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Flint artefacts have been identified in the materials of the Lower Palaeolithic sites of Medzhibozh, which
have experienced the effects of post-depositional alterations (PDA). We suggest a particular combination of
anthropogenic and natural effects on lithic artefacts.

In the vicinity of Medzhibozh in the Khmelnytskyi region in the West of Ukraine, several multilayered
stratified Lower Palaeolithic sites are currently known. Artefacts and accompanying fauna have been identified
in subaerial buried soils, initial hydromorphic soils, and alluvial deposits. The ages of the artefact-bearing
sediments are preliminarily estimated to be between 1.2 and 0.4 Ma. The lithic assemblages of all horizons
contain technologically and typologically archaic artefacts, the industry being referred to as Mode 1.

Various types of rock were used as raw materials, including locally occurring flints in the form of pebbles
and flattened nodules. Flint products from many assemblages are characterized by rounding and sheen due to
their extended exposure to water-permeable horizons.

Most of the flint artefacts belonging to a particular assemblage are of a similar type of preservation. The
assemblages also contain artefacts with surfaces of different states of preservation, suggesting that they are of
different ages. These could either be products of reutilisation or natural alterations. However, more recent
surfaces tend to be isolated and do not form a removals system. Moreover, most of the individual PDA pieces
show a technological and morphological consistency of differently preserved surfaces, indicating that a force
initiating detachment was applied simultaneously. We, therefore, consider artefacts showing a variate state of
scar preservation to be PDA products.

We assume we are dealing with a new aspect of post-depositional alterations of lithic artefacts. Natural
alteration had subjected artefacts, which received internal damage to the structure earlier when processed by
man. The bipolar-on-anvil technique was actively used at Medzhibozh. Many artefacts show signs of multiple
attempts of knapping, accompanied by a change in the position of the segmenting item. Such signs are impact
pits, visible cracks, and Herzian cones disturbing the rock's texture.

We believe that the internal cracks that appeared in the area of the not detached spall contribute to the
accelerated natural alteration of the item in this area and, ultimately, to the detachment of the flake. The
probability of spalling depends on the intensity of the internal distress, the structure of the rock, the climatic
conditions, and the post-depositional environment. The most responsible factor for the effect of the “time-
delayed spalling” seems to be repeated cycles of temperature changes.

A comprehensive study of post-depositional modifications of lithic artefacts is essential in studies of
Lower Palaeolithic sites, particularly the technological Mode 1 (Oldowan). This is due to the highly
heterogeneous raw materials used, the bipolar-on-anvil knapping technique, and a long period of post-discard
behaviour of artefacts.

Key words: Lower Palaeolithic, Medzhibozh, stone artefacts, post-depositional alterations, time-delayed
spalling, taphonomy.
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1. Introduction

From the moment of discarding, the lithic item begins to meet a process of post-depositional
changes [Odell, 2004, p. 11-12; Andrefsky, 2005, p. 30]. The examination of various aspects of the
post-depositional behaviour of lithic artefacts constitutes the focus of many studies [Flenniken &
Haggarty, 1979; Keeley, 1980, p. 28-35; Gifford-Gonzalez et al., 1985; Levi Sala, 1986; Boot, 1987; van
Gijn, 1989, p. 51-57; Shea & Klenck, 1993; Odell, 2004, p. 66-74, 138; Andrefsky, 2005, p. 83;
Glauberman & Thorson, 2012; Venditti et al., 2016; Caux et al., 2018]. Research into the alteration of
artefacts, inspired initially by the microwear studies [Tringham et al., 1974], is now further stimulated
by the interest in objectively evaluating the parameters of so-called archaeological taphonomy (in
terms of Bertran et al. [2017, p. 124]), i.e. exploring the measure of transformation of archaeological
sites and remains of ancient human activities by the natural agents. Post-depositional surface
modifications (PDSM) or post-depositional alteration (PDA) of lithic artefacts cover a variety of
anthropogenic and natural processes resulting in changes in integrity and physical and chemical
properties of artefacts. PDSM and PDA can result in alterations to the colour and surface structure of
the pieces and deforming the original morphology and integrity of the lithic artefacts. For instance,
sheen, edge damage, cracks, fractures, striations, plastic deformations, edge and ridge rounding,
polished surfaces, pits and surface colour are mentioned by Burroni et al. [2002, p. 1278] and
Asryan et al. [2014, p. 10] among the most common PDSMs.

We suppose that there are also post-depositional alterations of stone artefacts in the materials
of Lower Palaeolithic sites near Medzhibozh. The Medzhibozh 1, Medzhibozh A, Holovchintsy 1 and
2 assemblages belong to technological Mode 1. An important diagnostic feature of Mode 1
assemblages is the use of the bipolar-on-anvil technique, which is accompanied by a significant
number of pits, dents and cracks on the passive element, especially in conditions of intense knapping
activity [van der Drift, 2012; Naumenko, 2021]. We suggest that some artefacts may demonstrate the
effect of post-depositional damage along with fractures and the weakened planes inside the rock,
which appeared as a result of the preceding knapping.

Due to frequent temperature changes or sediment pressure, such defects further can lead to
natural post-depositional damages, which may possess all signs of anthropogenic modifications. This
article aims to present such post-depositional damage on stone artefacts, mainly based on Lower
Palaeolithic assemblages of the Medzhibozh 1 site.

2. Materials and methods

2.1. The general context of Medzhibozh sites

Several stratified Lower Palaeolithic sites are currently known in the vicinity of Medzhibozh in
the Khmelnytskyi region [Stepanchuk, 2020; 2022]. Sites are usually multi-layered. Some include up
to six distinct artefact-bearing layers. The ages of the sites are tentatively estimated at between 1.2 and
0.4 million years. The lithic industry of all horizons contains technologically and typologically archaic
artefacts and is defined as Mode 1. Lithic artefacts and accompanying, sometimes numerous, bone
remains have been identified at different stratigraphic levels and in different geomorphological
contexts. Sediments that include the remains of the ancient occupations are not homogeneous and
have a different genesis. Artefacts have been identified in subaerial soil deposits, initial hydromorphic
soils, and alluvial deposits. In all cases, the hominin activity sites are associated with low areas
located - at the time of accumulation - directly beside bodies of water characterised by the gentle
flow. However, the varying geomorphological position and lithological features of artefact-bearing
layers suggest a different post-accumulation history for different archaeological assemblages. Various
types of rock were used as raw materials, including locally occurring flints in the form of pebbles and
flattened nodules. All assemblages revealed at any Lower Palaeolithic site around Medzhibozh yield
flint items.
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2.2. The context of Medzhibozh 1 site

The multilayered Lower Palaeolithic site of Medzhibozh 1 locates near the eponymous town in
Khmelnytskyi Region, western Ukraine. The first artefacts were discovered here in the mid-1990th by
geologists and palaeontologists [Rekovets et al., 2007]. The archaeological investigations were carried
out in 2008-2012 and 2018 [Stepanchuk et al., 2013; 2014]. In total, assemblages of Medzhibozh 1
contain 383 artefacts; there are two comparatively rich culture-bearing layers, dated to early Lubenian
units and Zavadivian, i.e. MIS 15-13 and MIS 11, respectively [Matviishyna et al., 2013; Matviishyna
and Karmazynenko, 2014]. The sediments containing artefacts of the uppermost layer III also include
numerous fauna remains. Zoogeographically and zonally, the fauna of the Lichvinian time of
Medzhibozh is attributed to the Singilian complex [Krokhmal’ et al., 2021]. The available
biostratigraphic data on large and medium-sized mammals [Stepanchuk & Moigne, 2016;
Stefaniak et al., 2021], the micro-mammalian fauna [Rekovets, 2017] and ESR dates [Qi et al., 2018]
ranging between 373-399 thousand years are in good agreement and unanimously support the
version of the Holsteinian age of layer III. Bone splinters often demonstrate various anthropic
transformations, such as intentional fragmentation, cut marks, chop marks, percussion marks
[Stepanchuk & Moigne, 2016]. Some bones were exposed to high temperatures (over 700°C)
consistent with fireplace evidence recognised at the level of layer III. The age and sex composition of
animals is evidence of intentional, mainly deer hunting [Stepanchuk & Moigne, 2016]. Both
assemblages utilise local raw materials, namely flint, quartz, granite, granitoids, limestone, quartzite,
and other rocks of the Ukrainian crystalline shield. Industries are principally similar and demonstrate
close typological and technological features.

They are characterised by the dominance of bipolar-on-anvil technique and archaic set of
artefacts. These latter include rounded, sub-rounded, and angular fragments of various types of raw
material, sometimes with likely wear. Besides, there are simple unifacial choppers and isolated
retouched or trimmed flakes; the rest of the flakes generally have no intentional modifications. MIS 11
layer III show practically no signs of freehand knapping; there are no freehand cores and no
indications for biface production [Stepanchuk et al., 2021]. The same technology and morphology
features are characteristic for MIS 15-13 layer IV [Stepanchuk, 2022].

2.3. Methodology

Lithic artefacts from Lower Palaeolithic layers IV (MIS 15-13) and III (MIS 11) of the
Medzhibozh 1 site were examined for post-depositional modifications. The focus was on macro-
damage. The Digital Microscope Biwyily USB 500x was also used. Flint and quartz artefacts were
predominantly studied, as they possess easier recognizable and identifiable signs of alterations and
damages. The general patterns of occurrence, location and morphology of macro-damages that
described in a number of works [Flenniken & Haggarty, 1979; Gifford Gonzalez et al., 1985; Boot,
1987; van Gijn, 1989; Odell, 2004; Venditti et al., 2016] were compared with situations observed on
archaeological artefacts from Medzhibozh.

Various types of natural modifications were considered and analyzed in the study of the post-
depositional macro-damage. We proceeded from the assumption that one of the critical attributes of
post-depositional macro-modifications of lithic artefacts is the relative “freshness” of local scars and
ridges, which contrasts with the general level of preservation of the item. In particular, we considered
the presence of various types of patina, rounding, and weathering of the surface. Special attention was
paid to signs of anthropogenic transformation, such as dents, pits, cracks, etc. Such signs are evidence
of unproductive attempts to split the piece of rock. As we suggest, such damages could result in post-
depositional fracturing under certain taphonomic circumstances.

13



Stepanchuk V., Naumenko O. A new aspect of post-depositional alterations ...

3. Results

3.1. Taphonomy features of artefacts and artefact-bearing layers

3.1.1. Artefacts’ taphonomy. There are two artefact-bearing Lower Palaeolithic layers in the
Medzhibozh 1 profile, whose age correlates with MIS 15-13 (layer IV) and MIS 11 (layer III). Flint
artefacts belonging to different assemblages differ in terms of the type of preservation. The type of
preservation implies the type and degree of patina, the measure of roundness and the associated sheen
(or so-called gloss patination) of the surfaces. The white patina is almost absent in flint artefacts. Only
two of 219 flints show weak signs of a white patina. Flints with greenish and dark (rarely yellow and
orange-brown) patina dominate the layer IV assemblage (fig. 1, 5, 7, 9; fig. 5, 4); the more recent layer
I1I assemblage includes mainly unpatinated and less frequent lightly patinated items (fig. 1, 1-4, 10).
Flint products from artefact-bearing layer IV are characterised by roundness and intense sheen (fig. 1,
5-7). To a considerably lesser extent, this feature applies to the younger assemblage.

Fig. 1. Medzhibozh 1, artefact taphonomy features. Flint flakes from layer III (1-4, 10) and layer IV (5-9).
Database IDs: 1 - MJ1/18/16a/156, 2 - MJ1/11/16a/35, 3 - MJ1/03/111/131, 4 - MJ1/08/111/33, 5 - MJ1/12/16b/17,
6 - MJ1/09/16b/25, 7 - MJ1/11/16b/72, 8 - MJ1/11/16b/112, 9 - MJ1/09/1V/23, 10 - MJ1/00/16/37

Puc. 1. Memxn6ix 1, TadoHoMiuHi ocobmuBocTi apTedaxTtiB. Kpem’sni Bigumienu 3 mapy III (1-4, 10) ta mapy IV
(5-9). Imentnixatopu y 6asi ganux: I — MJ1/18/16a/156, 2 - MJ1/11/16a/35, 3 - MJ1/03/111/131, 4 - MJ1/08/111/33,
5 - MJ1/12/16b/17, 6 - M]J1/09/16b/25, 7 - MJ1/11/16b/72, 8 — MJ1/11/16b/112, 9 - MJ1/09/1V/23,
10-M]J1/00/16/37

Both assemblages also contain flint artefacts with surfaces of different preservation, suggesting
that they were not formed simultaneously (fig. 2, 1-3; fig. 3, 2). Most often, such artefacts have single
breaks or scars with a less altered surface and ridges. The better preservation of surfaces and more
sharp ridges ensure a well noticeable contrast with other scars present in the artefacts. The more
preserved surfaces' alteration is not consistent and may vary from artefact to artefact.
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Fig. 2. Medzhibozh 1, artefacts with post-depositional alterations. Refitted flint pebble (1), chopper on flint
pebble (2), flint flake with retouched and trimmed edges from layer IV (3). Numbers 1 and 2 demonstrate
cracks and pits, and numbers 2 and 3 show scars of different states of preservation. Red dots point to artificial
damage; blue dots point to post-depositional alterations; green line marks a border between joining
fragments. Database IDs: 1 - MJ/1/09/16b/96, 2 — MJ1/09/16b/30, 3 - MJ1/00/1V/27

Puc. 2. Memxubixx 1, apredaktu 3 moctaenosmuiiiHumy mopmdikanismu. BigHoBIeHa 3a HOMOMOTOI0
peMoHTaXKa KpeM siHa ranbka (1), yommep Ha Kpem siHiN ranbii (2), KpeM'sTHUIT BifIeN 3 PETYLIOBAHUMM Ta
BifciueHumMu Kpaamu 3 mapy IV (3). Homepu 1 Ta 2 MaroTh TpilimHu Ta BuOOiHM, a HOMepu 2 Ta 3
NEeMOHCTPYIOTh HETaTVBM CKOJMIB pi3HOrO craHy 30epexeHHA. UepBOHMMM KpallKaMM II03HAYeHO
MOUIKO/DKEHHA, L0 YTBOPWINCH I 4ac oOpoOKu apTedpakTiB JIIOOMHOI, CMHIMU — HOCTHCHO3MIINHI
Mopudikarii; 3eleHUMMM JIiHIAMM BKa3aHO Mexi QparmeHTiB apredakTiB, 3’€[HAHMX 32 [JOIOMOTOIO
peMoHTaxa. InenTudikaropu y 6asi ganux: 1 - MJ/1/09/16b/96, 2 - MJ1/09/16b/30, 3 - MJ1/00/1V/27

15



Stepanchuk V., Naumenko O. A new aspect of post-depositional alterations ...

However, less altered scars do not dissonate with the original product's overall technological
and morphological context nor with the industry's appearance. «Recent» scars often do not overlap
the «older» ones and do not form any removal system, mostly being isolated (fig. 2, 2, 3). We
emphasise that this inconsistency would be almost inevitable if we dealt with conventional
reutilization. Reutilised artefacts are also present in Medzhibozh assemblages. For instance, the dorsal
surface of flake MJ1/18/16a/133 [Stepanchuk et al., 2021, fig. 11, 7] exhibit scars typical for layer IV
surface weathering, which are overlain by scars typical for layer III preservation type. The artefacts
discussed in this paper, on the contrary, look as if their processing, which began at some point in time,
was not completed until a considerable time interval later.

Hypothetically, the more recent preservation of some local areas on artefacts could be due to
specific preservation conditions. Resistant sediment can protect an artefact or part of it from
alteration. Thus, there are examples of undamaged small bird bones of exceptionally high
preservation found within fragments of clay sediment (Medzhibozh A, layer VI) or stone artefact in
the core of manganese concretion (Medzhibozh 1, layer III). Besides, many bones from layer III and
isolated artefacts from layer IV were found inside consolidated pieces resembling sand breccia.

3.1.2. Artefact-bearing layers’ taphonomy. The artefact-bearing layers of Medzhibozh 1 are
mainly associated with Middle Pleistocene floodplain facies, alluvial, alluvial-meadow sediments,
laminated loamy-sandy floodplain soils, and facially correspondent subaerial deposits. Worthy to
note, that sediments of layer IV are very sparsely preserved and have likely been water-eroded in some
areas. The intensity of the erosion of sediments containing finds of layer IV is probably linked to their
low thickness, which is explained in terms of low sediment accumulation rates in the area during the
Middle Pleistocene [Stepanchuk et al., 2021, p. 40-41]. A Middle Pleistocene pack is overlying basal
Archean granites. A weathering crust provides fragments of various rocks that could supply raw
materials for toolmaking. During the possible erosion of sediments of the lower part of the Middle
Pleistocene sequence, the natural stone fragments may also have undergone alteration.
Hypsometrically, many of the artefact-bearing horizons are currently also very close to the present-
day river Southern Bug level. Both lithology and geomorphology predict a high probability of
moisture saturation for artefact-bearing sediments. Under conditions of high sediment moisture,
active processes of chemical alteration of the flint surface take place, resulting in rounded surfaces and
ridges [Stapert, 1976; Burroni et al., 2002]. We see this in the Medzhibozh material. The so-called
gloss patina or sheen is also associated with rounding artefacts. It has been reported that gloss patina
results from prolonged exposure of artefacts to soil water solutions [Howard, 2002]. The degree of
rounding depends on the duration of the process and the properties of the flint. The time factor can
explain the differing appearance of the products from the different assemblages of Medzhibozh 1. The
dark-coloured patina, specific to the items from the lower layer, is most likely due to the involvement
of iron and manganese, which are saturated in the deposits, in the alteration process [Matviishyna &
Karmazynenko, 2014].

In the artefact-bearing sediments, stone tools and bones, much more numerous in the younger
layer, are deposited together. In the investigated areas, the remains are deposited evenly and sub-
horizontally. Both larger and smaller remains of different types of material are represented in the joint
occurrence. Documented cases of refitting of knapped flint pebble fragments have been remote by up
to a few metres. However, the granulometric characteristics of the flint artefacts appear to be
distorted, as the fine fraction is few, no more than 20 % of total lithics. There is also a tendency to
micro-stratification of lithic artefacts and fauna in some areas; as it is noticed, larger and heavier finds
occur here slightly lower than smaller and lighter pieces [Stepanchuk, 2014]. These features indicate a
partial re-deposition of younger assemblage residues in alluvial sediments. Some bone fragments
show abrasion scratches [Stepanchuk, 2012, fig. 5], probably caused by contact with hard and sharp
object under the effect of water flow. The re-deposition process was not intensive and was initiated by
a low-energy water flow. An aquatic environment with such indicators (lakeshore or dead arm of a
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river) is reconstructed by natural-science data [Kovalchuk & Rekovets, 2014; Dykan, 2014;
Stefaniak et al., 2021] for alluvial deposits of Medzhibozh 1, containing the remains of layer III.

Thus, the probability of damage and fragmentation of artefacts as a result of exposure to high-
energy water flow is low. The position of the finds on sub-horizontal surfaces precludes the possibility
of mechanical damage during slope movements. The artefact-bearing sediments show no signs of
cryoturbation, so there are no related damage factors either.

Fig. 3. Medzhibozh 1, flint pebbles with damage and post-depositional alterations from layer IV. Altered flint
pebble presenting chopper-like artefact (2) and the context of its recovery (1); fractured flint pebble (3).
Cracks are marked red. Database IDs: 1, 2 - MJ1/11/16b/84, 3 - MJ1/11/1V/364

Puc. 3. Memxubix 1, Kpem’siHi TaqbKy 3 TOUIKOPKEHHSIMHI Ta TOCTAENO3ULiTHMMY MogudiKaLisMu 3 mapy
IV. MopndikoBaHa KpeM siHa raibKa, y BUTTISAAL YOMIIIEPOIIofiOHOTOo 3HapsiAas (2), KOHTEKCT, Y AKOMY ii 6y/10
BusiBeHo (1), TpicHyTa KpeMm’'siHa ranpka (3). TpimmHy no3HaveHi YepBOHUM KObopoM. IneHTndikaropn y
6asi manux: 1, 2 - MJ1/11/16b/84, 3 - MJ1/11/1V/364

Accidental macro-fractures during excavation and further collection processing must also be
eliminated. Single instances of damage to items were recorded immediately at the accident; besides,
fresh surfaces are easily distinguishable due to the lack of fading colour and any signs of sheen.
During the selectively or total sieving of artefact-bearing sediments, we have used plastic screens and
running water, which eliminates any significant alterations.
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Fig. 4. Medzhibozh 1, flint pebble with numerous damages from layer III. Pits and cracks are marked red.

Database ID: MJ1/09/16a/215
Puc. 4. Memxu6ix 1, KpeM’siHa rajpKa 3 YMCIEHHUMY YIIKOKeHHsAMM 3 1mapy III. Buboinu Ta Tpimmuu
MMo3HAa4YeHi YePBOHMM KOMbOpOM. Inentudikarop y 6asi ganmx: MJ1/09/16a/215

However, natural causes of damage to lithic artefacts cannot be completely ruled out, and some
of the fragments of fine flakes, micro-fractures, or scars along the edges could have been caused by
them. However, massive fractures and large scars appear to be of a different nature.
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3.2. Some instances of post-depositional alteration of lithic artefacts

181 (47%) lithic artefacts from the assemblage of Medzhibozh 1 have damage in the form of
pits, dents, cracks, and fractures. There are 72 such items among the assemblage of layer III (43% of
all layer artefacts) and 109 (51 %) among all knapped lithic objects of layer IV. In particular, 8.6 %
(7.7% - layer III, 9.3% - layer IV) of the assemblage of Medzhibozh 1 are pebbles showing cracks.
These damaged but complete pebbles demonstrate systems of pits and cracks along the edges and/ or
over flat surfaces (fig. 3, 3; fig. 4). These fractured pebbles are generally interpreted as evidence of
ineffective hominin attempts of segmenting raw material pieces.

Damage of this type seems to cause some post-depositional alterations. Sometimes these
alterations have markedly altered the lithic objects. For instance, one object found in soft sediments of
layer IV is a pebble with a scar of definitely artificial origin, seemingly detached by an active element
with a point-like working area (fig. 3, 1, 2). The impact formed a chopper-like tool. However, the scar
surface and, more importantly, the edges and ridges appear sharper than on other artefacts from this
layer and, therefore, could be comparatively recent.

The other item is a two-element refit, and it is possible to restore it to its original appearance
(fig. 2, I). Initially, it is blade-shaped according to [Zingg, 1935] flat-convex in profile flint pebble. It
has several areas along the edges with a crushed cortical surface accompanied by cone-shaped cracks,
dents, and diving fractures. In some areas, small scars on ribs form a pseudo-biface pattern. The
artefact may have passed through several function roles and been used both as an active and a passive
element in knapping. Internal damage to the integrity of the rock's structure caused a natural post-
depositional alteration of the object. Despite the apparently natural cause of the disintegration into
two large fragments, the inner surface of the fracture shows signs of anthropogenic modification. In
particular, a flat bulb formed following precision impacts on limited contact area is observed. The
joined interior surfaces of this refit only show a slight degree of weathering, and the edges of the
joining fragments are too sharp.

Two other items, a flake and a pebble show a combination of scars with different degrees of
preservation (fig. 2, 2, 3). The bi-convex in profile and sub-oval in plan flint pebble exhibits a series of
alternating and sometime pseudo-bifacial scars, produced mainly by bipolar-on-anvil and possibly
freehand knapping (fig. 2, 2). Formally the product is a chopper with a peripheral edge. The flat
surfaces of pebble are also dented and cracked, resulting from attempts to segment the pebble in a
horizontal mode. Probably associated with this operation is an area of post-depositional damage,
which contrasts markedly with other parts of the artefact in terms of preservation but also displays
signs of anthropogenic transformation.

The flint flake (fig. 2, 3) has secondary processing scars on the right lateral and distal parts. The
area of post-depositional damage is located on the distal part of the left lateral and forms a convergent
edge with the contiguous modified right edge. The edges in the area of post-depositional alteration are
excessively sharp against the roundness of the artefact. Nevertheless, the surface of the recent damage
is already weathered, too. Made in proper time, an attempt of edge trimming was unsuccessful, which,
however, led to the appearance of internal rock defects that further led to the observed flake fracture.

Both the more weathered and the lighter weathered, all scars are technologically similar and
likely result from bipolar-on-anvil knapping. However, in scars with better-preserved surfaces, the
force points are farther away from the edge when compared to those of poorer preservation. The
existing edges of more recent scars are also sharper and less weathered.

Potlids and frost-pit-like damages represent a particular kind of post-depositional alterations in
Medzhibozh sites. There is a good example of potlid in the materials of Medzhibozh 1 with some signs
of further processing or use (fig. 5, 1). Several artefacts also have likely frost-pits. It is noteworthy that
this alteration is associated with areas of deliberate hominin segmentation of pebbles or flint
fragments (fig. 5, 2-4).
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4. Discussion and conclusions

4.1. The nature and main features of post-depositional alterations

The nature of post-depositional changes of stone artefacts after their discarding depends both
on the general taphonomic situation and environmental conditions [e.g. Bertran et al., 2019] and on
the quality and parameters of the raw materials [e.g. Burroni et al., 2002] and the technique and
intensity of the cleavage [Hovers, 2003, p. 155]. Post-depositional macro-damage of stone artefacts (in
the form of retouching and fracturing) is characterised by dimension diversity, fragmentedness,
random locations and, as a rule, small dimensions [Gifford-Gonzales et al., 1985]. Rather the
exception in the archaeological literature is the claim that the appearance of angular fragments results
from the natural processes of artefact destruction in deposits [Hovers, 2003]; this opinion is partly
supported by the experimental data simulating sediment pressure [Eren et al., 2011]. Retouching scars
and marginal fractures of thin sections of flakes are often recorded during trampling [Tringham et al.,
1974; McBrearty et al., 1998; Vallin et al., 2001; de la Peiia & Witelson, 2018] and displacement in
gravelly sediments [Levi Sala, 1986]. So-called cryoturbation retouching [Stapert, 1976], resulting
from soil pressure on the edges of flake products, has been reported. Marginal retouching and edge
fractures appear on objects that have experienced forceful collisions in fluvial and marine gravels, in
moraine deposits and under pressure by gravely and bouldery matrix [Petraglia & Potts, 1994;
Manninen, 2007; Eren et al., 2011].

Fig. 5. Potlid (1) and artefacts with frost-pits (2-4) on flint (1, 3, 4) and quartzite (2) from Medzhibozh 1
layer III (1), Medzhibozh A layer V (2), Medzhibozh A layer VI (3), and Medzhibozh 1 layer IV (4). Arrows
points to frost-pit-like damage. Database IDs: 1 - MJ1/11/111/22, 2 - MA/15/V/3A-3B, 3 - MA/16/V1/6A,
4-M]J1/18/16b/307

Puc. 5. Mopo3o6iituuit ckorn (1) Ta apredaxtu 3 Mopo3obiitHumu Buboinamu (2-4), BUTOTOB/IEH] 3 KpEMEHIO
(1, 3, 4) Ta xBapunry (2) 3 crosHok Memku6ixk 1 map III (1), Memkubixxk A map V (2), Ta Memxubix 1
map [V (4). Crpinkamu mosHaveHO MicCusi MOpPO300iTHUX MOMIKOMKeHb. ImeHTudikatopu y 6asi gaHux:
1-MJ1/11/111/22, 2 - MA/15/V/3A-3B, 3 - MA/16/V1/6A, 4 - MJ1/18/16b/307
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Post-depositional modifications of stone artefacts can significantly modify their initial
appearance and influence the determination of the artefact status of the assemblage as a whole, the
interpretation of the individual lithic item, and the characterisation of wear [Unger-Hamilton, 1984;
Peacock, 1991; Bordes, 2002; Andrefsky, 2005, p. 197; Lenoble et al., 2008; Bertran et al.,, 2012;
Asryan etal., 2014; Lemorini et al, 2014; Schoville et al., 2016; Michel etal., 2019]. Both
Medzhibozh 1 assemblages contain artefacts possessing surfaces of different states of preservation,
suggesting that they are of different ages. This kind of evidence may point either to reutilisation or
natural alterations. However, no removals system is traced in detachments that left more recent
surfaces, what could be expected in the case of reutilisation. Besides, more recent scars tend to be
isolated. Notably, most individual pieces demonstrating post-depositional alterations show a
technological and morphological consistency of differently preserved surfaces. This regularity
indicates that a force initiating detachment was applied simultaneously. We, therefore, consider
artefacts showing a variate state of scar preservation to be PDA products.

Which features should be considered natural modifications? The question is particularly critical
in the case of Medzhibozh, as we are dealing here with relatively ancient assemblages. The antiquity of
assemblages suggests a lengthy period during which artefacts, depending on the local conditions of
their position, were influenced by natural modifying agents of various intensities and effects. This is
fully applicable to Lower Palaeolithic sites [Hovers, 2003; Grosman et al., 2011; Garcia et al., 2013;
Lemorini et al., 2014; Titton et al., 2021].

A variety of local raw materials were used in Medzhibozh and a bipolar-on-anvil technique was
predominantly used for knapping [Naumenko, 2021; Stepanchuk et al., 2021]. As a result, many
artefacts show no apparent signs of artificial splintering, in a sense usually understood by specialists
studying more recent lithic assemblages [e.g. Wisniewski et al., 2014]. When assessing the measure of
artefactual or geofactual affiliation of Medzhibozh objects, one must also consider the factor of the
probability of post-depositional modifications of lithics.

In our opinion, one of the key signs of the presence of post-depositional macro-modifications
of stone artefacts in the Medzhibozh assemblages is a clearly localized relative “freshness” of scars and
associated ridges, namely: different sharpness or degree of pitting, lustre, absence of patina, or its
different type, etc. It is a common approach, as different degrees of weathering or patination on
different scars are usually perceived as an indication of the different timing of occurrence and,
therefore, a sign of natural forces [Peacock, 1991, p. 352].

The observed features of Medzhibozh flint items preservation, particularly their rounding and
sheen, could result from water flow transport or long-term exposure to water-saturated soil. The low
frequency of small flakes evidences the first version. However, most of the other observations testify
against it. Stone artefacts from different rock types and faunal remains are deposited together. The
spatial pattern of finds does not indicate intense movement by flow, although signals of secondary
stratification in size and weight are present. The flint artefacts show no evidence of surface sand
abrasion. Therefore, the version of the long-lasting stay of artefacts in water-saturated sediments
seems preferable when explaining the type of surface preservation.

In explaining the causes of macro-fractures, the pressure and collision version of the sediment
movement seems unlikely. Breakages are unlikely due to being in a high energy flow (of which there
are no signs) or in a matrix saturated with gravel and debris, as the nature of the sediment observed at
the site is different. The trampling version does not seem tenable in our case from the macro nature of
the damage, which is inconsistent with the basic type of damage typical of trampling. Artefact-bearing
sediments do not yield signs of cryoturbation, so concomitant damage factors (pressure,
displacement, collision) are also unlikely. Assemblages contain no burned flints, though there is
evidence of fire use [Dmytruk & Stepanchuk, 2017]. Therefore, the most likely cause of post-
depositional macro-damage in Medzhibozh assemblages appears to be natural cyclic temperature
changes.
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Fig. 6. Medzhibozh 1, flint artefacts, displaying damages to the internal integrity of rock (1-4). Cores (1, 3, 4)
and flake (2) from layer III. Black arrows point to cones and cracks. Database IDs: I - MJ1/09/16a/50,
2 - MJ1/11/111/116, 3 — MJ1/96/111/60, 4 -M]J1/111/130

Puc. 6. Memxubix 1, kpem’siHi apredakTy, 10 JEMOHCTPYIOTD CIiAV BHYTPIIIHBOTO MOIIKOPKEHHS CHPOBIHN
(1-4). Hyxneycu (1, 3, 4) ta Bimmen (2) 3 mapy III. YopHi cTpinkmu BKasylOTh Ha KOHYCM Ta TPilIVHN.
InenTudikaropu y 6asi ganux: 1 - MJ1/09/16a/50, 2 - MJ1/11/111/116, 3 - MJ1/96/111/60, 4 -M]J1/111/130

4.2. Thermal alterations and the time-delayed spalling effect

In nature, there are multiple processes of rock fracture due to expansion and contraction as a
result of temperature changes [Hall, 1999]. Burroni et al. [2002, p. 1278] emphasise that thermal
processes, like freezing-thawing, result in cracks, fractures, and pits. The frequent alternation of
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freezing and thawing, argues Stapert [1976, p. 14], leads to the formation of small cracks in the flint,
along which splitting can occur.

Different rocks react differently to thermal processes. For instance, the heterogeneous texture
of a stone ensures greater stability when heated [Homand-Etienne & Troalen, 1984]. Belonging to the
same type of rock also does not guarantee that the alteration effects are identical. Thus, it has been
reported that flints of different origins do not respond in the same way to heating [Bustos-Pérez &
Baena Preysler, 2016, p. 79]. For surface rocks, a distinction is made between «insolation weathering»
caused by thermal stress and repeated thermal expansion and contraction, and «thermal shock»
[Shtober-Zisu et al., 2015].

The principle of insolation weathering is similar to exposure to freeze-thaw cycles in terms of
repeatability. The frequency of the latter depends on many factors, even the orientation of the site; on
the southern slope, there are more such cycles over the same period [Masson et al., 2014, p. 248]. The
patterns of destruction of carbonate rocks by thermal shock during wildfire also depend on the type of
rock and its exposition. In the context of a study of intentional heating processes during tool
production, many experimental observations have emerged which describe the different responses of
flint of different origins to the same thermal process conditions heating [Bustos-Pérez & Baena
Preysler, 2016].

The spalled product of stone fracture caused by the thermal stress fatigue process has a
distinctive morphology (fig. 5, I). As Barnes [1939, p. 106] emphases, temperature changes may result
in the appearance of circular or elliptical flakes, known as «pot lids», leaving on the block
corresponding hollows or pits known as «frost pits». Similar lenticular-shaped rock flakes have been
described by Stober-Zuis et al. [2015], who observed accelerated thermal effects of wildfire on
carbonate rocks. Potlids are necessarily present among the fracturing elements of experimentally
heated flint products [Bustos-Pérez & Preysler, 2016]. Therefore, it can be assumed that the
morphology of thermal alteration products is independent of the intensity of the thermal influence.
However, the intensity of the thermal shock does, of course, affect the rate at which the stone breaks
down.

It can be assumed that the thermal process alterations are intensified if there are already cracks
or damage in the rock. Assemblages of Medzhibozh belong to Mode 1 industries with active use of the
bipolar-on-anvil technique. A large number of artefacts have pits, dents and cracks (fig. 2, I; fig. 3, 3;
fig. 4). The observed abundance of damage is due to the technique used, the small size of the pebble
flint and quartz raw material, and the technological intention for crushing to small fragments
(fig. 6, I-4). Damage occurs on the object to be knapped (the so-called passive element) due to the
intensive counterpressure [van der Drift, 2012; Naumenko, 2021]. The effectiveness of any type of
intentional knapping is ensured by the formation of a crack, which propagation leads to the
detachment of a flake (fig. 7, I). A relatively thin flake is results under a combination of bending and
compressive forces [Cotterell & Kamminga, 1987]. These authors also state that in bipolar knapping
the crack in the processed material is characterised by the most stable propagation (fig. 7, 4). Under
compressive stresses, cracks are completely stable and grow only as the load is increased [Cotterell &
Kamminga [1987] (fig. 7, 3, ¢; 3, £; 4, d). This means that the physical dimensions of the crack: length,
depth, and width, depend only on the impact force. A force insufficient to split will nevertheless
damage the integrity of the rock that has been subjected to the load. It should also be taken into
account that any load in bipolar knapping (as in any other type of knapping) leads to internal
gradually damped breaks in the monolithic texture of the item being worked (fig. 7, 2, b). Medzhibozh
assemblages contain numerous instances of such damages (fig. 6, 1-4).

Freeze-thaw cycles can re-activate the crack propagation process in an item that has already lost
structural integrity. Such a process in crack-containing artefacts of Mezhibozh could result in post-
depositional macro-damage. In this case, a crack naturally propagates along the planes that weaken
the rock's integrity at hominin processing. The thermal stress fatigue process detaches a flake, whose
shape and location are already largely man-determined and are, therefore, in perfect agreement with

23



Stepanchuk V., Naumenko O. A new aspect of post-depositional alterations ...

the morphological and technological appearance of the artefact. In this way, the mechanism of the
post-depositional effect of time-delayed removal, initiated by the ancient toolmaker and terminated
by natural alteration, can be described.

A\
o\
\ .
c
f
STIFFNESS COMPRESSION
CONTROLLED CONTROLLED
TENSION BENDING FLAKE FLAKE
a b c d
4
UNSTABLE = STABLE

Fig. 7. Some basic features of a flake detachment process. 1. Scheme of crack propagation: initiation (a),
propagation (b), termination (c) after Odell [2004, fig. 3.1]. 2. Flake detachment through Herzian fracture
near the edge of core (a) and far from the edge (b), after Odell [2004, fig. 3.7]. 3. Scheme of some variations of
bipolar-on-anvil knapping, a-f, after van der Drift [2009, fig. 5]. 4. The stability of crack propagation is
higher in the case of bipolar knapping (d) after Cotterell & Kamminga [1987, fig. 16]

Puc. 7. JleAaxi BaxIMBi XapaKTePUCTUKY TNPOIIECY BiOKpeMIeHHA ckomy. 1. CxeMa MOIUMPEHHS IUIOLIMHU
poslLierieHHA: To4aToK (a), mowmupenHs (b), 3aBepuenHsa (c) [3a Odell, 2004, fig. 3.1]. 2. Konyc I'epua npu
poslieIIeHH] 0 Kparo HyKleyca (a) Ta Ha Biggani Bif kxpato (b) [3a Odell 2004, fig. 3.7]. 3. Cxema okpemux
BapiaHTIB TexHikM OimonApHOro posijernyieHHsa Ha kosamm, a-f [3a van der Drift 2009, fig.5].
4. CrabisbHICTD MOIMPEHHs IUIOLVHY PO3ILEIIEHHs BUIIA Y BUNAAKY 3aCTOCYBaHHA OIMOAPHOI TeXHIKM
(d) [3a Cotterell & Kamminga 1987, fig. 16]
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4.3. Some further instances of time-delayed removals

Examples of post-depositional alterations of artefacts with multiple instabilities of the internal
structure obtained during processing and use phases are not limited to Medzhibozh 1. They have also
been found in other Lower Palaeolithic sites near Medzhibozh. Of special interest are items with scars
and surfaces of varying preservation and alterations resembling frost-pits.

Fig. 8. Lithic artefacts, showing signs of time-delayed spalling. 1. A large basalt flake with another, partially
altered, not completely spalled, flake on its dorsal surface, Crimea, courtesy A. Chepalyga; 2. A flint flake with
another, partially spalled, flake on its ventral surface, Medzhibozh 1, layer III; 3. A cracked flake from locality
A.L. 894 (Hadar, Ethiopia), after Hovers [2003, fig. 2]

Puc. 8. Bupobu 3 kaMeHI0 3 03HAKaMU BiK/TafleHOTO Y Yaci po3KomoBaHH:A. 1. Benukuit 6a3anbToBuit Bimien
3 I[e OJHUM YacTKOBO MOAM(iKOBAaHMM, He MOBHICTIO BifOKPEM/IEHMM, CKOJIOM Ha [OPCA/IbHIiil MOBEPXHI,
Kpum, Hamano A.Yenamuroto; 2. Kpem’siHmit Bifijen 3 iHIIMM, YacTKOBO BiIOKpEM/IEHMM CKOJIOM Ha
BeHTpanbHiil moBepxHi, Memkubix 1, map III; 3. Posrpickanmit Bimien i3 micuesHaxomkeHHs A.L. 894
(Xapmap, Ediomis) [3a Hovers 2003, fig. 2]
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We assume that potlids and frost pits in the context of Mode 1 industries may also represent a
variant of post-depositional alteration of artefacts that have experienced an anthropogenic impact but
were later modified by a thermal factor. They have yet to be recorded and studied. In remote areas
and sites, there are also instances of the post-depositional effect of time-delayed removal(s). A
remarkable case of time-delayed removal has been identified in the Crimea in assemblage collected in
Middle Pleistocene sediments of Black sea terrace V (fig. 8, I). A large basalt flake on its dorsal surface
has survived remnants of another, not completely spalled, flake. The unproductive impact had likely
formed weakness zones in the rock structure. Subsequent alteration has led to partial spalling of
marginal areas of the flake, which still remains incompletely spalled. Principally the same case is
reported for Medzhibozh, although in this case, the basal part of the not-detached flake has spalled
(fig. 8, 2).

A probable case of time-delayed destruction is presented by an item published by Hovers
[2003] (fig. 8, 3). The author describes it as an object that a natural factor has destroyed. This
explanation can be accepted with a remark that a natural factor may have affected the lithic artefact
through weaknesses in the rock's integrity. The interposition and configuration of the fragments
suggest a point impact of force on the surface of the artefact, possibly obtained during an attempt to
process the object by man. Something similar can be observed on a flake from Medzhibozh 1 layer III
(fig. 6, 2). Several attempts to fragment this flake were unsuccessful, but cones and diagonal cracks
affected the rock's internal integrity. Therefore, it must be assumed that the factor resulting in the
occurrence of not fully detached flakes was not limited to the parameters of a single artefact-bearing
layer, a single site or a local area. The cyclic temperature changes seem to be the most likely and
broadly acted factor.

4.4. Concluding remarks

Concluding, we claim that in the case of the Lower Palaeolithic industries of Medzhibozh, we
are dealing with post-depositional alterations (PDA) of lithic artefacts. We consider it a peculiar
combination of anthropogenic and natural effects. Post-depositional alterations have affected
artefacts, which previously, while still in the process of hominin processing, have experienced internal
structure damage. The internal cracks formed in the impact zone of the non-detached flake later, after
some indefinite (presumably long) time, contributed to the accelerated alteration of the object in this
area and, eventually, to the final detachment of a flake. We assume the temperature effect to be the
main factor in the stage of natural alteration. The effect of the «time-delayed spalling» or combined
human-and-nature alteration effects needs additional study. Further work is required to revise
existing assemblages and conduct experimental work to simulate the conditions under which «time-
delayed spalling» occurs.
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HOBUWM ACIIEKT IIOCTIEIMO3UIINHUX MOJIUPIKAIIIN KAM’STHUX APTE®AKTIB:
3A MATEPIAJIAMM HMXXHBOIIAJIEOJIITUYHMX KOJIEKIIIV MEJDKMBOXKA

Bagum CTEITAHYYK', Onekcannp HAYMEHKO?

! Incruryr apxeonorii HAH Ykpainn, npocn. I'epois Craninrpaga, 12, 04210, m. Kui, Ykpaina,
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? HayjionampHmit Mysert icropii Yxpaitn, By, Bomogumupcska, 2, 01001, m. Kuis, Ykpaina,
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Y Matepianax HIDKHBOTATEOTMITUYHUX CTOSTHOK Memknboxa BUABIEHO KpeM sHI apredaktm, [0
3a3Ha/m BIUIMBY HocTAeno3muiiaux mopudixaniin (IIJM). Bucynyro mpumnylieHHs, 1[0 MaeMoO CIpaBy 3i
CBOEPITHOI0 KOMOIHAIIi€I0 aHTPOIIOTeHHOTO Ta MIPUPOJAHOTO BIUIMBY Ha KaM sHi apTedakTu.

3a3HaveHo, 1[0 B OKOMUIAX cMT Memxnbix (XmenpHuipka 0671.) Hapasi BifoMo Kinbka 6araTourapoBux
cTpaTudiKOBaHMX IaM ATOK HIDKHBOTO MameosiTy. ApredakTy i1 IaTeOHTOMOTIYHI PELITKM BUABIEHO B
cybaepalbHUX IPYHTOBUX BifiKIafaX, iHII[jaTbHUX TigpoMOpQHUX IPyHTaX, a TaKOXX B aIIOBiaJbHUX
CeMMEHTaX. 3arajioM BiK CTOSIHOK IOIlepelHbO BU3HaueHOo Mixk 1,2 i 0,4 mnH pokiB. KoHcTaToBaHO, 1110 KaM’ siHi
Konekuii Bcix 6e3 BUHATKY TOPU3OHTIB MICTATh BMPOOM apXaidyHOrO BUIVIAANY, iHAYCIpiA HAIEXUTH MO
TexHosoriuHoi Mogeni 1 (onmoBany).

BcraHOBIEHO, 1[0 SIK CMPOBMHY BMKOPUCTOBYBA/IM Pi3Hi MOPOAY KaMEHIO, 30KpeMa KPEMiHb MiCLIEBOTO
HOXOIPKeHHs Y dopMi Tampok i cruoumeHnx HeobkaTaHMX (parMeHTiB. BusHaweHO, 1[0 YacTMHA KpeM sTHUX
BUPOOIB XapaKTepu3yeTbcA OOKaTaHICTIO Ta OIMCKOM, ILIO CIPUYMHEHO IXHIM TpUBaIUM IepeOyBaHHA Y
TOPM30HTAX, HACUYEHNX BOMIOI0, @ TAKOXK KOPOJIOBaHICTIO TIOBEPXOHb CKOJIiB.

3a3HaueHo, 1[0 3aebinbuia Kpem AHi apredaktu I i IV mapis MaroTh noxiOHMI piBeHb 36€peXXeHOCTI, y
KOJeKIil TaKo>X HasBHi apTeakTy 3 MOBEPXHAMMU 3 Pi3HUM TUIOM 30epeXeHOCTi, 10 Iepenbdadae iXHIO
pisHOYacHicTb. 3a HAIMMM MifpaXyHKaMM BCTAHOBJIEHO, IO 4YacTuMHa apredakTiB, fAKa J[IEMOHCTPYE
6araToBapiaHTHY 30epeXeHiCTb HeraTuBiB, HIEXUTHh [O IPOAYKTIB IOCTAENO3ULIMHNX Mopugikariil.
CrBepmxeHo, 110 6iNbIIICTD okpemux IIJIM mNpopAyKTiB [EMOHCTPYE TEXHOJNOTIYHy I Mop(bonoriqﬂy
Y3TO[KEHICTh IIOBEPXOHb Pi3HOI 30€peXKEHOCT], 10 CBifYUTh Ha KOPUCTh OMHOYACHOCTI OTPUMAHHA IMITy/IbCiB
CUINL.

Bucynyro mpumynieHHs, 10 Ma€eMO CIpaBy 3 HOBMM Pi3HOBMIOM IOCTHEHNO3MIINHMX Momuikarii
KaM’ sIHuX 00 €KTiB. BcTaHOBIEHO, 1110 3MiH 3a3HanM apTeaKTy, BHYTPILIHS CTPYKTypa AKMX Oy/Ia MOMKOKeHa
nif yac 06po6KM MIOAMHOI; Yy MemknOoKi aKTMBHO 3acTOCOBYBajacs 6iloiApHa TexHiKa Ha KOBajyli; 6araTo
apreakTiB MalOTh O3HAKM YUCIEHHMUX CIPOO PO3KOIIOBAHHSA, IO CYHpPOBOMKYIOTHCA 3MIHOKI IOTOXKEHHSA
CEerMEeHTOBAHOTO IpeaMeTa. Bin3HaueHo, 1110 Ha IpeMeTax TaKi XapaKTepUCTUKU HaOyBaloThb GOPMU NPOCATOK,
30BHILIHIX TPilMH, BHYTPILIHIX KOHYCiB (HamiBKiNbLieBUX TpimmH). BiporigHo, BHyTpimHi TpimmHu, Aki
YIBOPWINCA B 30Hi yJapy HeCKOJEHMX BiflleNiB, Hajaai COpUAAM NPUIIBULIEHOMY BUO3MiHIOBAaHHIO
IpefMeTa Ha Il JUIAHIN i, 3pelToro, BinpuBy CKOY. 3ayBaskeHO, 1[0 NoABa Takoro tumry IIJIM sanexxuts Bif
6araTbOX YMOB: iHTEHCMBHOCTI NOpYILIeHb BHYTPIilIHbOI Ii/IiICHOCTI, CTPYKTYpM MOPOAM, KTIMAaTUYHUX YMOB,
MOCTHAENO3ULIITHUX O0OCTaBMH. HaijtiMmoBipHIlIMM BM3HAHO KIIMaTMYHO 3YMOBJEHMII YMHHUK MHOXXUHHUX
LMKIIiB 3MiHM TEMIIEPATyPHOTO PEXNMY.

BcebGiuHe BuBYeHHA NOCTAeNo3uuiHMX Moaudikaliii HabyBae 0cCOOIMBOrO 3HAa4YeHHA Mif dYac
ROCTIIKEeHb HIDKHBOTIATICONITUYHIX CTOSHOK, 30KpeMa TeXHOJOri4yHoi Mofeni 1 (o/nmoBaHy), 110 3yMOBJIEHO
crienikoX0 BUKOPUCTAHHA Pi3HOPIIHMX BMAIB CMPOBMHM I apXaiyHMX TeXHIK PO3KOJIOBAaHH:A, a TaKOX
TPUBAINM TIEPiIONIOM, IPOTATOM AKOTO MaTepias 3a1MIIaBCA TOXOBaHMM.

KniogoBi croBa: HIDKHIN maneornmitT, Memxubix, kaMm sHi apTedakTu, MOCTAENO3NULiHI Moxudikaliii,
BifIk/IafieHe B 4aci pO3KOTIOBaHHs, TahOHOMIA.
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