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Abstract

The study of size and shape of ceramic fragments is a widespread approach used for unraveling 
the depositional and post-depositional history of archaeological assemblages. Similar to sediment 
particles, the size and shape of a potsherd are altered under conditions of abrasion, breakage, or 
weathering. These conditions, occurring during or after deposition, can be the product of both human 
and non-human agents. Thus, the analysis of dimensional and morphological changes of fragments not 
only points towards specific (post)depositional processes, but can also shed light on the nature of 
human interaction with broken pottery. By coupling a traditional sedimentological framework for shape 
description and a computational approach to 2D morphometrics, in this paper we present a quick, 
reproducible and accurate method for studying the alteration of shape and size of potsherds. Three 
main shape descriptors, i.e. sphericity, roundness, and convexity, were tested on a combination of 
experimental and Early Neolithic potsherds in Northwest Romania from contexts where the conditions 
of fragment alteration were known or could be safely inferred. In addition, potsherds from an Early 
Neolithic pit discovered at Călineşti-Oaş-Dâmbul Sfintei Mării (Satu Mare County, Romania) were 
analysed for determining the pit infilling process and understanding the extent of the interaction 
between humans and broken pots. Results from morphometric tests show the reliability of the 
computational technique and shape descriptors for identifying different conditions of alteration of 
potsherds. The Romanian assemblages analyzed provide an insight on (post)depositional processes 
during a key period where broken materials started to be accumulated. It shows that downslope 
movement was the main mechanism behind the infilling of the pit at Călineşti-Oaş-Dâmbul Sfintei Mării, 
and potsherds possessed a high level of erosion and fragmentation, highlighting a long span of human 
interaction with broken materials at this site during Early Neolithic times. 
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1. Introduction

The study of depositional and postdepositional processes has become a long-standing concern 
in archaeological research. Interests in these processes have been varied, and have inspired numerous 
research agendas (Binford, 1981; Chadwick, 2012; Chapman, 2000a, 2000b; Garrow, 2012; Hill, 1995; 
Richards and Thomas, 1984; Schiffer, 1987, 1983). Recent attention has been placed on understanding 
how deposited materials can actively shape human practices, e.g. the effects of landfill relocation on 
urban populations (Sosna and Brunclíková, 2017), the structuration of domestic and communal spaces 
(McNiven, 2013), or the accumulation of fragments as tokens of social relations that increase the status 
of the person or household (Chapman and Gaydarska, 2007, p. 197). 

In Neolithic archaeology, the processes responsible for the filling of pits have wide-ranging 
consequences, as houses are normally dated by the pits accompanying them. Thus, the detailed 



chronology of the LBK-settlements of Elsloo in Limburg (Modderman, 1970), the Merzbach valley in NW-
Germany (Lüning, 2005; Stehli, 1994, 1989) and of Bylany in Bohemia (Pavlů, 2010, 2000), for example, 
are based on the seriation of ceramic from pit-fills. Pit-fills are not closed finds as defined by Oscar 
Montelius (1903), thus a basic tenet of archaeological dating is violated. The assumption that houses 
and pits are necessarily contemporary or that, at least, pits have been filled so rapidly that the finds are 
"practically" contemporary have been challenged repeatedly (Stäuble, 1997, 1990; Stäuble and 
Wolfram, 2012), and detailed microstratigraphic analyses of pit-contents have been attempted (e.g. 
Květina, 2005; Květina and Končelová, 2011; among others). However, the amount of materials 
excavated and the time needed for any detailed analysis has prevented any application of these 
methods on a site-level, and dating (and interpreting) through pit-contents carries on for lack of a better 
method.

One way of approaching these research interests is through the study of the alteration size and 
shape of fragments by different mechanical processes, which has been a common method used to infer 
(post)depositional processes in archaeological assemblages (Schiffer and Skibo, 1989, p. 101). Inspired 
by sedimentological studies (e.g. Krumbein, 1941a; Wadell, 1932, 1935), the basic principle behind these 
archaeometric (e.g. grain-size distribution analysis) and morphometric investigations is that, just like 
sedimentary particles (Shackley, 1978), size and shape of objects are altered under different types of 
abrasion and breakage processes occurring during or after deposition (Schiffer, 1987, p. 16). 
Morphometric studies can provide information on the mode of transportation of materials in different 
contexts and the environmental agents involved in these processes (Moss, 1963, 1962; Stein, 1987, p. 
361), the history of particle exposure to the environment (Lira and Pina, 2009, p. 1527; Selley, 2000, p. 
42), and the manner in which they are deposited (e.g. Rick, 1976; Skibo, 1987). By informing on the 
nature of fragment activity in the landscape we can shed light on the extent and intensity of human 
interaction with broken materials in different settings.

Ceramic fragments are particularly well suited for these analyses, as they are ubiquitous and 
abundant in archaeological sites from the Neolithic onwards. Traditionally, length, width, thickness or 
weight of potsherds were measured manually to provide information on processes altering assemblages 
like: trampling (Kirby and Kirby, 1976; Nielsen, 1991), bioturbation (Blackham, 2000), ploughing 
(Ammerman, 1985; Dunnell and Simek, 1995; Reynolds, 1988, 1982), downslope movement (Kirby and 
Kirby, 1974; Rick, 1976; Rosen, 1986, p. 50), or fluvial transportation (Skibo, 1987; Skibo and Schiffer, 
1987). However, these methods of data collection are time consuming (Lira and Pina, 2009, p. 1527; 
Tafesse et al., 2013, p. 1101) and remain heavily dependent on just a handful of measurements, which 
limits the shape description of objects to a few parameters (Rohlf, 1990, p. 300; Strauss and Bookstein, 
1982, p. 113).

By converting objects into 2D projections through photography and using algorithms to 
numerically describe the shape of these projections, computational techniques and readily available 
software have revolutionised the study of object shape description. These techniques have been 
highlighted in sedimentological studies for their accuracy, quick processing of measurements, and the 
reproducibility of their results (Altuhafi et al., 2013, p. 1291; Lira and Pina, 2009, p. 1529; Rodriguez et 
al., 2013, p. 194). More importantly, they also allow the measurement of different scales or orders of 
particle shape (Mitchell and Soga, 2005, p. 87), which could enable archaeologists to draw more detailed 
inferences on the processes behind the formation of potsherd assemblages. In this paper, we have 
adapted computational techniques from modern sedimentological studies towards this endeavour. 

The aim of this study is to highlight the potential of 2D morphometrics to determine how 
archaeological deposits are formed, and to understand the processes in which potsherds are involved in 



during or after deposition. We tested three independent shape parameters, using ImageJ/Fiji and 
Matlab software, which include sphericity, roundness and convexity. For this purpose, a small sample of 
archaeological potsherds were selected from modern ploughed fields and trampled surfaces, pots 
recovered in situ from archaeological occupation layers, and experimentally broken vessels. Using these 
tested parameters, an analysis of an Early Neolithic ceramic assemblage from a pit excavated at 
Călineşti-Oaş-Dâmbul Sfintei Mării (Satu Mare County, Northwest Romania) was undertaken. The results 
show that several processes were involved in the infilling of this feature, and highlight past inhabitants 
had an extended relationship with broken materials. Lastly, the advantages and limitations of the use of 
2D morphometrics for the study of (post)depositional processes are discussed.

1.1 Some morphometric principles applied to the analysis of potsherds

In the present article we follow a traditional morphometric approach as advanced by earth 
sciences (e.g. Mitchell and Soga, 2005; Selley, 2000). The approach is mainly focused in determining the 
processes in which the shape of a specimen has been modified according to their different properties 
and the agents involved in these processes. Different scales of shape (Figure 1) are described through 
ratios (e.g. length/width) that serve as a signal of the conditions in which particles were transported and 
deposited. The main principle of this approach to morphometrics is that the shape of a particle depends 
on both its microstructure and its history. 

The microstructure of the material, in our case multiphased or composite ceramics (Rice, 1987, 
p. 348), determine its properties (e.g. hardness, strength, toughness, etc.), and for that reason has an 
effect on the shape of the specimen. For low-fired ceramics, like the ones used in this study, the 
composition (temper or inclusions) of potsherds is one of the main determinants of the microstructure 
(Rice, 1987, p. 348), and it constitutes an important factor in shape alteration. As brittle materials 
(Roesler et al., 2007, p. 71), potsherds form by the fracture of vessels, and these fractures develop 
differently in different composites. For example, mineral inclusions in ceramics under stress deflect 
crack propagation (Tite et al., 2001, p. 304), while porous ceramics like those containing organic-temper 
(if no fibres remain; West, 1992) tend to arrest cracks (Rice, 1987, pp. 362–363). This can result in 
morphological variation of fragments. Thus, this compositional information should be taken into account 
in morphometric analyses when dealing with compositionally varied ceramic assemblages. 

In addition, when considering postdepositional and depositional processes, two main material 
properties of ceramics can be deemed important: surface hardness and strength/toughness. When a 
particle is abraded, surface hardness is a major factor in terms of shape alteration, because of its effect 
on "rate of deterioration of the abrasive and thus on abrasive particle geometry and contact" (Moore 
and King, 1980, p. 137). In archaeological ceramics hardness is mostly dependent on the firing conditions 
of the vessel (Rice, 1987, p. 354). Other important properties involve the resistance of the ceramic to 
crack initiation and propagation, i.e. strength and toughness (Müller, 2016, p. 610). In this sense, the 
more resistant to crack initiation and/or propagation, the more resilient the fragment will be to 
morphological change by breakage. Strength tests on ceramics with different tempering materials, show 
mineral-tempered specimens are generally stronger than organic-tempered ones (Skibo et al., 1989, p. 
125). 

Apart from microstructure and material properties, different types of processes affect the 
morphology of particles in different ways. Three common types of processes are addressed in this 
paper: abrasion, breakage and weathering. To paraphrase Skibo and Schiffer (1989, pp. 101–102), 
abrasive processes involve the removal or deformation of the ceramic’s surface by mechanical contact 
with an abrader, and can vary from fluvial or eolian action (Balista et al., 1991; Skibo, 1987), to 



downward slope movements (Kirby and Kirby, 1974; Rick, 1976), to various human activities. A second 
common process is breakage or fragmentation, which involves the complete rupture of the material 
commonly through impact or bend stresses (Sanhueza Riquelme, 1988, p. 75). According to Lindauer 
(1992, p. 211), this process can be separated in primary — consisting of the original fracturing of the 
ceramic vessel—, and secondary — which entails the subsequent fragmentation of potsherds. 
Secondary breakage is frequently identified in activities like ploughing (Ammerman, 1985; Dunnell and 
Simek, 1995; Reynolds, 1988, 1982), bioturbation (Blackham, 2000), or trampling (Nielsen, 1991). Lastly, 
weathering consists of the chemical or mechanical degradation of a particle below or at the surface of 
the Earth (Allaby, 2013, p. 629). While chemical weathering can entail erosion of particles by dissolution, 
mechanical weathering involves the breakdown of a specimen through different mechanisms like salt 
crystallisation (Noghani et al., 2018; O’Brien, 1990) or freeze-thaw action  (Texier et al., 1998). In this 
paper, this term is only discussed in relation to mechanical weathering.

Viewing shape as a scalar phenomenon becomes useful to unravel the specific processes 
through which potsherds have been involved in, which is our main interest here. Some authors (Arasan 
et al., 2010; Barrett, 1980; Mitchell and Soga, 2005, p. 87) have made a tripartite division of shape 
ranging from large scale or particle form, mezzo scale or shape of corners, and small scale or surface 
texture (Figure 1). Following this scalar view of shape, three independent variables are presented, which 
provide different information on the processes altering fragment shape.

[Figure 1]

1.2 Shape descriptors as proxies for (post)depositional processes

Sphericity is a large-scale shape parameter defined as “the ratio of the surface area of a sphere, 
of the same volume as the particle, to the actual surface area of the particle” (Wadell, 1932, p. 445). 
Experimental studies on quartz and rock particles have demonstrated that sphericity mainly indicates 
the breakage of a specimen, as “during breakage the sphericity increases more rapidly than during 
abrasion” (Krumbein, 1941a, p. 503). In taphonomic studies of pottery fragments, it has been shown 
that fragment length is reduced by breakage produced from human or non-human action like ploughing 
or trampling (Dunnell and Simek, 1995, p. 309; Fantuzzi, 2010, p. 33; Skibo, 1987, p. 128). Sphericity is 
measured here as the diameter of the largest inscribed circle over the diameter of the smallest circle 
that encloses the object (Cho et al., 2006, p. 591; cf. Krumbein and Sloss, 1963, p. 106; Figure 2). 

Sphericity = 
𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝐼𝑛𝑠𝑐𝑟𝑖𝑏𝑒𝑑 𝐶𝑖𝑟𝑐𝑙𝑒
𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑆𝑚𝑎𝑙𝑙𝑒𝑠𝑡 𝐸𝑛𝑐𝑙𝑜𝑠𝑖𝑛𝑔 𝐶𝑖𝑟𝑐𝑙𝑒

(1)

Another macroscale parameter is the length-to-thickness ratio (S/W from now on; Kuna, 2015; Květina 
and Končelová, 2011; Řídký et al., 2014), which considers the platy form of potsherds. Similar to 
sphericity, the premise behind this parameter is that fragments break progressively until they reach a 
stable ‘compact’ size (Nielsen, 1991, p. 493). The S/W ratio is calculated by dividing the length of the 
specimen over its thickness. Low S/W values represent a ‘compact’ shape, while higher values show 
elongated fragments. 

Roundness, a second-order shape property, can be defined as the “overall degree of curvature 
of the edges and corners of a particle” (Allen, 1989, p. 144). Experimental studies on sedimentary rocks 
and minerals have shown that the rounded edges of rock particles can be attributed to the effect of 
“gentle conditions of wear” (Wadell, 1935, p. 250) or abrasion (Krumbein, 1941b, p. 70). These are 
generally attributed to the mode of transportation of a particle (Stein, 1987, p. 362), the result of eolian 
(Kuenen, 1960) or fluvial action (Wadell, 1935, p. 251). Similarly, the roundness of the corners of 



fragments can be utilised as a parameter for comprehending the alteration history of archaeological 
assemblages (Allen, 1989; Schiffer and Skibo, 1989; Skibo, 1987; Skibo and Schiffer, 1987). For 
measuring roundness, the algorithm used in this paper followed Wadell’s (1932) formula, which 
considers the degree of roundness of a particle or grain in the following way:

Roundness = 
∑

𝑟
𝑅

𝑁

(2)

where r is the radius of curvature of each corner, R the radius of the largest inscribing circle in the 
measuring area, and N the number of corners (Figure 2).

[Figure 2]

Convexity is a small-scale descriptor of the surface texture of an object. Convexity describes the 
degree of roughness of the object’s edges (Campaña et al., 2016, p. 75; Kuo and Freeman, 2000, p. 60). 
In the case of potsherds, when multiphased ceramics are broken, the resulting fragments contain 
‘jagged’ edges, which are the result of the torturous path taken by fractures through or around some of 
these phases, e.g. argillaceous rock fragments, mineral inclusions, carbonised fibres, pores, among 
others. While these jagged or irregular edges are partly dependent on the microstructure of the pottery, 
if potsherds are subjected to abrasive processes, these irregularities are smoothened. On the contrary, if 
weathering increases the roughness of the specimen will also increase (Barrett, 1980, p. 293). For all 
these reasons, surface roughness has been seen as a useful parameter to determine either the abrasive 
history of the particle (i.e. its ‘textural maturity’; Campaña et al., 2016, p. 75) or the effects of post-
burial weathering (Krumbein and Sloss, 1963, p. 113). Convexity is calculated here as:

Convexity =  
𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑂𝑏𝑗𝑒𝑐𝑡

𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝐶𝑜𝑛𝑣𝑒𝑥 𝐻𝑢𝑙𝑙 (3)

The closer the values are to 1.0, the smoother its edges, corresponding to textual maturity (Figure 2).

2. Case study: potsherds from an Early Neolithic pit at Călineşti-Oaş-Dâmbul Sfintei Mării

This case study forms part of an ongoing PhD project on the role of broken pottery in the Upper 
Tisza/Tisa Basin (Northwest Romania, Northeast Hungary and Southwest Ukraine) during the Early 
Neolithic, which is associated to the presence of Körös (Hungary) or Criş (Romania) pottery types. In 
order to apply the technique to an archaeological scenario, the site of Călineşti-Oaş-Dâmbul Sfintei Mării 
(Călineşti-Oaş-D.S.M. from now on) was selected. Călineşti-Oaş-D.S.M. is an open settlement located in 
the Oaş Depression near the joining of the Tur with the Lechinţa river in Northwest Romania (Figure 3). 
The topsoil in this area has been ploughed for several generations, partly affecting the archaeological 
material retrieved. Unlike many excavated sites in the area, records of excavations from Călineşti-Oaş-
D.S.M. provide detailed information on the location and depths of finds, as well as complete profile 
sections of features identified (synthesized below). For this reasons, the site was considered optimal for 
examining depositional processes.

[Figure 3]

[Figure 4]

Surface surveys and excavations conducted from 1999 to 2001, estimated that the Neolithic 
deposits from this site must have occupied an area of 50x50m. The excavated area shown in Figure 3 
comprised the central portion of the settlement, a number of four pits being identified. In the year 2000 
(Németi and Astaloş, 2001) a portion of an Early Neolithic pit feature, labelled as Context 1 (CC1 from 



now on), was uncovered. The CC1 feature was cut by a 40m long trench (i.e. trench S1), and subdivided 
in 1x1.5m excavation units (Figure 4). The trench cross-sectioned the entire pit from West to East. This 
complete profile provided key information on the infilling of the pit. Three layers were recorded. This 
included the plough-zone up to 0.30m in depth, and two spits inside CC1: (ii) upper (0.30 to 0.60m deep) 
and (iii) lower (0.60m to bottom of feature). The upper pit layer was subdivided in units that are labelled 
from West to East as metres 1-2, 2-3, 4-5, 5-6, and 6-7, while in the lower pit layer units correspond to 
metres 2-3, 4-5 and 5-6 in this same direction (Figure 4). No sieving was performed during these 
excavations to retrieve small artefacts.

Open air Neolithic settlements from this region are usually located near rivers and composed of 
pits and rectangular wattle-and-daub houses, which contain large post-holes and often hearths 
(Lazarovici and Lazarovici, 2011). There are also claims that pit- and semi-subterranean houses would 
have been present in some parts of Romania (e.g. Lazarovici and Maxim, 1995; Luca et al., 2008). Along 
with some of the other reported features at Călineşti-Oaş-D.S.M., the role of CC1 pit within the 
settlement structure remains unclear, as it consists of an irregular-shaped pit containing relatively large 
quantities of ceramics but also two postholes on each end. Thus, it is too soon to rule out that this 
feature could have comprised a habitation structure.

A total of 7336g of ceramic fragments were found in CC1, of which 1323g were freshly broken. 
The remaining amount (i.e. non-freshly broken) corresponded to 262 fragments (please refer to 
Appendix A for more information on this assemblage). The ceramics retrieved from the pit belong 
morphologically and stylistically to Criş phases IIIB and IVA (after Lazarovici, 1984, 1979; Virág, 2008, pp. 
40, 42), which is common of Early Neolithic ceramic assemblages in Northern Romania (Astaloş et al., 
2013; Luca and Suciu, 2008; Maxim, 1999; Virag, 2015). Unfortunately, radiocarbon dates from this 
period are few, and pottery constitutes the main chronological marker of occupations in the region. 
Evidence seems to suggest that in the Northern regions of Romania and Hungary this occurred at around 
5800 Cal BC or later (cf. Bronk et al., 2007, p. 184; Whittle et al., 2002, p. 93).

Petrographical analyses of Early Neolithic ceramics in the Upper Tisza/Tisa region show that 
fabrics were commonly low-fired (ca. 600-850°C; Kreiter, 2010, p. 271; Spataro, 2008, p. 94; Szakmány 
and Starnini, 2007, p. 16; Szilágyi and Szakmány, 2007, p. 40) and composed predominantly of organic 
temper, occasionally in conjunction with minerals like schist, sand, limestone or sandstone (Kreiter, 
2010; Spataro, 2008; Szakmány and Starnini, 2007; Szilágyi and Szakmány, 2007). This was confirmed in 
a previous compositional study of a ceramic sample from another pit found in unit Sp1 (Figure 3), where 
organic and mineral inclusionsi were identified as the most prevalent components (Virag, 2008, p. 36). 

Other materials found at CC1 include fragments of burnt bone, limnic quartzite blades, and 
fragments of groundstones (mainly querns). While the lithic material from this context has not yet been 
analysed, material from the nearby pit found in Sp1 sheds light on knapping activities in the area. 
Analysis of 1457 chipped stones from this latter feature, suggests that the site was occupied seasonally, 
possibly in connection to lithic raw material sources. This is indicated by the predominance of local raw 
materials of poor quality like limnosilicates or limnic quartzites (84.8% of the assemblage), the expedient 
use of tools, large amounts of débitage, and small amounts of blade tools in comparison to other Körös-
Criş sites in the Upper Tisa Basin (Chmielewski and Astaloş, 2015). The proportion of débitage to blade 
tools also suggests on-spot knapping activities occurred near Sp1 and, considering the relative 
abundance of trapeze-shaped projectile points, hunting was likely one of the main seasonal economic 
activities performed (Chmielewski and Astaloş, 2015, pp. 61–63).

Materials and Methods



In order to meet our aim, two objectives were set: (i) determining the suitability of the 
computational morphometric technique, as well as the parameters chosen, for distinguishing different 
mechanical processes altering the shape of potsherds, and (ii) through this tested technique identify the 
conditions of deposition of an Early Neolithic ceramic assemblage. 

3.1 Materials 

Two sets of materials were analysed. To comply with our first objective, a selection of Early 
Neolithic potsherds was established from contexts where the conditions of shape alteration were known 
or could be safely inferred (Table 1). This included firstly ceramic fragments obtained from modern 
plough-zones: fragments with organic (Hp1) and with mineral inclusions (Hp2) from Homorodu de Sus – 
Ograda Borzului (Satu Mare County, Romania; Bader, 1968), and potsherds composed of both organic 
(Cp1) and organic with mineral inclusions (Cp2) retrieved from Călineşti-Oaş-D.S.M. (Virág, 2008). Other 
materials selected for testing were ceramic fragments with organic (Tsi1) and organic with mineral 
inclusions (Tsi2) from pots found in situ in the occupation layer in Tăşnad-Sere (Satu Mare County, 
Romania; Astaloş et al., 2013). Lastly, fragments from medium-grained (<1mm; Ep1) and fine-grained 
(<500μm; Ep2) mineral-tempered pottery freshly broken during a previous experiment (Vindrola-Padrós, 
2015) were included as a control group. Values from shape descriptors should contrast significantly 
between finds from modern surfaces (Hp1, Hp2, Cp1, and Cp2), i.e. more vulnerable to abrasion and 
breakage, and those from either freshly broken pots (Ep1, and Ep2) or pots that are broken after burial 
(Tsi1 and Tsi2). The size, composition and contextual information of these samples are synthesized in 
Table 1. 

[Table 1]

To accomplish our second objective, a potsherd assemblage was sampled from the 
aforementioned CC1 pit context from Călineşti-Oaş-Dâmbul Sfintei Mării. Of the 262 non-freshly 
fractured Early Neolithic fragments retrieved from this context, 213 were sampled according to the 
criteria detailed in section 3.2. Fragments corresponded to the three layers, i.e. the topsoil, the upper pit 
layer and the lower pit layer (Figure 3), and all the units excavated, i.e. units 1-2, 2-3, 3-4, 4-5, 5-6, and 
6-7 from the upper pit layer and units 2-3, 3-4, and 4-5 from the lower pit layer. 

3.2 Sampling strategy

All pottery fragments with fresh breaks were excluded from the study. Fragments from CC1 that 
were excluded under this criterion were weighted in order to ensure a representative sample of 
material recovered (Appendix A). Secondly, following suggestions from Allen (1989, p. 145), only body 
sherds were selected for morphometric analysis, as rim, lug, base or pedestal fragments possess marked 
convexities that are more prone to abrasion (Schiffer and Skibo, 1989, p. 108) and can severely 
overrepresent morphological alterations that are the result of postdepositional and depositional 
processes. Also, fragments of less than 1000 pixels in surface area were excluded from the sample, as in 
ImageJ/Fiji software the margin of error increases with measurements of objects below this threshold 
(Takashimizu and Iiyoshi, 2016, p. 9). According to the resolution of images obtained, this pixel threshold 
corresponds in the images to fragments above 10mm in length.

3.3 Software information: ImageJ/Fiji and Matlab

The software utilised for this study includes ImageJ/Fiji and Matlab. ImageJ or Fiji is a widely 
known open-source software (Ferreira and Rasband, 2012) developed by the National Institute of Health 
(NIH). This software was chosen for its free availability, its inbuilt shape-description algorithms and the 



ease to tailor these algorithms to our specific agenda. For our image analysis, the key feature of the 
software is the analysis of particles, which identifies each individual particle or fragment in a binary 
image, records them from top to bottom as Regions of Interest (ROIs), and measures these ROIs 
according to predetermined parameters. These operations can be automated, allowing the processing 
of hundreds of images without any user input requirements. Matlab is a technical computing language 
owned by Mathworks. Its image processing package provides tools for image analysis and the 
implementation of morphometric algorithms. In this paper, Matlab was only utilised for obtaining 
roundness values through a recently developed script (Zheng and Hryciw, 2015).

3.4 Data collection

Following the considerations presented in section 1 on the effects of microstructure on the 
shape of specimens, the type and size of inclusions of all sherds was macroscopically recorded and 
submitted to a quick qualitative hardness test following Orton and Hughes (2013). In the hardness test, 
fragments are scratched with a fingernail (2.5 in Mohs scale) and a piece of steel (6 in Mohs scale). If the 
fingernail produces a scratch on the surface of the specimen, it is categorized as ‘soft’; if it was affected 
by the piece of steel but not by the fingernail, it was described as ‘hard’; finally, if no mark is produced 
by either of the materials, the fragment is recorded as ‘very hard’. This information was used to sort the 
material for analysis, and determine the variation caused by microstructural differences. Because of low 
compositional variation in the results shown in Table 1, and the already available information on 
differences in strength according temper (Skibo et al., 1989, p. 125), strength/toughness tests were not 
performed for this paper.

For the photographs all ceramic fragments were placed sequentially on a light LED pad from top 
to bottom with their concave face up, which facilitates the accurate detection of the fragments’ shape 
by the software (Figure 5). In this way the fragment number recorded by the archaeologist corresponds 
with the ROI number given by ImageJ/Fiji. Photographs were taken with a Cannon E0S 40D camera and a 
17-85mm lens as raw files (CR2), transformed to tiff format, and processed into 8-bit binary images 
through ImageJ/Fiji (Figure 5c). Lastly, in order to calculate the S/W ratio, the thickness of potsherds was 
recorded manually.

[Figure 5]

3.5 Image analysis: measuring shape

 Despite the common use of image analysis as a viable way of establishing two-dimensional 
morphometrics in several disciplines (Campaña et al., 2016; Cox and Budhu, 2008; Eramo et al., 2014; 
García-Granero et al., 2016; Kuo and Freeman, 2000; Ros et al., 2014), there is hardly any consensus on 
the best way to calculate object shape (Rodriguez et al., 2012). For that reason, the sensitivity of each 
parameter was firstly tested to find the one most suitable for each situation or context (Rodriguez et al., 
2013, p. 194). In this article, three parameters were tested, i.e. sphericity, roundness and convexity. This 
choice was made because all three shape descriptors are independent variables (Barrett, 1980, p. 292). 
A fourth parameter, i.e. length-to-thickness, was added, as it is now commonly utilised in the study of 
Neolithic assemblages and would serve as a useful comparison. The formulas used to calculate these 
shape descriptors are described in section 1.2. Lastly, other information made quickly available through 
ImageJ/Fiji was also recorded, such as length, width, perimeter and surface area. 

Sphericity was obtained through ImageJ/Fiji software (Figure 2) according to: the Maximum 
Inscribed Circle plugin developed by Olivier Burri and Romain Guiet (Bioimaging and Optics Platform), 



and the Smallest Enclosing Circle macro written by Michael Schmid (2009). To complement this shape 
descriptor, the S/W ratio was incorporated as a parameter. 

Roundness was the only shape descriptor calculated through Matlab. Traditionally the 
drawbacks of this calculation were associated with the manual recording process, as it was found to be 
time-consuming (Krumbein, 1941b, p. 65; Powers, 1953, p. 117) and subjective when selecting corners 
(MacLeod, 2002, p. 32; Zheng and Hryciw, 2015, p. 499). For this reason, an automated approach was 
taken, which overcomes these drawbacks while still conserving its accuracy. This was accomplished 
through a recently developed code in Matlab (Zheng and Hryciw, 2015). The algorithm was compared to 
Allen’s (1989) manual approach, and results are discussed in Appendix B. 

Convexity was measured through an inbuilt feature of ImageJ software. The software creates a 
convex hull or ‘rubber band’ around the object of interest. Both the object’s perimeter and the convex 
hull perimeter are then obtained (Figure 2), and calculations are made according to Equation 3.

A macro was developed to automate image processing and measurements of the fragments as 
specified here. It is presented as supplementary material. In this way hundreds of images, each 
containing between 10 to 30 fragments, could be rapidly processed in a matter of a few minutesii, and 
the user can verify the measurements were taken correctly. More information is detailed in Appendix C. 
Lastly, pairwise t-tests with Bonferroni correction (P = 0.05) were performed on samples from tests to 
confirm the significance of main trends observed.

4. Results

4.1 Test results

The box plots in Figure 6 present the values obtained for all three shape descriptors, and Table 2 
synthesises their implications. As all the Early Neolithic sherds were soft and with medium-sized 
inclusions (1-2mm), data were only sorted by fragment composition (i.e. organic, mineral, and organic 
with mineral). Overall, the trends observed for these assemblages were concordant with expectations 
mentioned before, with experimentally broken pots (Ep1 and Ep2) and surface finds (Cp and Hp) 
occupying opposite ends of the spectrum for all three parameters. In particular, values from organic-
tempered fragments display these differences very clearly, as is also attested by results from t-tests 
(Appendix D).

The sphericity of the fragments was high for all surface assemblages analysed, with some minor 
non-statistically significant variations due to compositional differences of the samples (e.g. Cp1 and 
Cp2). As expected, sphericity values suggest that these contexts (Hp and Cp) have suffered a greater 
degree of breakage. Experimental pots and organic-tempered pots found in situ (Tsi1), on the contrary, 
have very elongated fragments, as they have not been submitted to secondary breakage, and are 
statistically different from the rest of the samples analysed (Appendix D). The high variation in Ep1 is 
likely due to the manner in which the vessels were broken in the previous experiments, as some vessels 
impacted at a sharp angle and generated fewer amounts of spherical fragments than vessels impacting 
flat on the ground. High S/W values also show ploughed samples displaying more compact fragments, 
while low values in experimental and in situ pots indicate elongated shapes.

[Figure 6] 

Roundness results display a similar trend. Higher values for roundness were observed in samples 
obtained from contexts where erosion is more likely to be recurrent, such as the surface finds from 



Homorodu de Sus and Călineşti-Oaş-D.S.M. Nonetheless, the Hp samples differ slightly from the latter 
site. Explanations for this difference can be due to more subtle differences observed in the surface 
hardness of the fabrics, and not picked up by our qualitative measurements. At the opposite end, freshly 
broken fragments (Ep1 and Ep2) presented considerably lower values for roundness, a statistically 
significant difference. There also seems to be considerable variation among the Ep samples, most likely 
due to their microstructural differences, as finer-grained pottery tends to form fractures with sharp 
angles (e.g. an extreme would be glass). Also, Ep2 are harder fragments and more resistant to abrasion.

Of notice are the convexity values of the fragments from Tsi1 and Tsi2 (the former being 
statistically different to most of the other samples), with values even lower than wares broken 
experimentally. As convexity signals the degree of roughness of the edges of a particle, fragments that 
have been submitted to abrasive processes will have smoother edges or higher convexity values. The 
low convexity values from Tsi1 and Tsi2 describe rough edges, and indicate they have not been abraded. 
The high convexity values for Ep2 could mostly be explained by their fine-grained fabric, lower porosity 
levels, and the stronger bonds between inclusions and clay matrix (cf. Ep1). Because of these attributes, 
fracture surfaces tend to be smoother, as crack deflection would be less pronounced. In contrast, values 
for low-fired pots indicate rougher edges. If we take into account the composition of the Tsi1 and Tsi2 
potsherds which are coarser and contain a considerable amount of organic temper (therefore very 
porous), the same principle applies. In other words, the roughness of the fragments edges is likely to be 
much higher for Tsi samples partly because of their composition, which results in ‘jagged’ fracture 
patterns for organic-tempered samples. 

[Table 2]

4.2 Morphometric results from Călineşti-Oaş-D.S.M. Context 1 (CC1)

Fragments from CC1 were all soft and 92.5% had a granulometry of one to two millimetres 
(Table 1). Most fragments were classified as organic with mineral inclusions, while a third of the sampled 
material was purely organic-tempered. Because of the small compositional variation and the fact that 
sample size was considerably reduced once data was sorted by square and layer, results are presented 
without any compositional division in Figure 7, 8, and 9. Figure 7 synthesizes information according to 
layer, and Figures 8 and 9 according to units and layers. 

[Figure 7] 

The potsherds from the ploughed surface and the pit infill (Figure 7) show differences in 
sphericity and S/W levels, indicating a higher degree of fragmentation of fragments in the topsoil. This is 
also corroborated by their size, where small fragments are more abundant in the ploughed layer despite 
the fact no sieving was performed during the collection of these fragments. When observing roundness 
and convexity values of the archaeological feature, these are higher than the ploughed layer. These 
results suggest that the material retrieved from the pit context has not been substantially affected by 
modern farming activities, but has been heavily eroded prior to their burial. 

[Figure 8]

The exposition of morphometric values according to unit and layer (Figures 8 and 9) displays 
important trends indicating depositional processes. An increase in sphericity is observed on the western 
end of the upper layer of the pit, which changes abruptly towards the middle of the feature (i.e. unit 3-
4). The latter trend is also visible in the middle portion (i.e. square 3-4) of the lower layer of the pit, 
where values are considerably lower than in the adjacent units. The same trend is observable for the 



length-to-thickness of fragments. Roundness values in the upper layer of the feature also increase 
progressively eastward until values abruptly descend in unit 4-5. Thus, in the upper layer of the feature, 
the fragments from the eastern end are significantly more angular. In the lower layer of the pit, once 
again the trend is similar to that observed in the sphericity graphs, but the eastern slope shows more 
rounded fragments. Convexity values in the upper pit layer, similar to roundness values, also 
progressively increase until very sudden low values are visible in unit 4-5, but these slightly increase 
towards the eastern end of the feature. Likewise in the lower pit layer, fragments have rougher surfaces 
in the middle portion of the feature, than those located near the western and eastern end. Lastly, the 
surface area of fragments in the upper layer highlights a clear trend of size sorting, with progressively 
increasing fragment size from West to East of the section. The lower layer also shows an abrupt increase 
in size towards the middle unit, with smaller fragments present near the Western and Eastern slopes.

[Figure 9] 

In short, in the upper pit layer, both size and shape sorting is evident for the first three units, i.e. 
1-2, 2-3 and 3-4, with progressive increase in surface area, S/W, roundness and surface texture. 
Secondly, with the exception of the eastern end in the upper pit layer, all fragments close to the slopes 
of the pit feature display high sphericity, roundness and convexity, which are markedly different to 
those located in the middle of the feature, i.e. units 3-4 and 4-5 in the upper pit layer and 3-4 in the 
lower pit layer. These results indicate a higher degree of fragmentation and erosion of sherds near 
slopes, also confirmed by surface area and S/W plots. Moreover, if the boxplots from Figure 6 are 
considered, fragments near Western and Eastern slopes possess values close to heavily eroded 
fragments (e.g. Cp1, Cp2). In contrast, moderate to low morphometric values from the middle portion of 
the feature indicate that sherds from this part of the pit experienced only a brief exposure to erosion or 
possible breakage. This interpretation is supported by comparing convexity values in Figure 6, as sherds 
from these units lie within the range of values of freshly broken pots (Ep1 and Ep2) or pots discovered in 
situ (Tsi1 and Tsi2).

5.  Discussion

5.1 Implications of tests

Results from tests provide important information for morphometric studies on pottery 
fragments. A first general observation was that organic-tempered pottery fragments appear to be more 
sensitive to shape alteration by different mechanical stresses, like abrasion (Schiffer and Skibo, 1989, p. 
105; Skibo, 2013, p. 41), which makes them good indicators for identifying these processes 
archaeologically. This is most likely due to high porosity. Secondly, sphericity and S/W ratios have 
demonstrated to be useful complements to grain-size distributions to identify secondary breakage 
processes. Combined, these parameters incorporate an approximated three dimensional view of 
objects, as not only the surface projection but the thickness of fragments is taken into consideration. 
This is supported by experimental work on grain-size distributions in modern fields (Reynolds, 1990, 
1988).

Confirming results from a previous study (Campaña et al., 2016, p. 79), convexity has proven 
useful for detecting the textural maturity of a specimen, i.e. if it has been heavily eroded or not. In our 
example it was also effective for signalling post-burial mechanical weathering. The low convexity values 
of pots buried in situ underlines the potential of this parameter for identifying breakage during or after 
burial. In other words, if confirmed by further tests, on grave finds for example, this parameter could be 
useful for determining the immediate burial after the breakage of objects, which in turn could help to 



corroborate arguments for so-called “structured deposition” (Chapman, 2000b; Garrow, 2012; Richards 
and Thomas, 1984) of singular fragments.

In line with these latter studies, the morphometric study of conjoining fragments can also 
present a more accurate picture of the histories individual fragments went through before deposition, 
especially if combined with refitting studies (e.g. Blanco-González, 2015; Chapman and Gaydarska, 2007; 
Květina and Končelová, 2011; Stäuble, 1990). Unfortunately, it is common practice to glue refitted 
fragments together. This not only constrains morphometric analyses of fragments, but also destroys one 
of the most diagnostic features for determining how pots and potsherds were broken: the fracture 
surface (Bronitsky, 1986, p. 260; Fréchette, 1990, p. 8). 

5.2 The ‘depositions’ of broken pots in CC1 and their implications

Following the trends described in section 4.2, the contents of pit CC1 suggest that deposition 
occurred in several stages. At least two types of processes can be identified (Figure 10b). The first set of 
processes is responsible for depositing already broken and abraded material from the contemporary 
surface near the slopes of the pit. Size and shape sorting in the upper pit layer signals a downslope 
movement of fragments, which can be explained by a scree slope rockfall model (Kirkby and Statham, 
1975; Statham, 1976). Contrary to high energy processes of mass movement, scree slope rockfall is a 
slow process involving the downslope fall of individual rocks (Kirkby and Statham, 1975, p. 349). As rocks 
fall downslope, they come in contact with the surface of the slope. Smaller rocks are easily stopped on 
the irregular surface of the slope, while larger ones, partly due to their higher kinetic energy (Dorren, 
2003, p. 73), overcome obstacles more easily and travel longer distances (Govers and Poesen, 1998, p. 
200; Kirkby and Statham, 1975, p. 353; Statham, 1976, p. 47). Thus, size sorting occurs. Shape sorting 
can be explained by a similar argument. As the surface of specimens becomes smoother, there is less 
friction between the object and the slope surface, allowing rounder and compact objects to roll down 
further (Rick, 1976, p. 140). While shape sorting is more indicative of rolling, size sorting signals sliding 
(Statham, 1976, pp. 54–55). Evidence from the upper pit layer suggests that to a certain extent both 
mechanisms were active in the deposition of fragments in CC1. Lastly, the prevalence of very small and 
heavily eroded fragments near the Western and Eastern pit slopes in the lower pit layer also suggests 
this process on both sides of the slope.

The second set of processes involved the much less common deposition of considerably larger, 
non-secondarily broken and less eroded fragments in the centre of the pit. This material could have 
been deposited directly by humans, for example by throwing, dumping or placing fragments into the 
centre of the feature. If we consider the model presented in Figure 10aiii, scenario 1 entails a patterning 
similar to what has been described above. Scenario 2, i.e. the ‘dumping’ model, large and round 
fragments would roll down from the middle of the feature towards the slope, while smaller and more 
angular fragments would remain closer to the point of deposition (Květina and Končelová, 2011, p. 58). 
For this reason, dumping is likely to be a much less frequent mechanism behind the deposition of 
fragments in this pit, occurring well after a considerable portion of the pit was already filled, and limited 
to just a few areas of the pit. Furthermore, the prevalence of small rounded fragments in this pit 
highlights a long history of fragment exposure to abrasive processes before they were slowly deposited 
in the pit. Certainly the causes for this second and less frequent set of processes will be further 
elucidated with the complete excavations of this feature in the future, when the role of CC1 within the 
overall settlement structure will be hopefully clarified.

[Figure 10] 



While only one feature of this site has been analysed, the results illustrate how pits can be filled 
by different processes. Our interpretation differs from the traditional one used to explain the formation 
of pit fills in Early Neolithic times (e.g. Kiely and Dunne, 2005, p. 48; Purcell, 2002, p. 68), which imply 
that material was purposively dumped as in modern landfills. In line with some recent 
micromorphological studies of Early Neolithic pits in Central and Southeastern Europe (Huisman et al., 
2014; Macphail et al., 2008), our results support the idea that some pits were gradually filled by a varied 
set of processes and probably different agents, involving fragments with long histories, as evidenced by 
values indicating different abrasive and breakage processes (see also Last, 1998; Thissen, 2015). 
Moreover, these results indicate a longer span of interaction of human populations with broken objects 
before they were deposited in pits. This interpretation is also compatible with the previous 
understanding of the site as a temporal or seasonal occupation.

6. Conclusion

The aim of this paper was to explore the use of morphometric computational techniques for 
understanding (post)depositional processes, particularly considering the interaction between humans 
and broken objects. Apart from the already addressed limitations of image analysis, we found another 
limitation for our archaeological research questions. Sample size can shrink significantly when only body 
fragments are selected and fresh fractures excluded. If one becomes more meticulous in the recording 
the material properties of the samples, this number can be reduced even further. 

Moving beyond these caveats, computational approaches to morphometrics are extremely 
advantageous in terms of cost (especially with open source software), reproducibility of measurements, 
the possibility of incorporating more suitable shape descriptors as they are developed, and the 
availability of large amounts of parameters that can be quickly measured. Automated approaches, using 
different macros and plugins enhance the processing speed even further once images have been taken, 
and make protocols more transparent for other researchers. There is a great ease to revisit images and 
monitor potential mistakes, which has not been properly addressed in traditional morphometric 
analysis. In addition, a great amount of information is extracted from so-called ‘non-diagnostic’ 
fragments that are abundant, but frequently disregarded in archaeological investigations. Fragment 
(re)use, structured deposition, taphonomy and material agency include some of the many topics that 
can be addressed through this technique, accompanying other methods like soil micromorphology, 
refitting studies and distributional analyses.

The analytical potential of 2D computational morphometrics was presented through our tests, 
which showed the suitability of the technique for differentiating different erosional and fragmentation 
processes, as well as through an archaeological scenario. The case study from Călineşti-Oaş-D.S.M. 
provided important information for unravelling relations between human agents and broken objects 
during Early Neolithic times. In this scenario, broken objects experienced an extensive interaction with 
human and non-human agents, which challenges the assumption that objects are immediately 
deposited after breakage into pits, i.e. the ‘landfill analogy’. Further work is currently being performed 
by the leading author on a wider scale, incorporating a variety of Early Neolithic features in order to 
corroborate this claim. It is hoped that this future work contributes to recent redefinitions of the period 
(Hodder, 2017; Robb, 2013) as a moment of increasing accumulation of material remains, where broken 
objects occupied a more predominant role in human lifestyles than previously expected.
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