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C H A P T E R  1

Sources: Photo M. Sajovic 1965, curated by Museum of Gorenjska, inv. No. 11/9. Janez Eržen during 
the excavation and Photo B. Štular






This multi-touch book presents 3D models of  selected early medieval earrings 
from the Župna cerkev (Parish church) in Kranj (Slovenia) archaeological site. The 
book came about as part of  an extensive research project analysing the site. In the 
process of  documenting artefacts in a classic archaeological manner, that is with 
photography, archaeological drawings and textual descriptions, we  also experi-
mented with 3D documentation techniques that were available at the time. Due to 
restricted time that was available for 3D documentation, we focused on earrings as 
a predominant type of  expressive artefacts on the site. However, since this hap-
pened at a relatively early stage of  the project, the selection of  earrings presented 
in this book is not exhaustive. It nevertheless provides a balanced overview of  all 
types represented on the site.

Once the 3D models had been made, we looked for the best publication media 
possible. The use of  3D models of  archaeological artefacts is currently at a stage 
where good 3D models abound, but the majority of  archaeologists are not able to 
use full potential of  these models for advancing their research. Part of  the reason 
for such a situation is that a successful method of  3D model presentation that 
would not demand additional knowledge or equipment from the archaeologist 
does not yet exist. Currently, the most common method is to down-sample models 
significantly and present them either in 3D PDF format or using one of  the web 
services. When it comes to 3D models of  archaeological sites or parts of  sites, the 
predominant practice is even further 
from desirable. Archaeologists are 
mostly only able to look at the anima-
tion of  a 3D model in the form of  a 
movie (e.g. Fig 1-1). The actual 3D 
model with all its potential for an im-
mersive interpretation never leaves 
the workstation of  the specialists who 
have produced the model.

***
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Fig. 1-1. Video animation of an image-based
3D model of a shepherd's house (hiška).






The reason for producing this multi-touch book was to explore the possibilities 
of  bringing 3D models of  archaeological artefacts to the fingertips of  archaeolo-
gists – literally for readers using iPads - in a scientific manner. Apple's multi-touch 
book is currently the only medium that fulfils all of  our needs:

• It can be classified as a bibliographic unit according to bibliographic 
standards, for example ISBN classification.

• It replicates scientific tools of  printed books, that is static page number-
ing for citations and a liner text.

• It can include 3D models.

• It is a low-cost solution (with an easy to master new software and without 
time-consuming "pre-press" production).

• It offers established distribution channels.

A PDF e-book with incorporated 3D models would arguably fulfil most of  the 
above criteria. However, unlike its multi-touch alternative, it demands the use of  
professional software that is neither cheap nor easy to master. More importantly,  
handling a 3D model in PDF is much more cumbersome and far less intuitive 
than using a multi-touch book on iPad.

There is, however, one downside of  the medium that we have chosen: it can 
only be accessed through Mac and iPad platforms. Ubiquitous as they are world-
wide, these platforms are by no means widespread among archaeologists.

Unfortunately, there is no perfect solution yet that would bring the same ease 
of  production and use to the only universal platform of  the day   ̶  a web browser 
of  your choice.

***
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The aim of  this multi-touch book is to present 3D models of  early medieval 
earrings from the Župna cerkev site in Kranj in a scientific manner. To this end, 
the text is focussed on presenting the current state of  the use of  3D in archae-
ology (see chapter Methodology of 3D digitisation). In order to put this work in 
context, the book also provides a short description of  the excavations (see chapter 
The Site) and artefacts (see chapter The Artefacts). We consider this information 
necessary for archaeologists exploring the 3D catalogue (see chapter 3D Cata-
logue) to better appreciate the strengths and possible shortcomings of  this type of  
publication.

4



C H A P T E R  2

Methodology of 3D 
digitisation in 
archaeology

5



3D digitisation in archaeology

When browsing through the literature on three-dimensional (3D) digitalization 
and documentation in archaeology and cultural heritage in general, one may be 
inundated by the number of  techniques and applications  currently used for ar-
chaeological purposes, many of  which due to the decreasing hardware prices and 
the simplification of  procedures. Furthermore, expressions such as virtual archae-
ology (Forte, Siliotti 1997; Reilly 1991) and digital heritage (MacDonald 2006)  as 
well as expressions that should be clear at first sight, such as 3D modelling, 3D re-
construction, 3D visualization and 3D digitisation, can cause some confusion, as 
they are not used consistently. To avoid any misconceptions, first, the existing 3D 
technologies used in archaeology will be explained, and afterwards they will be 
traced historically to the beginning of  their use in archaeology.

The 3D technologies used in cultural heritage can be divided into two main 
groups. The first group includes 3D reconstructions that involve reconstructions of  
the historical world and objects using virtual and augmented reality. Such 3D mod-
els can be constructed based on acquired 3D data from the existing objects, how-
ever, the main objective is to visualize the interpretation of  “what used to be” in 
virtual (and/or augmented) reality. 

The second group, which is the main topic of  this chapter, will be referred to as 
3D digitisation. This group includes techniques used to record existing landscape 
or objects in three geometrical dimensions. The product of  these techniques is a 
set of  measured or calculated spatial points with x, y, and z coordinates (i.e. a 
point cloud) that can be triangulated to yield a 3D mesh, often referred to as a 3D 
model. Such a point cloud or a mesh can be viewed and manipulated in a 3D soft-
ware environment. 

The 3D acquisition techniques are further divided into passive and active tech-
niques (Pezzati, Fontana 2008). To capture 3D data, active techniques require an 
active measuring tool (emission-based: a laser beam and a structured light or a me-
chanical probe), whereas the passive techniques do not directly interfere with the 
object (e.g. photographs). Both techniques are widely used in archaeology. Deter-

6



mining which technique is better depends on the size and type of  the area or the 
object that is being digitized.

***

Let us first look at the active 3D acquisition methods. To scan a large area, air-
borne laser scanning (ALS), also known as airborne LiDAR (Light Detection and 
Ranging), is employed (e.g. Opitz, Cowley 2013). To scan an archaeological excava-
tion or larger structures, such as walls and buildings, terrestrial laser scanners 
(TLS) are used (e.g. Barber 2011; Payne 
2011). Finally, for small objects, close-range 
3D scanners (handheld or desktop scanners) 
are utilized.

The first 3D scanners appeared in the 
1960s, but it was not until the 1980s that 
structured light and lasers were used to cap-
ture the surface. One such prototype was 
used in Sweden to track the changes on differ-
ent types of  rocks caused by the weather. The 
control units were placed in the back of  a van 
and were then connected to the scanner using 
a 30-metre-long cable. The mechanism was 
powered by a petrol generator and weighed 
more than 100 kilograms (Swantesson, Gus-
tavson 2005, 36). Nevertheless, 3D technolo-
gies could only advance when the bandwidth 
and hard drive storage increased and became 
more cost-effective. It was in the 1990s that 
3D technologies became extensively used 
among surveyors and engineers, and it was 
then that  the technology started to be used in 
archaeology as well.

7

Textbox 1: Total station
The most commonly used active 3D data 
acquisition device in archaeology remains 
for now a total station or tachymeter. It 
measures one point at a time and is mainly 
used for local spatial measurements at the 
archaeological excavations (e.g. Bedford et 
al. 2011). Total stations were also often 
used to measure a local DTM (Digital 
Terrain Model) and the outline of structures. 
Since this procedure is very time 
consuming, terrestrial laser scanners (TLS) 
or image-based 3D data acquisition are 
more often applied in such cases. The 3D 
data acquisition, in combination with other 
types of textual documentation, is applied 
with similar results.

Photo: R. Klasinc



In 1973, J. D. Wilcock predicted that com-
puters would be used for archaeological re-
constructions (Wilcock 1973). One of  the first 
attempts of  3D digitisation was the documen-
tation of  the temple area at the Roman bath 
and the Roman military bathhouse at Caer-
leon, South Wales. This documentation at-
tempt  was carried out using a total station 
(Arnold et al. 1989). Compared to the tradi-
tional documentation techniques, such as 
drawing and photography, 3D documenta-
tion was soon recognized as a quicker and 
more complete way of  documenting archaeo-
logical excavations (Avern 2001; Zhukovsky 
2002). Already from the beginning, 3D tech-
nologies were used also for public interaction 
and presentation purposes. One of  the earli-
est  attempts at this  was a 3D presentation of  
the Lascaux Cave that enabled  a virtual visit 
to the otherwise closed cave (Forte, Siliotti 
1997, 10). 

The next step was to use the acquired 3D 
models for further analysis and archaeologi-
cal research. Among the first efforts was  an 
attempt to establish a system for the auto-
matic classification of  sherds (Menard, Sablat-
nig 1996).  Private companies and technical 
institutes carried out most of  these early 
works. Only when the costs dropped and the 
technical part of  the work became simpler 
did the archaeologists start to carry out their 
own 3D projects (c.f. Koller et al. 2009, 7: 3). 
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Textbox 2: 3D laser scanners

Different types of 3D laser scanners are used 
in various fields within archaeological re-
search and documentation. There are three 
basic principles in 3D laser scanning function-
ing, all based on the emission of a laser 
beam. The first type is TOF (Time-of-Flight) 
scanners, which calculate the distance be-
tween the scanner and the object, based on 
the travel time of the laser beam. To obtain 
this measurement, the emitted laser beam is 
reflected from the object and caught by the 
scanner’s sensor. The measured time of this 
process allows the calculation of the distance 
between the
scanner and the object. The result of the cal-
culation is a point with x, y, and z coordi-
nates. This principle is normally used by ALS 
and TLS. 
The second type is phase-based scanners, 
which employ constantly emitted laser en-
ergy. Afterward the phase shift of the return-
ing laser energy is measured in order to cal-
culate the distance (Internet source 1). This 
principle is normally utilized by TLS scanners. 
The third type is triangulation laser scanners, 
which operate by emitting a laser beam. The 
beam is reflected from the scanned object 
and caught by the scanner’s sensor. Since the 
distance between the emission and return la-
ser pulse, as well as the angle of the outgo-
ing and incoming laser beams are known, the 
distance to the object is calculated using trian-
gulation. This principle allows for more accu-
rate measurements than TOF, since time can-
not be measured as accurately as the angle 
of the return laser pulse used by triangulation 
based scanners. This principle is normally 
used by close range scanners (handheld or 
desktop) that are used to scan small objects 
with high levels of accuracy.



Many of  these early efforts were presented at 
the Conference on Computer Applications 
and Quantitative Methods in Archaeology 
(CAA) in 1998 and at later CAA conferences 
(Barcelò et al. 1999; Stančič, Veljanovski 
2001). Besides CAA, other research communi-
ties were established; some of  the more well-
known ones are VAST: International Sympo-
sium on Virtual Reality, Archaeology and In-
telligent Cultural Heritage, Computer und 
Archäologie (Vienna, Austria), Digital Heri-
tage, and Virtual Retrospect. One can also 
find many articles related to 3D digitisation 
in the proceedings of  the International Scien-
tific Committee for Documentation of  Cul-
tural Heritage (CIPA) conferences and the In-
ternational Society for Photogrammetry and 
Remote Sensing (ISPRS) commission V. 

Even though the prices of  the technology 
have dropped, most archaeological projects 
still cannot afford this type of  3D digitisation 
hardware, with the exception of  low-cost 
desktop 3D scanners. Nevertheless, archaeolo-
gists today often use 3D digitisation, mostly 
thanks to the recent success of  3D image-
based modelling techniques based on the so-
called Structure from Motion (SfM) ap-
proach.

     ***

When discussing techniques that passively 
capture geometry in 3D, we often think of  
image-based techniques. Technically, there 
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Textbox 3: Terrestrial laser scanners (TLS) 
can be divided according to the method of 
length measurement or to the orientation of a 
laser beam. 
The method of length measurement is differen-
tiated between the pulse and phase terres-
trial laser scanners. The former, pulse-based 
TLS, uses laser energy pulses and defines a 
metric system with the time of flight (TOF). 
The latter, phase TLS, uses phase continuous 
waves. The activity of phase distance meas-
urement is based on modulated electromag-
netic fluctuation. Pulse scanners reach larger 
distances and are more frequent; however, 
high-speed scanning speaks in favour of 
phase scanners.
According to the orientation of a laser beam, 
there are three types of terrestrial laser scan-
ners: camera, hybrid and panoramic TLS. The 
activity of the camera TLS is based on the ori-
entation of a laser beam with two rotating 
mirrors, whereas the activity of the pano-
ramic TLS is based on the rotation of one mir-
ror, with the rotation of the scanner's head 
providing horizontal deflection.

 
The hybrid TLS, an intermediate version as the 
name suggests, causes deflection of a laser 
beam with one mirror. The largest field of view 
(FOV) is provided by panoramic scanners (La-
zar 2012, 40 ̶ 42; cf Straiger 2011). Recent 
technological progress has enabled measure-
ments of exceptional quality in work conditions 
of nearly any kind (Fröhlich, Mettenleiter 



are two disciplines that try to recover 3D ge-
ometry from a set of  photographs. The first 
and the oldest one is photogrammetry, which 
can be defined as a technique for obtaining infor-
mation about the position, size and shape of  an object 
by measuring images of  it instead of  by measuring it 
directly (Cooper, Robson 2001, 9). In the 
1850s, the father of  photogrammetry, the 
Frenchman Aimé Laussedat developed a 
method that would create a map of  Paris 
based on the geometrical measurements of  
the photographs taken from the city rooftops. 
From the 1920s onwards, all larger areas 
were mapped by aerial-photogrammetry 
(Fryer 2001, 3), which means that the photo-
grammetric principles were used on aerial 
photographs. 

When measurements are based on im-
agery that has been acquired in the close vi-
cinity of  the object that needs to be meas-
ured, one speaks of  close-range photogram-
metry. Close-range does not mean that the im-
agery can only be acquired in a terrestrial 
way. On the contrary, low-altitude platforms, 
like ladders and poles, are often used as well 
and have been used  in the context of  ar-
chaeological excavations since the 1950s and 
1960s (Whittlesely 1966). To this end, differ-
ent types of  photo platforms have been devel-
oped, allowing for an elevated view of  the ex-
cavation and the subsequent photogrammet-
ric processing.
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Textbox 4: Structured-light 3D scanners
also known as white-light scanning devices, 
project a light pattern onto the object and 
at the same time, take a photo of the object 
or tape it with stereo pair cameras. Due to 

Steinbichler COMET L3D
the shape of the object, the projected pat-
tern appears distorted. The stereo digital 
photograph of the distortion is transformed 
into a point cloud with a closed-source soft-
ware. This technique prevailed in the past; 
nowadays, however, it is primarily used to 
gather three-dimensional data with an ex-
tremely high level of precision, to one hun-
dredth, and (theoretically) even one thou-
sandth of a millimetre.



Until the 1970s, photogrammetric process-
ing was analogue and based on printed stereo 
images and a stereoscope to get the notion of  
the scene’s third dimension. Afterwards, ana-
lytical photogrammetry started to emerge. 
With the arrival of  the digital era in the 1990s, 
digital photogrammetry gradually took over. 
Over the course of  time, the discipline of  pho-
togrammetry also started to merge more and 
more with the research field of  computer vi-
sion.

Computer vision first started to develop at 
the beginning of  the 1970s, in the framework 
of  robotics and artificial intelligence. The 
idea was to give the computer a “human vi-
sion”. In the beginning, it seemed that mak-
ing the computer “see” would be a much eas-
ier task than solving problems concerning 
logic and planning (Szeliski 2011, 10). How-
ever, as computers do not have a notion of  
the third dimension, the problem could not 
be solved solely by connecting the computer 
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Textbox 5: Low-cost desk ''laser'' scanners, 
the bestseller of 2014
According to the estimates made in 2013 by 
esteemed financial institutions, such as Credit 
Suisse, Goldman Sachs and Bloomberg, the 
industry of 3D printers will have become one 
of the fastest growing industries by 2020. In 
the shadow of this industry, low-cost desk 3D 
scanners started developing rapidly in 2013. 
Their price first fell to under $1,000 in mid-
2013. The price is expected to continue to drop 
to a tenth of that amount at the beginning of 
2014. Such a rapid drop in price is ascribed to 
a fall in quality and to the use of previously 
known technologies. 
All low-cost 3D scanners function on the silhou-
ette principle and are suitable for the documen-
tation of objects up to the size of a beer can. 
One or two laser beams project a line, which is 
then photographed, onto an object. This proce-
dure is repeated from 10 to more than a 100 
times. The repeated projection, based on a 
well-known laser and camera position, allows 
the computer algorithm to recognize the ''sil-
houette'' of the object. In this way, a partial 
capture of concave surfaces is made possible. 
However, capturing complex objects is problem-
atic with this technique.

David Laser Scanner

3D data acquisition with a desktop 3D laser scanner.



to a camera. As a result, the research field of  
computer vision was born. Although the disci-
pline is broader than the field of  3D data ex-
traction, the latter has always been an impor-
tant part of  computer vision. Although it was 
inevitable that many computer vision tech-
niques would inherit the ideas and concepts 
of  photogrammetry, the discipline also ob-
tained many new insights  regarding the ge-
ometry of  multiple images (overview in Har-
tley, Zisserman 2003). As mentioned earlier, it 
gradually became possible to combine certain 
computer vision concepts and algorithms 
with photogrammetric ones in order to ex-
tract 3D information (Cooper, Robson 2001, 
9).

The recent popularity of  Structure from 
Motion (SfM) algorithms is a perfect example 
of  this concept. At the turn of  the new millen-
nium, the first SfM photogrammetric pro-
grams emerged in archaeology (Andreetto et 
al. 2004; Astorqui 1999; Pollefeys et al. 1998; 
Pollefeys et al. 2000; Pollefeys et al. 2001; Pol-
lefeys et al. 2003). Nowadays, an SfM+MVS-
based (Structure from Motion and Multi-
View Stereo) 3D modelling pipeline is gradu-
ally becoming a standard tool. Several online 
services (e.g. 123D Catch from Autodesk) and 
stand-alone software packages (e.g. Photoscan 
from Agisoft) now allow for the creation of  
3D models from a set of  overlapping photo-
graphs. Because of  their straightforward 
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Textbox 6: Structure-from-Motion
In order to calculate 3D points from a set of 
photographs, the exact external (e.g. camera 
position and orientation) and internal (e.g. the 
camera’s interior geometry at the moment of 
exposure) camera parameters have to be 
known. SfM allows an automatic extraction of 
the essential exterior and interior camera pa-
rameters. Due to the computed interior parame-
ters, a preliminary camera calibration is not 
necessary anymore (Hartley, Zisserman 2008, 
xiii). Additionally, the automated calculation of 
camera positions and orientation (i.e. exterior 
parameters) quickens and simplifies the data 
capture and the data processing procedure.

Screnshot from Agisoft Photoscan, photo B. Štular
SfM algorithms are based on the comparison 
of image-specific feature points.  A description 
of the feature points that are found in every im-
age is used to match the different feature 
points across all of the images in a complete 
photo collection. From these feature point 
matches, the SfM algorithm determines the 
complete relative projection geometry (internal 
and external parameters). The matched feature 
points form a so-called sparse point cloud that 
represents the scene’s geometry. Afterwards, a 
dense Multi-View Stereo (MVS) approach is 
used to compute a dense point cloud that is of-
ten  meshed into a solid 3D model, onto which 
a texture can be applied (Verhoeven et al. 
2012, 2062).
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Fig. 2-1. SfM+MVS: From a set of photographs to a dense 3D model.
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Fig. 2-2. SfM+MVS derived point cloud (with and without camera positions) of a monastery 
and a church in Osor, Croatia (images and 3D model created by Geert Verhoeven, LBI ArchPro).



15

Fig. 2-3. An image-based SfM+MVS derived 3D model of a shepherd's house (hiška). From 
top left: textured 3D model, drawing based on 3D model, shaded mesh of 3D model and a sec-
tion of 3D model.

Fig. 2-4. A comparison of a normal photograph and a 3D model of a medallion.



workflow and moderate cost, the SfM+MVS packages do not require the user to 
have extensive photogrammetric and computer vision knowledge, nor information 
on the geometrical properties of  the scenes. As such, they  have become a com-
mon part of  the documentation practice in many research and commercial fields, 
including cultural heritage monitoring and preservation (more in Stanco et al. 
2012; Fig. 2-1, 2-2, 2-3, 2-4).
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3D digitisation in Slovenian archaeology
Slovenian archaeologists have been enthusiastic to follow the global trends in 

3D archaeology. Desktop 3D scanners became available to the archaeologists for 
scanning objects up to the size of  a football in early 2000s. The Faculty of  Com-
puter and Information Science in Ljubljana used this type of  device in 2004 to 
scan a human skull from the archaeological site Zalog near Verd (Fig. 2-5; cf. Gas-
pari 2006; Hincak, Štefančič 2006 for the site).

One of  the earliest systematic 3D documentation in Slovenian archaeology was 
carried out in 2003 on the Roman villa rustica in Školarice (Stokin, Novšak, Ples-
tenjak 2008, 168−169; about the site Novšak 2003; Trenz, Novšak 2004; Žerjal 
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Fig. 2-5. Animation of the 3D model scanned with an experimental desktop scanner in 2004.
The scanned object is a neurocranium of female skull dated in Mesolithic period (C14 date ∑1 
is 7957 - 7610 cal BC). The object has been recovered by the divers of the Skupina za pod-
vodno arheologijo ZVKD RS from the Ljubija stream within the Zalog by Verd site (3D scanning 
by D. Skočaj and M. Jogan, both from FERI, University of Ljubljana; visualisation by M. Grzetič 
and A. Fink; archaeological coordination by M. Erič and A. Gaspari).






2008) and on the Gallo-Roman temple in Mariborska ulica in Celje (Fig. 2-6). In 
both cases, tens of  thousands of  separate measurements were taken using a total 
station. The meshed point cloud was then textured with several thousand geo-
referenced digital photographs. Even though the final product is comparable to to-
day's 3D models downscaled for public presentations, the time and effort invested 
in 3D data acquisition and data processing was far greater than nowadays when 
we use terrestrial laser scanners. 

A year earlier, in 2002, a commercial company (DFG Consulting d.o.o.) partici-
pated in a project led by the Institute for the Protection of  Cultural Heritage of  
Slovenia (regional office Novo mesto) and the Department of  Archaeology (Fac-
ulty of  Arts, Ljubljana). The aim of  the project was to improve the current meth-
ods of  protection of  archaeological heritage and to simplify the communication 
with different development services (e.g. urban planning) in order to conduct ar-
chaeological research. The project was carried out alongside the archaeological ex-
cavations of  the Roman (period) settlement Romula (Ribnica). Besides using the 
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Fig. 2-6. Animation of the static images of the 3D model of the Gallo-Roman temple from the
Mariborska ulica in Celje (Slovenia) site (published with permission of © 2003 Arhej d.o.o.).






terrestrial laser scanner to digitise structures, photogrammetric techniques were 
used to document the site (Erič 2004). Similarly, in 2004 a photogrammetric 3D 
model of  the 9th to 11th c. church in Semin was created by to be built upon for a 
3D reconstruction. The project took years to complete and was only scarcely pub-
lished (Stokin 2006).

This was, however, not the first time that photogrammetric 3D data acquisition 
techniques were used in Slovenian archaeology. One of  the first Slovenian archae-
ologists dealing with photogrammetry was Vinko Šribar, who used the so-called tri-
pod A to take vertical stereo photographs at excavations (Šribar 1989). His work 
was continued by Zoran Stančič in his master thesis (Stančič 1988). In 1996, photo-
grammetry as a method of  documenting cultural heritage was even the main topic of  the im-
portant archaeological journal Vestnik (Grobovšek, Ribnikar 1996). 

However, afterwards, there were only a few attempts to create 3D models from 
photographs. One of  them was an underwater 3D documentation of  a Roman 
shipwreck along Grebeni near the island of  Silba, Croatia, in 2002 (cf. Gluščević 
2004 for the excavation). According to the one of  the authors M. Erič the subse-
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Fig. 2-7. 3D scan of the Smlednik caste ruins from 2007, point-cloud animation.






quently unpublished 3D model took a several months to process. Because of  the 
time-consuming process of  the creation of  this kind of  3D model, the use of  the 
method declined until the 2010s, when the faster hardware and computer vision 
algorithms eased and quickened the process. 

Meanwhile, terrestrial laser scanners became more cost-effective and, as a re-
sult, they were used to document complete archaeological sites, especially those 
with standing architecture. Among the earlier examples the scanning of  the Smled-
nik castle in 2007 can be mentioned (Fig. 2-7; cf. Štular 2013 for the site).

Recent works (Štuhec 2012; Lazar 2012; Štular, Ornik Turk, Pleterski 2013) 
have announced the mature era of  3D digitisation among archaeologists in Slove-
nia, as they integrate these methods into the methodological framework of  ar-
chaeological research and into the valid legislation of  cultural heritage documenta-
tion and protection in general.
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State of  the art and a look into the future

The 3D technologies are now offering a great deal of  new possibilities requir-
ing an advancement and adjustment in archaeological methodological procedures 
that are still not exploiting the full potential of  3D technologies. Nevertheless, 3D 
models of  artefacts, structures and entire sites as digital surrogates have already 
been gainfully used for various purposes. Since they do not function only as a vis-
ual representation but also hold potentially accurate geometric and texture infor-
mation, they are suitable for the documentation, preservation and presentation of  
cultural heritage. The next stage to gradually evolve is the usage of  3D models in 
archaeological research, especially in the areas of  analysis, classification and inter-
pretation. 

The accuracy and precision of  3D models depend on the techniques used to 
capture and post-process the data, as well as on the capabilities of  the hardware 
and software to interact with the model. If  the whole procedure is carried out 
properly, the study of  3D models should not differ much from the visual study. 
This is not to say, however, that the 3D model is considered a substitute for the 
physical object. Nevertheless, 3D digitisation is undeniably a documentation 
method that contains the most data about an object, while at the same time allow-
ing different study perspectives. 

In comparison to standard methods, such as photography and drawing, 3D 
models offer some obvious advantages. 3D models are not static, since they can be 
viewed from various angles. Besides, the lighting is not bound to the original condi-
tions, but can be virtually changed. The texture that might prevent a clear percep-
tion of  the object’s geometry can be removed or changed in order to improve the 
visibility of  geometrical details. In addition, the geometry can be automatically out-
lined (Kolomenkin et al. 2011). Furthermore, it is easier to handle large, minia-
ture, fragile or heavy objects in this way. Besides, the dimensional measurements 
can be taken faster and more accurately (using 3D models). 
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Reconstruction of  the Terracotta Army from China is an early example of  how 
to reassemble large and heavy pieces through 3D models (Zheng, Zhang 1999). Us-
ing 3D models instead of  the real objects protects the latter from mishandling and 
external effects. 3D digitisation allows documentation in situ (e.g. McPherron et al. 
2009) and study of  the replica of  an object. Through online databases, objects are 
made accessible to a broader circle of  scientists, as well as to the general public. Ar-
tefacts from museum depots, fragile artefacts or faraway objects and structures are 
within easy reach in the form of  a 3D model. 

An example of  such an archive is the 3D Kulturdatenbank Carnuntum, which 
was established in the framework of  the Archaeological Park Carnuntum, Austria. 
The 3D database (Humer et al. 2010) contains more than 1500 3D models of  arte-
facts. The CyArk project (Internet source 3) is responsible for the 3D digitisation 
of  larger structures and sites, such as Pompeii, antique Thebe, Angkor and many 
others. A similar group is The Scottish Ten, which also conducted a 3D digitisa-
tion of  the Mount Rushmore in the United States of  America (Internet source 4). 

Furthermore, 3D models can be used in museums, so that the visitors can view 
the objects as they please. A special experience is a virtual museum, such as the 
Virtual Museum of  Iraq, which contains 2D and 3D displays, (Internet source 5). 
These (virtual) museums can join archaeological artefacts of  the same context that 
are not actually physically kept together. 

As an extension of  the former examples, the multi-touch book in front of  you is 
intended to literally bring 3D models of  the artefacts to the user's fingertips, thus 
creating a more intimate relationship between the reader and the artefact.

***

Even though 3D digitisation techniques are increasingly being used in cultural 
heritage, there are still many problems remaining to be solved. First, there are diffi-
culties that lurk in all digital datasets, such as the questions of  long-term preserva-
tion and interoperability: which formats to use, how to store and share data, which 
metadata should be included, and how to create a semantic 3D model. Specific to 
the process of  3D model creation is the question regarding the delineation be-
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tween hard data and interpretation, e.g. in the case of  creating a watertight mesh 
from a point cloud or using the Poisson filter for mesh reconstruction.  

Second, there are still a few practical difficulties regarding the 3D acquisition 
methods. For example, there is still no out-of-the-box solution for the 3D capture 
of  shiny and glossy archaeological artefacts, such as jewellery which is typically 

made of  precious metal, glass, and precious or semi-precious stones. SfM+MVS 
struggles with the reconstruction of  such objects, as their highlights are constantly 
changing. If  the object lacks a distinct texture, there might not be enough feature 
points recognized for a successful reconstruction of  a 3D model. On the other 
hand, 3D scanners accidentally capture the reflections of  the object itself, which 
introduces noise in the captured dataset. In industry, this problem is usually solved 
by applying a thin layer of  powder to the surface (Štuhec 2012, 91-92). However, 
in the case of  archaeological artefacts, this can only be done if  it is absolutely cer-
tain that the powder will not leave any residue on the object or cause any damage 
to it, either at the moment of  application or in the long term. Studies which would 
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Fig. 2-8. 3D scanning of the Smlednik castle (Slovenia). Animation of the point cloud genera-
tion measured from 20 positions reveals how the data density is directly dependent on the 
choices made during the field work, i.e. the number and location of measurements’ positions. 






confirm such harmlessness are expensive and lengthy and consequently often un-
available. This technique should therefore only be used if  the object is already in 
irrevocable decay and this technique is the only way of  recording its present form. 

Another example of  how challenging 3D digitisation of  cultural heritage can 
be is the above- mentioned documentation of  the Castle of  Smlednik (Fig. 2-8). 
Since the point cloud density depends on the scanner network (i.e. the scanning po-
sitions), the density of  point cloud can be very uneven when scanning an object 
with a complex construction, such as a castle. The scanner has to be moved in or-
der to record the object from all sides. The more complex the object, the more 
scanning positions are needed. The search for an optimal ratio between the num-
ber of  scanning positions and the quality of  the captured data can results in er-
rors. Therefore, as in any other archaeological documentation process, it is neces-
sary to plan the documentation procedure based on the prior acquired data on all 
possible details. The most important details in castle architecture are, for example,  
the wall joints of  different construction phases. To prepare a good plan of  the 
documentation procedure, archaeological knowledge - as well as basic technical 
knowledge of  3D scanning - is needed in advance. Unfortunately, in practice, the 
data capture process does not often include such a plan of  the documentation pro-
cedure, and while the scanning results in a point cloud with several millions of  
points measured with sub-centimetre accuracy, the result might still not be accu-
rate enough in the most important details.

***

To take full advantage of  3D technologies, one has to be aware of  the hard-
ware and software development trends. At the time of  writing, there are two areas 
that seem to be very important for the future of  archaeological 3D digitisation. 

The first area is  the  rapid development of  mid- and long-range terrestrial la-
ser scanners that are used to document larger areas, such as excavations and struc-
tures. It is obvious that almost every new model of  these scanners measures denser 
point clouds. High-density point clouds have an effect on the post-processing 
and usage of  the data. First of  all, even though the hardware performance is in-
creasing, the post-processing time is not getting shorter, because the hardware 
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improvements are offset by the increasing amount of  points to be processed. 
Therefore, e.g. in mining and civil engineering, an increasing number of  tasks 
are performed using point clouds rather than meshes (e.g. Bentley Systems 
2013).

The second area is the computer vision approach based on SfM+MVS. This 
method is already heavily used in archaeology and several other spatial studies. 
It seems that it could be developed beyond a mere documentation method as it 
can bring archaeological practice nearer to the so-called “total documentation”. 
How? At a typical medium-sized archaeological excavation dozens of  archaeo-
logical contexts are documented daily. To document all of  them using active 
methods of  3D data acquisition is currently not feasible for several reasons (e.g. 
data capture and post-processing would be too time-consuming under the al-
ways present time pressure). Today’s 3D documentation practice is based on the 
ability of  the excavator to predict the existence and timing of  the excavation of  
the key archaeological contexts. This is partially possible in the case of  architec-
ture, but as a rule cannot be achieved for archaeological deposits (e.g. predicting 
an occurrence of  an exceptionally "rich" 
grave context at a medieval cemetery).

Enters SfM+MVS. One of  its key 
characteristics is a quick data acquisition 
procedure. In addition, many archaeo-
logical documentation methodologies al-
ready include geo-referenced photo-
graphs. The integration of  the 
SfM+MVS into such a workflow is as 
simple as taking additional photographs. 
The problem of  lengthy data post-
processing can be solved using the estab-
lished workflow of  georeferencing and 
vectorising photographic documenta-
tion: in the post-excavation analysis, only 

Fig. 2-9. SfM+MVS generated 3D
model of the front side of an early medie-
val round brooch (fibula) (Župna cerkev 
in Kranj, Museum of Gorenjska inv. No. 
KFC 1944; 3D generated by B. Štular and 
R. Opitz).
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the structures and features whose 3D models offer an added archaeological 
value are processed. 

The importance of  individual archaeological contexts (or scientific questions 
that can be answered through interrogation of  these contexts) can, in fact, only 
be recognised during the post-excavation analysis (which sometimes occurs dec-
ades after the fieldwork was carried out). The implementation of  the 
SfM+MVS method, similar to the above-described approach of  the creation of  
meshes in industry, removes post-processing in the post-excavation phase (safe 
for data integrity checking) and thus does not hinder the speed and the costs of  
the excavation. On the other hand, it allows for every archaeological context to 
be interrogated in the 3D environment. Should such a method be employed (ob-
viously in addition to the existing archaeological documentation), the concept of  
"total documentation" with its exciting potential to change archaeology as we 
know it today is at our fingertips.
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A silhouette method and 3D documentation of  early medieval 
earrings

We encountered the above mentioned problem of  documenting shiny arte-
facts during the documentation of  early medieval jewellery from the site Župna 
cerkev in Kranj. We approached the problem by using non-contact passive 
method of  3D documentation. 

The test of  the SfM-method resulted in suboptimal 3D models. With the well 
thought-out studio lighting and the use of  polarisation filters, we have made the 
problem of  shiny objects acceptable and reached satisfactory results when docu-
menting individual surfaces (Fig. 2-9). However, the method does not capture 
enough data to combine the front and back sides of  thin artefacts, such as a 
decorative brooch or an earring, since the thinnest parts can sometimes measure 
less than a millimetre (Fig. 2-10). For a successful implementation of  the 
method, the computer algorithm would have to recognize approximately ten 

points on a shiny surface that is 
less than a millimetre wide, and 
this must be accomplished on 
many different photos. For the 
time being, the available soft-
ware does not achieve such re-
sults. However, at the time of  
the last edits of  this text, we 
were testing the PhotoScan 
1.0.4's coded targets function to 
this end.

In search of  a method for 3D 
documentation of  the earrings 
from the archaeological site 
Župna cerkev  (Parish church) 
in Kranj, we have set three cri-

Fig. 2-10. Photo-series of a crescent-shaped earring
used to generate 3D model (Župna cerkev in Kranj, 
Museum of Gorenjska inv. No. KFC 637).
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teria, which are most common in ar-
chaeology: 

•	 Free or low cost solution (up to a 
100 € additional investment, without a 
camera and a computer work station),

•	 sufficiently low input of  man-
hours  (a person should produce at 
least three 3D models per day),

•	 and sufficient accuracy (a 3D 
model has to have an added value in 
comparison with a digital photo-
graph).

The only method available in 2012 
that met our criteria was the silhouette 
method. It is one of  the oldest meth-
ods used to produce 3D models from 
photos. The algorithm produces a 3D 

mesh from the object's silhouette as captured from a photograph. By combining 
the data of  more silhouettes - usually up to 20 - a mesh model can be triangu-
lated. 

The workflow of  this algorithm can be compared to a sculptor designing an 
object by chipping a block of  clay to the required shape. Rotating the block in 
steps of  15 degrees, the sculptor chips off  small pieces of  clay to create the ob-
ject's silhouette as visible from that particular angle (Fig. 2-11). The sculptor re-
peats the procedure 18 times to get a rough sculpture and then smoothes it out 
based on an artist's feeling, or in the case of  software, based on the proprietary 
algorithm (Corastar 2006, 35). We have tested the method using the Strata 3D 
Foto software and received outstanding results, which are presented in this 
multi-touch book.

Fig. 2-11. A side view of an early medieval 
earring (Župna cerkev in Kranj, Museum of 
Gorenjska inv. No. KFC 1944).
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***

For the 3D documentation of  the objects presented in the next chapter, we 
have employed the following method. 

The first step of  documentation is photographing each object from at least 
eighteen angles. Some additional photographs, mainly from the top, are usually 
required (Fig. 2-11). The quality of  the result and, in particular, the quantity of  
the manual interference in the semi-automatic procedure of  silhouette recogni-
tion depend on the quality of  the photo. In the studio environment and with ob-
jects standing on a flat base, the procedure can be made completely automatic. 

Thin shiny objects are unfortunately amongst the most demanding also for 
this method. First and foremost, jewellery items cannot be simply put on a 
stand. We have tested three methods of  fixing the objects for photography pur-
poses: hanging them on an invisible string, fixing them on a beeswax stand, and 
fixing them with small magnets.  The first method turned out to be too time-
consuming. The second method introduced a yellowish reflection on the final 
texture of  the artefacts. For this reason, photographers use white plasticine; but 
since it contains aggressive chemical compounds, its use with archaeological arte-

Fig. 2-12. Different methods of mounting the artefacts during the photo session that influence 
details of the final 3D model: (left) glass fibre fishing rod, (centre) yellow 100% bee-wax, 
(right) magnets.
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facts is prohibited. The third method was successfully used for some objects, but 
in most cases, artefacts have decayed to such a degree that they no longer react 
to the magnet (Fig. 2-12).

Regardless of  the differences between the three methods, they all have one 
big disadvantage: they all obscure parts of  the object. Therefore, it is necessary 
to take additional photographs of  the object in a different position and then 
merge both photos. The procedure is relatively simple, but it makes the entire 
process more time consuming.

The next step is masking the silhouette of  the artefact in every photograph 
(fig. 2-13). A major advantage of  this method, as compared with other 3D docu-
mentation methods, is the fact that the operator can manually intervene in the 
problematic shiny areas (Fig. 2-14).

Based on the silhouettes, an algorithm triangulates a 3D model automatically 
whereas the operator can influence the processes of  smoothing. 

Fig. 2-13. Semi-automatic process of generating silhouettes of
an object from photographs.
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In the last step, the model is tex-
tured. Texture production can be ei-
ther entirely automatic or entirely 
manual, or a hybrid of  the two. The 
manual method can be employed to 
achieve special effects, for example, 
a combination of  a 3D model and a 
classic archaeological drawing (Fig. 
2-15), or the use of  an High Dy-
namic Range photography. 

A significant advantage of  the silhou-
ette method is the fact that the pri-
mary result is a mesh model.  As we 
have mentioned before, the primary 
result of  the majority of  the other 
methods is a point cloud, which is tri-
angulated (or more often interpo-
lated) into the 3D mesh. 3D mesh is 
therefore not a direct result of  the 
measurements, but rather a result of  
the interpretation of  the measure-
ments. This is particularly problem-
atic when the mesh is created with a 
proprietary software that comes in a 
package with a 3D scanner. In this 
case, the exact algorithms used are 
secret (close sourced). In the lan-
guage of  science, the final result (3D 
mesh) is, in most cases, not hard 
data, but soft data (i.e. the data has 
been partially interpreted in the 
"black box").

Fig. 2-14. Enlargement of a glossy part of an
earring that demands a human intervention to 
generate the correct silhouette.

Fig. 2-15. A combination of an
archaeological drawing and a 3D model has 
been used to generate a 3D reconstruction of 
an object, in this case an early medieval 
circular brooch (archaeological drawing by T. 
Knific-Lunder).

31



On the other hand, the silhouette method also has one major restriction: 
since a 3D model is produced from silhouettes, it is impossible to capture con-
cave surfaces. However, as there are hardly any concave surfaces on the pre-
sented earrings, this restriction was not vital in our case. This method, however, 
would be completely unsuitable for capturing a 3D model of  a pot, for example.

The results presented in this multi-touch book are, according to our esti-
mates, satisfactory and they completely fulfil the objective of  gaining an added 
value when compared to digital photographs.

The measurement precision of  the models is approximately ± 1 mm (unfortu-
nately, this multi-touch book does not enable measurements). The size of  a mesh 
model with the software used is restricted to 12,000 polygons. The number of  
pixels in a texture map is restricted to 1600 x 1600. For the purpose of  the 
multi-touch book, the size of  a 3D model is restricted to 20,000 polygons and 
the size of  a texture map is restricted to 1024 x 1024 pixels. The restrictions of  
the method used are therefore almost equal to the restrictions of  the medium, 
and hence they are a perfect match for the intended display of  3D models of  
jewellery items. 

Moreover, at the time of  this publication, these restrictions are similar to 
those of  3D PDF files (where the use of  models with 100,000 polygons and tex-
tures with 2048 x 2048 pixels is recommended) and of  publishing 3D models on 
the internet. The method described is therefore sufficient for the production of  
3D models that are intended for use by non-3D-specialist archaeologist or gen-
eral public. 

The 3D mesh used by "3D-archaeologists" for further research is usually at 
least 10 times denser. For comparison, it should be noted that 3D models, espe-
cially of  larger objects, captured with laser or optical scanners can consist of  sev-
eral million polygons, with a texture-size of  16,198 x 16,198 pixels and more. 
However, a modern notebook computer can show only models with a couple 
million polygons and a texture-size of  up to 8096 x 8096 pixels. 

32



In other words, to view the results of  modern 3D scanners in full resolution, 
special hardware and software are needed. Since each procedure involving data 
analysis or processing can take from a few hours to a few days, the pursuit of  as 
many as tens of  millions of  captured pixels with the precision of  a hundredth of  
a millimetre is only sensible when it is called for by specific goals and when the 
necessary equipment is already available. All too often, though, expensive orders 
for a data capture of  extraordinary quality are placed only for data to be used in 
the form of  severely reduced models or even just in the form of  short videos.
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C H A P T E R  3

The Site

34

Photo A. Ignaščenko 1972, curated by Museum of Gorenjska, inv. No. 56/22, foto, 1972. Nada Osmuk 
(l) and Dragica Knific Lunder (r).



In this publication, we have chosen to present a selection of  earrings excavated 
in the Župna cerkev (a parish church) site in Kranj. One of  several reasons for this 
choice was the importance of  the site that has so far only been published in pre-
liminary reports (see bibliography cited in Štular, Ornik Turk, Pleterski 2013, 34-
39) or as a catalogue of  a few exceptional burials (Valič 1967; Valič 1975; Valič 
1978). However, the cemetery of  Župna cerkev in Kranj is an invaluable source 
for early medieval archaeology and its thorough analysis is long overdue. Knowing 
that due to disparate sources, different excavation techniques and various people 
involved such an analysis was deemed to be long and exhausting, ZRC SAZU com-
menced a research project (ARRS J6-4057) with several partners in 2011, lead by 
A. Pleterski. The work is still in progress; however, we can already list some 
achievements, namely a publication of  all the documentation from the excavations 
until 1984 (Štular, Belak 2012a; Štular, Belak 2012b; Štular, Belak 2013; Belak 
2013; Sagadin 2014; Belak 2014) and an anthropological analysis of  all preserved 
skeletal remains of  1.229 individuals (Šlaus et al. 2012; Šlaus et al. 2014a; Šlaus et 
al. 2014b). It is as part of  this on-going process that the multi-touch book you are 
reading has come about (cf. Štular, Ornik Turk, Pleterski 2013).

***

The site Župna cerkev in Kranj (Fig. 3-1) lies at the heart of  the ancient town 
of  Kranj, which is itself  situated at the heart of  Europe. Its excellent micro-
location on an outcrop overlooking the confluence of  the Sava and Kokra Rivers 
is the reason for thousands of  years of  occupation. At least from the Hallstat pe-
riod onwards, this occupation had the hallmark of  a non-agrarian and perhaps 
even a proto-urban settlement, and at least from the early Roman period onwards, 
the settlement was most likely walled. Kranj is best known to archaeologists for the 
Kranj – Lajh cemetery dated to the late sixth and early seventh centuries AD 
(Stare 1980).

However, both archaeological and historical sources tell us little about the settle-
ment in the early medieval period. The research of  this period therefore focusses 
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Fig. 3-1. The location of Župna cerkev in Kranj above (sources: CGIAR-CSI SRTM, Natural 
Earth II) and the location of the three cemeteries within Kranj bellow: red - Župna cerkev in 
Kranj, green - Kranj - Ljah, blue - Kranj - križišče Iskra (sources DOF and DMR12 © GURS).



on two cemeteries from that time, 
namely Kranj – križišče Iskra (Sa-
gadin 1988) and Župna cerkev in 
Kranj. The former is the smaller 
of  the two and is slightly remoted, 
lying across the Sava River. The 
central role of  the latter is indi-
cated by its location at the heart 
of  the town of  Kranj.

The cemetery of  Župna cerkev in 
Kranj is one of  the largest early 
medieval cemeteries known in the 
south-eastern Alpine region. Like 
many similar archaeological sites, 
it has a long history of  research 
(for an overview, see Štular, Ornik 
Turk, Pleterski 2013, 34-39), 
which will be mentioned here only 
briefly.

The first excavation of  the ceme-
tery took place in 1953. In the 
summer of  that year, 308 burials 
were documented (Kastelic 1960), 
283 of  which were presumably 
early medieval. The excavation 
was carried out under the supervi-
sion of  J. Kastelic and V. Šribar 
(Fig. 3-2, 3-3) with R. Berce's im-
portant role in (carrying out) spa-

tial documentation (Fig. 3-4). The documentation was arranged in the form of  dia-
ries diligently kept and supplemented with geodetic measurements (cf. Štular, Be-
lak 2012a; Štular, Belak 2012b).
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Fig. 3-3. Jože Kastelic and Vinko Šribar in Bledu some-
times between  1962 and 1965 (author unknown; curated 
by National Museum of Slovenia, AO inv. No. 4835).

Fig. 3-2. Jože Kastelic and Vinko Šribar during the 
Kranj excavation in 1953 (author unknown; curated by 
National Museum of Slovenia, AO inv. No. 438).



At the time of  writing 307 buri-
als are accounted for from 1953 ex-
cavation.

In 1964, the second stage of  
the excavation started with A. 
Valič as the lead investigator (Fig. 
3-5). The excavation took place in 
the area adjacent to the western 
walls of  the present-day church 
building (Valič 1962-1964). The ex-
cavation continued in 1965 on a 
larger area west of  the church 
(Valič 1965). This stage was con-
cluded by excavating six burials inside the "city hall" building. This building 
houses the local museum and some of  the mentioned burials are presented there 
in situ (Valič 1966). According to the documentation, 404 early medieval burials 
were excavated in the period from 1964 to 1966. Currently, we have been able to 
recover the documentation of  313 presumably early medieval burials and 28 
younger burials (Štular, Belak 2013). The analysis of  the documentation has re-
vealed that the spatial documenta-
tion from 1964 left something to be 
desired. This situation was remedied 
in 1965 with archaeological draw-
ings of  the skeletal remains in situ on 
a scale of  1:20, which was better 
than the recommended standards in 
that time.

From 1964 to 1965 at the time of  
writing 339 burials are accounted 
for, 311 of  which are presumably 
early medieval.

The third stage of  the excava-
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Fig 3-4. Rudolf Berce in the Summer of 1948 in the 
field office of the Bled excavation (author unknown; cu-
rated by National Museum of Slovenia, AO inv. No. 
2392).

Fig. 3-5. Andrej Valič, 10. 7. 1972 (photo A. 
Ignaščenko, original owned by T. Tomazzo-Ravnik).
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Fig. 3-6. Župna cerkev in Kranj 10. 7.1972, a group photo (photo A. Ignaščenko, original 
owned by T. Tomazzo-Ravnik).



40

Fig. 3-7. Župna cerkev in Kranj 1972 (photo 
D. Holynski, original curated by Museum of 
Gorenjska, inv. No. 64/48).

Fig 3-8. Župna cerkev in Kranj 1973, a 
view of the ossuary (photo A. Ignaščenko, 
original curated by Museum of Gorenjska, 
inv. No. 45/13).

Fig. 3-9. Župna cerkev in Kranj 1973, a view 
of the ossuary after the removal of the skeletal 
material (photo D. Holynski, original curated by 
Museum of Gorenjska, inv. No. 66/29).

Fig. 3-10. Župna cerkev in Kranj 1984, an 
excerpt from an early example of a photo-
grammetric plan (by Institute for Geodetic In-
stitute of Slovenia and Institute for the Protec-
tion of Cultural Heritage of Slovenia; original 
curated by Institute for the Protection of Cul-
tural Heritage of Slovenia, o. e. Kranj).



tions was by far the largest one; it took place in 1969 and from 1971 to 1973 (Fig. 
3-6, 3-7, 3-8, 3-9; Valič, Pogačnik 1969; Valič 1970; Valič 1975). In that period, 
304 presumably early medieval burials and presumably 1,212 younger burials 
were excavated (Belak 2013). These "younger" burials, considered "baroque" by 
the excavators, were described as such according to the stratigraphy, state of  pres-
ervation and grave goods. These incongruent criteria call for caution; however, the 
numbers are not expected to change significantly after a thorough analysis.
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Fig. 3-11. Župna cerkev in Kranj 1973, archaeological drawing (drawing by Dragica 
Lunder).



The excavation from 1969 to 1973 took place to the north and east of  the 
present-day church building. The documentation in the form of  a diligently kept di-
ary and excellent in situ drawings was of  the highest standard of  the time (fig. 3-
11; cf. Belak 2013). For example, the analysis of  the geo-positioning of  the excava-
tion drawings revealed the error of  measurement between the most distant cor-
ners to be under 1 m. Given the fact that the drawings were produced during the 
course of  four years, this is an admirable achievement.

From 1969 to 1973 at the time of  writing 1545 burials are accounted for, 320 
of  which are presumably early medieval.

In 1984, the archaeological excavation under the supervision of  Sagadin took 
place inside the church (Fig. 3-10; Sagadin 1985). In addition to 39 younger buri-
als, there were 111 early medieval burials with 114 individuals excavated adjacent 
to the northern and southern walls (Sagadin 2014).

From 1984 at the time of  writing 159 burials are accounted for, 120 of  which 
are presumably early medieval.

All together, according to the current state of  research, 2356 burials have been 
excavated between 1953 and 1984, 1064 of  those presumable early medieval.

Several graves were documented during various smaller rescue excavations in 
1995, 2001, 2003 and 2004 (Sagadin 2006; Sagadin 2008); from 2008 to 2010, 
one early medieval and eighteen post-medieval burials were excavated (Urek 
2013).

In the period between 2011 and 2013, a large archaeological excavation of  the 
Kranj city centre took place. The excavation uncovered 561 early medieval burials 
and burials from a later period, some of  them within the previously excavated ar-
eas.

All things considered, according to the already published documentation from 
the site of  Župna cerkev in Kranj, 2935 burials have been excavated. Pending fur-
ther analysis at this time we estimate that more than 1300 burials are of  early me-
dieval date.
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C H A P T E R  4

The Artifacts
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An excerpt from the first publication of the Buzet type earrings by Karl Moser in 1906.



A brief  description of  selected early medieval earrings presented below is aimed at 
archaeologists who are not specialised in the early medieval period, so that they 
are better able to appreciate the strengths and possible shortcomings of  the 3D 
catalogue. For example, to know typological hallmarks of  crescent-shaped ear-
rings, it is necessary to fully understand the details embedded in the textual descrip-
tion and, more importantly, to observe the same details in the 3D models. The text 
below draws heavily from the 2013 publication (Štular, Ornik Turk, Pleterski 2013, 
47-83).

Crescent-Shaped Earrings

In the cemetery of  Župna cerkev in Kranj, 92 early medieval earrings were 
found, 64 of  which are the crescent-shaped earrings, named after a typical cres-
cent pendant (Fig. 4-1).

Crescent-Shaped Earrings are so prominent in the history of  the early medie-
val archaeology of  the region that a brief  mentioning is necessary. The first ear-
rings of  this type were excavated in 1850s at the famous Köttlach site near Glogg-
nitz in today's Lower Austria. The terms Köttlach culture and Köttlach style were 
coined based on these earrings and other enamelled finds from this site (Tischler 
1889, 194–200). Soon after that, the name of  the site expanded into a terminol-
ogy with chronological and ethnical meanings (Reinecke 1901) signifying the 
Slavic population from the south-eastern Alpine region in the ninth and tenth cen-
turies AD (Reinecke 1899, 46; cf. Knific 1990, 408–409). Today, the term is used 
to denote the enamelled jewellery of  that period. The chronological partition into 
the Carantanian (seventh and eighth centuries AD) and the Köttlach (ninth and 
tenth centuries AD) group – crescent-shaped earrings being the prevalent artefacts 
of  the latter - from late 1970s (Korošec 1979; cf. Štular, Ornik Turk, Pleterski 
2013, 66-67). Later analyses have largely modified the chronology but the division 
on older and younger group is remains valid (Giesler 1980, 95–96; Eichert 2010, 
16, 168–171; Pleterski 2013).
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The functional ambiguity regarding crescent-shaped earrings is also worth men-
tioning. It is not clear whether these were in fact used as earrings or they were a 
type of  head ornaments attached to textile bands. In 1950s their function as ear-
rings was generally accepted based on the similarities with contemporary earrings 
and the fact that crescent-shaped earrings were most often found in pairs, one on 
each side of  the head (Kastelic, Škerlj 1950, 33; cf. Štular, Ornik Turk, Pleterski 
2013, 67). It currently seems that both modes have been in use. Nevertheless, for 
greater clarity we are referring to these artefacts as earrings.

In the past, there was also some disambiguation concerning the origin of  
crescent-shaped earrings. Most prominently, Reinecke and Dinklage were of  the 
opinion that they originated in the Rhineland, Germany (Korošec 1952, 282), 
whereas Niederle was more in favour of  the Syrian-Byzantine origin (Niederle 
1930, 194; cf. Štular, Ornik Turk, Pleterski 2013, 71-72). Nowadays, it is generally 
accepted that crescent-shaped earrings evolved from Byzantine golden or silver 
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Fig. 4-1. Crescent-Shaped Earring and its integral parts (after Štular, Ornik Turk, Pleter-
ski 2013, sl. 38).
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Fig. 4-2. An earrings with engraved or-
namentation with two stylized animals with 
their tongues extended towards the prongs 
(Župna cerkev in Kranj, Museum of 
Gorenjska inv. No. 1537).

Fig. 4-3. An earring with enamelled or-
namentation decorated with a stylized ani-
mal motif of a griffon (Župna cerkev in 
Kranj, Museum of Gorenjska inv. No. 
1536).

Fig. 4-5. An earring with olive-green  
enamel-in-a-hollow (Župna cerkev in 
Kranj, Museum of Gorenjska inv. No. 
361).

Fig. 4-4. This earring with engraved ornamentation 
on front and back side is an exception the the rule 
(Župna cerkev in Kranj, Museum of Gorenjska inv. 
No. 1945a).



earrings of  a similar shape. At the end of  the seventh and in the eighth centuries 
AD, crescent-shaped earrings plaited from tiny wires appeared in the south-
eastern Alpine region (Korošec, 1979a, 202). Earrings, such as a golden pair, im-
ported from the Byzantine area, that was excavated in the Linz-Zizlau (Austria) 
site might represent the proto-type; these were mostly golden earrings decorated 
with a pair of  peacocks facing each other with a kantharos, a leaf, or a monogram 
in their middle (Garam 2001, 18–19). Most likely based on these proto-types, cast 
or forged, bronze or less frequently silver crescent-shaped earrings became one of  
the the prevalent earring types in the area in the ninth and tenth centuries AD 
(Štular, Ornik Turk, Pleterski 2013, 66).

***

Based on the type of  ornamentation, 
crescent-shaped earrings are classified into two 
types: earrings with engraved ornamentation 
(Fig. 4-2) and earrings with enamelled orna-
mentation (Fig. 4-3). Examples showcasing the 
combination of  the two are rare (Štular, Ornik 
Turk, Pleterski 2013, 74).

Earrings with engraved ornamentation can 
be further subdivided into cast earrings that 
were thinned by hammering and forged ear-
rings. Engraved ornamentation is reserved for 
the front side, but in some rare exceptions it 
appears also on the backside (Fig. 4-4; Štular, 
Ornik Turk, Pleterski 2013, 74 and 81).

Enamel – also known as cuprite glass – is a 
vitreous, usually opaque, protective or decora-
tive coating baked on metal. Its basic ingredi-
ents are silica (SiO2), sodium carbonite 
(Na2CO2), potassium carbonate (K2CO3) and 
calcium oxide (CaO). The vitreous compound 
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Fig. 4-6. An earring with the enamel-
in-a-cell, where cells are divided by 
sheet-metal strips in this case a floral 
motif on a blue background (Župna 
cerkev in Kranj, Museum of Gorenjska 
inv. No. 1943b).



is grinded into a fine powder which metal 
based colorants are added to: various iron ox-
ides for brown or olive-green (Fig. 4-5), Cop-
per(I) oxide (Cu2O) for red, Cobalt(II) oxide 
(CoO) for blue, calcium antimonate 
(Ca2Sb2O7) for white, large amounts of  iron 
oxides for black, or Copper(II) oxide (Cu2O) 
for green (Haseloff  1986, 197–198; cf. Staple-
ton 2011, 96-98).

Earrings with enamelled ornamentation have 
been further subdivided into five groups 
(Haseloff  1986, 198– 199):

•	 enamel-in-a-cell, cells divided by wire,

•	 enamel-in-a-hollow,

•	enamel-in-a-cell, cells divided by sheet-metal strips,

•	full-surface enamel, and

•	enamel framed by raised surrounding surface.

In the production of  the enamelled crescent-shaped earrings from the ninth and 
tenth centuries AD, only the second and third techniques were used, that is enamel-
in-a-hollow and enamel-in-a-cell where cells are divided by sheet-metal strips (Fig. 4-
3 and 4-6; Štular, Ornik Turk, Pleterski 2013, 75). The former of  the two techniques 
would only allow for very impressionistic-like motifs, predominantly of  four-legged 
animal or various floral and geometric motifs; the latter, however, enabled much 
more precise divisions of  differently coloured enamel into cells and hence more pre-
cisely executed, predominantly floral, motifs (Giesler 1986, 235).

Motifs ornamenting crescent pendants have been classified into floral (Fig. 4-6), 
animalistic (Fig. 4-2 and 4-3), and geometric (Fig. 4-7 and 4-8); there was a single 
example of  ornamentation in the shape of  a human head (Fig.4-9; Štular, Ornik 
Turk, Pleterski 2013, 77-78). Some examples demonstrate Christian motifs, thereby 
resonating the increasingly present Christian spirit of  those times (Sagadin 1991). 
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Fig. 4-7. An earring with geometric 
ornamentation of the crescent pendant 
(Župna cerkev in Kranj, Museum of 
Gorenjska inv. No. 831).



Furthermore, crescent-shaped earrings can be classified according to the number 
of  the pendant's prongs (2 or 3), the thickening of  the prongs, and the shape of  the 
pendant's rim.
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Fig. 4-8. An earring with the tremu-
lous incision representing a geometric 
motif of semicircles and stylized trian-
gles (Župna cerkev in Kranj, Museum 
of Gorenjska inv. No. 1987).

Fig. 4-9. The only known example of 
an earring with the motif of a human 
face (Krungl, Austria, grave 220; after 
Pleterski 1998, 208; cf. Ornik Turk 
2012, T. 13:3).



Other Earrings

While crescent-shaped earrings present a homogenous type of  artefacts, there 
are several other earring types from Kranj that are less widespread or even unique.

***

Cast earrings with three coils on the underside of  the loop (pp. 82 and 83) rep-
resent the leading type of  earrings at the cemeteries of  the northern Istria, today's 
south-western Slovenia and north-western Croatia, from the seventh and eighth 
centuries AD (Marušić 1967; Torcellan 1986). Such earrings are not an exception 
in the early medieval Byzantine-governed areas; they are found mostly in Friuli 
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Fig. 4-10. Distribution of the Buzet type earrings (after Štular, Ornik Turk, Pleterski, sl. 26; cf. 
Bierbrauer 1988, Abb. 24; Hänsel et. al. 2000, Sl. 9).



and Istria (Fig. 4-10), especially in the vicinity of  the town Buzet, hence the name 
the Buzet earring type (Štular, Ornik Turk, Pleterski 2013, 51-52). Currently, these 
earrings have been loosely dated to the seventh and eighth centuries AD (Ibler 
1991, 56–59), although similar earrings can still be found in the ninth century AD 
(Fig. 4-11; Knific, Žbona-Trkman 1990, 511, T. 2: 1, 2; cf. Štular, Ornik Turk, Ple-
terski 2013, 52)

***

One of  the recurring features of  Byzantine medieval earrings is one or more 
sheet metal beads attached to the earring's loop (cf. Maneva 1992, 95–96). One 
such example from Kranj is a pair of  earrings with three equally sized and verti-
cally connected sheet metal beads attached to the loop. It would seem that the ear-
ring from the first half  of  the seventh century AD, found in Káptalantóti, north of  
the Balaton Lake in today's Hungary (Fig. 4-12; Garam 2001, 33), represents the 
proto-type (Štular, Ornik Turk, Pleterski 2013, 53). Preceding the Kranj example, 
earrings with one round sheet metal bead attached to the loop with a garland of  
three beads were first used on the periphery of  Pannonia in the first half  of  the 
seventh century AD (Fig. 4-13; Štular, Ornik Turk, Pleterski 2013, 53; cf. Freeden 
1979, 388). A new type of  earrings with three vertically or horizontally strung 
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Fig. 4-11. A pair of silver earrings from Tolmin, 
Slovenia (after Knific, Žbona-Trkman 1990, T. 2: 1,2).

Fig. 4-12. A Byzantine earring from 
the Káptalantóti site (Hungary) dating 
from the first half of the seventh century 
AD (after Garam 2001, 33, Taf. 13:5).



52

Fig. 4-13. The distribution of earrings with one round sheet metal bead attached to the loop with a gar-
land of three beads, first half of the seventh century AD (after Štular, Ornik Turk, Pleterski, sl. 30; cf. Stad-
ler 2005, CD, Ohrring290–Ohrring750).

Fig. 4-14. The distribution of earrings with three vertically or horizontally strung sheet metal beads 
from the seventh and eighth centuries AD (after Štular, Ornik Turk, Pleterski, sl. 301; cf. Freeden 1979, 
Abb. 13; Tovornik 1986, 440; Stadler 2005, CD Ohrring00210, Ohrring00220).



sheet metal beads from the seventh and eighth centuries AD was found in the 
southern Germany, eastern Alpine region, and north-eastern Pannonia (Fig. 4-14; 
Štular, Ornik Turk, Pleterski 2013, 54-55; cf. Freeden 1979; 366– 370, 378–381, 
386–389; Tovornik 1986, 439–440; Pescheck 1996, 25–27; Stadler 2005, CD). 
The Kranj pair belongs to the younger examples of  this type (Štular, Ornik Turk, 
Pleterski 2013, 54-55; cf. Freeden 1979, 368, 381). 

***

Earrings with a cluster attachment (pp. 84-85) are also a frequent form of  Byz-
antine earrings. They were in use for centuries, for example in Macedonia from 
the eighth to the twelfth centuries AD (cf. Maneva 1992, 98). The seventh-century 
cluster attachment earrings were made using exclusively the granulation, a gold-
smith's technique whereby the surface of  a jewel is decorated with small spheres of  
precious metal. Later, an inferior but a much cheaper casting technique was ap-
plied. Cast cluster attachment earrings first appeared in the eighth century AD in 
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Fig. 4-15. The distribution of crescent-shaped earrings with a star-shaped pendant attachment (af-
ter Štular, Ornik Turk, Pleterski, sl. 37; cf. Staššíková-Štukovská 1999, Obr. 7).



Dalmatia (cf. Milošević 
2010); in the ninth and tenth 
centuries AD, they 
abounded in the eastern Al-
pine region, the Balkans, 
and Pannonia (Štular, Ornik 
Turk, Pleterski 2013, 55-57; 
cf. Fiedler 1992, 174–175).

***

Cast earrings with a star-
shaped pendant attachment 
on the outer rim of  the cres-

cent (pp. 88-89) were found on a vast area stretching from the Alpine region to 
the southern Russia (Fig. 4-15; Štular, Ornik Turk, Pleterski 2013, 57). These 
earrings seem to have been very popular in the early medieval Avaria and the 
neighbouring Bulgaria (Garam 2001, 20–23). A very interesting pair of  casting 
mould found in today's Romania (Costeşti), presumably belonging to a travelling 
Byzantine goldsmith, and a matching earring found in today's Slovakia (Vyšk-
ovce nad Ipl'om, grave 60) demonstrate the extensiveness of  the market covered 
by a single goldsmith or goldsmith's workshop (Fig. 4-16; Štular, Ornik Turk, Ple-
terski 2013, 59; cf. Staššíková-Štukovská 1999, 259, 270, Obr. 1:12; 3:26).

Earrings with a star-shaped attachment can be classified according to the 
number and shape of  pendants, the number of  the star's points, the decoration 
of  the crescent, or the decoration of  the star. However, a detailed analysis of  
such a classification did not result in any spatial or temporal groupings (Štular, 
Ornik Turk, Pleterski 2013, 59; cf. Staššíková-Štukovská 1999). Observation of  
the production technique seems to be a more fruitful approach. Earrings with a 
star-shaped attachment made using the sheet metal and granulation technique 
were replaced by cast earrings of  the same form (Garam 2001, 20–23). This ob-
servation is coherent with a general observation that the casting goldsmith tech-
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Fig. 4-16. Casting mould from Costeşti (Romania) and a 
matching earring from Vyškovce nad Ipl'om (Slovakia), 
grave 60 (after Staššíková-Štukovská 1999, Obr. 3:26).



nique was widespread in the Avaria of  the eighth century AD and in the south-
eastern Alpine region of  the ninth century AD (Štular, Ornik Turk, Pleterski 
2013, 59-60).

Most of  the discussed earrings with a star-shaped attachment date from the 
seventh and eighth centuries AD (cf. Staššíková-Štukovská 1991, 286–288). The 
artefacts from today's Slovenia are a proof  of  a later use of  such earrings, since 
they were found in graves with cast enamelled crescent-shaped earrings (Ptuj 
grave 269: Korošec 1999, T. 31: 12–16; Kranj grave 193/1965: Valič 1978, 
Y206). Burials including the enamelled crescent-shaped earrings could not have 
taken place before the last quarter of  the ninth century or even the first half  of  
the tenth century AD (Štular, Ornik Turk, Pleterski 2013, 60; cf. Pleterski 2013, 
Fig. 16).

***

This brief  overview describes elements that are important for a detailed ar-
chaeological classification of  crescent-shaped and other earrings. These are the 
elements, therefore, that should be clearly discernible in any type of  archaeologi-
cal documentation of  such artefacts, including the 3D models presented in this 
multi-touch book.
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C H A P T E R  5

3D Catalogue

The catalogue presents a selection of  crescent-shaped earrings from Župna cerkev in Kranj site. A 
catalogue description, an archaeological drawing and a 3D model are presented for every earring.

Catalogue description is consisted of: the inventory number referring to the Museum of  
Gorenjska where the finds are curated; dimensions (l. for length, w. for width, t. for thickness) 
given in centimetres, with a millimetre precision; weight is given in grams, with a precision of  a 
tenth of  a gram; date is typological dating of  the artefact; description of  artefacts following a 
scheme; bibliography of  the artefact, i.e. previous publications if  any; grave represents previous 
publications of  archaeological context if  any.

56



57

Inventory number: KFC 1934a.

Excavated in 1953, grave no. 171.

Dimensions: l. 3 cm, w. 4.5 cm, t. 0.1 cm.

Weight: 4.8 g.

Date: 10th, early 11th century.

Description: A bronze cast crescent-shaped earring 
with a pseudo-granulation along the inner and outer 
rims of  the crescent. The crescent is decorated with a 
stylized plant motif, executed with the enamel-in-a-
hollow technique. The preserved enamel in is 
greenish-yellow and blue in colour. The earring's loop 
was attached to the crescent subsequently.

Bibliography: Šribar, Stare 1974, 32, T. 4: 5; Korošec, 
1979, T. 63: 2a (right) and T. 151: 5; Bitenc, Knific 
2001, cat. 369: 17; Ornik Turk 2009, T. 9: 3.

Grave: Štular, Belak 2012a, 169; Štular, Belak 2012b, 
313-318.
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Inventory number: KFC 1934b.

Excavated in 1953, grave No. 171.

Dimensions: l. 2.9 cm, w. 4.5 cm, t. 0.2 cm.

Weight: 4.2 g.

Date: 10th, early 11th century.

Description: A bronze cast crescent-shaped earring 
with a pseudo-granulation along the inner and outer 
rims of  the crescent. The crescent is decorated with a 
stylized plant motif, executed with the enamel-in-a-
hollow technique. The preserved enamel is blue and 
white in colour. The earring's loop was attached to the 
crescent subsequently.

Bibliography: Šribar, Stare 1974, 31, T. 4: 6; Korošec, 
1979, T. 63: 2a (left) and T. 151: 6; Bitenc, Knific 
2001, kat. 369: 18; Ornik Turk 2009, T. 9: 2.

Grave: Štular, Belak 2012a, 169; Štular, Belak 2012b, 
313-318.
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Inventory number: KFC 1943a

Excavated in 1953, grave no. 132.

Dimensions: l. 2 cm, w. 2.9 cm, t. 0.3 cm. 

Weight: 4.5 g.

Date: 10th, early 11th century.

Description: A bronze cast crescent-shaped earring 
with prongs and a pseudo-granulation along the inner 
and outer rims. The crescent is decorated with a 
stylized red-and-green plant motif, executed with the 
enamel-in-a-cell technique. The earring's loop was 
attached to the crescent subsequently.

Bibliography: Kastelic 1960, sl. 6: 1; Šribar, Stare 
1974, T. 4: 4; Knific, Sagadin 1991, cat. no. 105 
(right); Bitenc, Knific 2001, cat. no. 369: 15 (right); 
Ornik Turk 2009, T. 8: 14.

Grave: Štular, Belak 2012a, 143; Štular, Belak 2012b, 
233-237. 2012b, 233-237.
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Inventory number: KFC 1943b.

Excavated in 1953, grave No. 132.

Dimensions: l. 2.2 cm, w. 2.5 cm, t. 0.3 cm.

Weight: 4.5 g.

Date: 10th, early 11th century.

Description: A bronze cast crescent-shaped earring 
with prongs and a pseudo-granulation along the inner 
and outer rims. The crescent is decorated with a 
stylized red-and-green plant motif, executed with the 
enamel-in-a-cell technique. The background is filled 
with blue. The earring's loop was attached to the 
crescent subsequently. 

Bibliography: Kastelic 1960, sl. 6: 7; Šribar, Stare 
1974, T. 4: 3; Knific, Sagadin 1991, cat. 105 (left); 
Bitenc, Knific 2001, cat. 369: 15 (left); Ornik Turk 
2009, T. 8:15.

Grave: Štular, Belak 2012a, 143; Štular, Belak 2012b, 
233-237.
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Inventory number: KFC 0115.

Excavated in 1953, grave No. 182.

Dimensions: l. 2.2 cm, w. 2.2 cm, t. 0.2 cm.

Weight: 3.8 g.

Date: 10th, early 11th century.

Description: A bronze cast crescent-shaped earring 
with thickened prongs and a pseudo-granulation along 
the inner and outer rims. The crescent is decorated 
with a stylized red-and-yellow plant motif, executed 
with the enamel-in-a-cell technique. The background 
is filled with blue. The loop is not preserved.

Bibliography: Kastelic 1960, sl. 6: 2; Korošec 1979, T. 
151: 8.

Grave: Štular, Belak 2012a, 173; Štular, Belak 2012b, 
346-347.
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Inventory number: KFC 0360.

Excavated in 1965, grave No. 146.

Dimensions: l. 3.1 cm, w. 4.5 cm, t. 0.2 cm.

Weight: 5.2 g.

Date: 10th, early 11th century.

Description: A bronze cast crescent-shaped earring 
with prongs, one of  which has a thickening, and a 
pseudo-granulation along the outer rim of  the 
crescent. The crescent is decorated with a stylized 
plant motif, executed with the enamel-in-a-hollow 
technique and supplemented with incisions. The 
preserved enamel is white and blue.

Bibliography: unpublished.

Grave: Štular, Belak 2013, 37, 86, 98, 108.
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Inventory number: KFC 0361

Excavated in 1965, grave No. 146.

Dimensions: l. 3.0 cm, w. 4.3 cm, t. 0.2 cm.

Weight: 5.1 g.

Date: 10th, early 11th century.

Description: A bronze cast crescent-shaped earring 
with prongs, one of  which has a thickening, and a 
pseudo-granulation along the outer rim of  the 
crescent. The crescent is decorated with a stylized 
plant motif, executed with the enamel-in-a-hollow 
technique and supplemented with incisions. The 
preserved enamel is white and blue.

Bibliography: unpublished.

Grave: Štular, Belak 2013, 37, 86, 98, 108.



Inventory number: KFC 0098.

Excavated in 1953, grave No. 49.

Dimensions: l. 2.8 cm, w. 2.5 cm, t. 2.7 cm.

Weight: 4.6 g.

Date: 10th, early 11th century.

Description: A bronze cast crescent-shaped earring 
with prongs, one of  which has a thickening, and a 
pseudo-granulation along the outer rim of  the 
crescent. The crescent is decorated with a stylized 
plant motif, executed with the enamel-in-a-hollow 
technique and supplemented with incisions. The 
preserved enamel is blue. The loop of  the earring is 
broken off.

Bibliography: unpublished.

Grave: Štular, Belak 2012a, 96-97 and 195-196.



65

Inventory number: KFC 0850

Excavated in 1953, grave No. 1.

Dimensions: l. 2.8 cm, w. 4.1 cm, t. 0.2 cm.

Weight: 4.4 g.

Date: 10th, early 11th century.

Description: A bronze cast crescent-shaped earring 
with three prongs and a pseudo-granulation along the 
outer rim of  the crescent. The crescent is decorated 
with a stylized plant motif, executed with the enamel-
in-a-hollow technique. The preserved enamel is green 
and red.

Bibliography: Korošec 1979, T. 152: 4; Bitenc, Knific 
2001, 369: 10; Ornik Turk 2009, T. 8: 1.

Grave: Štular, Belak 2012b, 9-10.
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Inventory number: KFC 1536.

Excavated in 1964, grave No. 193.

Dimensions: l. 3.4 cm, w. 4.4 cm, t. 0.2 cm.

Weight: 5.3 g.

Date: 10th, early 11th century.

Description: A bronze cast crescent-shaped earring 
with three prongs and a pseudo-granulation along the 
outer rim of  the crescent. The crescent is decorated 
with a stylized animal motif  of  a panther with a head 
turned backwards, executed with the enamel-in-a-
hollow technique. The preserved enamel is blue and 
green.

Bibliography: Valič 1967, T. 2: 6; Šribar, Stare 1974, 
33 and T. 7: 3; Valič 1978, Y206: 2 left; Korošec 1979, 
T. 68: 2c; Knific, Sagadin 1991, cat. 119 (right); Ornik 
Turk 2009, T. 9: 16.

Grave: Štular, Belak 2013, 49-50, 89-90, 98, 107.
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Inventory number: KFC 0064.

Excavated in 1965, grave No. 193.

Dimensions: l. 3.0 cm, w. 4.5 cm, t. 0.2 cm.

Weight: 4.8 g.

Date: 10th, early 11th century.

Description: A bronze cast crescent-shaped earring 
with three prongs and a pseudo-granulation along the 
outer rim of  the crescent. The crescent is decorated 
with a stylized plant motif, executed with the enamel-
in-a-hollow technique and supplemented with 
incisions. The enamel is not preserved. The loop of  
the earring is damaged.

Bibliography: unpublished.

Grave: a find outside the grave.
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Inventory number: KFC 0096.

Excavated in 1953, grave No. 49.

Dimensions: l. 3.1 cm, w. 4.2 cm, t. 0.3 cm.

Weight: 6.1 g.

Date: 10th, early 11th century.

Description: A bronze cast crescent-shaped earring 
with three prongs and a pseudo-granulation along the 
outer rim of  the crescent. The crescent is decorated 
with a stylized plant motif, executed with the enamel-
in-a-hollow technique. The preserved enamel is green.

Bibliography: unpublished.

Grave: Štular, Belak 2012a, 96-97 and 195-196.
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Inventory number: KFC 0097.

Excavated in 1953, grave No. 49.

Dimensions: l. 2.7 cm, w. 3.5 cm, t. 0.2 cm.

Weight: 4.8 g.

Date: 10th, early 11th century.

Description: A bronze cast crescent-shaped earring 
with three prongs and a pseudo-granulation along the 
outer rim of  the crescent. The crescent is decorated 
with a stylized plant motif, executed with the enamel-
in-a-hollow technique. The preserved enamel is blue 
and green. The loop of  the earring is damaged and 
broken-off, one prong is damaged.

Bibliography: unpublished.

Grave: Štular, Belak 2012a, 96-97 and 195-196.
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Inventory number: KFC 1946a.

Excavated in 1964, grave No. 171.

Dimensions: l. 3.1 cm, w. 4.3 cm, t. 0.2 cm.

Weight: 2.7 g.

Date: second half  of  9th, 10th century.

Description: A silver cast and forged crescent-shaped 
earring with prongs that have a thickening. The 
thinned-out crescent is engraved with interlace 
parallels.

Bibliography: Valič 1967, T. 1: 3; Šribar, Stare 1974, 
33, T. 6: 2; Valič 1978, Y203: 2 desni; Korošec 1979, 
T. 68: 1b; Knific, Sagadin 1991, 43, sl. 91 (left); 
Bitenc, Knific, 2001, 111; sl. 371 (upper right); Ornik 
Turk 2009, T. 9: 10.

Grave: Štular, Belak 2013, 44, 88, 98, 101.
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Inventory number: KFC 1946b.

Excavated in 1965, grave No. 171.

Dimensions: l. 3.0 cm, w. 4.2 cm, t. 0.2 cm.

Weight: 2.7 g.

Date: second half  of  9th, 10th century.

Description: A silver cast and forged crescent-shaped 
earring with prongs that have a thickening. The 
thinned-out crescent is engraved with interlace 
parallels.

Bibliography: Šribar, Stare 1974, 33, T. 6: 1; Valič 
1978, Y203: 2 left; Knific, Sagadin 1991, 43, sl. 91 
(desni); Bitenc, Knific, 2001: 111; sl. 371 (upper left); 
Ornik Turk 2009, T. 9: 11.

Grave: Štular, Belak 2013, 44, 88, 98, 101.
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Inventory number: KFC 1945a.

Excavated in 1965, grave No. 171.

Dimensions: l. 2.8 cm, w. 3.9 cm, t. 0.1 cm.

Weight: 1.9 g.

Date: second half  of  9th, 10th century.

Description: A silver forged crescent-shaped earring 
with prongs that have a thickening. The decoration on 
both sides of  the crescent is executed with the 
technique of  tremulous incision representing a stylized 
plant motif  trimmed with a line. The outer rim of  the 
crescent is damaged.

Bibliography: Valič 1967, T. 1: 4A, B; Šribar, Stare 
1974, T 6: 3; Valič 1978, Y203: 1 left; Korošec 1979, 
T. 68: 1c1, 1c2; Bitenc, Knific 2001, 111; sl. 371 
(bottom left); Ornik Turk 2009, T. 9: 12.

Grave: Štular, Belak 2013, 44, 88, 98, 101.
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Inventory number: KFC 1945b

Leto najdbe1965, grave No. 171.

Dimensions: l. 2.8 cm, w. 3.9 cm, t. 0.1 cm.

Weight: 1.9 g.

Date: second half  of  9th, 10th century.

Description: A silver forged crescent-shaped earring 
with prongs that have a thickening. The decoration on 
both sides of  the crescent is executed with the 
technique of  tremulous incision representing a stylized 
plant motif  trimmed with a line.

Bibliography: Šribar, Stare 1974, 33; T. 6: 4; Valič 
1978, Y203: 1 right; Korošec 1979, T. 68: 1d1, 1d2; 
Bitenc, Knific 2001, 111; sl. 371 (lower right); Ornik 
Turk 2009, T. 9: 13.

Grave: Štular, Belak 2013, 44, 88, 98, 101.



Inventory number: KFC 1537.

Excavated in 1953, grave No. 2.

Dimensions: l. 2.9 cm, w. 3.9 cm, t. 0.2 cm.

Weight: 3.0 g.

Date: second half  of  9th, 10th century.

Description: A bronze forged crescent-shaped earring 
with prongs that have a thickening, and (probably two) 
attachment perforations on the outer rim. The 
decoration engraved on the crescent represents two 
stylized animals with their tongues extended towards 
the prongs. The remaining space is filled with small 
circles. The outer rim of  the crescent is damaged. 
One small hole on the outer rim can still be 
recognized.

Bibliography: Kastelic 1960, sl. 4c; Korošec 1979, T. 
69: 1b; Bitenc, Knific 2001, 111, kat. 370; Ornik Turk 
2009, T. 8: 3.

Grave: Štular, Belak 2012b, 11-13.



Inventory number: KFC 0831.

Excavated in 1953, grave No. 35.

Dimensions: l. 3.5 cm, w. 5.3 cm, t. 0.8 cm.

Weight: 3.0 g.

Date: second half  of  9th, 10th century.

Description: A bronze forged crescent-shaped earring 
with prongs, one of  which has a thickening and the 
other one has a small hole for loop attachment. The 
crescent is decorated with an engraved geometric 
motif  consisting of  lines  ̶  short vertical lines in three 
horizontal belts traversing into transverse lines as they 
approach the prongs.

Bibliography: Kastelic 1960, sl. 5: 2; Šribar, Stare 
1974, T. 1: 4; Bitenc, Knific 2001, 110, kat. 368 
(right); Ornik Turk 2009, T. 8: 9.

Grave: Štular, Belak 2012a, 70, 93, 215; Štular, Belak 
2012b, 37-42.
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Inventory number: KFC 0853.

Excavated in 1953, grave No. 26.

Dimensions: l. 4.5 cm, w. 5.8 cm, t. 0.9 cm.

Weight: 6.5 g.

Date: second half  of  9th, 10th century.

Description: A bronze forged crescent-shaped earring 
with prongs that have a thickening. The crescent-
shaped earring is decorated with the tremulous 
incision representing a stylized plant motif  or a motif  
of  two animal heads in the central part and a stylized 
geometric motif  along the rims. The latter motif  
traverses into transverse lines as it nears the prongs.

Bibliography: Kastelic 1960, sl. 5: 1; Šribar, Stare 
1974, 30, T. 1: 1; Korošec 1979, T. 66: 2a; Bitenc, 
Knific 2001, 110, kat. 368 (left); Ornik Turk 2009, T. 
8: 4.

Grave: Štular, Belak 2012a, 35-38, 191, 219, 221; 
Štular, Belak 2012b, 24-29.
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Inventory number: KFC 1987.

Excavated in 1964, grave No. 271.

Dimensions: l. 3.7 cm, w. 4.5 cm, t. 0.2 cm.

Weight: 5.8 g.

Date: second half  of  9th, 10th century.

Description: A bronze forged crescent-shaped earring 
with prongs that have a thickening. The crescent is 
decorated with the tremulous incision representing a 
geometric motif  of  semicircles on the inner rim, 
stylized triangles on the outer rim and a border line. 
The current colouring of  the object occurred as a 
consequence of  restoration.

Bibliography: Valič 1967, T. 1: 1 (left); Šribar, Stare 
1974, 34; T. 7: 7; Valič 1978, Y202: 1; Korošec 1979, 
T. 70: 1e; Bitenc, Knific 2001 110, kat. 369: 2; Ornik 
Turk 2009, T. 10: 5.

Grave: Štular, Belak 2013, 64, 94, 98-99.
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Inventory number: KFC 1988

Excavated in 1965, grave No. 271.

Dimensions: l. 3.7 cm, w. 4.6 cm, t. 0.1 cm.

Weight: 5.7 g.

Date: second half  of  9th, 10th century.

Description: A bronze forged crescent-shaped earring 
with prongs that have a thickening. The crescent of  
the earring is decorated with the tremulous incision 
representing a threefold floral leaf  and two smaller 
leaves in the central part. Parallel to the inner and 
outer rims, there is a line made with the technique of  
a tremulous incision surrounded by semicircles. The 
loop was attached to the crescent subsequently. The 
outer rim of  the crescent is partly damaged.

Bibliography: Valič 1967, T. 1: 1 (right); Šribar, Stare 
1974, T. 7: 6; Valič 1978, Y202: 2; Korošec 1979, T. 
70: 1f; Bitenc, Knific, 2001, 110; sl. 369: 1; Ornik 
Turk 2009, T. 10: 4.

Grave: Štular, Belak 2013, 64, 94, 98-99.
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Inventory number: KFC 2637a.

Excavated in 1965, grave No. 251.

Dimensions: l. 3.9 cm, w. 4.6 cm, t. 0.2 cm.

Weight: 4.2 g.

Date: second half  of  9th, 10th century.

Description: A bronze forged crescent-shaped earring 
with prongs that have a thickening. The thinned-out 
crescent is decorated with an engraved plant motif  of  
palmettes joined together in the centre.

Bibliography: unpublished.

Grave: Štular, Belak 2013, 61, 93, 98, 105.



Inventory number: KFC 1972.

Excavated in 1953, grave No. 117.

Dimensions: l. 3.6 cm, w. 6.0 cm, t. 0.3 cm.

Weight: 5.9 g.

Date: second half  of  9th, 10th century.

Description: A bronze forged crescent-shaped earring 
with prongs that have a thickening. An incised line 
runs along the inner and the outer rim of  the crescent. 
The crescent is further decorated with an incised 
geometric zigzag motif  in two rows. The earring is 
broken in two.

Bibliography: Kastelic 1960, sl. 5: 6; Šribar, Stare 
1974, 30, T. 2: 1; Korošec 1979, T. 65: 2; Ornik Turk 
2009, T. 8: 11.

Grave: Belak 2013, 334-335.
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Inventory number: KFC 1520.

Excavated in 1972, grave No. 107.

Dimensions: l. 3.7 cm, w. 4.8 cm, t. 0.3 cm.

Weight: 4.4 g.

Date: 7th, 8th century.

Description: Bronze cast earring of  the so-called Buzet  
type, with the lower part of  the loop formed into three 
coils.

Bibliography: Valič 1978,·Y199: l (upper); Bitenc, 
Knific 2001, kat. 293 (right).

Grave: Belak 2013, 326-327.
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Inventory number: KFC 1521.

Excavated in 1972, grave No. 107.

Dimensions: l. 3.7 cm, w. 5.3 cm, t. 0.2 cm

Weight: 4.0 g.

Date: 7th, 8th century.

Description: Bronze cast earring of  the so-called Buzet  
type, with the lower part of  the loop formed into three 
coils.

Bibliography: Valič 1978,·Y199: l (bottom); Bitenc, 
Knific 2001, kat. 293 (left).

Grave: Belak 2013, 326-327.
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Inventory number: KFC 1535a.

Excavated in 1953, grave No. 145.

Dimensions: l. 1.7 cm, w. 4.7 cm, t. 1.1 cm.

Weight: 2.5 g.

Date: 8th century.

Description: An earring with three beads made from 
silver sheets attached on top of  each other. Each bead 
is assembled from two parts and decorated with 
filigree at the joint. The upper and lower beads are 
circular, while the middle bead is in the shape of  a 
clover. The loop of  the earring goes through the upper 
bead. The lower bead appears to have had an 
attachment, which is not preserved.

Bibliography: Kastelic 1960, sl. 4a; Bitenc, Knific 
2001, 94, kat. 310 (right).

Grave: Štular, Belak 2012a, 152, 185.
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Inventory number: KFC 1535b.

Excavated in 1953, grave No. 145.

Dimensions: l. 1.8 cm, w. 4.8 cm, t. 1.1 cm.

Weight: 2.4 g.

Date: 8th century.

Description: An earring with three hollow beads made 
from silver sheets attached on top of  each other. Each 
bead is assembled from two parts and decorated with 
filigree at the joint. The upper and lower beads are 
circular, while the middle bead is in the shape of  a 
clover. The loop of  the earring goes through the upper 
bead. The lower bead appears to have had an 
attachment, which is not preserved.

Bibliography: Kastelic 1960, sl. 4b; Bitenc, Knific 
2001, 94, kat. 310 (left).

Grave: Štular, Belak 2012a, 152, 185.
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Inventory number: KFC 1930.

Excavated in 1953, grave No. 120.

Dimensions: l. 2.3 cm, w. 3.6 cm, t. 0.4 cm.

Weight: 2.5 g.

Date: 9th, 10th century.

Description: A cast silver earring with three prongs 
and a ''cluster-attachment'' on the lower side. The 
''cluster-attachment'' and the prongs are decorated 
with a pseudo-granulation.

Bibliography: unpublished.

Grave: Štular, Belak 2012a, 137; Štular, Belak 2012b, 
208-213.
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Inventory number: KFC 0535.

Excavated in 1972, grave No. 98.

Dimensions: l. 3.1 cm, w. 4.8 cm, t. 0.4 cm.

Weight: 5.4 g.

Date: second half  of  10th and beginning of  
11th century.

Description: A bronze cast earring with a star-shaped 
attachment attached to the outer rim of  the crescent. 
The ''star'' has three thickened branches. The central 
part of  the star is convex. The prongs of  the crescent 
are ribbed.

Bibliography: unpublished.

Grave: Belak 2013, 318-319.
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Inventory number: KFC 1534a.

Excavated in 1965, grave No. 193.

Dimensions: l. 2.7 cm, w. 4.8 cm, t. 0.3 cm.

Weight: 5.7 g.

Date: second half  of  10th and beginning of  
11th century.

Description: A silver cast earring with a star-shaped 
attachment attached to the outer rim of  the crescent. 
The ''star'' has three thickened branches. The central 
part of  the star is convex. The prongs of  the crescent 
are ribbed.

Bibliography: Šribar, Stare 1974, T 7: 2; Valič 1978, 
Y206, 2 left; Bitenc, Knific 2001, kat. 372 (bottom 
left).

Grave: Štular, Belak 2013, 49-50, 89-90, 98, 107.
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Inventory number: KFC 1534b.

Excavated in 1965, grave No. 193.

Dimensions: l. 2.6 cm, w. 4.8 cm, t. 0.3 cm.

Weight: 5.6 g.

Date: second half  of  10th and beginning of  
11th century.

Description: A silver cast earring with a star-shaped 
attachment attached to the outer rim of  the crescent. 
The ''star'' has three thickened branches. The central 
part of  the star is convex. The prongs of  the crescent 
are ribbed.

Bibliography: Šribar, Stare 1974, T 7: 4; Valič 1978, 
Y206: 2 right; Bitenc, Knific 2001, kat. 372 (lower 
right).

Grave: Štular, Belak 2013, 49-50, 89-90, 98, 107.
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Inventory number: KFC 0637.

Excavated in 1972, found outside the grave. 

Dimensions: l. 4.3 cm, w. 4.6 cm, t. 0.7 cm.

Weight: 4.8 g.

Date: 8th, 9th century.

Description: A forged bronze irregular crescent-
shaped earring with two glass beads. The preserved 
bead is a yellowish colour. The middle part of  the 
earring is decorated with vertical incisions.

Bibliography: unpublished.

Grave: no grave context.



C H A P T E R  6

Bibliography

ANDREETTO, M., N. BRUSCO and G. M. CORTELAZZO 2004, 
Automatic 3-D modeling of  textured cultural heritage objects. – IEEE 
Transactions on image processing 13 (3), 354–369.

ARNOLD, C. J., J. HUGGETT, P. REILLY and C. SPRINGHAM 1989, 
Mathrafal: a Case Study in the Applications of  Computer Graphics. – In: S. 
Rahtz (Ed.), Computer Applications and Quantitative methods in Archaeology 
1989 : CAA89, BAR International Series 548, 147–156, Oxford.

ASTORQUI, A. 1999, Studying the Archaeological Record from 
Photogrammetry. – In: J. A. Barcelò, I. Briz, A. Vila (Eds.), New Techniques for 
Old Times : CAA98. Proceedinges of  the 26th Conference. Computer 
Applications and Quantitative Methods in Archaeology. Barcelona, Spain, 
March 1998, BAR International Series 757, 77–80, Oxford.

AVERN, G. J. 2001, A New Technique for Recording Archaeological 
Excavations: Research Progress Report. – In: Z. Stančič, T. Veljanovski (Eds.), 
Computing Archaeology for Understanding the Past : CAA200. Proceedings of  
the 28th Conference Computer Applications and Quantitative Methods in 
Archaeology, Ljubljana, April, 2000, BAR International Series 931, 3–8, 
Oxford.

BARBER, D. 2011, 3D laser scanning for heritage. Advice and guidance to 
users on laser scanning in archaeology and architecture. – Swindon.

90



BARCELÒ, J. A., I. BRIZ and A. VILA. (Eds.) 1999, New Techniques for 
Old Times : CAA98. Proceedinges of  the 26th Conference. Computer 
Applications and Quantitative Methods in Archaeology. Barcelona, Spain, 
March 1998. – BAR International Series 757, Oxford.

BEDFORD, J, T. PEARSON and B. THOMASON 2011, Traversing the 
Past: the total station theodolite in archaeological landscape survey. – Swidon.

BELAK, M. (Ed.) 2013,  Grobišče Župna cerkev v Kranju. Dnevniki 
izkopavanj 1969 do 1973. – E-Monographiae Instituti Archaeologici Sloveniae 
5, Ljubljana.

BELAK, M. (Ed.) 2014,  Grobišče Župna cerkev v Kranju. Grobni zapisniki. 
– E-Monographiae Instituti Archaeologici Sloveniae 7, Ljubljana.

BIEK, L. 1986, LLERNIE XIV: Comparology and Stereovideo. – In E. 
Webb (Ed.), Computer Applications in Archaeology 1985. Proceedings of  the 
Conference on Quantitative Methods. Computer Applications and Quantitative 
Methods in Archaeology. University of  London, 29-30 March 1985, 1–35. – 
London.

BITENC, P., T. KNIFIC (Eds.) 2001, Od Rimljanov do Slovanov. Predmeti. 
– Ljubljana.

COOPER, M. A. R. and S. ROBSON 2001, Theory of  close range 
photogrammetry. – In: K. B. Atkinson (Ed.), Close range photogrammetry and 
machine vision, 9–51, Caithness.

CORASTAR 2006, Strata Foto 3D. Digital photography at a higher power. 
User guide. – St. George.

CRUTCHLEY, S. and P. CROW 2010, The light fantastic. Using airborne 
lidar in archaeological survey. – Swindon.

EICHERT, S. 2010, Die frühmittelalterlichen Grabfunde Kärntens. Die 
materielle Kultur Karantaniens anhand der Grabfunde vom Ende der 
Spätantike bis ins 11. Jahrhundert. – Aus Forschung und Kunst 37.

91

http://iza.zrc-sazu.si/pdf/e_monografije/Kranj_4.pdf
http://iza.zrc-sazu.si/pdf/e_monografije/Kranj_6.pdf


ERIČ, M. 2004, Tehnično poročilo o grafični pripravi dokumentacije in 
vizualizacije izbranih objektov na najdiščih Ribnica in Zagorica. V okviru 
naloge: "Dopolnilne raziskave ob zaščitnih delih na avtocesti za potrebe 
valorizacije in prezentacije najdišča in vzpostavitev prostorskega sistema za 
potrebe zaščite arheološke dediščine ob trasi avtoceste Čatež-Obrežje".  – 
Ljubljana, Novo mesto, unpublished report.

FIEDLER, U. 1992, Studien zu Gräberfeldern des 6. bis 9. Jahrhunderts an 
der unteren Donau. – Universitätsforschungen zur prähistorischen Archäologie 
11, Bonn.

FORTE, M. and A. SILIOTTI 1997, Virtual archaeology. Re-creating 
ancient worlds. – New York.

FREEDEN, U. von 1979, Untersuchungen zu merowingerzeitlichen 
Ohrringen bei den Alamannen. – Bericht der Römisch-Germanischen 
Kommission 60, 227–441.

FRÖHLICH, C. and M. METTENLEITER 2012, Terrestrial laser scanning 
– new perspectives in 3d surveying. – International Archives of  
Photogrammetry, Remote Sensing and Spatial Information Sciences 36 - 8/W2,  
7–13.

FRYER, J. G. 2001, Introduction. – In: K. B. Atkinson (Ed.), Close range 
photogrammetry and machine vision, 1–9, Caithness.

GARAM, É. 2001, Funde byzantinischer Herkunft in der Awarenzeit vom 
Ende des 6. bis zum Ende des 7. Jahrhunderts. – Budapest.

GASPARI, A. (Ed.) 2006, Zalog pri Verdu. Tabor kamenodobnih lovcev na 
zahodnem robu Ljubljanskega barja / Zalog near Verd. Stone age hunters’ 
camp at the western edge of  the Ljubljansko barje. –  Opera Instituti 
archaeologici Sloveniae 11, Ljubljana.

GIESLER, J. 1980, Zur Archäologie des Ostalpenraumes von 8. bis 11. 
Jahrhundert. – Archäologisches Korrespondenzblatt 10/1, 85–98.

92

http://www.academia.edu/5664621/Preparation_of_documentation_and_graphical_visualization_of_selected_objects_from_the_archaeological_sites_of_Ribnica_and_Zagorica_-Technical_report_Tehni%C4%8Dno_poro%C4%8Dilo_o_grafi%C4%8Dni_pripravi_dokumentacije_in_vizualizaciji_izbranih_objektov_na_najdi%C5%A1%C4%8Dih_Ribnica_in_Zagorica


GIESLER, J. 1986, Ottonischer Emailschmuck. – Reallexikon der 
Germanischen Altertumskunde VII, Berlin, 230 – 240.

GLUŠEVIĆ, S. 2004, Silba-Grebeni 2003 - Nastavak podmorskog 
istraživanja rimskodobnog brodoloma. – Obavijesti 2 (XXXVI), pp. 112–118.

GROBOVŠEK, J. and B. RIBNIKAR (Eds.) 1996, Fotogrametrija kot 
metoda dokumentiranja kulturne dediščine. Sodobne tehnologije. – Vestnik 15, 
Ljubljana.

HARTLEY, R. and A. ZISSERMAN 2008, Multiple view geometry in 
computer vision. – Cambridge.

HASELOFF, G. 1986, Begriff   – Technik (Email). – Reallexikon der 
Germanischen Altertumskunde VII, 197 – 200.

HINCAK, Z., M. ŠTEFANČIČ 2006, Antropološka analiza lobanje. – In: A. 
Gaspari (Ed.) 2006, Zalog prI Verdu. Tabor kamenodobnih lovcev na 
zahodnem robu Ljubljanskega barja / Zalog near Verd. Stone age hunters’ 
camp at the western edge of  the Ljubljansko barje,  Opera Instituti 
archaeologici Sloveniae 11, 155–164, Ljubljana.

HUMER, F., M. PREGESBAUER, F. VERMEULEN, C. CORSI, M. 
KLEIN, M. IOANNIDES, D. FELLNER, A. GEORGOPOULOS and D. 
HADJIMITSIS 2010, 3D culture database Carnuntum. - Online database 
publication, permalink: http://lib.ugent.be/catalog/pug01:1150566.

IBLER, U. G. 1991, Studien zum Kontinuitätsproblem am Übergang von 
der Antike zum Mittelalter in Nord- und Westjugoslawien. – 
Inaugural-Dissertation zur Erlangung der Doktorwürde, Bonn.

KASTELIC, J. 1960, Staroslovanski Kranj. – J. Žontar (Ed.) 900 let Kranja. 
Spominski zbornik, 38 - 49, Kranj.

KASTELIC, J., B. ŠKERLJ 1950, Slovanska nekropola na Bledu. 
Arheološko in antropološko poročilo za leto 1948. – Dela SAZU 2, Ljubljana.

93



KNIFIC, T. 1990, Karantansko–ketlaška kulturna skupina. – Enciklopedija 
Slovenije. 408 – 410.

KNIFIC T., SAGADIN M. 1991, Pismo brez pisave. Arheologija o prvih 
stoletjih krščanstva na Slovenskem. – Ljubljana.

KNIFIC, T., B. ŽBONA-TRKMAN 1990, Staroslovansko grobišče pri sv. 
Urhu v Tolminu. – Arheološki vestnik 41, 505–520.

KOLLER, D., B. FISCHER and G. HUMPHREYS 2009, Research 
challenges for digital archives of  3D cultural heritage models. – Journal on 
Computing and Cultural Heritage 2 (3), 7:1-7:17.

KOLOMENKIN, M., I. SHIMSHONI and A. TAL 2011, Prominent Field 
for Shape Processing and Analysis of Archaeological Artifacts. – International 
Journal of  Computer Vision 94 (1), 89–100.

KOROŠEC, J. 1952, Uvod v materialno kulturo Slovanov zgodnjega 
srednjega veka. – Ljubljana.

KOROŠEC, P. 1979, Zgodnjesrednjeveška arheološka slika karantanskih 
Slovanov. Predmeti. – Dela 1. razreda SAZU 22, Ljubljana.

KOROŠEC, P. 1999, Nekropola na Ptujskem gradu, turnirski prostor. / Das 
Gräberfeld an dem Schloßberg von Ptuj, Turniersplatz. – Ptuj.

LAZAR, A. 2012, Sodobno tehnično dokumentiranje grajske arhitekture na 
primeru gradu Lož. –  Unpublished BA thesis, University of  Ljubljana, FGG, 
Ljubljana.

MacDONALD, L. (Ed.) 2006, Digital Heritage. Applying digital imaging to 
cultural heritage. – Amsterdam, Boston.

MANEVA, E. 1992 = Манева, Елица 1992, Средновековен накит од 
Македонија (The Medieval jewellery of  Macedonia). – Културно историско 
наследство на република Македонија 28. – Skopje, 1992.

94



MARUŠIĆ, B. 1967, Nekropole VII. i VIII.stoljeća u Istri. – Arheološki 
vestnik 18, 333–347.

McPHERRON, S. P., T. GERNAT and J.-J. HUBLIN 2009, Structured light 
scanning for high-resolution documentation of  in situ archaeological finds. – 
Journal of  Archaeological Science 36 (1), 19–24.

MENARD, C. and R. SABLATNIG 1996, Pictoral, Three-Dimensional 
Acquisition of  Archaeological Finds as Basis for an Automatic Classification. – 
In: H. Kamermans, K. Fennema (Eds.), Interfacing the Past : CAA95. 
Computer Applications and Quantitative Methods in Archaeology. II. Leiden: 
Institute of  Prehistory, University of  Leiden. Analecta Praehistorica Leidensia, 
28, 415–428, Leiden.

MILOŠEVIĆ, A. 2010, Orecchini del "tipo Putalj". / Naušnice tipa "Putalj". 
– Histria Antiqua 19, 253–264.

NIEDERLE, L. 1930, Prispevky h voyvoju byzantiskych šperku ze IV – X 
stoletja. – Praha.

NOVŠAK, M. 2003, Školarice pri Sp. Škofijah. – D. Prešern (Ed.), Zemlja 
pod vašimi nogami : arheologija na avtocestah Slovenije : vodnik po najdiščih, 
258-259, Ljubljana.

ORNIK TURK, A. 2009, Motivika na polmesečastih uhanih. – 
Unpublished BA thesis, University of  Ljubljana, FF, Ljubljana.

PAYNE, A. and K. NIVEN (Ed.) 2011, Laser Scanning for Archaeology. A 
Guide to Good Practice. – York (permalink at 
http://guides.archaeologydataservice.ac.uk/g2gp/LaserScan_Toc).

PESCHECK, C. 1996, Das fränkische Reihengräberfeld von Kleinlangheim, 
Lkr. Kitzingen/Nordbayern (Text). – Germanische Denkmäler der 
Völkerwanderungszeit, Serie A, Band 17, Mainz am Rhein.

95



PEZZATI, L. and R. FONTANA 2008, 3D Scanning of  Artworks. – In: M. 
Schreiner, M. Strlič, R. Salimbeni (Eds.), Handbook of  the use of  lasers in 
conservation and conservation science. Brussels.

PLETERSKI, A. 1998, Staroslovansko verstvo. – Enciklopedija Slovenije 12 
(N – SZ), 288. 

PLETERSKI, A. 2013, Korak v kronologijo zgodnjesrednjeveškega 
naglavnega nakita vzhodnih Alp = A step towards the chronology of  early 
medieval head ornaments in the Eastern Alps . – Arheološki vestnik 64, 299–
334.

POLLEFEYS, M., L. van GOOL, M. VERGAUWEN, K. CORNELIS, F. 
VERBIEST and J. TOPS 2001, Image-based 3D acquisition of  archaeological 
heritage and applications. – In: D. B. Arnold, A. Chalmers, D. W. Fellner (Eds.), 
Proceedings of  the 2001 Conference on Virtual Reality, Archaeology, and 
Cultural Heritage. Glyfada, Greece, November 28-30, 2001, 255–262, New 
York.

QUAN, L. 2010, Image-based modeling. – New York.

REILLY, P. 1991, Towards a Virtual Archaeology. – In: S. Rahtz, K. 
Lockyear (Eds.), CAA90. Computer Applications and Quantitative Methods in 
Archaeology 1990, BAR International Series 565, 132–139, Oxford.

REINECKE, P. 1901, Statistik der slawischen Funde aus Süd- und 
Mitteldeutschland. – Korrespondenz-Blatt der Deutschen Gesellschaft für 
Anthropologie, Ethnologie und Urgeschichte 32/3, 17-20.

SAGADIN, M. 1985, Kranj. – Župna cerkev sv. Kancijana in tovarišev. – 
Varstvo spomenikov 27, 283–284.

SAGADIN, M. 1988, Kranj : nekropola iz časa preseljevanja ljudstev. – 
Catalogi et monographiae 24, Ljubljana.

SAGADIN, M. 2006, Kranj - arheološko najdišče Kranj. – Varstvo 
spomenikov 39-41, 76-77.

96

http://av.zrc-sazu.si/pdf/64/AV_64_2013_Pleterski_obrocki.pdf


SAGADIN, M. 2008, Od Karnija do Kranja. Arheološki podatki o razvoju 
poselitve v antičnem in zgodnjesrednjeveškem obdobju. – Unpublished PhD 
thesis, University of  Ljubljana, FF, Ljubljana.

SAGADIN, M. 2014, Grobišče Župna cerkev v Kranju. Dnevnik izkopavanj 
1984. – E-Monographiae Instituti Archaeologici Sloveniae 6, Ljubljana.

STADLER, P. 2005, Quantitative Studien zur Archäologie der Awaren I. – 
Österreichische Akademie der Wissenschaften, Philosophisch-historische Klasse, 
Mittheilungen der Prähistorischen Kommission, Band 60, Wien. CD: 
Kartierung der funktionellen und archäologischen Typen des awarenzeitlichen 
Fundmaterials im Karpatenbecken.

STANCO, F., S. BATTIATO and G. GALLO (Eds.) 2012, Digital Imaging 
for Cultural Heritage Preservation. Analysis, Restoration, and Reconstruction of  
Ancient Artworks. – Boca Raton.

STANČIČ, Z. 1988, Metodologija fotogrametrične dokumentacije 
arheoloških izkopavanj. – Unpublished MA, University of  Ljubljana, FF, 
Ljubljana.

STANČIČ, Z., T. VELJANOVSKI (Eds.) 2001, Computing Archaeology for 
Understanding the Past. CAA2000, Proceedings of  the 28th Conference. 
Computer Applications and Quantitative Methods in Archaeology. Ljubljana, 
April, 2000. – BAR International Series 931, Oxford.

STAPLETON, P. 2011, Glass and Glaze Analysis and Technology from 
Hasanlu, Period IVB. – Maude de Schauensee (Ed.), Peoples and Crafts in 
Period IVB at Hasanlu, Iran, 87-102. – Philadelphia.

STARE, V. 1980, Kranj : nekropola iz časa preseljevanja ljudstev. – Catalogi 
et monographiae 18, Ljubljana.

STAŠŠÍKOVÁ-ŠTUKOVSKÁ, D. 1999, K výskytu lunulových náušnic s 
hviezdicovým príveskom v severnej časti Karpatskej kotliny. / Lunula-Ohringe 
mit sternförmigen Anhängern aus dem nördlichen Teil des Karpatischen 

97

http://iza.zrc-sazu.si/pdf/e_monografije/Kranj_5.pdf


Beckens. – In: Alexander Avenarius, Zuzana Ševčíková (Eds.), Slovensko a 
Európsky juhovýchod. Medzikultúrne vzt'ahy a kontexty (Zbornik k životnému 
jubileu Tatiany Štefanovičovej), Studia Archaeologica et Medievalia 5, 
Bratislava, 250–298.

STOKIN, M. 2006, Sermin. – Varstvo spomenikov 39–41, 10–12.

STOKIN, M., M. NOVŠAK, A. PLESTENJAK 2008, Archaeological 
Heritage Management in Countries of  Transition: Case Study Slovenia. – In: F. 
P. McManamon, A. Stout in J. A. Barnes (Eds.), Managing archaeological 
resources : global context, national programs, local actions,157-172, Walnut 
Creek.

SWANTESSON, J. O. H. and H. GUSTAVSON 2005, Interpretation of  
Ancient Runic Inscriptions by Laser Scanning. – In: A. K. Bowman, M. Brady 
(Eds.), Images and Artefacts of  the Ancient World, 35–43, Oxford.

SZELISKI, R. 2011, Computer vision. Algorithms and applications. – New 
York.

ŠLAUS, M, M. NOVAK, V. VYROUBAL, Ž. BEDIĆ, J. PERIĆ PERUČIĆ 
2012, Rezultati antropološke analize ljudskog osteološkog materijala s nalazišta 
Kranj : stručni izvještaj EP - 204 - 01/12. – Zagreb.

ŠLAUS, M, M. NOVAK, V. VYROUBAL, Ž. BEDIĆ, J. PERIĆ PERUČIĆ, 
M. KLJAJIĆ 2014a, Rezultati antropološke analize ljudskog osteološkog 
materijala s nalazišta Kranj : stručni izvještaj EP - 227. – Zagreb.

ŠLAUS, M, V. VYROUBAL, Ž. BEDIĆ, J. PERIĆ PERUČIĆ, M. KLJAJIĆ 
2014b, Rezultati antropološke analize ljudskog osteološkog materijala s nalazišta 
Kranj : stručni izvještaj EP - 232 - 05/14. – Zagreb.

ŠRIBAR, V. 1989, Stativ A za ortografske posnetke pri arheoloških 
izkopavanjih. – Arheo 8, 16–22.

ŠTULAR, B. (Ed.) 2013, Grad Smlednik. Raziskave 2011-2012. – 
Monografije CPA 2, Ljubljana.

98

http://iza.zrc-sazu.si/pdf/e_monografije/Smlednik.pdf


ŠTULAR, B., M. BELAK (Eds.) 2012a,  Grobišče Župna cerkev v Kranju. 
Dokumentacija o izkopavanjih v letu 1953. – E-Monographiae Instituti 
Archaeologici Sloveniae  1, Ljubljana.

ŠTULAR, B., M. BELAK (Eds.) 2012b,  Grobišče Župna cerkev v Kranju. 
Kartoteka najdb iz leta 1953. – E-Monographiae Instituti Archaeologici 
Sloveniae 2, Ljubljana.

ŠTULAR, B., M. BELAK (Eds.) 2013,  Grobišče Župna cerkev v Kranju. 
Dokumentacija o izkopavanjih v letih 1964, 1965 in 1966. – E-Monographiae 
Instituti Archaeologici Sloveniae 4, Ljubljana.

ŠTULAR, B., A. ORNIK TURK, A. PLETERSKI 2013, Dotik dediščine : 
trirazsežni prikaz zgodnjesrednjeveškega naglavnega nakita iz najdišča župna 
cerkev v Kranju. – Ljubljana.

ŠTUHEC, S. 2012, Dvoinpoldimenzionalno in tridimenzionalno 
upodabljanje artefaktov. – Arheo 29, 87–98.

TISCHLER, O. 1889, Beiträge zur Geschicte des Sporns, sowie des vor- und 
nachrömischen Emails. – Corrspondenz-Blatt der deutschen Anthropologischen 
Gesellschaft, 194–200.

TORCELLAN, M. 1986, Le tre necropoli altomedievali di Pinguente. – 
Richerche di archeologia altomedievale e medievale 11, Firenze.

TOVORNIK, V. 1986, Die frühmittelalterlichen Gräberfelder von Gusen 
und Auhof  bei Perg in Oberösterreich. Teil II: Auhof. – Archaeologia Austriaca 
70, 413–483.

TRENZ, A., M. NOVŠAK 2004, Villa rustica na lokalitetu Školarice na trasi 
autoputa Klanec-Ankaran. – Histria antiqua : časopis međunarodnog 
istraživačkog centra za arheologiju 12, 77–83.

UREK, M. 2013, Kranj - arheološko najdišče Kranj. – Varstvo spomenikov 
48, 105-108.

VALIČ, A. 1962–1964, Kranj. – Varstvo spomenikov 9, 198.

99

http://iza.zrc-sazu.si/si/e_monografije/Kranj_1.pdf
http://iza.zrc-sazu.si/si/e_monografije/Kranj_2.pdf
http://iza.zrc-sazu.si/pdf/e_monografije/Kranj_3.pdf
https://itunes.apple.com/si/book/dotik-dediscine/id789166886?mt=11&ign-mpt=uo%3D4


VALIČ, A. 1965, Kranj. – Varstvo spomenikov 10, 207.

VALIČ, A. 1966, Prezentacija staroslovanskih grobov na mestu odkritja. – 
Varstvo spomenikov 11, 13–17.

VALIČ, A. 1967, Staroslovanski Kranj. – Arheološki vestnik 18, 417–423.

VALIČ, A. 1970, Kranj. – Varstvo spomenikov 15, 168–170.

VALIČ, A. 1975, Oris 20-letnih raziskovanj grobišča v Kranju. – J. Žontar 
(Ed.) Kranjski zbornik, Kranj, 159 -167.

VALIČ, A. 1978, La nécropole Slave a Kranj. – Inventaria Archaeologica 21.

VALIČ, A., T. POGAČNIK 1969, Kranj. – Varstvo spomenikov 13–14, 
192–193.

VERHOEVEN, G., J. JULIEN, M. DONEUS, C. BRIESE and F. 
VERMEULEN 2012, Mapping by matching: a computer vision-based 
approach to fast and accurate georeferencing of  archaeological aerial 
photographs. – Journal of  Archaeological Science 39 (7), 2060–2070.

WHITTLESEY, J.H. 1966, Photogrammetry for the Excavator. – 
Archaeology, 1966, 19 (4), 273–276.

WILCOCK, J. D. 1973, A General Survey of  Computer Applications in 
Archaeology. – In: J. D. Wilcock (Ed.), Computer Applications in Archaeology 1, 
Science and Archaeology 9, 17–21, Stafford.

ZHENG, J. Y., Z. L. Zhang 1999, Virtual Recovery of  Excavated Relics. – 
Computer Graphics and Applications 19(3), 6–11.

ZHUKOVSKY, M. 2002, Handling Digital 3-D Record of  Archaeological 
Excavation Data. – In: G. Burenhult, J. Arvidsson (Eds.), Archaeological 
Informatics: Pushing the Envelope. CAA2001. Proceedings of  the 29th 
Conference. Computer Applications and Quantitative Methods in Archaeology. 
Gotland, April 2001, BAR International Series 1016, 431–440, Oxford.

100



ŽERJAL, T. 2008, Rimska vila rustika v luči drobnih najdb : primer najdišča 
Školarice pri Spodnjih Škofijah. – Unpublished PhD thesis, University of  
Ljubljana, FF, Ljubljana.

***

INTERNET SOURCE 1: SurvTechSolutions: How does Laser Scanning 
Work? Available online at 
http://floridalaserscanning.com/3d-laser-scanning/how-does-laser-scanning-wo
rk/; last checked on February 2nd 2015.

INTERNET SOURCE 2: Muzej in galerije mesta Ljubljana: Virtualna 
Emona. Available online at 
http://www.dlib.si/results/?query=%27source%3d3d+predmeti%27&browse=
3d%20predmeti&node=slike&pageSize=25; last checked on February 2nd 2015.

INTERNET SOURCE 3: CyArk Project. Available online at 
http://www.cyark.org; last checked on February 2nd 2015.

INTERNET SOURCE 4: The Scottish Ten Project. Available online at 
http://www.scottishten.org; last checked on February 2nd 2015.

INTERNET SOURCE 5: The Virtual Museum of  Iraq. Available online at 
http://www.virtualmuseumiraq.cnr.it/prehome.htm; last checked on February 
2nd 2015.

101

http://floridalaserscanning.com/3d-laser-scanning/how-does-laser-scanning-work
http://www.dlib.si/results/?query=%27source%3d3d+predmeti%27&browse=3d%20predmeti&node=slike&pageSize=25
http://www.cyark.org
http://www.scottishten.org
http://www.virtualmuseumiraq.cnr.it/prehome.htm


Based on the book:

Benjamin Štular, Ana Ornik Turk and Andrej Pleterski 2013, Dotik dediščine. Trirazsežni prikaz 
zgodnjesrednjeveškega naglavnega nakita iz najdišča župna cerkev v Kranju. - ZRC Publishing, Ljubljana (ISBN 
978-961-254-667-0).

a


	Frontmatter
	Introduction
	Methodology of 3D digitisation in archaeology
	3D digitisation in archaeology
	3D digitisation in Slovenian archaeology
	State of the art and a look into the future
	A silhouette method and 3D documentation of early medieval earrings

	The Site
	The Artifacts
	Crescent-Shaped Earrings
	Other Earrings

	3D Catalogue
	Bibliography



