). While some of the
sedimentary rocks provide edaphically adequate soils, water
retention can be poor. The best soils, edaphically speaking,
are associated with basalts on the Golan. The superiority of
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Edaphics

Fig. 8 Interpreted edaphic categories based on geology and plotted on a relief map. Site information as in Fig. 6. After Devés et al. (2014)

animals raised on these soils has been known since biblical
times and results from high levels of soluble phosphate
(Devés et al. 2014).

Mapping of these different features makes it possible to
reconstruct the likely annual movements of large animals
(Fig. 9). Winter graze and browse could be found near the
coast but in general would lack important trace nutrients.
The Golan would have attracted animals in spring and
summer. Here, they they would have had their young in a
region with the best soils to provide important nutrients for
growth. In late summer and autumn, they would have moved
to lower altitudes to take advantage of a region of high water
retentiveness.

One of the major sites of the Lower Palaeolithic in the
region is the Acheulean site of Gesher Banot Ya’acov
(GBY) with thousands of stone artefacts including Acheu-
lean bifaces, smaller flakes designed for hafting, and evi-
dence for the use of fire (Goren-Inbar et al. 2000; Rabinovich
et al. 2012; Alperson-Afil and Goren-Inbar 2016). The site

extends over several kilometres with a deep sequence of
sediments and a long series of archaeological layers indi-
cating repeated used over a period of about 150,000 years
between about 0.7 and 0.85 Ma. The stone-tool assemblage
shows similarities with African sites, suggesting a new wave
of human expansion out of Africa at about this time. The site
is located near the edge of the palaeco-Hula Lake, and part of
it remains waterlogged, with preservation of organic remains
including wood, bark, fruits and seeds. Animals exploited
include elephants, hippo, rhino, gazelle, horse and bovids,
with evidence of carcase butchery. Subsistence also included
plant foods and fish (Rabinovich et al. 2012; Melamed et al.
2016).

At the time of its occupation, the site was strategically
located to intercept large mammals moving through one of
the few available corridors for east—-west movement across
the Jordan valley (Fig. 10). Immediately to the north were
the margins of the expanded Hula Lake. To the south was
the palaeo-Lake Lisan, with an intervening area dissected by
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slopes greater than 18°
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Fig. 9 Reconstructed seasonal movements and grazing areas of large
mammal herbivores. The map also shows slopes greater than 18°,
which constrain areas accessible to large mammals and routes for
seasonal movement. Water retentive soils play an important role on the

rough topography and steep slopes. Like the African sites
already discussed, the location of the site has many advan-
tageous features including proximity to freshwater, volcanic
material for artefact manufacture, and, in the GBY case,
additional food supplies of non-migratory animals such as
wild boar, plants and fish. However, given that the large
herbivores, particularly elephant and fallow deer, were the
major sources of the subsistence economy, the location of
the site on one of the few crossing points from west to east,
combined with the tactical opportunities for bringing down
large prey, including miring along lake edges, must be a
prime factor in the importance of this site (Deves et al. 2014,
p- 152-3). By the end of the Lower Palaeolithic, large ani-
mals such as elephants had disappeared, the distribution of
archaeological sites changed, and evidence of human occu-
pation in regions inaccessible to large animals becomes
important.

inner edge of the coastal plain and contribute to the identification of
favoured spring, summer and autumn areas. Site information as in
Fig. 6. After Deves et al. (2014)

8 Southwest Saudi Arabia

The western escarpment of the Arabian Peninsula is the
result of uplift associated with rifting and seafloor spreading
of the Red Sea since at least the Miocene (Jado and Zotl
1984; Coleman et al. 1983; Purser and Bosence 1998;
Bonatti et al. 2015; Bosworth and Stockli 2016). In contrast
to the other areas already discussed, there is little earthquake
activity or evidence of fault scarps on the present-day land
surface, apart from localised earthquakes in the vicinity of
volcanoes. This is because the active rift margin where major
earthquake activity and faulting take place is in the central
axial trough of the Red Sea over 2000 m below present sea
level. The present terrestrial landscape is on the uplifted rift
flank and the major features of relevance to the present
discussion are the numerous volcanic cones and extensive
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Fig. 10 Oblique 3D view of the region around Gesher Banat Ya’aqov
in relation to geology and topography at the time of its occupation. The
image is based on etm + legacy data. Topography from SRTM v4.1
data with a vertical exaggeration of ~ 8. Colour coding of geology as in
Fig. 7. Note the restricted corridor between the expanded Lake Hula to

lava flows that form a belt of volcanic activity extending in a
broadly north—south orientation. Dating and interpretation of
these volcanic deposits are ongoing but substantial volcanic
activity took place during the Pleistocene, extending in some
regions into the Holocene period.

Also, in contrast to the other case studies, the history of
archaeological investigation is much shorter. Major surveys
during the 1980s identified numerous surface finds of Palae-
olithic material over large areas, but intensive investigation
using modern survey and excavation methods has taken place
only very recently (see Petraglia et al., this volume; Sinclair
et al., this volume). Very few sites have so far been found
with stratified remains that can be independently dated or with
preservation of animal bone. An added complication in
coastal regions is that thousands of square kilometres of new
territory were made available during periods of lower sea

the north and the steep-sided Upper Jordan valley to the south. This
forms a natural ambush for trapping large mammals moving between
the grazing lands west of the Rift valley and the Golan Heights. After
Deves et al. (2014)

level. Investigation of this now-submerged landscape has only
just begun, but it is clear that extensive tectonic activity
associated with salt deposits has created a rapidly evolving
landscape of complex topography with hills, fault-bounded
depressions, springs and lake basins likely to have been
attractive to the earliest human populations of the region
(Bailey and King 2011; Dabbagh et al. 1984; Deves et al.
2011, 2013; Bailey et al. 2015, and this volume; Sakellariou
et al., this volume; Momber et al., this volume).

Surveys in the Jizan and Asir provinces over the past
5 years have identified over 100 locations with Palaeolithic
artefacts (Fig. 11). These have yielded some 6000 stone
artefacts, mostly of Lower or Middle Palaeolithic type (Deves
et al. 2012; Inglis et al. 2013, 2014a, 2014b, 2015, 2017;
Sinclair et al., this volume). Most are surface finds with small
numbers of artefacts, reflecting the heavily deflated nature of

geoff.bailey@york.ac.uk



668

S. Kiibler et al.

o Localities with materia "‘\\,g-,\-' X

» X

Fig. 11 The Asir and Jizan provinces of Southwest Saudi Arabia
showing major features of topography and geology, and the distribution
of localities with Palaeolithic artefacts. Note the amount of new land
exposed at lowest sea level (light blue). The dark blue circles are deep

the land surface, but some have been found in exposures of
stratified deposits. Preserved faunal remains have not yet been
discovered, and known faunal assemblages of Pleistocene age
are rare in the Arabian Peninsula. By analogy with discoveries
elsewhere, large mammals present likely included elephant,
equids, and bovids, particularly Oryx (Thomas et al. 1998;
Stimpson et al. 2016). Surveyed localities are mostly dis-
tributed on the inner edge of the coastal plain and many are
associated with Quaternary volcanic deposits. The distribution
is likely biased by the fact that sites that might once have
existed on the coastal plain have been buried under more
recent alluvial and aeolian deposits, and those in the more

09 . \Maos -

depressions formed formed by withdrawal of evaporites. Topographic
data from SRTM41 and bathymetry from SRTM30PLUS. Image
prepared using Adobe Illustrator and MaPublisher by Maud Devés

mountainous hinterland have been removed by erosion
(Deves et al. 2013). The surviving artefacts may also owe
their discovery in part to the easy identifiability, and general
durability, of stone artefacts made from nearby basaltic lavas.
However, this association is by no means the only factor, and
other widely available raw materials were used for making
artefacts including metamorphic and sedimentary rocks.
Despite these cautions, the available artefact distribution
provides some insights into the relative attractiveness of dif-
ferent landscape settings.

By far the largest concentration of artefacts occurs at
Wadi Dabsa, where a concentration of over 3000 artefacts,
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Fig. 12 The region around the site of Wadi Dabsa, showing its
relationship to major topographical features and geology. Topographic
data are from TanDEM-X. Bathymetry is from SRTM30PLUS with
bathymetric contours at 10 m intervals. Topographic information
combines slope angles superimposed on elevation with a vertical
exaggeration of 4:1. This in its turn is superimposed on a LANDSAT
image. Features in orange are volcanic cones and the geology deeply
incised by rivers is predominantly basaltic lavas. The tufa in the Wadi

mostly of Lower and Middle Palaeolithic type, has been
found in an enclosed basin (Inglis et al. 2015, 2017; Foulds
et al. 2017; Sinclair et al., this volume). The site occurs in
the Harrat al Birk volcanic region, where volcanic cinder
cones and extensive basalt flows dissected by stream chan-
nels create an extensive and characteristically rough and
complex topography (Fig. 12). The most extensive areas of
grazing for large animals and large herds would have been

Dabsa basin shows up as a light-coloured patch. The location of
Palaeolithic localities are shown as white circles. The red dotted line
shows the approximate line of barriers formed by basaltic lava flows
that would have provided significant constraints on the movement of
large mammals, and enclose a series of basins that open out to the west
onto the flatter terrain of the coastal plain, which would have extended
further out from the present coastline during periods of lower sea level
(see also Fig. 11). Image prepared by Maud Deves

on the coastal plain. Access to alternative seasonal grazing
inland and at higher altitude is heavily constrained by vol-
canic lava flows and boulder fields.

The Dabsa site is unusual in its location in the centre of
a large area of tufa extending for over 1 square kilometre and
almost completely enclosed by lava flows that are difficult to
cross. It is clear from stratigraphic observations that the tufa
postdates the surrounding lava flows and that at least some
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of the artefacts were deposited at or before the time of tufa
formation. The tufa indicates extensive conditions of water
flow and water retention, creating conditions that are likely
to have been especially attractive to grazing animals, and
particularly so during dry seasons or during semi-arid cli-
mate episodes. This forms one of a series of smaller, par-
tially enclosed basins that could have channelled animal
movements inland toward attractive conditions, culminating
in a virtual cul-de-sac at Dabsa.

Stratigraphic, geochronological, archaeological and
palacoenvironmental analysis is ongoing, and edaphic
information is not presently available, but we hypothesise
that alluvial sediments derived from the surrounding basalt
are likely to have concentrated the best available mineral
nutrients. As in our other examples, raw materials for arte-
fact manufacture, water supplies and topographic constraints
that facilitated easy access to large mammals are key factors
in the choice of site location.

9 Discussion and Conclusions

By common consensus Africa is considered to be the orig-
inal evolutionary centre of the genus Homo (Homo habilis,
H. ergaster, H. erectus), and members of this genus first
expanded out of Africa by about 1.8 Ma. We suggest that
the use by hominins of complex and dynamic landscapes
was critical to allowing our ancestors to develop and expand
their range. We further propose that climbing and scram-
bling to exploit the tectonically active and topographically
complex environments of Africa promoted the evolution of
the Homo body form. Today we are better than most other
animals at exploiting complex topography to our strategic
advantage. Historically, minority groups have commonly
retreated to the safety of mountainous regions. The Druze
and Christians of Mount Lebanon and the Shia in Iraq
retreated from the reach of Ottoman cavalry, and the English
found the Welsh in their mountain retreats difficult to sub-
due. In these cases, escaping from cavalry was a motivation,
but in more recent conflicts these advantages apply equally
well to escaping from tanks and other mechanical adjuncts to
war.

There is agreement that the large brain of Homo required
areliable supply of fatty protein. It is commonly thought that
this must have been supplied by scavenging the kills of other
predators and that systematic hunting did not appear until
around 400 ka, as documented by the discovery of wooden
spears at the Schoningen site in Germany (Thieme 1997).
The analysis of the Olorgesailie site in southern Kenya
suggests that at 1 Ma or earlier, Homo was using ambush
hunting to trap large and dangerous animals. Analysis of
sites of similar age in other regions provides additional
support for this hypothesis and for the view that our earliest

S. Kiibler et al.

ancestors of the genus Homo developed survival methods
that were critical to their ability to spread out of Africa.

Finally, we emphasise that the analysis of soil edaphics in
the Kenyan Rift, based on large numbers of measurements in
the field (Kiibler et al. 2015, 2016) has demonstrated a close
relationship between the nutrient properties of the soils and
the mineral constituents of the underlying regolith, whether
that is the underlying bedrock, or underlying sediments that
have acquired their mineral properties by erosion from
bedrocks elsewhere. Moreover, this work has highlighted
areas that are deficient in critical nutrients today. In the
Kenya Rift, nutrient related problems of human and animal
health are common. Examples are severe cobalt deficiency in
the Lake Nakuru region leading to starvation of ruminants
(locally known as Nakuruitis) or calcium deficiency com-
bined with excessive fluoride levels causing dental and
skeletal deformations in humans and wildlife (Maskall and
Thornton 1996). Our analysis shows that in a region of
variable bedrock geology, the edaphic properties of the soils
are highly variable. Extrapolation from bedrock geology,
supported by mineralogical analysis of soil samples in the
field, represents a method with considerable potential for
application elsewhere, and not only to studies of ancient land
use but also to the present-day, with major implications for
animal and human health.
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