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al. forthcoming; De Reu et al. 2014; cf. Hodder 1999; 
Katsianis et al. 2008). Additionally, the field contexts 
can be made more accessible for analysis and discus-
sion in future research as well as in field settings.  

The Study Site 

Ҫatalhöyük is a well-known site in central Anatolia. 
Famous for, amongst other things, its architecture, 
wall paintings, and burials, the excavations at the site 
have provided intimate and unique insights into 
Neolithic imagery, symbolism, mentality, and behav-
ior (e.g., Hodder 2006, 2011; Hodder and Meskell 
2011; Martin and Russell 2000). The preservation of 
the archaeology at the site has made it excellent for 
the development and application of single-context 
excavation techniques as well as other methodological 
innovations. For a number of years, the ongoing 

research project at Ҫatalhöyuk has included a team of 
digital archaeologists experimenting and testing new 
approaches to further implement digital technology 
for site documentation. Both laser scanning and 

Introduction 
This paper describes a case-study where the systemat-
ic use of image-based 3D modeling techniques was 
tested on faunal remains in an infill context. The aim 
was to evaluate the method with regard to its analyti-
cal value after excavation as well as its interpretative 
value in the field. The documentation of faunal 
remains, especially related to integration with field 
context information, is often left to the zooarchaeolo-
gist well after excavation. However, with image-based 
3D modeling techniques the evaluation and interpre-
tation of animal bones and their distributions in infill 
contexts can elucidate information and perspectives 
that may otherwise be overlooked. This can range 
from spatial linkages with other zooarchaeological 
materials or with features and multiple types of 
artifacts. By documenting infill materials in this way, 
new information can be provided through stepping 
into 3D space and by decreasing the conceptual 
distance between field and lab, which encourages new 
analytical and interpretive perspectives (Berggren et 
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Abstract: During the last twenty years archaeology has experienced a technological revolution that spans scientific achieve-
ments and day-to-day practices. The tools and methods from this digital change have also strongly impacted archaeology. 
Image-based 3D modeling is becoming more common when documenting archaeological features but is still not implement-
ed as standard in field excavation projects. When it comes to integrating zooarchaeological perspectives in the interpreta-
tional process in the field, this type of documentation is a powerful tool, especially regarding visualization related to 
reconstruction and resolution. Also, with the implementation of image-based 3D modeling, the use of digital documentation 
in the field has been proven to be time- and cost effective (e.g., De Reu et al. 2014; De Reu et al. 2013; Dellepiane et al. 2013; 
Verhoeven et al. 2012). Few studies have been published on the digital documentation of faunal remains in archaeological 
contexts. As a case study, the excavation of the infill of a clay bin from building 102 in the Neolithic settlement of Ҫatalhöyük 
is presented. Alongside traditional documentation, infill was photographed in sequence at each second centimeter of soil 
removal. The photographs were processed with Agisoft Photoscan. Seven models were made, enabling reconstruction of the 
excavation of this context. This technique can be a powerful documentation tool, including recording notes of zooarchaeo-
logical significance, such as markers of taphonomic processes. An important methodological advantage in this regard is the 
potential to measure bones in situ in for analysis after excavation. 
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image-based 3D modeling are and have been used in 
this process (Forte et al. 2012). For example, the use 
of image-based 3D modeling to document human 
burials at the site has been evaluated and is now 
common practice (Knusel et al. 2013). Since 2013 all 
documentation has been made digitally via PC-tablets 
as standard procedure, providing high-resolution 
records of fieldwork and site contexts (Berggren et al. 
forthcoming; Issavi and Taylor 2014).  

The Case Study 
This case study presents the excavation of the infill of 
a clay bin (F 3698) from building 102 in the Neolithic 

settlement of Ҫatalhöyük (Tung 2013). Building 102 is 
located in the northern area of the site and is not fully 

excavated. This building was discovered in 2007 
during excavations to prepare for the erection of a big 
shelter to cover this particular area. The clay bin infill 
was excavated in 2013, when excavation of the 
building was resumed (Tung 2013). The bin was 
attached to an internal wall, and its infill was docu-
mented using traditional excavation and documenta-
tion (ibid. 2013). This feature was also recorded by 
means of image-based 3D modeling to provide a case 
study exploring the utility of this particular technique. 
The reason that the infill of this clay bin was consid-
ered suitable for documentation by image-based 3D 
modeling is that it was located directly underneath a 
larger room and could represent closing of the final 
phase of the house. The generation of a 3D model to 

Figure 1. Spiral “route” for photographic documentation. The round X-markers represent stops in the route for taking pho-
tographs of the feature. 
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display the room and the bin would illustrate the 
tangible and intimate connection of these two spaces. 
Early in the excavation it was clear that at the top of 
the infill layer there was a large amount of well-
preserved animal bones compared to the condition of 
faunal remains previously discovered in this particular 
house. Excavators recognized that this context 
provided an opportunity for a distinctive case study of 
how this documentation technique can be used to 
record spatial distributions of faunal remains in infill 
contexts. 

Methodology 
The use of Agisoft Photoscan allows the generation of 
detailed three-dimensional models from sets of 
unordered images. It cannot replace the interpretative 
nature of plan drawings, but it provides a 3D model 
that has high resolution in terms of geometry and 
image quality (Dell'Unto 2014). When using this 
technique in the field, it is important to plan the use 

of it beforehand. Even though application of the 
approach is not time-consuming, the area of interest 
and its close surroundings must be thoroughly cleaned 
and camera angles must not be changed abruptly 
when photographing. The use of a planned work-flow 
is thus highly recommended (De Reu et al. 2014; 
Dellepiane et al. 2013). Work-flows regarding digital 
technologies on a site level are being formulated and 
constantly tested (i.e. De Reu et al. 2014; Dellepiane et 
al. 2013; Katsianis et al. 2008). Also, archaeologists 
already photograph contexts and findings in the field, 
often as complements to drawings, so it takes little 
time to adjust and freely work with this method. This 
specific context was relatively sheltered from changes 
in light and shading, which could present a real 
challenge in other settings. For this case-study a 
system camera (Sony a58) with a preset resolution of 
10 mp was used, without use of a flash.  

During the documentation of the excavation of 
the infill of the clay bin, some necessary steps were 
implemented in each set of photographs. After each 
second centimeter of soil removal, a series of 40-60 
photographs were taken following a spirally route, 
illustrated in Figure 1. We also set up 4-6 ground 
control points within and around the context in each 
set of images. We documented these with a total 
station, as opposed to measuring the distances 
between them (cf. De Reu et al. 2013). This ensures 
that the measurements can later be correctly spatially 
referenced. Also, we took extra photos of particular 
zooarchaeological remains to ensure detailed recon-
struction. For example, horn cores in the middle of 
the infill were considered of interest to the excavators 
(Figure 2).  

The technicalities and steps for processing image-
based 3D modeling can be found in other works (De 
Reu et al. 2014; Remondino and El-Hakim 2006). 
Here, processing involved data extraction, meshing and 
scaling following Dellepiane et al. (2013:205). The 
software recognizes local features in the photos 
during data extraction by aligning the images and 
during calculation of the model. These photos are 
matched to calibrate and orient the images, resulting 
in a point cloud of a triangulated surface (De Reu et 
al. 2014; Dellepiane et al. 2013). Meshing and coloring 
involves matching every pixel to recreate coordination 
in digital three-dimensional space. The triangulated 
surface is filtered to reduce noise, and all gaps in the 
model are closed. After this process, original colors 
are added to the model. Scale is corrected using 

Figure 2. Sequence of seven 3D-models showing the 
progress of excavation. The sequence starts with the top 
layers of soil from the left to the right. The models are 
numbered from 1-7 in the bottom left corner. 
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markers from the context, allowing reconstruction of 
physical measurements. The model can easily be 
transferred to the project’s general coordination and 
spatial reference system in a GIS (De Reu et al. 2014; 
Dellepiane et al. 2013). The 3D models for this study 
were processed in Agisoft Photoscan, version 1.0.0 
(Agisoft LLC 2011). Using this software it is possible 
to geo-reference the model using external ground 
control points (Agisoft LLC 2011).  

Results 
In this case study, I highlight the faunal remains in an 
infill of a clay bin in one of the Neolithic houses of 

Ҫatalhöyük. Figure 2 illustrates a sequence of seven 
3D models documenting the removal of the infill in 
the clay bin in each excavation phase (each second 
centimeter). A total of 336 photographs were used to 
produce the models (roughly 48 images per model). 
Compared to traditional documentation by plan 
mapping, this technique reduced the time in the field 
as it took about ten to fifteen minutes to photograph 
each sequence, including clean-up. The horn cores 
from cattle and wild sheep in the middle of the bin 
were reconstructed in detail in the model. The actual 
horn cores became fragmented when lifted from the 
soil but may, according to the excavators, represent 
the remains of something placed carefully within the 
bin (Tung 2013). However, the horn cores could 
simply be infill material, such as refuse. The interpre-
tation of the horn cores was refined by reconstructing 
the context at the same time as the next layer of soil 
was removed. Their clear placement on top of each 
other is probably due to a conscious act, either during 
the usage phase or right before deposition (see Tung 
2013). The model is detailed, and might be useful in 
the future when reviewing the last phase of use and 
later the infilling of the house.  

Discussion 
Mapping the precise contextual locations of faunal 
remains by hand is Sisyphean in terms of work effort. 
As illustrated in this case study, 3D-modeling enables 
re-assessment of context because any notes and maps 
detailing the recovery of faunal specimens can be 
reconsidered by returning to the model where the 
remains are documented in high resolution. Digital 
approaches to archaeological documentation can 
potentially enable more detailed examination of 
spatial patterning even after remains have been 
removed from their excavation contexts. For exam-
ple, as reported in this study, spatial patterning of 

faunal remains in infill contexts, where materials 
might be considered “waste” provides a basis for 
research concerning waste and refuse disposal 
patterns (see Martin and Russell 2000).  These 
concepts are not only important in a taphonomic 
sense, but also in discussions of cultural/ritual 
behavior (i.e. Hill 1995; Marciniak 2005; Orton 2012; 
Thilderqvist 2013). This type of analysis can be 
strengthened by the photographic documentation 
approach presented in this study. 

More generally, research within virtual reality and 
the use of 3D modeling in archaeology holds great 
potential. In recent years, virtual collections as well as 
studies on osteometry and morphological differences 

Figure 3. Close-up snapshots from the models. The num-
bers in the top left corner indicate from which models 
they were taken in figure 2. 
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in 3D have been established (Betts et al. 2011; 
Macane 2012; Niven et al. 2009; Smith and Strait 
2008). One advantage of 3D modeling in zooarchae-
ology is an ability to measure faunal remains during 
excavation for purposes of analysis later. While this 
has been noted in this study, to argue for the contin-
ued implementation of image-based 3D modeling in 
field zooarchaeology, an evaluation of the accuracy 
and precision of measurements derived from 3D 
models is needed. This holds potential for producing 
new zooarchaeological knowledge since measurable 
bones can experience heavy erosion and breakage 
during excavation and curation, which may depend on 
the preservation condition of bone as well as environ-
mental factors. An experiment focusing on what can 
be better preserved through application of 3D 
modeling would benefit the further development and 
implementation of such approaches in zooarchaeolo-
gy.   

Image-based 3D modeling can be useful as a 
detailed reconstruction technique of refuse contexts 
in which faunal remains are often abundant. The 
reconstruction can be of high value for field interpre-
tation by archaeologists. Compared to burials, infill 
layers are often not given the same degree of detailed 
documentation. In this sense 3D modeling makes it 
possible to return to the context to make spatial 
connections and associations among archaeological 
materials. 3D models can potentially be integrated 
with GIS and spatial analyses of faunal remains to 
investigate possible clustering of remains for particu-
lar taxa or types of skeletal parts (Berggren et al. 
2015). Similarly, such models may be used to investi-
gate taphonomic histories of faunas.  

Depending on the resolution desired, the time 
needed to generate models will differ. This might 
disturb the flow of the excavation (De Reu et al. 
2014). The amount of time needed to generate 
models will surely decrease with the growing capacity 
of computers and software. Despite the many 
advantages, image-based 3D modeling should not 
completely replace other interpretive documentation 
methods, such as plan drawings, context description, 
and field journals (De Reu et al. 2013; Dell'Unto 
2014). The analytical value of the 3D model decreases 
greatly if other types of documentation are disregard-
ed. For example, in this case study the model would 
be of no interpretive value if not connected to the 
field situation and the interpretations of the excava-
tors.  

A formal guideline or practical handbook of 
image-based 3D modeling techniques is missing in 
archaeology, although Dellepiane et al. (2013) have 
described a functioning workflow. English Heritage 
has also produced a practical guide for laser scanning 
techniques within cultural heritage studies (English 
Heritage 2011). For zooarchaeologists, it would be 
useful to have handbooks on image-based 3D 
modeling techniques, with guidelines regarding faunal 
remains in various archaeological situations, such as 
the documentation of animal burials and other ritual 
remains.  

Conclusions 
This short paper has reviewed the use of image-based 
3D modeling as a technique for documenting zooar-
chaeological remains in waste-related depositional 
contexts. As previously established, image-based 3D 
modeling is an effective tool in terms of time- and 
cost-effectiveness in the field. Although 3D modeling 
should not be considered a replacement for traditional 
field documentation methods, it provides a higher 
resolution and visualization in three-dimensional 
space. With a thorough field assessment of tapho-
nomic markers and other zooarchaeologically signifi-
cant indicators, this technique can provide a good 
foundation for research on spatial association of 
artifacts and features, waste management, and the use 
of bone within living quarters. One great methodolog-
ical advantage of this technique for the zooarchaeolo-
gist is an ability to measure bones during excavation 
for analysis later. Despite these advantages, it would 
be helpful to have a set of guidelines for image-based 
3D modeling in zooarchaeology, which should 
incorporate basic osteology, zooarchaeological 
methods, and taphonomy.  
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