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Abstract 

 

This study represents the first steps taken to fully understand the spatial organization of 

the faunal assemblage at the archaeological site in Dmanisi, Georgia. Dmanisi is 

significant in that it is the oldest hominin site outside of Africa, dating from 1.85-1.76 

million years. The rich faunal diversity, presence of hominins, and the abundance of 

stone tools make Dmanisi an important site with major implications regarding the first 

Homo migrations out of Africa. Many spatial analysis techniques are used in 

archaeology, but this study aims to determine the utility of the various techniques for the 

Dmanisi assemblage, including spatial autocorrelation, variance to mean ratio, point 

density, and quadrat analysis. By analyzing several different taphonomic aspects of the 

faunal assemblage, we can begin to understand the layout of the different sub-

assemblages and potentially determine if there are any spatially interesting clusters of 

activity, whether it is hominin or carnivore. Two areas of the site, Block 2 and M6, are 

examined and have significant spatial clusters that are helping to unravel the taphonomic 

history of the site.  
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Introduction 

 

 The timeframe in which early human ancestors migrated out of Africa is still 

highly debated. The site of Dmanisi, in the country of Georgia (Figure 1), contains 

important archaeological evidence supporting an earlier exodus from Africa than 

previously thought. The site has produced 65 early Homo specimens from at least five 

individuals. Dmanisi is the earliest known hominin site located outside of Africa, dating 

between 1.76 and 1.85 million years ago (Ferring et al., 2011).  

 The site was initially excavated as a medieval site, and then, as excavations got 

deeper, a paleontological site, exhibiting an array of extinct mammals. Currently, the 

faunal collection exceeds 6000 specimens and grows with each field season. Excavations 

have taken place annually since the 1980s, and faunal remains have been collected since 

then. Up until 1991, however, most excavated specimens lack the necessary spatial data 

needed for analysis, i.e. x-,y-,z- coordinates. This entire study focuses on material found 

since 1991, and within that timeframe, only specimens located in Block 2 and M6 (Figure 

2).  

The overall faunal assemblage of the site has yet to be analyzed spatially, and this 

study aims to establish a method to do so, and perhaps shed light on the utility of GeoDa 

and ArcGIS for this type of analysis. A spatial analysis of the faunal assemblage is 

important in order to interpret the main accumulation factors of the site. The main goals 

of this study are to determine the accumulation factors present at Dmanisi.  Given that the 
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geology of the site has been well recorded (Ferring et al. 2011), this study examines the 

potential of accumulation by natural disaster, carnivores, hominins, or other natural 

accumulation processes, such as a river bank deposit or sink hole, or any combination of 

these factors. These processes can be differentiated by looking at the surface 

modifications on the bones, i.e. whether they show carnivore tooth marks or human made 

cut marks, among other factors. The following section will discuss the potential for each 

of these accumulation factors based on the taphonomic data.  

 Spatial analysis in archaeology is far from being a new idea, but the integration of 

geographic information systems into the discipline has rebooted the interest in this type 

of study. Some earlier studies examined spatial layout and the potential of spatial 

analyses methods (i.e. Hivernel and Hodder, 1984; Kroll and Isaac, 1984; Marks, 1971; 

Bunn et al., 1980), whereas more contemporary studies added other methods of analysis 

(i.e. Nigro et al., 2003; Alperson-Afil et al., 2009; Marin-Arroyo, 2009). This study will 

examine what has previously been done in archaeological contexts and determine which 

methods best fit the unique assemblage at Dmanisi.  

 

Background of Dmanisi 

 Dmanisi is located in the Lesser Caucasus on a promontory at the confluence of 

the Masavera and Pinezauri rivers. The site lies on top of hundreds of feet of Masavera 

Basalt, the product of a volcanic eruption 1.85 million years ago (Ferring et al., 2011; 

Mgeladze et al., 2011). Dmanisi, initially excavated as a medieval site, has been 
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excavated a paleontological site since the early 1980s. The first hominin was uncovered 

in 1991, which led to a much more meticulous data collection process that tracks 

provenience data on each specimen collected (Lordkipanidze et al., 2007; Mgeladze et 

al., 2011).  

The excavations are led by David Lordkipanidze. Dr. Reid Ferring, professor of 

geology and archaeology at the University of North Texas, began working at Dmanisi in 

the late 1990s and developed a new interpretation and naming system for the stratigraphy. 

He also implemented the change from line-level elevation recording to the total mapping 

station recording system used today. Dr. Martha Tappen, professor of anthropology at the 

University of Minnesota, has designed and conducted the taphonomic data collection and 

analysis, and her database is used here for the taphonomic data. My role at Dmanisi 

includes helping with the taphonomic data collection, but is primarily focused on the 

spatial analysis. I have been allowed to review the data and to determine whether the 

different assemblages yield any interesting spatial distributions. 

 The significance of Dmanisi is that it is the earliest hominin site located outside of 

Africa (Ferring et al., 2011). Although contemporary sites in Africa have been found with 

tools of the Oldowan and Acheulean industries, Dmanisi only has lithics of Oldowan 

character.  Also, there are no strictly African fauna elements at the site, hinting that the 

hominins were not following game out of Africa (Tappen et al., 2007). The hominins at 

the site also have some more primitive features than those of Homo erectus that are living 

in Africa at this time (Lordkipanidze et al., 2007). There are still many questions 
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regarding the fossil hominins that will not be discussed here, as this study examines 

questions about what hominin activities took place at the site.  

 In addition to hominin activities, other site formation processes will be considered 

here to determine the different accumulation factors responsible for the Dmanisi 

assemblage. Carnivores and hominin activity contribute to the accumulation of the faunal 

assemblage, and the extent of their role in the accumulation will be discussed in depth 

below. A natural disaster such as a land slide was probably not the cause of the 

assemblage, as there is almost a fifty percent mix of shed and unshed cervid antlers, 

indicating that the site was not accumulated in only one season (Tappen et al., 2008). 

Also, the site does not show the catastrophic mortality profile that one would expect with 

a mass death caused by a single catastrophic event, since a catastrophic death of a herd 

would show the number of individuals in each age group of a living population, which 

would have more adults than any other age group (Tappen et al., 2008).  Age profiles are 

still being conducted by Tappen, and are expected to corroborate current understanding 

of site formation once all bones are examined (Tappen, personal communication).  

Since Dmanisi is at the confluence of two rivers, bones also have been examined 

for evidence of fluvial deposition. The bones contain little rounding, which is the result of 

bones being rubbed against sediment and rocks in a stream or river before being 

deposited. At this point, the site does not appear to be the result of a river depositing 

faunal material at the two areas of the site looked at here (Tappen et al., 2007). Future 

spatial testing on orientation of the bones, collected in situ, is also expected to concur 

with these observations.  



5 
 

 The stratigraphy used here is based on two published studies (Ferring et al., 2011; 

Lordkipanidze et al., 2007), and personal communications with Reid Ferring (Figure 3). 

The strata are divided into two different sub-strata, labeled A and B, with the former 

correlating to the Olduvai subchron, which is of normal polarity and ends at 1.78 million 

years ago; the latter is of reverse polarity in the early Upper Matuyama (Ferring et al., 

2011). B4, B3, B2 are the overlying strata created by ash fall. Strata A1 through A4, also 

layers of ash fall, are right on top of the Masavera basalt and are currently being 

extensively excavated at other areas of the site, i.e. M5, where they have yielded many 

artifacts and cobbles. The most prolific stratigraphic layer is B1. Almost all of the bones 

from M6 are located in this layer, and a very complex formation is present in Block 2, 

shown in Figure 3. Block 2 B1 is divided into further sub-strata: mainly x, y, and z. These 

strata are the result of separate pipe and gully infills. All hominins have been found 

within the B1 strata, as has much of the fauna in Block 2.  

 The faunal material at these areas of the site exhibits a great diversity in species 

(Table 1). Although the hominins found at the site are very important, the other fauna are 

just as important, especially in determining the environment that harbored these hominins 

and the accumulation factors involved in creating the assemblage. As mentioned earlier, 

more than 6000 specimens have been found, with 65 hominin specimens from five 

individuals, and over half of these bones have been catalogued into Tappen‟s taphonomic 

database used here. The meticulous examination of the faunal material by Tappen and her 

students includes looking at skeletal elements and portions, surface modifications, bone 

breakage, measurements, and identifying to taxon when possible. The site is dominated 
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by large herbivores, mostly cervids, bovids, and equids. Canids also are frequent at the 

site, mostly represented by Canis etruscus.  

 The main questions that we are trying to figure out at the site are: what hominin 

activities took place at Dmanisi and what are the behavioral implications with regards to 

food acquisition? Additionally, are there certain areas of the site that show more evidence 

of hominin or carnivore activity, and can we see a human-carnivore interaction from the 

faunal material? We can begin to answer some of these questions by looking at the 

taphonomy of the site. This study will aim to look at the spatial distributions of several 

different divisions of the assemblage and determine if hominin or carnivore activity can 

be distinguished spatially, and also where the evidence of each are found by examining 

both plan and profile maps. By looking at where the specimens are found, we can begin 

to see clusters of similarly modified bone, coprolites, or any other telling factor of 

accumulation.  

 

Types of Spatial Analysis 

 There are two main types of spatial analyses used in archaeology: intersite and 

intrasite. Intersite spatial analysis is used mostly for large regions, and can be helpful in 

predicting where new localities might be found or examining the similarities or layouts of 

these localities throughout a certain area. Intrasite spatial analysis focuses on the 

assemblages and areas within a site. For Dmanisi, intrasite spatial analysis will prove to 

be much more valuable. What is needed in order to spatially examine a single site is 
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meticulous data collection and accurate provenience data, both of which are present at 

Dmanisi in Block 2 and M6.  

There are many different methods of intrasite spatial analysis, but those outlined 

here were determined to be the most useful for Dmanisi. Variance to mean ratio (VMR) 

is used to determine whether the assemblage distribution is completely random or 

whether there is clustering in some areas (Dacey, 1973; Hodder and Orton, 1976). The 

variance to mean ratio is done by first tallying the number of objects in each defined area, 

in this case 1 meter excavation units. Next, the mean and variance are calculated from 

each cell count. The expected VMR of a random pattern is 1, of a uniform pattern is less 

than one, and of a clustered pattern is more than one, with a higher VMR indicating a 

pattern with more clustering. Thus, VMR is a good starting point to verify that the area in 

question is indeed clustered, rather than having a random spatial pattern. It is, however, 

limited only to determining the randomness of the assemblage. Spatial autocorrelation 

can also show the randomness of the distribution, and it has many other practical 

applications. 

 Spatial autocorrelation is a statistical method that establishes whether clusters 

exist (global autocorrelation) and if so, where they are located (local autocorrelation, or 

LISA). Spatial autocorrelation is also purely descriptive, which means that it is used to 

supplement the analysis, but the positive or negative correlations do not necessarily prove 

clusters or lack thereof in any statistical sense. Despite this lack of proof, LISA does 

show where there are areas of potential clusters based on the positive correlations in 

higher density areas. The null hypothesis of spatial autocorrelation is that the area in 
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question has a distribution that is spatially random, or there is no spatial association 

(Anselin 1995). A positive spatial autocorrelation results when neighboring squares are 

more alike in object density, and negative spatial autocorrelation results when neighbors 

are more dissimilar, or, in other words, when similar values are located away from each 

other (Conolly and Lake 2006).   

These clusters are based on the Moran‟s I statistic (Conolly and Lake, 2006). The 

equation is as follows:  

   
 

     
 
 

 
 

  
                    

 
 
 

   
        

  

Where i and j are spatial objects, which are excavation units here, of which there are n,    

is the mean number of the in each excavation unit, and     is the weighting scheme used 

(Conolly and Lake, 2006). Spatial weighting schemes are produced by creating a spatial 

weights matrix that defines a neighbor system for each observation, which here are the 

excavation squares and subsquares (Anselin, 2005; Getis and Aldstadt, 2004).  In other 

words, a specific pattern is used in order to establish neighbors, whether it is based on 

shared edges and vertices or distance. From this pattern, all neighbors are summed and 

averaged, giving the observation a weighted value based on its neighbors. This study 

used the queen contiguity weighting scheme, for which all polygons that share edges and 

vertices are considered neighbors (Anselin, 2005; Getis and Aldstadt, 2004). Therefore, 

the maximum number of neighbors for any square is eight, one in each of the eight 

primary compass directions, i.e. north, northeast, east, etc.  



9 
 

Another output feature of LISA is a map showing the type of correlation, whether 

the correlation is not significant, or has low-low, high-high, high-low, or low-high 

correlations. Low-low and high-high correlations are instances of positive correlation, 

which indicates that the neighbors have values that are similar to each other. High-low 

and low-high correlations are areas of negative correlations, which indicates that the 

values in a particular square are different than their adjacent neighbors. High-low 

correlation is typically seen when there is a high value in one square and there are low 

values in the squares all around it, which indicates clustering (Anselin, 1995).  

Point, or kernel, densities are also an important tool to look for cluster areas that 

are not seen by the naked eye. The point density is simply a calculation in which a search 

radius is selected, which counts each object within the search radius for each object. 

Therefore, if you have 100 objects, 100 search radii will be used. The more overlap in the 

search radii in a certain area, the denser the output map will be in that area. The search 

radius, or bandwidth, is very crucial to how the data will be perceived. The larger the 

radius, the estimated densities will be similar everywhere, and the smaller the radius, the 

more focused the result will be on specific clusters (O‟Sullivan and Unwin, 2003). Point 

densities can show how dense an area is, since there is much overlap of points on a 2D 

map which blocks the depth of the cluster. Despite the large plus of showing dense areas, 

point density does not distinguish between different areas of high density or show distinct 

clusters. Thus, it should be used in tandem with other analysis techniques.  

Simple tallying of each square, or quadrat, can also be useful in looking for 

patterns. By doing this, we are able to see which areas have the highest numbers of bones 



10 
 

or which areas fall in the same range of bone density. This is a tool that helps to show the 

quantification of the data in another way and to show where there are areas of higher 

density. Determining an optimum set of ranges to view the bones is something that needs 

to be considered and keeping these ranges somewhat consistent can enhance the 

usefulness of the analysis. Many problems can arise from using inconsistent ranges or the 

wrong range for a set of data, which will be discussed further in the following section.  

 

Similar Studies 

 Many studies attempted to describe the assemblage of their respective sites using 

various spatial analysis techniques. This section reviews each and examines a few key 

questions about the studies: What questions is each trying to answer? What spatial 

analysis and GIS methods are applied? How effective are these methods for interpreting 

the site? These are very complex questions to answer, especially with little knowledge of 

the respective sites besides what is written in the studies, but they must be reviewed to be 

able to understand which methods are the most helpful for the Dmanisi assemblage. With 

that being said, how well these assemblages can be understood and how the patterns of 

spatial distribution show themselves is very informative as to how useful analysis 

techniques are.  This section is divided into two sub-sections based on the apparent divide 

between technological availability and use: Early studies which have basic plots of points 

and limited or analytical maps, and more recent studies which have various maps and use 

more advanced spatial analysis techniques.  
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Early Studies  

 Early studies made a strong effort in plotting the distribution maps and 

interpreting these results. Marks (1971) looks at settlement patterns in the central Negev, 

Israel, during the late and middle Paleolithic. Marks effectively shows his diligent 

provenience recording and points out patterns in the distributions of certain parts of the 

assemblages. These patterns are observed simply by the author looking at the maps and 

defining clusters by eye. Marks does acknowledge that he is limited technologically and 

needs to apply these spatial analyses more precisely. 

 Reacting to this, Dacey (1973) notes the problems with Marks‟ methods and 

offers some potential tests that could have been run: the first being the variance to mean 

ratio (VMR), which tests for randomness, and the second being pairwise comparisons 

testing for spatial association of different types of artifacts. In the test for randomness, the 

VMR did in fact back up what Marks (1971) had observed. However, the pairwise spatial 

association tests show no significant spatial association between any of the three types of 

artifacts (end-scrapers, carinated scrapers, and burins). This article is useful in that it 

explains how to use these tests, how to interpret the results, and how easily it could have 

been applied to the Marks (1971) dataset. The VMR is a good starting point for the 

Dmanisi assemblage, if only to reaffirm that this is not a randomly distributed 

assemblage. The pairwise comparisons could be useful, but there are other tests, such as 

quadrat analysis, that are more fitting for the large Dmanisi assemblage.  
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 The following three studies (Bunn et al., 1980; Kroll and Isaac, 1984; Hivernel 

and Hodder, 1984) share a similar theme: distribution maps are used mostly as a visual 

aid and observations are made without statistics to back them up. It is not surprising to 

see this lack of statistical analysis in the early papers, as the technology was not quite 

developed enough for everyone to have access to it. Despite these shortcomings, the 

distribution maps are helpful for demonstrating what is actually going on at the site. 

 Bunn et al. (1980) examine the FxJj50 locality at Koobi Fora, looking at the bones 

and stones, and trying to determine what activities formed the site. Several plan and 

profile distribution maps show the spatial distribution of the assemblages and where some 

of the bones and stones had been refitted using fragments found in other areas. These 

maps are useful in illustrating the areas of the site where density is higher. Using the 

same scale for both lithic and bone maps is appropriate here in comparing the density 

between the two assemblages, especially since they are trying to establish the causal 

factors of accumulation. Furthermore, an example of a bone shaft fragment is shown with 

all of its refits, which helps the readers familiarize themselves with the types of refits 

mapped. Bunn et al. (1980) contend that the pattern of conjoining bones and stones 

implies that there was not a large amount of time that passed during the site‟s 

accumulation.  

 The maps in this instance are very useful for visualization. The conjoining bones 

and stones map illustrates that the temporal distribution of the artifacts may not be as 

widespread as initially thought. The distribution map shows areas where there are 

obvious clusters, but some additional analyses of the point distributions themselves may 
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shed light on smaller clusters not so apparent with the naked eye. For the purpose of 

illustration, however, these maps are sufficient and show the results in an effective 

manner.  

 Kroll and Isaac (1984) use their maps in a similar way to Bunn et al (1980). They 

illustrate several artifact and bone distributions of Early Pleistocene sites in Olduvai 

Gorge and Koobi Fora, East Africa, by mapping the objects in situ. Clusters are apparent 

in these point distributions, but additional tests of density are needed in order to really 

apply meaning to the interpretations, which the authors admit. Many of the maps take 

different parts of each assemblage and show their distributions, i.e. bones, stones, 

pebbles, cobbles, etc., adding to the depth that the reader can understand the assemblage. 

Quadrat maps are also used and, like Bunn et al., the same scale is used to analyze each 

map, again showing how the density of each particular assemblage compares with the 

others.  

 The ultimate goal of their analysis was to determine if these spatial configurations 

are representative of living floors, or, more specifically, areas that would serve as the 

„home base‟ in the home base foraging model (Kroll and Isaac, 1984). Clearly, lithic 

reduction and carcass processing happened in these areas, but that does not necessarily 

indicate that this was the „home base.‟ Either way, the authors admit that more directed 

tests of the assemblages can be created in order to test the home base foraging hypothesis. 

These questions are still being investigated in many later studies of  Olduvai Gorge and 

Koobi Fora, as well as in this investigation of the spatial patterning at Dmanisi. Kroll and 

Isaac‟s (1984) train of thought was leading in the right direction and they are conscious 
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enough of their technological limitations to show what they have and leave the more 

precise interpretations for when the field catches up.  

 The third study concerning maps for illustration is Hivernel and Hodder (1984), 

where they attempt to apply significance to artifact distributions at a 2000 year old site in 

Ngeyen, Kenya, and test for randomness in the assemblage. Like the previous two 

studies, they break up the assemblage into several smaller assemblages such as pottery, 

stone tools, burned artifacts, bones, etc. They also use statistical tests to see if the 

assemblages are random, uniform, or clustered.  The excavation is divided into three 

phases and plotted as such in order to keep temporally associated artifacts together. The 

maps are helpful because they are referenced throughout the paper so they communicate 

well what is going on in this area of the site.  

 The site is limited in its size, being only nine square meters, but using point 

densities and nearest neighbor analyses allows the authors to take meaningful cluster data 

from the assemblage. In this instance, point distributions are more telling than the quadrat 

analysis because point distributions are well illustrated and have higher resolution than 

the quadrat counts. This potential sample size issue is also seen in M6, where there are 

seven square meters. In order to avoid this issue, the squares in M6 are divided into four 

subsquares for each square unit, which expands the sample size to 28. Thus, quadrat 

counts can more accurately describe what is going on in certain areas, and add to what is 

reported in the point density maps.   
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Recent Studies 

 Many studies in the 1990s and 2000s took these basic concepts and expanded on 

the spatial analyses methods in order to make meaningful, replicable statistical 

observations of their assemblages. Several recent studies that are comparable to what we 

want to accomplish with the Dmanisi analysis are examined in the following pages. Like 

some of the older studies, there are maps that simply show where things were found and 

do not rely heavily on statistics in forming their conclusions on the layouts. Others 

provide in depth statistical analyses and three dimensional plots.  

 Riguad and Simek (1991) look at Grotte XV, a Mousterian site in Dordogne, 

France, and observe the spatial effects of human versus non human agents. They use the 

spatial data to try to determine where certain activities in the site are evident, and if there 

is some sort of patterning to it. They are able to establish that humans were the main 

accumulator of the site and there was a small carnivore modification assemblage as well. 

However, there did not seem to be a particular organization to the activities. They used 

quadrat analysis to show the density of the assemblage, k-means clusters to establish if 

there was a significant amount of clustering within the assemblage, and refitting maps to 

show both a temporal association between the layers and evidence of human activity.  

They were effective at answering their general research questions, and outlined a 

few clusters, which they classified as human „activity areas.‟ However, they report 

clusters in areas where their map of bones and stones shows that excavations have not 

taken place or there are large boulders, so there is a degree of interpolation for these areas 
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based on the known assemblage, therefore creating „artifact clusters‟ where no artifacts 

have been recovered. Interpolation in this scenario is problematic, since you cannot 

predict where artifacts will be found, let alone the density of the area. This interpolation 

is why using k-means clusters on point patterns can be extremely misleading, and is the 

reason why it is avoided in the Dmanisi study.  

 Potts et al. (1996) ask questions about the role of GIS in reconstructing paleo-

landscapes and environments at Olorgesailie. They also are interested in determining the 

impact that humans and carnivores had at the site. They show excellent plots of the bones 

and stones but the paper is more of a discussion of how they plan on using GIS for 

analysis at the site. They bring up questions of the dimensionality of the site, in which 

they need to take into account different depositional layers. This is an important question 

relating to many sites, including Dmanisi, which has such a complex stratigraphy, 

especially in Block 2.  

 D‟Andrea et al. (2002) try to determine if Garba IV, a 1.5 million year old 

Oldowan site in Ethiopia, is accumulated by hominins. They have found one Homo 

erectus mandible fragment and 10000 artifacts, as well as about 2700 bones. They have 

several maps that show the exact locations and shapes of the artifacts and bones, as well 

as some profile maps. They also use the maps to possibly reconstruct the „anthropic‟ or 

post-depositional processes that formed the site and where concentrations of each lie.  

This assemblage is much like Dmanisi in that it is dense with no distinct clusters until a 

quadrat count is shown, and the clusters become more apparent when broken into 

particular assemblage categories i.e. faunal remains, basalt tools, obsidian flakes and 
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tools, etc. They are able to show the concentrations with quadrat analysis and discuss 

different methods of analyzing these counts, such as spatial autocorrelation. However, 

they are in the initial stages of these types of analysis so their results are not reported. 

Their maps are very effective in the sense that they show the actual bone shape and 

orientation.  

 Nigro et al. (2003) aim to establish a GIS method that will work for their cave 

sites at Swartkrans, which consists of over 400,000 bones, 60,000 that are in a database, 

900 stone tools, and 85 bone tools. They have a significant hominin assemblage at the 

site as well. They develop a 3D landscape image of the cave and lay the excavation grid 

within the 3D cave. They use a database that includes geology, fauna, and artifacts that 

allows them to store and analyze these data at the same time in order to draw conclusions 

on spatial patterning and accumulation factors present at the site.  They describe their 

methods of GIS and the limits and potentials of their methods, which may also be 

applicable to other early hominin sites. They also employ a buffer
1
 to certain areas of the 

site and use that as an indicator of spatial patterning, although this function is 

constrained, at least at the time of the paper, to a two dimensional plane. However, they 

are cognizant of these limitations and admit that spatial distribution maps and point 

density maps are necessary to examine the assemblage further and locate important 

clusters.  

                                                           
1
 A buffer is a radius surrounding an object for study. For instance, if a ten centimeter buffer is set around 

a bone, it will show a circle with a ten centimeter radius around the bone. The point density calculation 
mentioned earlier is simply counting the overlap of ten centimeter buffers, which indicates how dense an 
area is.  
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Unfortunately, the artifacts and fauna at Swartkrans, with the exception of a 

handful of stone tools and several hominins, lack the necessary xyz provenience data to 

sufficiently complete these tasks. Thus, they use a different strategy which involves 

plotting the 3D grid and forming a 3D stratigraphy. By doing this, they have the 

capabilities to broadly state which activities were happening in different layers, but only 

to the extent of grid counts of each type of artifact or bone modification, since exact 

provenience is missing.  The 3D aspect of their analysis has great potential, but they are 

very limited to what they can put into a manuscript and actually show people, since it is 

impossible to take a 3D image and effectively show it in 2D. Many 3D mapping tools are 

important and quite useful but proper display techniques for presenting the images in a 

book or journal have not been established yet.  

 Alperson-Afil et al. (2009) study hearths and micro flakes at a 790,000 year old 

Acheulean site in Gesher Benot Ya‟aqov, Israel, and attempt to interpret the living 

activities of the hominins at the site.  They employ kernel and pointy density on several 

different assemblages and compare them, mostly comparing burnt microflakes to 

everything else. They demonstrate that both knapping and eating took place near the fire, 

and show that densities of burnt bones and artifacts indeed lie in the direct vicinity of the 

hearths, one large cluster in the southeastern area and perhaps up to three small ones in 

the northwestern area. They also have botanical remains including wood, bark, seeds, and 

fruit. They speculate that edible fruits and plants were potentially consumed near the 

hearths as well. The kernel density maps are very telling in this study, since they 

determine where the hearths were by examining several lines of evidence. Living 
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activities, such as lithic reduction and food consumption, took place near the hearths, an 

important insight into early Homo life. In the supplementary information, they have 

quadrat density maps which show different percentage levels of density per square unit, 

based on the entire assemblage. The use of the percentages is a way to standardize the 

scales, to potentially avoid the aforementioned scale inconsistencies that may skew the 

data.  

 Marin-Arroyo (2009) uses GIS in different ways to study El Miron Cave, 

Cantabrian, Spain, a site that has occupations dating from 16,090 – 9820 BC. Primarily, 

Marin-Arroyo uses GIS to analyze the faunal assemblage and determine how this 

„settlement‟ was organized, what patterning of the different accumulation agents were 

apparent, and to determine the amount of post-depositional processes at play. The site has 

a large, highly fragmented faunal assemblage; 100,000 bones, 5320 that are identified to 

taxa, 92% are cervids and caprines, and 7758 that are identified to skeletal element. 

Marin-Arroyo also looks at potential temporal continuities of the space, if there were 

areas of differential accumulation or the presence of different accumulation factors, and 

human modifications and their correlation to the appendicular and axial skeletons. The 

fauna recovered here have very few x-,y-,z- coordinate data for provenience, so they use 

0.25 square meter units to analyze the material. Marin-Arroyo discusses spatial 

autocorrelation and local density analysis, but does not put them to use here. Instead, 

contours are created to show different occupational densities at different time periods, 

and quadrat densities are used to show the faunal densities based on different species. 

One map shows a pattern of „anthropic alterations,‟ with the distribution being in only 
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one section of the cave. The faunal assemblage is separated by species, but there is no 

map of the entire faunal assemblage. The site is also analyzed based on all layers, despite 

the importance placed on multiple layers earlier in the study. Marin-Arroyo also 

concludes that all levels had the same occupational pattern, without showing the separate 

layers.  Despite these oversights, an interesting pattern emerges which shows the 

differential transport of the fauna. The larger fauna, in this case Cervus elaphus, are 

represented by mainly appendicular skeletal elements, whereas the smaller caprines have 

a more even representation of skeletal element frequencies.  

 Villa et al. (2010) discuss the previous misinterpretations of their upper 

Pleistocene hyena den as a site with much hominin-carnivore interaction. The previous 

studies of the faunal material indicated that there were bone tools and ornaments. This 

study, however, showed that these „tools‟ were simply digested bone and some bone 

flakes from hyenas breaking the bones. They have good x-,y-,z- data at the site, therefore 

a spatial analysis of the fauna is possible, but was not conducted in depth here. They have 

some maps showing point distributions of the different stratigraphic layers, but they are 

for display only. Hyena and carnivore dens have important implications for the Dmanisi 

analysis, which will be discussed more thoroughly later on.  

 Dominguez-Rodrigo et al. (2010) also examine a mostly carnivore accumulated 

assemblage at the FLK North locality at Olduvai Gorge, Tanzania. They are trying to 

determine the amount of hominin activity at the site, whether hominins shared the site 

with the carnivores, or whether the site is a palimpsest. In order to test the latter 

hypothesis, the site is assessed spatially to see if it has a continuous vertical distribution. 
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If there is a continuous vertical distribution, then one of two things could be a factor: 

there were multiple depositional events or there were more discrete depositional intervals 

that are compacted by trampling or vertical migration of materials (Dominguez-Rodrigo, 

2010). They show plan maps and profiles in order to demonstrate the depositional trends, 

which show some breaks in the deposition. They show two instances of refit bones that 

span more than one excavation level, but they all appear to be in the same stratigraphic 

layer. Based on this, they make observations about continuous deposition with the 

absence of further statistical testing. There clearly are breaks in the deposition, but a 

statistical analysis could reveal a trend one way or the other. There are faunal remains 

top-to-bottom in the profile, but not to the density seen in the upper layers. They also test 

the vertical migration of material to an experimental study, which is problematic since 

they cannot replicate hundreds of thousands, or even millions, of years of possible 

movement. Ultimately, the maps are for showing what they have at the site, but they need 

to examine the deposits further with spatial analysis techniques in order to effectively 

draw conclusions.  

 Positives and negatives can be taken from many of these studies, whether it be 

just displaying the material or applying spatial analyses to it. Studies like these are 

invaluable for developing a method to analyze the assemblage at Dmanisi. Although they 

are few in number, they have demonstrated that there are many different ways to 

approach the spatial analysis of the site, and not all methods work the best for the 

questions being asked. This case-by-case approach is necessary as new technologies and 

methods arise, and will continue to improve the science within archaeology. Dmanisi is 
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similar to all of these studies in that there are certain methods that will answer our 

questions better than others. I have employed the analyses that potentially can tell us the 

most about the Dmanisi assemblage and can begin to answer the questions regarding the 

location and intensity of carnivore and hominin activity.  

 

Methods 

This study will examine two areas of the site: Block 2 and M6.These two areas 

were chosen because of the dense accumulations of bones, the known stratigraphy, and 

the interesting taphonomic properties that the assemblages exhibit.  

All mapping was done using ArcGIS versions 9.3.1 and 10. The Spatial Analyst 

Extension of ArcGIS 9.3.1 computed the point densities.  Within the analysis extension, a 

tool called Kernel Density calculated densities using a search radius of 10 centimeters.  

Many trials of the point density calculation were run using several different search radii. 

Larger radii tended to show high densities in most areas and smaller radii rarely showed 

any dense areas, even when they were apparent on the distribution maps. Ultimately, 

10cm was the optimum radius for this study as it was the best representation of the data 

and the density. The tool, in very basic terms, places an imaginary circle, with a 10cm 

radius, over each point and counts the overlaps. The more points that are closer to each 

other are represented with darker colors, indicating that the coverage is denser. To 

enhance the resolution, the output cell size is 0.01m
2
. GeoDa was used to establish spatial 

autocorrelation when appropriate with a randomization of 999 permutations. Spatial 
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autocorrelation is not reported on profile maps, because it would be more useful to 

attribute each bone to a stratigraphic layer and analyze the assemblage by stratigraphy 

rather than by arbitrary elevation divisions. More work is needed on the database in order 

to apply the proper stratigraphic layer to each bone. 

 The provenience data used here were collected in the field by excavators using a 

line-level and measuring tape in both areas, and additionally by a total mapping station in 

Block 2. The species of fauna at the site (Table 1) have been identified by paleontologists 

led by Abesalom Vekua and Maia Bukhsianidze .The taphonomic data and analysis of the 

bones have been collected over the years and bones have been identified by Martha 

Tappen and her students. The taphonomic data collection includes identifying the bone to 

element, side, and taxon, taking measurements, and examining surface modifications 

under angled lighting with at least 10x magnification. Bone portions, breakage, and ages 

of death are also a major part of the taphonomic analysis. Not all of the bones at the site 

have been looked at yet, many of which are located in the higher density areas of Block 

2. 

 Block 2 is analyzed on a square-meter basis, for both the plan and profile views. 

Due to the small area, M6 is analyzed by splitting each square into four equal subsquares, 

totaling 28 total analysis units of 0.25 m
2
. The profile is split up using meters on the x 

axis to match the plan, and the elevation is divided into 1m divisions. The stratigraphy 

shown in the Block 2 profile is based on that reported in Lordkipanidze et al. (2007), and 

was created with the guidance of Reid Ferring (Fig. 3). It represents the 62m north wall, 

and is particularly useful for analyzing material in the rows of 60N and 61N, where the 
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basalt dips and nearly all of the hominins were found. The profile of the walls further 

north varies from the stratigraphy of the 62N wall, but the profile drawings have not yet 

been completed for that section. Therefore, the 62N wall profile is used for profiles as a 

guide to the rough elevation of each break in stratigraphic layers when looking 

northwards, with the caveat that the pipes and gullies of B1 sediment are only present 

north of around 59.8 m north; elsewhere the basalt is higher. The M6 profile shows that 

nearly all bones are found in B1 sediment, which starts around 1016.7 m and goes all the 

way down to the basalt. Therefore, M6 profiles are simply divided into square meter 

units.  

 In order to avoid the inconsistencies in displaying quadrat counts of the bones, 

percentages are used. The percentage is calculated using the count of bones in one square 

based on the assemblage being looked at. For example, percentages for quadrat counts of 

carnivore bones are based on the total carnivore assemblage only. This normalizes each 

assemblage, which is an effective way to show the distributions and have the same scale 

for each division, regardless of the size of the assemblage.  

 

Divisions of Taphonomic Data 

 The data are divided into several different divisions, which are based on both the 

main database of bones and stones and Tappen‟s taphonomy database. The largest 

division consists of all the bones in the assemblage. The bones are divided in several 
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ways, based on the different taphonomic factors that are important in determining the 

accumulation factors of the site.  

 One of the main interests in this study is the distribution of fauna by family. 

Carnivores, which consist of Canidae, Felidae, Hyaenidae, and Ursidae; herbivores, 

which consist of Equidae, Cervidae, Bovidae, Rhinocerotidae, Elephantidae, and 

Giraffidae; and hominins, which only  is represented by the genus Homo, make up the 

three main groups of mammals studied here. Carnivores and hominins are competitors for 

some food sources, which are the herbivores. The percentage of carnivore bones in the 

carnivore-herbivore assemblage typically makes up more than twenty percent in observed 

hyena den assemblages, whereas hominin percentages are less than thirteen percent 

(Cruz-Uribe, 1991; Pickering, 2002; Kuhn et al., 2008). There are several other 

herbivores that are not identified to a family but are classified as Ungulata, which is the 

superorder that includes Artiodactyla and Perissiodactyla, even-toed and odd-toed 

ungulates, respectively. Giraffidae and Elephantidae are not represented in the M6 

assemblage.  

 Juvenile representations are also important in carnivore assemblages, as their 

presence could indicate denning. Coprolites, or fossil feces, also can be indicative of a 

den, especially if there is dense accumulation. There are expected frequencies of 

modified bone that are observed in carnivore dens and it is necessary to look at all 

denning indicators together, as no single factor alone is representative of a den, and  
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 Surface modifications are important to look at as they can show the carnivore-

hominin dynamic at the site and perhaps the degree of accumulation that each is 

responsible for. Certain levels of surface modifications are expected when looking at a 

carnivore accumulated assemblage versus a hominin accumulated assemblage. For 

example, many studies have observed that the expected percentage of tooth marked bones 

in an extant hyena accumulated assemblage tends to be above thirty percent, typically 

closer to fifty percent (Pickering, 2002; Cruz-Uribe, 1991; Kuhn et al., 2008; Villa et al., 

2010). Sabertooth cats can also produce surface modification percentages approaching 

those of hyenas, although they are projected to show low frequencies of tooth marks and 

breakage due to fragile post-canine teeth (Marean and Ehrhardt, 1995). Human 

accumulated sites have expected percentages of hammerstone and cut marks as well, 

which helps to determine the main agents of accumulation and how the area was used 

(Dominguez-Rodrigo and Yravedra, 2009).  

Surface modifications include scores, pits, and punctures, interpretation of causal 

agent. Carnivore tooth marks are typically pits with a U shape cross-section, and tend to 

occur in groups (Dominguez-Rodrigo and Barba, 2005). Tooth scores are also U shaped 

in cross-section but tend to be longer than they are wide (Dominguez-Rodrigo and Barba, 

2005). Human made cut marks are V shaped in cross-section and tend to have internal 

striations (Potts and Shipman, 1981). Hammerstone marks vary in cross section, but are 

distinguishable from carnivore marks because they tend to be next to striation fields or 

contain striations (Blumenschine and Selvaggio, 1988). Punctures are like pits, but break 

through the bone leaving an opening into a cavity. Tappen interpreted causes of surface 
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modifications with a certainty level of one, two, or three noting that the marks are 

definitely, probably, or could be attributed to the cause, respectively. Certainty levels of 

one and two are only studied here, as they are the most certain identifications.  

 Bone breakage is also important to look at. Breakage angles can be indicative of 

the time and cause of the breaks based on the angle of the break to the long axis of the 

bone (Villa and Mahieu, 1991). Current studies of measuring breakage angles submit that 

angles can distinguish between human broken bones and carnivore broken bones 

(Alcantara Garcia et al., 2006; Pickering et al., 2005). Tappen and her students are 

expanding these studies at the University of Minnesota to corroborate these findings and 

Dmanisi bones‟ breakage angles are now being measured. The number of Dmanisi bone 

angles measured at this time is too small to include here. For this analysis, bone breaks 

were interpreted to a cause based on associated surface modifications. In other words, 

bones with tooth marks on or near the break were interpreted as being broken by 

carnivores whereas tool marks near a break indicate a bone broken by hominins.   

 Additionally, notches can be used to establish break cause. Notches are an 

important feature of a bone break for two main reasons: (1) they are evidence of the time 

of break because they typically only are present in bones broken when they are fresh, and 

(2) they indicate bones broken by localized, excessive force. As defined by Capaldo and 

Blumenschine (1994), notches are “semicircular to arcuate indentations on the fracture 

edge of a long bone that are produced by dynamic or static loading on cortical surfaces.” 

In other words, a notch is an interruption in a break edge which is the result of either 

striking the bone with force (dynamic loading) or by applying pressure until the bone 
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breaks (static loading). In the archaeological record, notches are interpreted as from 

dynamic loading or from static loading, applied by humans and carnivores, respectively. 

Figure 4 shows a notch created by a hammerstone blow from a current breakage 

experiment on elk bones by Tappen and Coil. 

 The notches are identified as either normal, like the one shown in Figure 4, or 

pseudo, when the bone is broken from the medullary, or inner, surface and a flake scar 

exists on the cortical, or outer, surface of the bone. Pseudo notches are mostly a result of 

when a bone is broken by a carnivore and the upper teeth come through the bone with 

such force that they break off part of the bone on the opposite bone surface. This may 

also occur from a hammerstone blow, but rarely. Normal notches can happen with either 

dynamic or static loading, and can sometimes be attributed to a breaking agent based on 

the breadth to depth ratio of the notch (Capaldo and Blumenschine, 1994). 

 Long bones and bone fragmentation are valuable aspects of the assemblage as 

well. The ratio of long bones to other bones may indicate a high or low level of predation, 

depending on the ratio. There are twelve long bones in an ungulate; two femora, two 

humeri, two radioulnae, two tibiae, and four metapodials. These long bones make up 

roughly eight to ten percent of bones in the ungulate‟s body, not counting caudal 

vertebrae (Lyman, 1994). If the ratio of long bones to all other bones in an assemblage 

approaches 1:1, there is a high possibility of predation, as long bones, especially humeri 

and femora, are high yield bones (Lyman, 1994).  
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The fragmentation intensity of long bones can potentially indicate the 

accumulation agent as well. Carnivores, especially hyenas, typically leave bone cylinders, 

as they chew off the nutrient rich epiphyses and rarely breach the marrow cavity except 

in times of great hunger (Cruz-Uribe, 1991; Pickering, 2002; Egeland et al., 2008; Kuhn 

et al., 2008). Conversely, humans tend to break bone shafts in order to exploit the marrow 

(Bunn et al., 1980). Therefore, a high level of bone shaft fragments could indicate more 

of a human influence then carnivore, especially if there are many green bone breaks and 

few carnivore tooth marks.  

Weathering is also an important factor, which shows the time in which the 

defleshed bone was exposed on the surface. Behrensmeyer (1978) explains that there are 

six levels of bone weathering. Bones with weathering stage zero show no flaking or 

cracking and bones with weathering stage five show extensive flaking and cracking and 

the bone is falling apart, and the stages in between show various degrees of flaking and 

cracking. Majority of the bones in Block 2 and M6 show little or no cracking, suggesting 

that they did not have long exposure on the surface (Lordkipanidze et al., 2007; Tappen 

et al., 2007).  

 

Analysis 

 The spatial analysis of the assemblage attempts to examine all of the factors 

mentioned in the previous section and determine the spatial focus of different 

accumulation agents. Clearly, many agents are present, but to what degree and in which 
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area(s) is where our interest lies. Both areas of the site, Block 2 and M6, will be analyzed 

separately, but will be discussed together when tackling the broader implications of the 

findings.  

 Table 2 shows the variance to mean ratio (VMR) of several different assemblages. 

As mentioned previously, a VMR of one reflects a completely random distribution and 

the further you get from one, the more clustered the assemblage. The highest degree of 

clustering is seen in the assemblages with all bones. The M6 VMR is calculated using the 

28 subsquares, since that is how the other tests are run, and the site still shows a highly 

clustered distribution. If only the seven squares were tested, the VMR would be even 

higher. When the assemblage is divided into smaller divisions, the VMR moves closer to 

one because a smaller number of specimens over an area will show decrease in variance.  

Therefore, VMR is not recorded for any assemblages smaller than 200 in Block 2 or 

smaller than 100 in M6. The spatial autocorrelation is also not computed for these smaller 

assemblages for the same reason.  

 

M6 

M6 was opened up in 2000 as a test pit, and eventually was expanded due to the 

abundance of faunal material and stone artifacts found in such a small area.  Excavations 

ceased in 2007, when the squares were dug all the way to the underlying basalt. M6 is 

divided into seven 1 meter by 1 meter excavation squares, one through seven, and the 

numbers will be referred to throughout the study (Figure 5). 
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 Clearly, there is an abundance of bone in this small area, but by analyzing quadrat 

counts, spatial autocorrelation, and densities, we can begin to apply meaning to the 

distribution, if any. It is necessary to look at the distribution from the plan and profile 

views because of temporal problems that you can run into with the site formation. If only 

looking at the plan map, clusters may be apparent but they may be separated by a vertical 

meter.  The process of analysis starts with the entire bone sample and then becomes more 

detailed as the assemblage is divided. 

 

All Fauna 

 A total of 1150 bone specimens are counted in this analysis, 455 of which have 

been analyzed taphonomically. Table 3 shows the total bone counts per excavation square 

of M6 and Figure 6 is a map of the entire M6 faunal assemblage. The area shows a fairly 

random distribution of bones in the plan view, and a heavier density of bones in the lower 

stratigraphic layers in the profile view.  Squares one and two are fairly dense in 

accumulation and almost all of the bones are located between 1015 and 1016 meters. The 

bones found in square seven are also located in this stratigraphic zone. Figure 7 shows the 

percentage of bones in the assemblage found in each square in plan view. Again, the 

highest percentages of bones are in squares one, two, and seven.  

 Looking at the local spatial autocorrelation (Figure 8), there is a large portion of 

M6 that is correlated. Most of the correlation is a low-low correlation, which indicates 

that there is a positive correlation in that the low density squares have neighbors with low 
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densities. This is quite clear to see, especially in square five, where there are few bones. 

The high-high correlations show that there is a positive correlation in which high density 

squares have neighbors that are also of high density. The LISA shows that there are p-

values less than 0.05 in the higher density areas, and there is a higher probability that the 

null hypothesis of randomness is false in some subsquares, such as square five which 

reports significance below .001. In other words, there are few bones in square five and it 

is likely that the paucity of bones is not attributable to chance alone.  

 These clusters are intriguing, but since all bones are being plotted, there is not a 

lot that can be said about the site formation except that majority of the assemblage is 

lower in the stratigraphy. By narrowing down our queries, we may be able to answer 

some more focused questions.   

 

Ungulate Bones 

 Since all of the large herbivores in M6 are hoofed, the focus is on ungulates from 

the orders Perissiodactyla, odd-toed ungulates, and Artiodactyla, even-toed ungulates 

(Table 1)
2
. The ungulates were presumably the main meat source for the hominins as well 

as the carnivores at the site, such as the felids, the ursids, and the many canids. Also, by 

evidence of butchery marks, hominins were known to be in direct contact with ungulate 

carcasses. By looking at the distribution of fauna by family, we can potentially see 

                                                           
2
 Elephantidae and Giraffidae are not represented in M6.   
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whether there are any clusters which could show if there were continuous depositional 

events, e.g. a carnivore den.  

 Figure 9 shows the ungulate assemblage. Like the rest of the site, the population is 

dominated by cervids, or members of the deer family. The assemblage is much less dense 

than the entire bone assemblage but there are still a few intriguing areas. Most of the 

bones are deposited around the 1016m line, which indicates that there was probably a 

continuous source of bone deposition in this area. The density maps show this in more 

detail. The percentage map in Figure 10 shows that majority of the ungulates are 

concentrated around squares three, four, and seven. This is a different pattern than that 

seen in the entire bone assemblage, which was mostly concentrated in squares one, two, 

and seven. The spatial autocorrelation once again shows that the areas are the areas 

without any bones have a higher probability of falsifying the null hypothesis (Figure 11). 

The correlations are mostly positive correlations, with four low-low and a high-high. A 

low-high correlation in square seven is a negative correlation and indicates that there is a 

low value in that subsquare, which is surrounded by subsquares with high values. The p-

values in these areas indicate that these squares are not different from their neighbors due 

to randomness.  

 This assemblage shows that most of the ungulates, or at least those bones 

identified to ungulates, are located in the same general vertical layer around 1016m. This 

could be indicative of a repeated behavior, like a carnivore den or a hominin butchery 

concentration. The fact that the herbivores are densely located in a different area of M6 
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than the entire assemblage indicates that perhaps portions of this small space were 

utilized in different ways.  However, other factors must be taken into account.  

 

Carnivore Bones 

 The carnivore assemblage (Figure 12) is decidedly smaller than the ungulate 

assemblage, but that is to be expected, since herbivores outnumber the carnivores in life. 

This assemblage is important to look at because carnivore bones are typically found in 

carnivore dens and they are sometimes preyed upon by hominins, and vice versa.  

Carnivore dens, whether felid, canid, ursid, or hyenid, tend to show multiple age groups, 

especially juveniles (Marean and Ehrhardt, 1995; Egeland et al. 2008).  

 The plan maps show that there is a fairly random spatial distribution and not many 

clusters. The profile maps, however, show that the bones are around the 1016m mark in 

elevation, much like in the herbivore distribution.  This assemblage overlaps quite well 

with the ungulate assemblage, with most carnivore bones being in squares three and four. 

There are also three juvenile bones in the assemblage, with a minimum number of 

individuals being two; one hyenid and one canid.
3
  

 

 

 

                                                           
3
 Minimum number of individuals (MNI) calculation is based on Lyman (1994) 
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Carnivore Modified Bones 

 By looking closely at bone surfaces and bone breakage, we can determine if there 

are any modifications to the bone, such as carnivore chewing or hominin hammerstone 

marks. All bones were examined for surface modifications at the time of identification. 

Figure 13 shows surface modifications and breaks interpreted as carnivore caused. Since 

there can be surface modifications and breaks on the same bone specimen, they may 

show up in each map. This is not an issue, because Figure 14 looks at both modifications 

together and other carnivore evidence. The assemblage is widespread in that it is 

represented throughout the strata, but there is a cluster right in the middle of the profile 

map around the 1016m mark, which consists of confidently identified surface 

modifications and breaks. 

 Clearly, there is evidence of repeated carnivore feeding activity in M6. There are 

dozens of modifications, which are tightly clustered in both plan and profile in squares 

four and seven, as well as a coprolite.  The presence of a coprolite and a juvenile hyena, 

despite being low frequencies, is a sign of possible hyena occupation (Pickering, 2002; 

Kuhn et al., 2008; Villa et al., 2010). However, there are also several other accumulation 

factors apparent, so not all can be attributed to just one agent.  

 

Hominin Tools Marks 

 One of the more important questions at this site, and in the greater realm of the 

archaeological context, is: have the hominins been butchering animals? Tool marks are 
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necessary not only to show that hominins were butchering animal and eating meat, but 

they also can show that they were getting access to the carcass early enough that there 

would still be meat on the bones to eat. Cut marks on the midshafts of the bones indicate 

early access to meat, but based on the primitive stone tools, hunting animals was 

probably not common. Perhaps a power scavenging scenario is more likely, where the 

hominins would scare away carnivores from the kill and take the meat (Dominguez-

Rodrigo and Barba, 2005; Lordkipanidze et al, Supplementary Information, 2007). Bone 

breakage by hominins is also important because it shows that marrow may have been an 

important part of the diet, especially if they were only getting access to the carcass after 

most of the meat was consumed by other predators.   

 There are thirteen bones with hominin modification in M6, including both breaks 

and cut marks. Ten of these are of certainty levels one or two. Figure 15 shows the spatial 

location of hominin broken bones and cut marks, two of which show modifications and 

breaks of a high certainty level. Figure 16 shows all modifications together. Despite the 

small number, there is an interesting layout. Two groups of three bones in squares seven 

and four are closely associated in both views. There is a 10 cm difference in elevation to 

the clusters, which may be indicative of two different butchery events. As mentioned in 

the previous section, the carnivore modified assemblage also clusters in these same two 

areas (Fig. 14).  

 

 



37 
 

Notches  

 Figure 16 shows the distribution of notches in M6, which is much like the 

distribution of the rest of the assemblage of modified bones, where there is a distinct 

cluster around the 1600m mark, but also another cluster a 30 to 40 centimeters higher in 

elevation. Seven of the fifteen bones that have notches are identified as being broken by 

either hominin or carnivore and two have surface modifications identified as carnivore. 

Ten of the fifteen bones were unidentifiable to skeletal element and only three of the 

bones were identified to family. Due to the large number of long bone shaft fragments 

unidentifiable to skeletal element, breakage angles and surface modifications become 

increasingly important.  

 

Long Bones and Weathering 

 M6 has a high degree of fragmentation, where only three long bones are unbroken 

(Figure 17). Of the 123 long bones, 80 are shaft fragments unidentifiable to long bone 

element (Figure 18). The long bones follow a similar distribution as the rest of the 

assemblage, with close clusters near the 1016m elevation line, and in squares four and 

seven. Figure 19 shows the frequency of bone lengths of the long bones.
 4

 The majority of 

the bones are less than 100mm in length, which is a highly fragmented assemblage. If 

most of the bones were whole, perhaps it could be attributed to smaller animals in the 

assemblage, but almost two thirds of the bones are indeterminable shaft fragments. 

                                                           
4
 Not all bones have been measured, therefore Figure 19 has n=114, which represents all measured 

bones. N=123 for all long bones in caption.  
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Twenty two of the long bones are identified as having surface modifications or as being 

broken by either carnivores or hominins. Thus, bone breakage angles play an important 

role in potentially attributing a causal agent to the breakage. 

 Figure 18 also shows the weathering stages of the bones in M6. The majority of 

bones show little or no weathering, indicating that they were exposed at the surface for a 

brief amount of time or not at all. Those bones that do show cracking and flaking tend to 

be at a higher elevation than the large clusters of bones near the 1016m elevation line. 

This trend of little to no weathering is seen throughout the site.  

 

Block 2 

 Block 2 was opened up in 1991 and is currently being excavated on a yearly basis 

(Figure 20). The majority of the hominin specimens have been recovered in Block 2. 

Most squares in Block 2 have been dug to the basalt, but further extension units in the 

block are opened up each year (Figure 21)
5
. As mentioned earlier, the complicated 

stratigraphy of Block 2 indicates complex formation processes and depositional events. 

Due to these events, the bones are in very good shape, as are their original surfaces. 

However, there is a large number of bones with fungal etching, but most is mild enough 

to distinguish surface modifications (Tappen et al., 2007; Tappen et al., 2011).   

                                                           
5
 Balk in plan map was taken down at the end of 2011 field season but the data will not be included here 

as they are not available yet.  
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Like M6, there is an abundance of bone in this area, and by analyzing quadrat 

counts, spatial autocorrelation, and densities, we can begin to apply meaning to the 

distribution. If only looking at the plan map, clusters may be apparent but they may be 

separated by a vertical meter.  The process of analysis starts with the entire bone sample 

and then becomes more detailed as the assemblage is divided. Since Block 2 is so large, 

94 square meters as of 2010
6
, the profile is looked at in two different assemblages: the 

entire assemblage and the assemblage of the squares at the 60 and 61 meter north lines, 

which contain the pipe and gulley infills that preserved the hominins and a large portion 

of faunal material. 

 

All Fauna 

 There are a total of 3547 bones in Block 2, of which 2022 have been analyzed 

taphonomically. Figure 22 shows the distribution of all of the bones in Block 2. Denser 

areas of accumulation are evident in the areas where the basalt drops off into the pipe and 

gully infills, also seen in the profile of all of the bones in all of the squares and the profile 

of the squares on the 60 and 61 meter north line (Figures 23 and 24, respectively).  Plan 

and profile density maps also show denser accumulation in these areas (Figures 25 and 

26, respectively). The plan density map also shows a dense accumulation in squares 

                                                           
6
 Block 2 was expanded during the 2011 field season, but, for this study, that data will not be used as they 

are not available yet.  
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64/63 and 64/62
7
.  The percentage map shows that the largest percentages of bones are 

north of the 60 meter north line and east of the 62 meter east line (Figure 27).  

The spatial autocorrelation maps show some areas with significant bone clustering 

(Figure 28). Most of the areas with the highest percentages of bone, as mentioned in the 

previous paragraph, have positive correlations, since they have high values as do their 

neighbors. In the southern and southwestern area of Block 2, there are a large number of 

low-low correlations, which indicate that there are many squares with neighbors that have 

little or no bones. Since there are so many bones in Block 2, it is not surprising that the 

squares with few bones have a higher probability of falsifying the null hypothesis. The 

high probabilities are in areas highest percentage of bone, indicating that the assemblage 

in this area is not spatially random. The balk has a low-high correlation, since there are 

few bones in those two squares but there are large numbers of bones in every square 

around it.  

Of the 3547 bones in Block 2, 1635 are located in the squares on the 60 and 61 

meter north lines. In other words, nearly half of the bones were found in a ten square 

meter area, and adding in the squares to the north makes the percentage closer to eighty. 

Clearly, there is a dense accumulation present in the northeast area of Block 2. However, 

as with the M6 assemblage, only so much can be interpreted from the entire bone 

assemblage. Further divisions of the assemblage should prove to be more helpful.  

 

                                                           
7
 The specific squares in Block 2 will be referred to by their location on the grid, i.e. 64/63 refers to the 

square at 64 meters east and 63 meters north.  
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Herbivores 

 Within the Block 2 assemblage, there are 566 bones identified as herbivore. 

Cervids and bovids dominate the assemblage. Figure 29 shows the entire herbivore 

assemblage in plan view, in which most of the bones are located where the basalt drops 

off into the pipe and gulley infills. This is also seen in the profiles of the entire 

assemblage and of the squares on the 60 and 61 meter north lines (Figures 30 and 31). 

Most of the bones are located in layer B2 or below. The highest densities of bones are 

north of the 60 meter north line and east of the 62 meter east line (Figure 32). The 

percentage map in Figure 33 shows that the highest percentages of bones are also located 

in the same area of high density as seen in the density map.  

 The spatial autocorrelation shows that there are many high-high correlations in 

the densest areas mentioned above, indicating neighbors are very similar and have high 

densities (Figure 34). This area also has a low p-value for its density, as does the area in 

the southwest corner of the site, since there is little to no bones found there. There are 

also some negative correlations in the form of low-high correlations in the squares north 

of the 60 meter north line, indicating that there are fewer bones in these squares than in 

their neighboring cells.  

 There are spatial associations of the herbivore bones in Block 2, indicated by the 

density in certain areas. Of the 566 herbivore bones identified in Block 2, 368 are located 

in squares on the 60 and 61 meter north lines. Along with herbivore bones, it is also 

important to look at their potential predators, carnivores and hominins.  
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Carnivore Bones 

 There are 221 carnivore bones in Block 2, and, as shown in Figure 35, they are 

also primarily located in the squares on the 60 and 61 meter north line. The profiles of all 

of the carnivore bones and of the bones located on the aforementioned 60 and 61 meter 

north lines are shown in Figures 36 and 37, respectively. The density and percentage 

maps also show the clustering of bones in these areas (Figures 38 and 39). The spatial 

autocorrelation maps resemble the previous examples in which the high-high correlations 

are concentrated on the 60 and 61 meter north lines, and the low-low correlations are 

located in the southwest corner, indicating  clusters of high density squares and of low 

density squares, respectively (Figure 40). As with the herbivore distribution, there are 

also some low-high correlations in the squares north of the 60 meter north line. 

Of the 221 carnivore bones, 166 are located on the 60 and 61 meter north lines. 

The carnivore assemblage is primarily represented by the canid family, which is almost 

exclusively Canis etruscus at Dmanisi. There is also evidence of ursids, felids, and 

hyenids. The profiles show that each family is represented at multiple elevations, 

indicating that the various species were present during different periods of deposition. 

There are many juvenile carnivores present in Block 2 as well, as seen in plan and profile 

(Figures 41 and 42). High percentages of juveniles can be an indicator of denning.  
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Hominin Bones 

 There are 45 hominin bones plotted in the Block 2 plan map (Figure 43). They are 

mostly concentrated in the squares located on the 60 and 61 meter north line. The profile 

in Figure 44 shows that they are all located in B1 sediment and lower. As shown above, 

there are large numbers of other bones in these strata as well. That being said, hominins 

definitely coexisted with these other animals, but what dynamics existed between them 

can be interpreted from other evidence.  

 

Carnivore Modified Bone 

 There are a total of 225 bones that have evidence of carnivore modification, 

including tooth marks and bone breakage (Tappen et al. 2011). 166 of these bones are 

located in the squares along the 60 and 61 meter north lines. Figure 45 shows the location 

of these bones in Block 2. As seen in the profiles in Figures 46 and 47, carnivore 

modified bones exist at multiple elevations. The density and percentage maps show that 

the main accumulations of modified bones are in the same areas where the bone 

assemblage was densest, in the squares along the 60 and 61 meter north lines (Figures 48 

and 49). Almost all of the carnivore modified bones are located in the northern half of 

Block 2, with an exception of the southeast corner, where there is a small cluster. This 

clustering is reflected in the spatial autocorrelation map, which shows high-high 

correlations the areas where bones are clustered and low-low correlations where there are 
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no bones (Figure 50). Again, there are also lower density squares that are surrounded by 

higher density neighbors, which report low-high correlations. 

 The carnivore modified bone assemblage can be subdivided into bones that have 

tooth marks or evidence of gnawing and those that have been broken by carnivores. 

There is a significant overlap between the two subdivisions, since it is common to see 

broken bones with tooth marks. Figures 51 and 52 show bones broken by carnivores and 

tooth-marked bones. The pattern of distribution follows that seen in the map that shows  

all carnivore modifications. The profiles of each subdivision, displayed in Figures 53 and 

54, show two discernible clusters; one in the lower portion of squares on the 63 and 64 

meter east lines, and one near the 1015 meter elevation line in the squares on the 66 meter 

east line, both of which coincide with the density map of all bones.  

 Carnivore modified bones are obviously a great indicator of general carnivore 

activity, but alone do not indicate denning. Coprolites are also an indication of activity, 

and are seen in many different fossils dens (Pickering, 2002; Kuhn et al., 2008; Villa et 

al., 2010). Figure 55 shows the plan map of the coprolite assemblage
8
. A large cluster of 

coprolites is centered in square 65/62 and expands out to nearly two meters. This 

concentration is also tightly clustered in the profile at roughly 1014.75 meters (Figure 

56). A smaller cluster is present in square 67/59 and tightly clustered vertically near 

1015.3 meters. Unlike the other assemblages, the majority of coprolites are present 

outside of the squares along the 60 and 61 meter north lines.  

                                                           
8
 Prior to the last couple years of excavations, coprolites were not consistently mapped in three 

dimensions.  
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 Pairing coprolites and modifications with other carnivore evidence i.e. adult and 

juvenile bones, we can begin to piece together some parts of the accumulation. Figure 57 

shows a compilation of all the carnivore evidence that could be attributed to denning 

activity, and Figure 58 shows the same thing in profile. Most of the evidence listed here 

is located in the squares along the 60 and 61 meter north lines. However, an interesting 

trend north of those lines shows that coprolites are quite dense, but little else is 

represented. The profile shows a steady presence distribution of all items through the 

strata. Further analysis of notches and breakage angles could potentially add to the 

denning evidence.  

 

Hominin Modified Bone 

 Twenty bones in Block 2 show evidence of hominin modification, either through 

cut or chop marks. Figure 59 shows the distribution of all modifications in plan view
9
. 

Hominin marks seen at Dmanisi so far are more ambiguous than carnivore marks; 

therefore they generally have a lower identification certainty level. Despite this, there are 

many bones that are definitely modified by hominins, most of which are located in the 

same area where the hominins were found. Figure 60 shows the modifications in profile. 

There are no dense clusters of bones that appear in both plan and profile views that 

                                                           
9
 Some bones are interpreted as broken by hominins but the identification certainty is less than 2, 

therefore they are not used here. Further analysis of the bones and a different analysis using breakage 
angles is currently underway and should shed more light on this topic and potentially add to the certainty 
of the identifications. 
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contain more than a few bones, but the presence of hominin modifications is important. 

Other potential factors of the accumulation can shed light on the hominin occupation.  

 

Notches 

 42 bones in Block 2 have a notch or multiple notches. Figure 61 shows 

distribution of the notches in plan view and Figure 62 shows the distribution in profile. 

They are mostly concentrated in the squares located on the 60 and 61 meter north lines, 

and the profile shows that they are represented in each layer, with the majority being in 

the B1 sediments and lower. On the 42 bones, there are 29 normal notches and 17 pseudo 

notches. Based on associated surface modifications, carnivores broke 15 of these bones 

and three may have been broken by hominins, based on the taphonomic interpretations, 

but the identification certainty is not high. By measuring the dimensions of the notch, we 

can apply some interpretation to their cause, which will be discussed later.  

 

Weathering Stages 

 Figure 63 shows the plan view of the various weathering stages on the bones in 

Block 2. Nearly all of the bones show little or no weathering indicating that they did not 

spend much time on the surface before being buried. Figure 64 shows the assemblage in 

profile, in which the weathering stages are represented at several elevations. A few areas 
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in the eastern part of Block 2 have multiple bones with more weathering, even though 

they are interspersed with less weathered bone.  

 

Bone Fragmentation 

 The Block 2 assemblage is less fragmented than M6, but there is still a relatively 

high degree of fragmentation, with about half of the bones being less than 120 mm in 

length (Figure 19) Figures 65, 66, and 67 show the whole and broken long bones in the 

assemblage, in plan and profile. Majority of the long bones are broken, and the whole 

bones are located throughout the rest of the assemblage, with some clustering on the 

eastern edge of the squares that are on the 60 and 61 mater north lines. Figures 68, 69, 

and 70 also show that the largest maximum dimensions of the bones tend to be located on 

the eastern side of Block 2, especially east of the 65 meter east line, indicating a lower 

degree of fragmentation in those areas, which are near the 1015 meter elevation line and 

above at around 1015.6 meters. Larger and whole bones are also located elsewhere in the 

assemblage, but are more dense in these areas. Figures 71, 72, and 73 display the 

distributions of unidentifiable long bone shaft fragments, which are mostly located west 

of the 65 meter east line. There are some present in eastern Block 2, but no clear clusters 

are apparent in that area.  

 429 long bones were found in Block 2, of which 137 are unidentifiable to element 

and 347 have been measured. 113 long bones are identified as having carnivore or 

hominin surface modifications, 33 of which are unidentifiable long bone shaft fragments. 
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The latter count is extremely important, since 73 of the remaining bones have no clear 

cause of breakage and are green bone breaks. Measuring the breakage angles in this 

assemblage could prove to be helpful in determining the causal agents of the breaks.  

 

Discussions and Conclusions 

 Though sometimes meaningful on their own, each of these divisions of the 

assemblage must be analyzed within the greater context of the entire assemblage in order 

to interpret their meaning. In this case, it is apparent that there is more evidence of 

carnivore activity in both areas than hominin. Despite being of little influence to this 

assemblage, the small sample of hominin modified bone sheds some light on hominin 

behavior during the time period. Cut marks and butchery marks on the midshaft of the 

bone indicate that the hominins processed carcasses to some extent, which means that 

there was still meat left on the carcasses to consume (Bunn, 2001; Lordkipanidze et al., 

2007; Dominguez-Rodrigo et al., 2010). 

 The spatial layout of the site shows some interesting patterns of distribution. In 

M6, the bones are mostly concentrated in squares one, two, three, four, and seven, with 

the highest densities being in squares one, two, and seven. Also, most bones are located 

between 1016 and 1015 meters in elevation and nearly all are in B1 sediment. The 

smaller divisions of the assemblage follow this general trend, since they are based on the 

same larger assemblage, but there are also important clusters that appear.  
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Two tight clusters of carnivore modified bone are evident in squares four and 

seven and are tightly clustered in profile as well. These clusters are evident in the point 

density maps, the percentage maps, and the spatial autocorrelation maps. On the LISA 

map for all bones, there is also potential cluster in square two, but that cluster lacks the 

necessary taphonomic data to distinguish what is located within the cluster besides the 

broad category of bones. These clusters in squares four and seven also contain carnivore 

bones, juvenile and adult, and a coprolite. Interestingly, hominin modified bones are also 

located in these clusters. Additionally, a mixture of normal and pseudo notches are 

present in squares three and four, and vertically cluster near 1016 meters and 1016.5 

meters. Also present in these clusters are many broken bones, including a large 

deposition of unidentifiable long bone shaft fragments near the 1016 meter elevation line. 

Several bones with larger dimensions are found here, although not whole, and almost all 

of the bones studied from this cluster have a weathering stage of zero or one.  

Block 2 has a similar pattern of distribution and bone density. Majority of the 

bones are located in the north and northwestern part of Block 2, coinciding with the drop 

off in basalt. The highest densities of bones in profile also coincide with the basalt 

formation, as there is a highly dense accumulation between 1014.4 and 1015.2 meters in 

elevation. Other dense areas are at about 1015.5 meters in elevation, which is close to the 

other dense cluster, but there is definitely a break in the distribution. The bones in Block 

2 are different than M6 in that they are distributed through several different stratigraphic 

layers. These densities are very apparent on the point density maps, which point to there 

being three clusters. The profile shows that there is a steady distribution of bones in the 
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lower elevation concentration, but it is separated into two different clusters in plan view. 

The percentage map also shows that there are areas of higher concentration in these three 

areas, and shows a distinct break between them. The spatial autocorrelation maps show 

that there is a high density of bones in these areas, but they are all correlated and show no 

distinct clusters at this resolution.  

As mentioned previously, cervids dominate the assemblage and are located in all 

strata, as are the other families of herbivores. However, there is a dense cluster of cervids 

near the 1015 meter elevation line in squares 65/60, 65/61, 66/60, and 66/61. A few other 

families are present in these four squares but the cluster of cervids is interesting, since 

most clusters show an array of different species and this particular cluster is dominated 

by cervids. This cluster also contains many carnivores, which are almost all canids here. 

Only five other specimens in this area are from carnivores other than canids. Moreover, 

many of these carnivore bones in this cluster are juvenile. Nearly half of the hominin 

specimens are also found in these four squares and at the same elevation.  

There are many carnivore modifications in these squares as well, but the 

coprolites have a much denser distribution further north, where there is a large cluster in 

and around square 65/62. Few coprolites are located in the four square cluster mentioned 

above. Hominin modifications are also few in these squares, but their numbers are low in 

general throughout Block 2. Some notches are apparent in this cluster area, which 

includes normal and pseudo notches. Almost all of the bones in this area are of 

weathering stages zero and one. Long bones are represented in this cluster area as well, 

but there is a lower degree of fragmentation here than in the overall trend of the 
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distribution. There are also many whole bones located here, and less than ten of the long 

bones are unidentifiable fragments.  

Another cluster is located mainly in squares 63/61 and 63/60, but spreads to the 

surrounding squares, and is between 1014.3 and 1014.9 meters in elevation. The 

herbivore distribution in this cluster is much more varied, but still has a higher number of 

cervids and the carnivores consist mostly of canids, although all families of carnivores 

are present, including a few juvenile specimens. Many of the remaining hominins are in 

these squares and elevations. There is a larger cluster of carnivore modified bone in this 

cluster than the cluster that is further east and higher in elevation. Coprolites are nearly 

absent in this area. There are a few hominin modified bones and several notches located 

in this cluster. Most of the notches here are normal notches. Much like the other cluster, 

almost all of the bones are in weathering stages zero and one. A much more fragmented 

long bone assemblage is located in this cluster, compared to the first cluster mentioned. 

Only three bones are whole and many are less than 120 millimeters in length. Several 

unidentifiable long bone shaft fragments are also located here.  

One last cluster appears around squares 67/60 and 67/61 and at a higher elevation 

than the others, between 1015.2 and 1015.7. There is a pretty even mix of equids, bovids, 

and cervids here, and some rhinoceros bones. Few carnivore bones are located here, but 

they are mostly canids and some are juvenile. Many carnivore modified bones are located 

here and there is a small cluster of coprolites at this elevation in the square to the south, 

67/59. No hominins are located in this area, although there is one bone with a possible 

hominin modification. Notches and unidentifiable long bone shaft fragments are also 
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infrequent here. The weathering stages in this cluster are much different than the rest of 

the site in that there is a mixture of non-weathered and highly weathered bones. There are 

also many whole long bones and a trend of larger sized long bones here.  

An interesting part of these clusters is the differential use of space by carnivores. 

For instance, in two of the clusters of carnivore bones and carnivore modified bones in 

Block 2, a cluster of coprolites is located at the same elevation but at least a horizontal 

meter away. The carnivores may have been eating in one area and defecating in another.  

 Clearly, there are some clusters that show different accumulation patterns at 

Dmanisi. In M6, evidence suggests that carnivores may have periodically denned here, 

based on the amount of carnivore modified bone, carnivore bones in general, and the 

presence of one juvenile and one coprolite, or fossil feces (Fig. 14). Coprolites and 

juveniles are indicators of denning activities, even if they are represented in small number 

(Villa et al., 2010; Kuhn et al. 2010).   Block 2 also has plenty of evidence supporting 

carnivore denning activity, including large clusters of coprolites, several juveniles, and 

many modified bones. However, Block 2 and M6, although having extremely dense 

accumulations and many gnawed bones, do not fall in the range of any observed modern, 

actualistically studied carnivore den assemblage (Cruz-Uribe, 1991; Marean et al., 1995; 

Pickering, 2002; Tappen et al., 2007; Egeland et al., 2008; Kuhn et al., 2008; Villa et al., 

2010). Similarly, cut mark and percussion pit percentages are much lower than expected, 

based on several experimental and archaeological assemblages (Pickering and Egeland, 

2006; Dominguez-Rodrigo and Yravedra, 2009). Carnivore modified bones in the B1 

layer of Block 2 are 18.1% of the assemblage and hominin modified bones are .99% of 
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the assemblage (Tappen et al., 2011).  In M6, hominin modified bones are 2.86% of the 

assemblage and carnivore modified bones are 16.7% of the assemblage (Tappen, personal 

communication). These percentages include the specimens with certainty levels of 1 and 

2, so this is considered by Tappen to be the most reliable estimate.  

 Twenty-nine bone cylinders with evidence of carnivore gnawing are located in 

Block 2 and one is in M6. High levels of bone cylinders are expected in a carnivore den 

assemblage whereas hominin assemblages will have a higher degree of fragmentation and 

complete epiphyses, but what constitutes a high level is not addressed (Cruz-Uribe, 1991; 

Pickering, 2002). Kuhn et al (2010) observe several different spotted, striped, and brown 

hyena dens in which the levels of bone cylinders ranged from 0-22%, with the mean 

being less than 10%. They also note that many other carnivores leave bone cylinders as 

well, since the epiphyses are nutrient rich and are often gnawed off. The percentage of 

bone cylinders in Block 2 is .8% and in M6 it is .08%, which is far less than observed in 

any of the aforementioned studies, and the Dmanisi assemblages are larger in number 

than half of the dens studied.  

 Notch ratios can also be telling of the amount of bone breakage done by either 

carnivores or hominins. Capaldo and Blumenschine (1994) created an expected range of 

notch breadth to depth ratios that they observed in their experimental sample. Figure 74 

shows the Block 2 and M6 notch ratios in three categories: less than 5.68 (carnivore), 

more than 8.02 (hominin), and in between, which could be either. Majority of the notches 

fall into the carnivore category, but there is also evidence of hammerstone notches. Much 

like bone breakage angles, notches are important in trying to address accumulation agents 
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at the site, especially when surface modifications are absent. At this point, there are more 

carnivore-like notches than not, but the assemblage has yet to be examined entirely. In 

addition to the notches themselves, a multivariate approach and 3D shape analysis of 

notches will help clarify notches at the assemblage level (Soderberg et al., 2007).  

 Despite the lower than expected numbers of surface modifications by carnivores 

and hominins, there is still an interesting carnivore-hominin interaction present at 

Dmanisi. Some bones have both cut marks and tooth marks on the bones, indicating that 

some carnivores and hominins were contemporaries at the site and perhaps competing for 

resources. These co-occurrences may help determine if hominins and carnivores were 

sharing the same resource or if the site is a palimpsest (Tappen et al., 2011).  There are a 

few different scenarios which could explain the dynamic between humans and carnivores 

at Dmanisi. In one scenario, the hominins could have been scavenging meat from the 

carnivores, perhaps chasing them off or raiding a possible den while the animals were 

away. This would have been incredibly dangerous and a high level of risk. Another 

potential scenario is that the hominins processed a carcass and when they were done, they 

abandoned the bones, which may have already been broken for marrow. The carnivores 

then scavenged the bones and brought them back to their denning area, gnawed on them, 

and cleaned what was left of the meat off of the bones. Clearly, either of these scenarios 

could have played out, but which one is much tougher to decipher.  

  Reconstructing the events is not as important as the implications of the hominin-

carnivore interaction. It is clear that these rival predators coexisted and it was a struggle 

for each to supply themselves with a steady diet of meat. Meat-eating was a part of the 
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diet for the Dmanisi hominins but to what extent is not known. Butchering and stone tool 

making are important steps in the evolutionary process, and they were taking place at 

Dmanisi. Power scavenging may have been the primary source of meat for the hominins, 

since the rudimentary Oldowan-like tools were probably not used to kill animals.   

 It is also important to keep in mind that the assemblage has not been analyzed 

entirely. Perhaps some parts of the faunal assemblage are over-emphasized due to a bias 

in the faunal material examined. Access to all of the bones from Dmanisi has been 

problematic in the past due to the organization of the materials in the museum. Over the 

past few years, organization and space for storage has improved, which in turn has 

improved the access to the specimens, thus filling out the database a little more.  

 An integration of the lithic material will also improve the spatial analysis. 

Locations of stone tools can be compared to denser accumulations of cut marks and 

unidentifiable long bone shaft fragments, perhaps adding to the interpretation of the 

surface modification type. Ultimately, this is the goal of the spatial analysis at Dmanisi, 

which is still in its infancy. This study is the first of its kind employed at the site in order 

to establish the utility of the GIS methods.  

 The mapping itself is helpful in analyzing the layouts and distributions of the 

artifacts, but it is also important to see if these are statistically significant. The spatial 

autocorrelation puts statistics behind what can be observed by looking at the distribution 

maps. Local autocorrelation and point densities are very helpful together in showing 

where there are clusters that may not be observable with the naked eye. Quadrat counts 
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are extremely helpful in quantifying the distributions. When the lithic assemblage is 

integrated in the future, a regression could determine if the lithic and bone assemblages 

are the same. More specifically, retouched stone tool assemblages could be compared to 

cut marked bone assemblages to determine if these happened in the same area. Perhaps a 

hominin used the tool to cut meat off the bone, and left both the bone and the tool in the 

same area.  

 Clearly, there are different areas of concentrations at Dmanisi. More testing will 

be done as more bones are analyzed. Many of the bones that are without taphonomic data 

are located in the areas in Block 2 where the clusters are apparent. In M6, many of the 

bones missing taphonomic data are located in squares one and two, and have been 

identified as being positively correlated using LISA. There is evidence of carnivore and 

hominin activity and potential interaction in these clusters, the degree of which will likely 

be determined as the database fills out. 

 Dmanisi is a fascinating site with many different accumulation components. 

Hominins and carnivores leave evidence of their presence, as do rodents, but to a lesser 

degree. The spatial element provides an avenue for alternative ways of studying an 

assemblage. This study has provided several methods in analyzing the spatial significance 

and correlation of the assemblage and each method provides meaningful information 

about the assemblage. Alone, the methods do not say much about the assemblage and its 

importance. However, all of the methods together, along with observing the layout of the 

assemblage, create a great tool for interpreting and understanding the activities that took 

place and where they were localized. With the advancement of technologies such as these 
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and more studies of this kind in process, the future of spatial analysis in archaeology is 

bright.  
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Appendix 

 

Tables 

 

Table 1: Carnivores and large herbivores at Dmanisi. Adapted from Lordkipanidze et al 

(2007) 

 

 Assemblage # of Bones Variance Mean VMR 

Block 2 All Bones 3547 2890.97 38 76.07816 

94 Units Carnivore Bones 225 22.32 2 11.16 

 Carn. Modifications 221 20.37 2 10.185 

 Herbivores 566 95.2 6 15.86667 

M6 All Bones 1150 519.55 41 12.67195 

28  Units Herbivores 124 15.66 4 3.915 

Table 2: VMR of different assemblages. 

 

Square Number Number of Bones 

1 243 

2 270 

3 94 

4 182 

5 46 

6 78 

7 237 

Table 3: Bone counts of M6 per square. (N=1150) 
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Figures 

 

 

Figure 1: Map of Georgia. (Created by Coil, 2010) 

 

 
Figure 2: Site map of Dmanisi. Excavations in M5 and Block 2 are ongoing. 
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Figure 3: Block 2 east-west profile at the 62N wall by Reid Ferring (Unpublished map, 

adapted by Coil). 

 

 

 

 

 

Figure 4: Notch on elk bone fragment created by hammerstone impact. (Photo taken by 

Coil) 
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Figure 5: Left-Dmanisi Site Map adapted from Ferring et al. (2011). Right-M6 Layout 

 

 

Figure 6: Plan and profile maps of bone distribution and point density of M6. Map data 

based on field ID for bones with 3D coordinates.  
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Figure 7: Distribution and percentage of bones in each square based on entire 

assemblage. Map data based on field ID for bones with 3D coordinates. 

 

 

 

Figure 8: LISA of bones in M6 
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Figure 9: Plan and profile maps of herbivore/ungulate bone distribution and point density 

of M6. Map data based on bones in taphonomic database, of which all have 3D 

coordinates.  

 



69 
 

 

Figure 10: Distribution and percentage of herbivore/ungulate bones in M6. Map data 

based on bones in taphonomic database, of which all have 3D coordinates.  

 

 

 

Figure 11: LISA of herbivore/ungulate bones in M6 
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Figure 12: Plan and profile maps of carnivore bone and ages distributions of M6. Map 

data based on bones in taphonomic database, of which all have 3D coordinates.  
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Figure 13: Plan and profile maps of carnivore bone modifications distribution of M6. 

Map data based on bones in taphonomic database, of which all have 3D coordinates.  
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Figure 14: Plan and profile maps of carnivore evidence in M6. Map data based on bones 

in taphonomic database, of which all have 3D coordinates.  
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Figure 15: Plan and profile maps of hominin surface modifications. Map data based on 

bones in taphonomic database, of which all have 3D coordinates.  
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Figure 16: Plan and profile maps of hominin modifications and notches in M6. Map data 

based on bones in taphonomic database, of which all have 3D coordinates.  
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Figure 17: M6 long bone and unidentifiable long bone shafts distribution. Map data based 

on bones in taphonomic database, of which all have 3D coordinates.  
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Figure 18: M6 weathering stages and long bone length distributions. Map data based on 

bones in taphonomic database, of which all have 3D coordinates.  
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Figure 19: Degree of fragmentation of long bones in M6 and Block 2.  

 

 

 

 

Figure 20: Site Map adapted from Ferring et al., (2011) highlighting Block 2. 
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Figure 21: Map of current excavation area and basalt as collected by Reid Ferring 

(Unpublished data, map by Coil). 
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Figure 22: Block 2 distribution of all bones. Map data based on field ID for bones with 

3D coordinates. 
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Figure 23: Block 2 bone distribution in profile. Map data based on field ID for bones with 

3D coordinates. 

 

 

 

Figure 24: Squares on 60N and 61N line in profile. Map data based on field ID for bones 

with 3D coordinates. 
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Figure 25: Block 2 point density map for all bones. 

 

Figure 26: Block 2 point density of all bones in profile.  
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Figure 27: Block 2 bone percentage based on entire assemblage. Map data based on field 

ID for bones with 3D coordinates. 

 

Figure 28: LISA map of significance and correlation for all bones in Block 2. 
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Figure 29: Plan map of Block 2 herbivore distribution. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  



84 
 

 

Figure 30: Profile of Block 2 herbivore distribution. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  

 

 

Figure 31: Profile of Block 2 herbivores from squares on the 60 and 61 north line. Map 

data based on bones in taphonomic database, of which all have 3D coordinates.  
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Figure 32: Plan map of Block 2 herbivore bone point density. 
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Figure 33: Plan map of Block 2 herbivore bone percentages based on herbivore 

assemblage. Map data based on bones in taphonomic database, of which all have 3D 

coordinates.  
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Figure 34: LISA map of significance and correlation for herbivore bones in Block 2. 

 

Figure 35: Plan map of Block 2 carnivore bone distribution. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  
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Figure 36: Profile of Block 2 carnivore bone distribution. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  

 

 

 

 

Figure 37: Profile of carnivore bones distribution in squares on 60 and 61 meter north 

line. Map data based on bones in taphonomic database, of which all have 3D coordinates.  
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Figure 38: Plan map of Block 2 carnivore bone density.  
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Figure 39: Plan map of Block 2 carnivore bone percentages based on carnivore 

assemblage. Map data based on bones in taphonomic database, of which all have 3D 

coordinates.  
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Figure 40: LISA map of significance and correlation for carnivore bones in Block 2. 

 

Figure 41: Plan map of juvenile and adult carnivore bones in Block 2. Map data based on 

bones in taphonomic database, of which all have 3D coordinates.  
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Figure 42: Profile view of adult and juvenile bones in Block 2. Map data based on bones 

in taphonomic database, of which all have 3D coordinates.  

 

Figure 43: Plan view of hominin bones in Block 2. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  
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Figure 44: Profile view of hominin bones in Block 2. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  

 

Figure 45: Plan view of all carnivore modifications in Block 2. Map data based on bones 

in taphonomic database, of which all have 3D coordinates.  
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Figure 46: Profile view of all carnivore modified bones in Block 2. Map data based on 

bones in taphonomic database, of which all have 3D coordinates.  

 

 

 

Figure 47: Profile view of carnivore modified bones located in the squares along the 60 

and 61 meter north lines of Block 2. Map data based on bones in taphonomic database, of 

which all have 3D coordinates.  
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Figure 48: Density map of all carnivore modified bones in Block 2. 
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Figure 49: Percentage map of all carnivore modified bone in Block 2. Map data based on 

bones in taphonomic database, of which all have 3D coordinates.  
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Figure 50: LISA map of significance and correlation for carnivore modified bones in 

Block 2. 

 

Figure 51: Plan view of bones broken by carnivores in Block 2. Map data based on bones 

in taphonomic database, of which all have 3D coordinates.  
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Figure 52: Plan view of bones with carnivore tooth marks in Block 2. Map data based on 

bones in taphonomic database, of which all have 3D coordinates.  
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Figure 53: Profile view of bones broken by carnivores in squares along the 60 and 61 

meter north lines. Map data based on bones in taphonomic database, of which all have 3D 

coordinates.  

 

 

Figure 54: Profile view of bones with carnivores tooth marks in squares along the 60 and 

61 meter north lines. Map data based on bones in taphonomic database, of which all have 

3D coordinates.  
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Figure 55: Plan view of coprolites in Block 2. Map data based on bones in taphonomic 

database, of which all have 3D coordinates.  
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Figure 56: Profile view of coprolites in Block 2. Map data based on bones in taphonomic 

database, of which all have 3D coordinates.  
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Figure 57: Plan view of all carnivore evidence in Block 2. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  
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Figure 58: Profile view of all carnivore evidence in Block 2. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  

 

Figure 59: Plan view of hominin modifications in Block 2. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  
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Figure 60: Profile view of hominin modifications in Block 2. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  

 

Figure 61: Plan view of notch distribution in Block 2. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  
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Figure 62: Profile view of notch distribution in Block 2. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  

 

Figure 63: Plan view of bone weathering stages in Block 2. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  
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Figure 64: Profile of bone weathering stages in Block 2. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  

 

Figure 65: Plan view of long bone distribution in Block 2. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  
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Figure 66: Profile view of long bone distribution in Block 2. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  

 

 

Figure 67: Profile view of long bones in squares located on the 60 and 61 meter north 

lines in Block 2. Map data based on bones in taphonomic database, of which all have 3D 

coordinates.  
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Figure 68: Plan view of long bone lengths in Block 2. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  
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Figure 69: Profile view of long bone lengths in Block 2. Map data based on bones in 

taphonomic database, of which all have 3D coordinates.  

 

 

Figure 70: Profile view of long bone lengths in squares located on the 60 and 61 meter 

north lines in Block 2. Map data based on bones in taphonomic database, of which all 

have 3D coordinates.  
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Figure 71: Plan view of unidentifiable shaft fragment distribution in Block 2. Map data 

based on bones in taphonomic database, of which all have 3D coordinates.  
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Figure 72: Profile view of unidentifiable shaft fragment distribution in Block 2. Map data 

based on bones in taphonomic database, of which all have 3D coordinates.  

 

 

Figure 73: Profile view of unidentifiable shaft fragment distributions in squares located 

on the 60 and 61 meter north lines in Block 2. Map data based on bones in taphonomic 

database, of which all have 3D coordinates.  
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Figure 74:   The ratios of the breadth and depth measurements of notches in M6 and 

Block 2.  
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