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Preface

The scope of this volume is to provide new data on aspects of landscape archaeology and

show how and why methods, paradigms, and perspectives have changed during the last fifty

years regarding conceiving, approaching, and studying the archaeology of the human past. The

methods we employ now to interpret archaeological landscapes and the effect of human impact and

climatic variations on various territories are just some that have greatly improved from the end of

the Seventies onward; this is due to different reasons. Among them are ethnoarchaeological and

archaeometric approaches, the systematic and accurate use of radiocarbon dating of different types of

organic material, and the help of many scientific disciplines that have been developed to interpret the

most hidden aspects of the way humans exploited plains, mountains, river banks and coastal strips.

These events led to dramatic, sometimes irreversible changes. They took place through the ages,

mainly due to subsistence economic reasons and the exploitation of raw material sources, including

rocks, metal ores, and clays for pottery production.

The present volume consists of fifteen papers. They show a great variety of approaches used

by archaeologists and other scholars from several parts of the world to improve some aspects of

landscape archaeology and to interpret the processes that took place in different prehistoric and

historical periods, transforming the territory and leading to the present situation.

The guest editors are deeply indebted to all the authors who were kind enough to provide papers

for publishing a new volume of the Landscape series and to present new and original data from their

research, many of which are currently underway.

Paolo Biagi and Elisabetta Starnini

Editors
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Landscape and Settlement over 4 Millennia on the South Side
of Lake Issyk Kul, Kyrgyzstan: Preliminary Results of Survey
Research in 2019–2021

Claudia Chang 1,*, Sergei S. Ivanov 2 and Perry A. Tourtellotte 2

1 Institute for the Study of the Ancient World, New York, NY 10028, USA
2 International Relations and Oriental Studies, Kyrgyz National University, Frunze Street Bishkek,

Bishkek 720033, Kyrgyzstan; sergioive1982@gmail.com (S.S.I.); ptourtellotte@sbc.edu (P.A.T.)
* Correspondence: cchang@sbc.edu; Tel.: +1-315-416-7268

Abstract: This paper discusses the preliminary results of archaeological surveys conducted in the
Juuku Region of north-central Kyrgyzstan on the south side of Lake Issyk-Kul. Our goal was to
document ancient and contemporary agropastoral systems over a four-millennia period. During
the surveys, about 350 loci were identified as settlements, burial mounds, graves, single artifact
finds, and artifact scatters (ceramic). The areas of Juuku Valley surveyed included two discrete
polygons: Polygon 1, Lower Juuku at 1750 to 1950 m asl in elevation and Polygon 2, Chak Juuku or
Upper Eastern Branch Juuku Valley at 2060 to 2100 m asl in elevation. Three radiometric dates and
preliminary archaeobotanical studies were conducted at three exposed profile cuts. The methods
included here are: (1) pedestrian surveys; (2) use of digital maps (Google Earth, Nakarte); (3) placing
archaeological loci within known chronological time periods; (4) AMS dating of charcoal samples
collected from profile deposits; and (5) preliminary identification of plant remains found from
archaeobotanical samples. The results of our research represent the first step toward inventorying
and interpreting archaeological data in the Juuku Valley derived from field studies.

Keywords: archaeological survey; Inner Tian Shan Mountain region; iron age; medieval period;
agropastoralism

1. Introduction

We investigate the impact of ancient farming and herding systems upon the natural
landscape of a river valley and alluvial fan of the Inner Tian Shan Mountain region over
a four-millennia time period. The Inner Tian Shan region is an important part of the
historically known trade and migration routes described as the proto-silk routes and
by others as the Inner Asian Mountain Corridor [1] linking the desert-oases of Central
Asia, the Eurasian steppe, and the territories of the Chinese Dynasties from the Bronze
Age (ca. 2500 BCE to 900 BCE) through contemporary times. This article reports on the
preliminary results of pedestrian surveys conducted in 2019 and 2021 in the Juuku Valley
on the south side of Lake Issyk-Kul (Figure 1). This landscape ranges from high alpine
meadows surrounded by conifer forests to semi-arid grass-covered steppe lands. Our
working hypothesis is that ancient farming and herding practices along with human
settlement over a landscape were shaped by the local climate and environment, while in
turn such human activities altered those natural landscapes. To test this hypothesis, we
chose two sample polygons in the Juuku Valley for field survey, one in the upper valley
and the other in the lower reaches. Our objective is to examine the long-term effects of
land clearing for farming and herding as well as the alteration of land surfaces through the
construction of architectural features. The results of our field seasons include an inventory
of approximately 350 activity loci. We collected radiocarbon samples and sediment samples
from three site profiles. The soil samples have been analyzed by archaeobotanists who

Land 2022, 11, 456. https://doi.org/10.3390/land11040456 https://www.mdpi.com/journal/land
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identified the remains of ancient seeds. These preliminary results contribute to the larger
discussion of Late Holocene human impact upon the mountainous regions of Central Asia.
As such, this is the first step toward creating site inventories that can be used as future
planning tools for land development, cultural heritage, and the preservation of natural
landscapes in the Issyk-Kul basin.

 

Figure 1. Locator map of Kyrgyzstan. Kizil Suu is the study region.

New forms of evidence for explaining the trade, communication, and migration net-
works of the intermontane regions of Central Asia and their importance to the Eurasian
steppe have included detailed archaeobotanical research tracing the pathways of domesti-
cated plants [2–6]. Ancient DNA studies have traced human population movements [7–9],
while isotope analyses of ancient human and animal bone materials have documented
mobility and dietary practices [10,11]. These laboratory studies on ancient plant, animal,
and human remains augment a rich inventory of material culture from archaeological
settlements. Our research turns to a more mundane but important strategy for examining
ancient mobility patterns in a single valley area. Since the 1990s, archaeologists have
used basic survey methods for finding and inventorying archaeological sites in the Tian
Shan mountains and surrounding region for the Iron and Bronze Age materials in the
neighboring Republic of Kazakhstan [12–17]. In Western Tian Shan, ethnoarchaeological
observations on the seasonal movements of pastoral transhumance have noted the use of
winter and spring/autumn camps, thus suggesting that the Bronze Age agropastoral site
of Adunoqiaolu was also occupied during winter months [18,19]. Survey research at Juuku
Valley serves as an excellent contrast to previous archaeological survey research on the
alluvial fans of the northern Tian Shan range [12,14,15].

In 2018 and 2019, archaeological surveys in the Kochkor Valley of the Inner Tian Shan
have been conducted [20,21]. Lynne Rouse and her colleagues [20,21] have undertaken
UAV surveys and GIS mapping in the Kochkor Valley, also situated on the south side of
Lake Issyk-Kul. The objectives of their surveys have been to record upland archaeolog-
ical features dating from the Bronze Age through Medieval periods in conjunction with
archaeological excavations conducted at the upland site of Chap at 2000 m asl. that have
deposits dating from 1065 BCE to 825 BCE. Rouse and her colleagues intend to document
the Inner Asian Mountain corridors along this important passageway of the Inner Tian
Shan range [20]. During the Late Bronze occupational phase, archaobotanists discovered
ancient seeds of Hordeum vulgare (hulled and unhulled barley), Triticum (free-threshing and
possible glume wheats), Panicum miliaceum (broomcorn millet), Setaria italica (foxtail millet),
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and Pisum sativum (pea) [22–24]. Indeed, current research on plant and animal remains
and material culture throughout Central Eurasia have demonstrated the importance of
agropastoralism from the Bronze through Medieval periods [25].

The goal of our preliminary studies of the Juuku Valley is to develop a set of hypothe-
ses and methods using archaeological survey for examining the long-term evolution of
agropastoral systems. From the Bronze Age through the historic period, over four millennia
during the late Holocene, people have practiced agriculture and pastoralism in regions of
Central Asia [14,23,25]. The purpose of these preliminary surveys are to discover when and
where certain groups of people (Andronovo, Saka, Wusun, Turkic, Medieval Qarakhanid,
and Ethnographic Kirghiz) were inhabiting this valley. In nearby regions, the changes from
the mixed herding and farming systems of the Bronze and Iron Ages to irrigated farming
systems in combination with pastoralism during the Medieval and historic periods have
had a significant impact. Our goal is to outline how this evolutionary process may have
taken place in a single valley of Central Asia.

2. Materials and Methods

Study Area

The environmental setting and physical landscape features of the Juuku Valley (see
Locator Map, Figure 2) are also important for documenting both anthropogenic and nature-
induced changes in the Juuku Valley during the late Holocene. The Juuku Valley is a small
intermontane valley formed by the mountain streams flowing southward to Lake IsskyKul.
The lake itself is fed by 102 streams and rivers and fluctuates 20 cm in water level due to
glacial melt [26]. The main glacier peak of this valley is It Tash (elevation 4808 m) and the
entire valley extends 50 km north towards the southern littoral of Lake Issyk-Kul. The
geology of Juuku Valley is similar to that of Dzhety-Ogyuz valley to the east [27]. The
Paleozoic granites and metamorphic rocks are the foundation for the Dzhety-Ogyuz valley
and neighboring valleys. Overlaying these granites are Jurassic quartzites. The Eocene
and Pliocene deposits consist of a series of red sandstone formations. The surface alluval
deposits of indeterminate age include gravels, pebbles, sand, and loam. The valleys and
gorges on the south side of the Issyk-Kul basin have been subject to frequent earthquake
disturbances, many impacting Medieval settlements [28,29].

 

Figure 2. Locator Map of Juuku Valley. The lower cluster of points is Upper Juuku, and the upper
cluster of points is Lower Juuku.

The vertical zonation below the glaciers consists of rocky terrain with some traces of
desert-like vegetation. From 3400 to 3000 m there are grassy meadows and a sub-alpine
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climate and at elevations of 3000 m to 2000 m, Tian Shan spruce trees surround meadows
of perennial grasses and shrubs. This is the upland zone (2000 to 3000 m) currently used
by Kyrgyz herders for grazing sheep, goats, cattle, and horses and for cultivating small
fields of barley and fodder crops. In our study area, this upland zone is demarcated as
the Upper Juuku Valley. From here, the gorge opens into the Lower Juuku, an alluvial
valley consisting of terraces and benches above the streams and rivers (an area of about
10.5 sq km). Below this alluvial valley is a large alluvial fan (44 sq km) where the Juuku
River empties into Lake Issyk-Kul. The Lower Juuku area today has large, irrigated fields
of wheat, barley, oats, alfalfa and hay; flocks and herds of animals graze along the edges of
the fields and in stubble areas. Along the far reaches of the alluvial fan near the shoreline
of Lake Issyk-Kul (ca. 1600 m) there are marshlands and rich pasture areas.

Two sample polygons in the Juuku Valley were chosen for intensive survey because
they appeared to have a high density of burial mounds constructed of stone and/or earth
(kurgans) and architectural features (Figure 2). We chose these two polygons because they
represent two different vertical zones. Polygon 1 in the Lower Juuku Valley, an area of
6.4 sq km, is situated in the productive zone of wheat, barley, oats, fodder plants, and
winter grazing in 1750 to 1900 m asl. The 6.4 sq km area is approximately half of the
total alluvial valley of the Lower Juuku Valley. Below this alluvial valley is a large fan
that reaches the southern shoreline. Polygon 2 in the Upper Juuku Valley, with an area
of 0.5 sq km, consists of a series of terraces and a narrow floodplain with steep colluvial
deposits along the eastern branch of the Juuku River. Polygon 2 is situated in the zone
of summer pasture area, tourist camping, fishing spots, and forest service reserves at
elevations from 2000 m to 2100 m asl. The pedestrian surveys conducted by a team of
three field archaeologists were aided by inspection of imagery from Google Earth, Soviet
maps, and other digital maps (Nakarte). The loci were recorded using Garmin GPS units.
Each locus was recorded by coordinates, described, and photographed in the field. From
detailed notes, Excel spreadsheets were created for all site and artifact loci. During 15 field
days in 2019 and 30 field days in 2021, we amassed an inventory of over a total of 1000 loci
from the Kizil Suu, Saruu, and Juuku Valleys.

In addition to surface survey, we also recorded archaeological features such as pits,
house structures, storage pits, and fire pits found in exposed stratigraphic profiles. Many
of the exposed stratigraphic profiles were erosional or river cuts or the result of road
construction and farming activities. Three stratigraphic profiles found at settlement sites
were selected for more detailed analyses. Radiocarbon samples and soil samples for
archaeobotanical analyses were taken from these three exposed profiles, one in the Lower
Juuku polygon and two in the Upper Juuku polygon. In Polygon 1 (Lower Juuku), at Loci
387, large burnt wood samples for radiometric dating and an archaeological soil sample
of 17 L were collected from a house pit. In Polygon 2, two stratigraphic profiles from two
different erosional cuts were identified as archaeological house pit fills containing mudbrick
remains, plastered floors, and midden deposits. At the Settlement 1 profile, 14.5 L of soil
was collected for archaeobotanical analyses, and a small charcoal sample was removed
for radiometric dating. Then, at the Settlement 2 profile, 11.5 L of soil was collected for
archaeobotanical analyses, and a charcoal sample was removed for radiometric dating.

The wood charcoal samples (species unknown) were collected from the three profiles
by the field archaeologists. Radiometric analyses were conducted at the Beta Analytic
Laboratory (Coral Gables, FL, USA) using AMS methods. The samples taken from the three
profiles were wood charcoal pieces. The reporting on these results includes conventional
radiocarbon dating and the d13C ratio that can be used by other researchers in the future
according to conventional standards [30]. Wood charcoal was dated because the field
researchers did not recognize the seed material in the initial sample collection. The authors
are aware of old wood effects and in future publications will date carbonized seeds as well
as wood charcoal.

The soil samples were processed in the Republic of Kyrgyzstan using a SMAP flotation
machine with mechanized agitation to wash sediments. The agitation process washes the
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archaeological sediments so that organic materials are caught in the overflow spout in
geological sieves of 0.344 mm mesh. These organic materials are referred to as the light
fraction, and then sieved with mesh sizes of 2.00, 1.40, 1.00, and 0.50 mm. When sorted,
this fraction contains carbonized seeds, pips, leaves, and other remains. The heavy fraction
was collected and sieved from 1.4 mm to 1.0 mm mesh. Both heavy and light fractions were
sorted using atlases for seed identification [31,32] by two archaeobotanists at the Max Planck
Institute for Human History, Archaeobotany Laboratory [33]. Preliminary archaeobotanical
and radiometric analyses of these three stratigraphic columns represent very preliminary
data that shall be used for refining a regional chronology for settlements and for designing
a more comprehensive research study of human land use along a vertical gradient.

3. Results

During the 2019 and 2021 surveys, we registered about 350 loci (single artifact finds,
sherd scatters, graves, burial mounds (kurgans), house foundations, and house depressions
in the Lower Juuku and Upper Juuku). These loci were also placed in chronological
sequences based on local typologies for burial monuments, settlements, and artifacts
(ceramics). Our initial observations suggest that the large Medieval settlements (fortresses,
citadels, caravanserais, and proto-urban towns) found in Juuku and the neighboring valleys
of Sutti Bulak, Chichi Khan cover over and obscure earlier Bronze and Iron Age settlements.
When both Medieval and Iron Age ceramic sherds are found on the same land surfaces
and loci this indicates that later Medieval deposits cover over and obscure earlier Iron
Age settlement features. The prominent appearance of above-ground mortuary features
Iron Age burial mounds (kurgans), often 5 to 50 m in diameter and 0.1 to 3 m or more in
height [20,21]. These burial mounds are often located near Medieval walls, farmsteads,
and dwellings, therefore, marking clear boundaries between Medieval settlements and
Iron Age mortuary complexes. Logically, this also means that the places where Iron
Age burial mounds exist today are landscapes that were not used by later Medieval
populations for house or settlement construction. These landscape palimpsests are essential
to developing a deeper and more nuanced approach to site and non-site archaeology in
regional contexts [34–36].

3.1. Chronology

During the survey, we established a local historical chronology based on archaeologi-
cal and historical sources from the Tian Shan Mountain and surrounding regions. These
phase designations are based on archaeological research conducted in Kyrgyzstan over
the past one-hundred years on settlements, burial mounds, graves, and artifact collec-
tions throughout north-central Kyrgyzstan and the Semirech’ye region of southeastern
Kazakhstan [36–38]. More recent kurgan imagery from UAVs from the Kok Sai area of
the Kochkor Valley have been documented [21] (p. 12). Gino Caspari [39,40] has used
Google Earth, Worldview2, and Ikonos imagery to record the looting and destruction of
Iron Age burial mounds in Xinjiang. During the Soviet period, Vinnik identified about
17 Medieval period settlements along the SW coast of Lake Issyk-Kul [41]. Medieval sites
are most easily identified by standing mudbrick walls, large enclosure walls, and standard
measurements for tortuls or caravanserais [42]. Literature searches assisted us in placing
our survey findings into these chronological and phase designations [38,41], see Table 1.

In this section we discuss the survey results and include some preliminary descriptions
and results of three stratigraphic profiles. Each survey polygon is a self-contained unit of
analysis so as not to confuse the reader. We chose each polygon on the basis of its location
on the vertical gradient.

3.2. Polygon 1

Polygon 1 is a survey area (ca. 6.4 sq km) located on the Lower Juuku alluvial valley
where the terraces rise about 30 m above the entrenched stream bed and is situated about
6 km south from the shores of Lake Issyk-Kul (Figure 3). Today, the upper alluvial valley
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is farmed by tractor and heavy equipment where large, irrigated fields are cultivated
in crops of wheat, barley, oats, and fodder crops. The 323 loci documented in the 2019
and 2021 surveys are found between 1750 m asl and 1950 m asl. There is a density of
50 loci per sq km.

Table 1. Time Periods, Phase Designations, and Dates used for the Juuku Valley Survey.

Time Period Phase Designation Dates

Late Bronze Age 2000 BCE–900 BCE

Final Bronze 1100 BCE–800 BCE

Iron Age

800 BCE–550 CE

Saka 800 BCE–260 BCE

Wusun 140 BCE–437 CE

Kenkol (only in TianShan) 200 CE–550 CE

Medieval Period

500 CE–1500 CE

Turkic Period 552 CE–900 CE

Qarakhanid 942 CE–1228 CE

Early Kirghiz 1500 CE–1700 CE

Kirghiz Ethnographic Period 1700 CE–Present

Soviet Period 1917–1991

Post-Soviet, Kyrgyz Nation 1991–

 

Figure 3. Lower Juuku, Google Earth Image. Survey Data.
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3.2.1. Site Types Found in Lower Juuku

Most loci found from survey were mortuary remains: 192 mortuary remains (burial
mounds, graves, and 1 mausoleum) were found, a total of 31 settlement and architectural
features (17 settlement sites), and 21 artifact finds (Figure 3).

3.2.2. Settlements in Polygon 1

A total of 17 settlements have been identified in Lower Juuku (Figure 4). The settle-
ments assigned to specific time periods according to ceramic and artifact finds in addition
to architectural features such as the citadel (shakristan), the surrounding residential areas
(rabat), stone foundations, and room or house depressions.

 

Figure 4. Histogram of site types in Lower Juuku: mortuary features, settlements and architectural
features, and artifact finds. The x-axis represents types of loci, and the y-axis or Field 2 is the number
of loci.

3.2.3. Locus 387: Historic or Ethnographic Kirghiz House

One site (Locus. 387, Table 2) is a large settlement located on the eastern bank above
the lower Juuku stream at an elevation of 1892 m asl. The settlement is located above the
road cut. On the surface, there is one visible single room foundation that is probably part
of a much larger settlement. The single row of rocks is rectangular in form, about 4.5 m
east–west by 5.5 m north–south. Inside the stone wall foundations is a depression. The
profile section, located along the south bend of a road cut, is 4.5 m in length and 1.4 m
in depth from the present ground surface (Figure 5). In the profile is the house fill of a
structure built of mudbrick that was destroyed by a bulldozer cut when building the dirt
road. The humic layer covers a thick layer of mudbrick (about 20 cm thick). Underneath the
humic and upper mudbrick layer is a thick midden deposit about 40 to 60 cm thick. This
midden layer consists of a thick lens of cultural material including animal bones (cattle)
and chunks of charcoal, some as large as 1 cm in diameter. No artifacts were found in the
profile, although coarseware ceramic sherds were found on the ground surface near the
road cut. The flotation samples were taken from this thick cultural level about 60 cm from
the present ground surface along with over 10 g of burnt wood (charcoal) for radiometric
dating. At 60 cm to 1 m below the present ground surface was a thick layer of mud brick
foundations, yellow buff in color. This mudbrick layer may have been the original floor
level because below the mudbrick were large river cobbles probably used as foundation
stones. Upon initial inspection, we identified the site as a Medieval settlement. The reason
we believed the site to be from the Medieval period was because of the redware sherds
found near the road cut. However, the radiometric dating places it within the ethnographic
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Kirghiz period = (floruit 1682–1932 cal CE). In the opinion of the researchers, it is doubtful
that the wood charcoal samples were contaminated by either natural or cultural forces due
to the intact stratigraphy found in this road cut. In stratigraphic profiles where there are
not actual index fossils (diagnostic sherds and metal artifacts) it is easy to misjudge the
dating of a house pit, especially when ethnographic houses are also constructed of stone
foundations and mudbrick walls, the same materials used to construct Medieval houses.

Table 2. Results from Radiocarbon Sample of Locus 387, Lower Juuku, Settlement 1.

Lab. ID # Sample ID #
Material/
Pretreatment

d13C o/oo
(IRMS)

Conventional
14C Age

Calendar Calibration of
Radiocarbon AGE to
Calendar Years

Beta-6093781 Locus 387 (charred material):
acid/alkali/acid −26.5 110 +/− 30 BP

95.4% probability: (68.6%)
1800–1938 cal AD
(150-12 cal BP)
(25.7%) 1682–1738 cal AD
(268–212 cal BP)
(1.2%) 1754–1762 cal AD
(196–186 cal BP)

 

Figure 5. Photograph showing the Profile of the Kirghiz Ethnographic Period Settlement.

These are AMS (accelerated mass spectrometry) dates. The accuracy is at 95.4%, and
each portion or percentage represents the range (or ranges) with an associated probability
of an identifiable timescale [30]. IRMS is the method of measurement used at the Beta
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Analytic Laboratory. The results were calibrated using INTCAL20 [43]. This measurement
found in Column 4 (d13C o/oo) can be used by future investigators to recalibrate these
results should new calibrations be established.

3.2.4. Preliminary Archaeobotanical Results from Locus 387

A caveat is in order here. Most archaeobotanical studies conducted at sites such
as the Chap site, a Late Bronze Age site and Paykend, or a Qarakhanid Medieval site
depend on the collection of large samples of archaeological sediments, sometimes entire
house fills or pit fills [22,44]. Our soil samples are very small and can only be considered
as preliminary in nature. Thus. the results from the flotation of these samples must be
interpreted as preliminary results and shall be reported upon in greater depth in another
publication. From the 17 L sample, the archaeobotany team discovered a total of 41 seeds,
the majority being wild plants. The field crops included barley (Hordeum vulgare), wheat
(Triticum aestivum), and peas (Pisum sativum), along with the major component of carbonized
chenopods and weed seeds of wild Fabaceae and grasses (Poacae) [33].

3.3. Polygon 2

Polygon 2 or Upper Juuku (Chak Juuku) is 20 km from the edge of the lake and is a
narrow valley that consists of dissected terraces on either side of the eastern branch of the
Juuku Gorge, a section where red sandstone formations form the steep gorge (Figure 6).
This area was chosen for intensive survey due to its location on a terrace above the eastern
branch of the Juuku Stream at an elevation about 300 m higher than the Lower Juuku survey
polygon. This survey area consists of the two banks (east and west) of the Eastern Juuku
stream and is about 0.5 sq km in area. Approximately 37 loci were identified per 0.5 sq km.
The loci range from 2060 m asl to 2100 m asl. The natural vegetation includes semi-arid
shrubs and grasslands with pockets of spruce in the higher elevations and willows and
aspens and other riparian species along the stream banks.

.  

Figure 6. Upper Juuku (Chak Juuku), Google Image, Survey.
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In Table 3 we describe the settlements, burial mounds, graves, and artifact finds in the
Chak Juuku area. In addition, there are two other settlements of unknown age (Loci 184
and Loci 185) found in the vicinity of the Settlement 1, the Wusun period site. It is possible
that these stone foundations could be associated with Settlement 1, although no temporal
indications such as ceramic sherds were found at these settlements.

Table 3. Sites and Finds from Upper Juuku by time period.

Chronological Period Settlements Mortuary Remains Artifacts

Ethnographic Kirghiz Period
(1700 CE to Present)

Stone corral with possible
room blocks

Group 1 * (10+ stone graves
Locus 144)

Group 2 * (6+ stone graves
Locus 181)

Group 3 * (2 stone graves
Locus 174)

Single Stone Grave (Locus 160)
Single Stone Grave

(Locus 502)

Medieval Period
(500 to 1500 CE)

Settlement 2 (17.5 m × 12 m),
3–5 rooms, double stone wall

construction, Qarakhanid
Period, Redware sherd,

Grinding Stone fragment
(Locus 170/493)

Settlement 4: Large mudbrick
and stone complex on w. bank

of Chak Juuku stream,
51 m × 20 m
(Locus 498)

Settlement 5 or Mill: Double
stone wall construction, on
west bank of Chak Juuku

stream, 8 m × 6 m (Locus 500)
Settlement 6: Mudbrick room
block (2 rooms), 5 m × 10 m,
on west bank of Chak Juuku

stream, (Locus 501)

3 Qarakhanid glazed ceramics,
5+ redware sherds found at
modern corral (Locus 191)

Iron Age (Saka and Wusun
period, ca. 800 BCE to 437 CE)

Settlement 1: Double stone
alignments, consisting of four
rooms with deep depressions,
15 m × 10 m, 1 redware rim,

(Loci 182-83)

Saka kurgan Group *
1: 5 stone kurgans,
(Loci. 186-88 and

possibly Locus 190)
3 separate Saka kurgan,

(Loci 177, 180, 192)

1 redware sherd with yellow
slip, (Locus192)

Late Bronze Age
(2000–900 BCE

Rectangular stone enclosure,
possibly 1–4 graves

(Locus 154)

* Groups are defined as linear clusters of graves or kurgans.

3.3.1. Settlement 1

Settlement 1, situated at 2057 m in elevation on an upper terrace above a ravine: It is a
Wusun Period site dating from 22–206 cal AD (see Table 4). The settlement is located on both
sides of the erosional gully. On the north side there are no indication of house foundations,
only shallow depressions of house pits. The south side of the gully consists of the outline
of three or four room blocks. Room 1 is about 5 m (north–south) × 3 m (east–west), and
its west wall outlines Room 2, which is 5 m (north–south) by 4 m (east–west). The outline
of Room 3 is further east, where there are only traces of a south wall (3 m in length) and
a trace of a north wall (1 m in length). On the south side of this room block is a thick
stone wall two courses wide. These stone walls are constructed of irregular boulders. The
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erosional cut of the exposed profile is about 2.5 m in depth from the surface and runs
in an east–west direction from the reaches of a small sandstone canyon that dissect this
terrace. The stratigraphic profile is located on a south-facing erosional cut found on a
steep terrace bank at 2044 m asl. The exposed profile is 3 m in length and has a depth
from the present ground surface 2 m in depth (Figure 7). There are roughly about six
different archaeological layers within the house pit fill. Each layer is around 20 to 30 cm
thick of midden deposit consisting of chestnut and red-clay soils intermixed with charcoal
and disintegrating mudbrick. There were many animal bones fragments and one cattle
vertebrate found at 80 cm below the present ground surface. A redware Iron Age ceramic
with white slip discovered at 90 cm below the surface. There were at least three discernible
layers of thin plaster floors. At about 1.5 m below present ground surface there were small
angular stones and small pebble and sand deposits that appear to be subsoil (non-cultural
soil). From an exposed profile of charcoal room fill, three archaeobotanical soil samples
(14.5 l) were taken in layers 4 and 5, near where the Iron Age ceramic sherd was found. The
small charcoal sample was also taken in the same vicinity.

Table 4. Results from Radiocarbon Samples from Upper Juuku at Settlement 1 (Locus 183) and
Settlement 2 (Locus 165).

Lab. ID # Sample ID # Material/Pretreat
d13C o/oo
(IRMS)

Conventional
14C Age

Calendar Calibration of
Radiocarbon Age to
Calendar Years

Beta-603779 Locus 183 (charred material):
acid/alkali/acid −22.7 1930 +/− 30 BP 95.4% probability (95.4%)

22–206 cal AD (1928–1744 cal BP)

Beta-603780 Locus 170 (charred material):
acid/alkali/acid −25.3 1020 +/− 30 BP

95.4% probability
(81.7%)
978–1048 cal AD
(972–902 cal BP)
(11.4%)
1082–1130 cal AD
(868–820 cal BP)
(2.3%)
1127–1151 cal AD
(813–799 cal BP)

Preliminary archaeobotanical remains found at Settlement 1: There were a small
number of carbonized seeds identified from four domesticated crops including barley
(Hordeum vulgare), wheat (Triticum aestivum), broomcorn millet (Panicum millaceum), and
foxtail millet (Setaria italica). More than half the assemblage included wild plants such as
chenopods, wild legumes, and cleavers [33].
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Figure 7. Profile of the Iron Age Site at Upper Juuku, two archaeologists working at the profile.

3.3.2. Settlement 2

Settlement 2, situated at an upper terrace at an elevation of 2090 m asl: It is a series
of double-walled stone alignments of at least four large room blocks and measures about
17.5 m × 12 m. The stratigraphic profile examined is a west-facing cut found at a deep
erosional gully that dissects this upper terrace (Figure 8). When this cut was first discovered,
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a sheep scapula was found at about 1.3 m in depth from the present ground surface. The
cultural levels at this profile are complex since the house fill represents at least three or four
different occupation levels. The burnt wood (charcoal) sample and two flotation samples
were taken approximately between 50 to 80 cm below the present ground surface in the
second to third fill or midden sequence. At about 1.7 to 2.0 m below the surface are a series
of thin buff-colored plastered floors or laminations that may represent the different layers of
an ancient sufa or kang (sleeping bench). We did not take charcoal wood samples for dating
or the flotation samples from the sufa or floor levels because there was no visible carbonized
ash, soil, or charcoal at those levels. The site is dated to the Medieval Qarakhanid period
and has an approximate radiometric dating of 990–1050 cal AD (see Table 4). This is also
confirmed by the Medieval redware ceramics and a granite grinding stone found on the
surface of this settlement. The archaeobotanical remains showed a paucity of seeds from
the 11.5 L of collected sample, only one barley seed (Hordeum vulgare) was identified, the
rest were wild seeds [33].

 

Figure 8. Photograph at Profile of Medieval Settlement at Upper Juuku.

3.3.3. Radiometric Dating

At Settlement 1 (Iron Age site) and Settlement 2 (Qarakhanid Phase) Medieval Period
charcoal samples were taken from the profiles. AMS dating was obtained from both
settlements. The following dates are reported in Table 4.

These are AMS (accelerated mass spectrometry) dates. The accuracy is at 95.4%, and
each portion or percentage represents the range (or ranges) with an associated probability
of an identifiable timescale [30]. IRMS is the method of measurement used at the Beta
Analytic Laboratory. The results have been calibrated using INTCAL20 [43]. This IRMS
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measurement found in Column 4 (d13C o/oo) can be used by future investigators to
recalibrate these results should new calibrations be established.

3.4. Mortuary Complexes

There were many lines of Iron Age burial mounds found in both Upper and Lower
Juuku. The largest number of burial sites were earthen or stone mounds known as kurgans.
Most kurgans are from the Saka period, represented by linear clusters of stone or earthen
kurgans. The clusters range from 3 mounds to 16 mounds in alignment. In some cases,
the stone Saka kurgans (ranging in diameter from 2.8 m to 11 m in diameter and from
flat to 1.5 m in height) are interspersed or found in proximity to the earthen Saka kurgans
(ranging in diameter from 5.5 m to 97 m in diameter and from 0.4 to 2.5 m in height). In
Lower Juuku, the largest kurgan cluster (16 kurgans) covers a distance of 220 m and is
aligned 4.6 degrees east of North. The three largest earthen kurgans cover a linear distance
of 400 m and are aligned at 10 degrees west of north. A third group consists of six kurgans
covering a distance of 270 km and follow a direction of 13 degrees west of north. In Figure 9
there are two large Saka period earthen mounds found in the Lower Juuku. These earthen
kurgans are identified as Saka period elite kurgans based on their size, earthen construction,
and the krepida (rock apron) found on the north side of the kurgan [45].

 

Figure 9. Photograph of large earthen Saka kurgans found in the Lower Juuku Valley.

In addition to the Saka kurgans are Wusun kurgans that have an outer rectangular or
square stone outline with an inner circular stone ring. The Wusun kurgans range in size
from 2.5 m × 2.5 m to 9 m × 9 m and are flat to 1.2 m in height; the average is 0.4 m in
height. Of particular interest is the close proximity of the Saka stone and earthen kurgans
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to the Wusun stone kurgans. There appear to be clear spatial boundaries between the Saka
and Wusun graves, something that requires further investigation.

3.5. Stone Corral

In the Upper Juuku Valley, a stone corral was located. Currently, the chronological
period for this stone corral is unknown. The corral is built of boulders and medium-sized
stones, in places one to three courses in width. The outline of the corral is almost rectangular
with rounded corners. It measures 20 m (north–south) × 13 m (east–west). To the north
of the corral is a small rectangular stone structure that measures 8 m × 6 m. This could
be a storage room or a dwelling used by herders. This corral is an important feature of
agropastoralism in the Upper Juuku Valley (Figure 10).

 

Figure 10. Photograph showing a stone corral in Upper Juuku.

3.6. Artifacts

Many artifacts were either found as isolated finds or as parts of scatters. The
grinding stones were usually made of granite with a concave surface. Figure 11 is a
granite grinding stone found as an isolated surface find. The grinding stone measures
30 cm (length) × 18 cm (width) × 5 cm (thickness).

15



Land 2022, 11, 456

 

Figure 11. A granite grinding stone found on the surface.

Over 100 ceramic sherds were found from Upper and Lower Juuku surveys. The
majority of the ceramics were redware coarse wares with sand or crushed rock temper.
During the survey we made rough distinctions between the Iron Age handmade ceramics
(coil or slab) and the Medieval wheel-thrown ceramics. In addition, we found handle,
rim, and base fragments, spindle whorls, and a very few pieces of glazed Qarakhanid
ceramics. More detailed analyses of these ceramics will be conducted by a ceramics
specialist in the future. Figure 12 shows the interior of redware ceramic sherds, some with
fabric impressions and red slip. These ceramic pieces date to the Iron Age and represent
hand-made or slow wheel ceramics. A detailed description of fabric-impressed ceramics
and actual fabric fragments from Bronze and Iron Age contexts at the site of Begash in
the Dzhungari Alatau Mountains of southeastern Kazakhstan was conducted by Paula
Doumani Dupuy and her colleagues [46]. Similar redware sherds, sometimes with light slip,
have been found at Iron Age sites in the Talgar region of southeastern Kazakhstan [14,47].
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Figure 12. Redware ceramic sherds; interiors showing fabric impressions and red slip, probably Iron
Age period ceramics.

4. Discussion

Although an old-fashioned, tried and true method, we prefer to walk the ground.
Pacing the diameter of a burial mound by foot or measuring how high it rises above the
ground by standing at its base and eyeballing its relative height gives us a three-dimensional
perspective. We also follow a line of mounds along a ridge, just as one experiences a row of
graves in a modern cemetery. Since this land was used to memorialize the dead, where
did the people farm crops or herd sheep? New technologies such as UAVs (drones) or
visual inspection of digital map images of burial mounds, graves, or houses are the initial
way to locate sites from your desktop. Afterwards, the field archaeologist checks these loci
on the ground. A digital image usually does not show small objects (ceramic sherds and
stone tools) on the surface. By walking across a settlement, we often find ceramic sherds or
grinding stones inside enclosures. Diagnostic ceramic sherds may indicate when a site was
occupied. We begin to intuit why ancient people selected these terraces, ridges, and valleys.
Ancient walls and room depressions take form as habitations. Our field sketches as notes
create a memory bank of what we have seen and found. If we find a piece of broken pottery
on a freshly ploughed field, it triggers our recollections. Why was this pot dropped here
and did the plough move the broken sherds to this spot? Often the sherds are most visible
in farmers’ furrows. So, beneath our feet may lie storage pits or trash middens. The field
surveys help us discover ancient settlements. In the future, we or others can undertake full
coverage survey by traversing complete landscapes.

The site density at these two polygons in the Juuku Valley appears to be much higher
than site densities on the Talgar alluvial fan on the edge of the northern Tian Shan moun-
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tains. Moreover, the Juuku Valley appears to have a larger representation of sites from the
Bronze Age through historic periods. Thus, the Juuku Valley is an excellent micro-region
for more in-depth investigations of agro-pastoral systems over a long period of time and
in different cultural phases. In 2021, we conducted further reconnaissance of Iron Age
settlements, often noting that it was more difficult to find and locate early period settle-
ments from the Bronze and Iron Ages than we initially expected. Most likely, earlier Bronze
and Iron Age settlements have been buried by more recent Medieval and historic sites or
have been destroyed by modern agricultural practices such as ploughing and irrigation.
In the Lower Juuku, where the majority of large-scale tractor and irrigation agriculture
occurs, surveys may yield better results if conducted in the early spring or early fall before
intensive cropping and after harvesting.

Today the Lower Juuku Valley is well-suited for the cultivation of wheat, barley, oats,
and fodder crops during the summer months when large tracts of land can be irrigated
and cultivated using large machinery. Sheep, goats, cattle, and horses are often pastured
on the agricultural stubble after harvest. The Upper Juuku is more suitable for summer
pasturelands for cattle, sheep, goats, and horses. Its rich forest and riparian areas attract a
variety of wild animals and fish, deeming this area desirable for upland herding, fishing,
and foraging. In the past there may have been pockets of arable land in the Upper Juuku
for the cultivation of short season crops such as barley and millets.

5. Conclusions

Archaeological surveys are necessary in this region of north-central Kyrgyzstan for
two main reasons: (1) the upland areas far from the perimeter of Lake Issyk-Kul are poorly
known by Kirghiz archaeologists; (2) the south side of Lake Issyk-Kul is an under-developed
tourist area. As this area continues to develop as a tourist area and as an agricultural region
for the cultivation of wheat, barley, and fodder, more archaeological sites will be destroyed.
Settlement archaeology, especially for the prehistoric periods, is little known in the Republic
of Kyrgyzstan. Recently, research on Epipaleolithic through Neolithic layers at Obishir
have been conducted by international teams of archaeologists [48–50]. As archaeologists
begin to explore the early beginnings of foraging, pastoral, and agricultural economies
in Kyrgyzstan, surveys such as the Juuku Valley and the Kochkor surveys will become
more essential for the next generation of archaeologists [20,21,51]. Our work represents a
modest first step in establishing systematic archaeological survey methods to reconstruct
settlement–subsistence systems in this region of Central Asia. The results of the surveys
will also be used to select areas for test excavations and large-scale block excavations of both
mortuary and settlement complexes. Future test excavations shall yield archeozoological
and archaeobotanical materials along with ceramics, stone and bone tools, and metal
indicative of ancient herding and farming adaptations. Finally, it is our hope that these
physical, archaeological, and cultural landscapes will be preserved through local and
national efforts [52]. An inventory of archaeological loci then becomes the initial path
toward preserving such fragile landscapes.
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Abstract: This paper presents an archaeological reconstruction of indigenous landscape transforma-
tions in the first colonized region of the Caribbean. The arrival of Columbus in 1492 in the northern
region of the island of Haytí (the current Dominican Republic and Haiti) signified a profound change
in the lives of the island’s communities, transforming their everyday actions and their perceptions
of landscape. To address this complex topic, this research tackled a key problem in landscape ar-
chaeology: while the “landscape” concept has been extensively debated, there is a growing tendency
to use the concept without clear definitions and to obscure important methodological aspects of
how scholars bridge the divide between their conceptual definitions and the archaeological record.
This paper approaches this problem by applying the concepts of ‘sites as tendencies’ and ‘contested
taskscapes’. This theoretical and methodological framework allows for the reconstruction of the
indigenous landscape and, more importantly, highlights how the colonization process impacted the
everyday tasks and perceptions of Hayti’s indigenous people through the profound transformation
of their landscape.

Keywords: landscape; taskscape; indigenous communities; Spanish colonialism; Caribbean

1. Introduction

The idea of landscape as used in archaeology today is a complex product of decades
of archaeological, anthropological and geographical debates [1–9]. In particular, the am-
biguous use of the concept today [10] reflects the challenges faced by both processual
and post-processual archaeologists in making sense of past realities within their specific
theoretical frameworks [11–14]. This dichotomy between processual and postprocessual
trends is still palpable, yet clear discussions on the methodological implications of these
two very different approaches are less common. One group of scholars continues to use
the concept of landscape in the processual sense, i.e., they understand landscape as the
passive environmental context for human behavior. By contrast, other researchers use
the term to refer to the resulting cultural meanings that humans create in the process of
interacting with their surroundings. The issue does not arise from the use of either of
these perspectives on landscape per se, but rather the lack of explicit discussion of their
methodological and theoretical implications, particularly when scholars seek to draw on a
combination of both perspectives.

This problem becomes salient when, for instance, one tries to combine the advantages
of regional survey, geographical information systems, and spatial statistics with a concep-
tual framework that studies transformations in landscape perception as a result of cultural
conflict. For this, an articulation of processual and postprocessual methods and theories
is imperative. The proposal presented in this paper is based on Tim Ingold’s idea of the
Dwelling perspective. Over 30 years ago, Ingold suggested a way to overcome the dual
and supposedly contradictory ideas of landscape from the processual and post-processual
perspectives in archaeology. Ingold aimed “to move beyond the sterile opposition between
the naturalistic view of the landscape as a neutral, external backdrop to human activities,
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and the culturalistic view that every landscape is a particular cognitive or symbolic or-
dering of space.” [15]. The key to achieving this, lay in the realization that the full power
of the landscape concept extends beyond the visual and includes “a world in which we
can expect to find formations of the land such as hills and valleys, mountains and plains,
interspersed with settlements such as villages and towns and threaded by paths, roads and
waterways.” [16]. For Ingold, there was no fundamental difference between ‘landscape’
and ‘environment’, as both are the result of the intertwining combinations of natural and
cultural elements over time. The result of the histories of interactions between people,
things and nature are that “landscape is not land looked at but land shaped . . . In this
medieval sense, landscape already couples the land with tasks of shaping: landscape is
taskscape because to shape the land is to work it” [17].

Ingold used the concept of taskscape to articulate the complexities of the intertwine-
ment between people, things, tasks and the environment [4]. The concept of taskscape is
a bridge between two realms: for archaeology, it can be a heuristic tool that connects the
shape and content of the archaeological record with the idea of landscape. There are several
recent examples of the use of taskscape in archaeology, for example see: [18–21]. In the
Haytí case study, working through the taskscape perspective allowed for the integration
of material evidence (e.g., archaeological sites and artefact distributions at the regional
scale) with theoretical notions about human movement, action, and landscape knowledge
at different spatial scales. This integration, in turn, proved key to understanding both the
ways that indigenous tasks shaped the island’s landscape and how these were collectively
transformed after 1492.

Yet, for two important reasons, the taskscape concept by itself was not sufficient to
properly achieve the desired goal of this research. First, in order to avoid ambiguities
in the use of ‘landscape’ and ‘taskscape’, clearly defined spatial categories had to be
developed. Following an extensive review of the concept of the archaeological site, the
notion of ‘sites as tendencies’ was elaborated as a means of defining of taskscapes in
the archaeological record. Second, as the case study focused on contexts of colonial war,
enslavement and displacement, the concept of taskscape was reconsidered in terms of
how it might relate to the contexts of conflict that the indigenous people suffered. To
overcome this second challenge, current debates over landscape, colonization and conflict
in archaeology were drawn on to create the idea of ‘contested taskscapes’.

A complete review of the arguments for the definition of these two concepts is beyond
the scope of this paper [22]. In general terms, the idea of ‘sites as tendencies’ is based on the
understanding that human actions in the world leave traces of their particular intentions
and activities, which, in addition to their spatial recurrence, also tend to be recurrent in time.
Each particular site contains evidence of one or more tasks that were carried out by human
actors in particular environmental contexts and places. The analysis of materials and sites
from this perspective allows for a clear definition of taskscapes that articulates directly
with the archaeological record. The idea of ‘contested taskscapes’ came as a second stage
in the analytical process and emerged through the combination of Ingold’s taskscape [4]
and Bender’s work on contested landscapes [23–25]. Briefly stated, the contested taskscape
concept permitted the identification and classification of the material evidence and patterns
left on the terrain by cultural conflicts in the past. By grouping and categorizing these
conflicts on the ground, it was possible to identify contested taskscapes and define the
resulting landscape transformations.

2. Material and Methods

The study area where these two concepts were explored was the coast of Montecristi,
a province located in the northwestern Dominican Republic (Figure 1). After several field
seasons in the region, a total of 102 previously unregistered archaeological sites were
recorded and grouped by size, location, ceramic affiliation and function [26].
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Figure 1. The province of Montecristi (Dominican Republic) in the context of the contemporary
Caribbean.

The regional archaeological pattern (Figure 2) in the Montecristi coastal area consists
of four groups of archaeological sites. The first of these groups include the large habi-
tation sites (>3 ha, n = 8), which are always located higher than 150 masl. All of these
sites contained ceramics with Meillacoid (800–1550 AD) attributes as the main compo-
nent, in association with ceramics from the Chicoid series (900–1700 AD) and a mixed
ceramic component that includes stylistic attributes from the Meillacoid and Chicoid series
(1000–1700 AD). These sites have a high diversity of lithic artefacts (axes, scrappers, flints,
cores, hammerstones, and grinding stones) and a limited variety of shell objects (axes and
scrapers). Most sites also showed a great assortment of mollusk shells, with a total of
17 species identified across the region, with 5 to 8 of these species recorded at each of the
large habitation sites. The most common species at all sites were Codakia orbicularis sp.,
Lobatus costatus sp., and Lobatus gigas sp. (Figure 3). These sites are usually located over
1 km from water sources, while fewer are located at a distance less than 500 m.

The second class of sites includes medium-sized habitation sites (between 1 to 3 ha,
n = 17), which are mostly located below 80 masl and with only a few between 100 to
200 masl. Most of these sites contain exclusively Meillacoid ceramics and only very limited
numbers of lithic artefacts, mostly axes and/or hammer stones (usually 1 to 2 per site). The
mollusk specimens are not diverse, with most sites containing 3 to 5 species. Unlike the
previous category, these sites are usually located close to water sources (<500 m).

The third class of sites–the small habitation sites (<1 ha, n = 49)–do not show a specific
pattern of elevation. At half of these sites, it was not possible to identify a specific ceramic
affiliation as materials tend to be very fragmented and scarce. In the other half, mostly
Meillacoid ceramics were registered, and in a few cases, together with Chicoid and mixed
Meillacoid-Chicoid components. Stone artefacts were limited at these sites, with only one
lithic artefact often recorded (usually an axe or a hammerstone). The same pattern generally
held for shell artefacts, with only one artefact observed, in most cases, this was either a
hammer or a gubia (a shell artefact used in woodworking and agriculture). In most of these
sites, 1 to 3 species of mollusks were recorded.
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Figure 2. Registered archaeological sites in the coast of Montecristi, Dominican Republic.

Figure 3. Most common mollusk shells registered on the research area.
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The final category included is the resource exploitation sites (<3 ha). These sites
are characterized by the absence of ceramics or other lithic and shell artefacts. They are
exclusively located along the coastline and are usually very close to each other. This pattern
suggested that, rather than defining them as sites, they should be perceived as “exploitation
zones”. The material culture associated with these sites was very limited, comprising only
a few ceramic sherds (either unidentified or Meillacoid) and lithic artefacts (either scrapers
or flakes). The few shell artefacts recorded were perforators, gubias or hammers.

The preliminary interpretation of these results suggests that the large sites were perma-
nent living places that formed a focus for daily activities. Based on the diversity of material
culture present, such sites may have also served as locations where exchange networks
were maintained at the local and possibly regional level. Second, the medium-sized sites
seem to have been related to temporary or permanent housing activities and, given that
both the material evidence and its diversity is less, they may have had fewer inhabitants or
existed for shorter periods of time. As in neighboring areas, these medium sites also could
have been related to specific activities such as agriculture or could have served as rancherías
(small hamlets) for hunting parties or fishermen going to the coast [27]. Third, the small
sites might have been related to specific tasks, possibly daily activities which recurred over
time but that did not need to be done in exactly the same place (e.g., a location where
marine products were processed once or multiple times before being transported to hamlets
or the main settlement). The patterning of these sites highlights the dynamics and mobility
of people in their landscape and the decisions related to this movement.

3. Discussion: Indigenous and Spanish Taskscapes

The taskscape concept is used here as a bridge to connect the materiality of the
archaeological record with the abstract idea of landscape. In conceptual terms, this is
rendered by using the taskscape as a layer within the complexity of the landscape [28]. A
recent example of this was provided by Ingold [17] by using one of Brueghel’s paintings.
This painting shows a sixteenth-century European settlement, with representations of
people’s day-to-day activities being carried out in specific places within the town. From
an archaeological perspective, this painting highlights three main aspects: the spatial
relationships, the idea of spatial scale, and how they are used to define a place. Drawing
on Ingold’s reading of this painting, it is clear that ‘place’ can refer to both the location
where a specific task is being carried out as well as the entire town. For Ingold, a place
is defined by the overlapping lines left by people’s movements through the world, in a
process he defined as the meshwork of entangling lines [29]. If each location in the painting
is the result of a person or a group of persons’ movement in the town and the world,
each location (including the town) constitutes a place. Since Ingold’s definition would
fits multiple scales, the idea of taskscape can be deemed multiscalar. Scale may not be an
issue when working the idea of landscape in art or ethnography, since the observer in these
disciplines has access to the whole “image”. In archaeology, however, the spatial scale
is a challenge as considering different spatial scales for analysis will potentially result in
different reconstructions and interpretations of past humans patterns within the landscape.

To minimize potential misinterpretation and biased classification, and following the
idea that the taskscape forms a key level in the process of archaeological analysis, three spa-
tial scales of taskscape were defined for the case study presented here, each of which relates
to the tasks and movement of indigenous people in the past.

3.1. Small-Scale Taskscapes

The first scale where a set of tasks was identified was that of the site. Based on all of the
previously-described size and functional categories, the primary activities at this scale are
related to general domestic activities and the exploitation of land and sea resources, which
include tasks of craft production, as well as agricultural, hunting, and fishing activities.
This first level of the indigenous taskscape relates directly to daily activities, that is, with
the decisions and actions at the level of local communities and their dwelling in the world.
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The general pattern reconstructed from this evidence is that there tends to be a large
place (large-size sites) that can be associated with permanent areas of habitation and the
common tasks of a settlement. These main settlements were “surrounded” by other places
(medium and small-size sites and exploitation of sea resource sites) that were associated
with highly specialized activities such as marine resource processing, lithic workshops
and/or agricultural production. This whole combination of tasks constitutes the first layer
of taskscape, and refers to the internal taskscape of each settlement or areas close to the
main settlement.

3.2. Medium-Scale Taskscapes

A second scale of the indigenous taskscape occurs at the level of the study area. At this
scale, it was possible to identify tasks that interconnect most of the archaeological sites. For
example, the presence of specific materials at particular sites, such as mollusk shells and
lithic artefacts, indicate tasks related to specialized exploitation of marine resources. The
presence of these same mollusks, however, at some of the larger settlements indicates their
exchange and/or trade throughout the research area. This taskscape also suggests daily
interactions between different communities from distant settlements (possibly between
culturally different populations). Figure 4 shows a representation of the connections
between particular sea resource sites where a specific mollusk shell-type was identified (in
this case Cittarium pica, sp.) and the habitation settlements where that same type of shell
was recorded. As can be inferred from the image, there seems to be a pattern of distribution
and redistribution of the marine resources across larger zones of the study area.

Figure 4. Ideal representation of medium-scale taskscapes.

3.3. Large-Scale Taskscapes

The third scale of the indigenous taskscape was defined when evaluating the regional
distributions of the ceramic series present in the region. In the northern sector of the island,
two ceramic series dating to the Late Ceramic Age (1100–1500 AD) and the early colonial
period (1500–1600 AD) have been classified: Meillacoid and Chicoid [30–33]. The particular
distribution pattern of the sites related to the Meillacoid ceramics between the coastal
areas of the Montecristi province and the eastern province of Puerto Plata, as well as the
characteristic distribution patterns of the Chicoid sites in the region, seem to highlight a
political taskscape (Figure 5). This taskscape could have been based on the relationships
and interactions between different communities and the rights to access certain areas. Socio-
political and cultural reasons could be the main causes for the absence of sites with Chicoid
ceramics in the area of the coast of Montecristi. The coastal area of Montecristi also has
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important topographic (its location at the end of the Cordillera Septentrional) and ecological
features (endemic areas of the only mammals on the island, the hutia and solenodon, and
easy access to the mangroves), which may have played a role in the interest of Meillacoid-
using communities in maintaining control over this area and its resources. Alternatively,
conflicts among indigenous groups could also have contributed to this particular pattern.

Figure 5. Large-scale taskscapes. Ceramic series distribution pattern: (above) Meillacoid, (below)
Chicoid. The data for this image comes from [27,34–36].

3.4. Indigenous Landscape

The indigenous landscape, that the early Spanish observed, can be reconstructed
is composed of a variety of places and artefacts that indicate the diversity of activities
carried out by past communities. The patterned distribution of places revealed the past
inhabitants’ recurrent interests of interacting, exploiting and selecting activity places based
on topography. The pattern is defined by “central” places related to habitation, trade and
perhaps political centrality, followed by a series of medium to small places related to other
non-domestic activities such as the exploitation/processing of marine resources, agriculture
and, possibly, other activities such as logging and/or production of lithic artefacts. In addi-
tion, the non-domestic sites tend to afford the best visibility of the surroundings and marine
environment, as has already been proposed for neighboring areas in the region [35,37,38].
These patterns are also observed in other neighboring research areas, such as the coastal
region of the Puerto Plata province and northeastern Haiti, with some local particularities
possibly related to the topography and culture of the different indigenous communities.
The indigenous landscape before 1492 was dynamic and diverse, where communities seem
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to have shared similar cultural features that are evident across multiple scales. However, at
the largest analytical scale, there are indications of cultural heterogeneity that might have
resulted from ethnic differences, cultural territories and/or conflict relations.

3.5. Spanish Taskscapes

A good example of the Spanish movements during the early phase of colonization and
that formed part of their strategies to reach the inland gold area and control of indigenous
population is the so-called Ruta de Colón [39,40]. Figure 6 shows a reconstruction of this
route as well as some hypothetic lines of the Spanish movements, based on the early
chronicles reports. The figure also shows the location of the Spanish towns and forts, from
the earliest town of La Isabela (1493) to the fort at Jánico (1494) where the gold mines were
located. Following Ingold’s [16,29] definition of place, each fort and town formed a ‘node’
resulting from the repeated passage and selection of certain places as a consequence of the
move from the coast to the mainland. In addition, the selection by the Spanish of those
specific places for settlement responded to the several indigenous settlements that already
existed along this route, as reported by the early chronicles [41–44]. The ‘lines’ created by
the Spanish movement is evidence of their intentions to successfully exploit and transfer
gold to the coast, as well as the need to dominate the territory and its people. The forts were
built near resistant or important settlements of the indigenous groups. For example, the
fort of La Magdalena was built in the Cibao valley, close to Los Hidalgos pass through the
northern mountain range, within the area known by the indigenous people as the province
of Macorís, and to the north of the supposed area of residence of Cacique Caonabo. Cacique
is a word the indigenous people used to refer to their leaders. The early Spanish compare
this term to that of king. This fort was destroyed by the indigenous people of the area and,
shortly after, the Spanish replaced it with the fort of La Esperanza [43]. On the other hand,
some Spanish towns were built near key natural resources (gold veins, rivers, coast) as well
as near important indigenous settlements. For example, the town of Concepción de la Vega
was founded near the settlement of Cacique Guarionex, with whom the Spanish initially
had formed an alliance and later fought several fierce battles.

The initial colonial landscape was shaped by the exploitation of the island’s mineral
and human resources through the factoría system [45]. This was a colonialist system
originally developed in Portugal and applied to the Spanish in the conquest of the Canary
Islands [46]. The Spanish landscape was made up of two taskscapes. One is based on
the exploitation of resources and the other on the military control of the territory. These
taskscapes allow an understanding of part of the Spanish logic in conquering the indigenous
world, and represent elements of the transformation of the indigenous landscape into the
Spanish colonial one during the first years of colonization. The Spanish landscape during
these the first years on the island of Haytí was characterized by, in the first place, closely
spaced settlements to aid the movement of troops and suppress the constant indigenous
uprisings, such as the one that destroyed the fort of La Magdalena or the uprising of the
caciques Guarionex and Mayobanex [41]. Second, these settlements, whether villages or
forts, served as forms of control and domination of the local population and protected of
the movement of resources between the inland and the coast.

30



Land 2022, 11, 509

Figure 6. Spanish settlements and movements in the north of Haytí during the first years of coloniza-
tion (approximate locations based on Sauer [47]).

4. Conclusion: The Transformation of the Indigenous Landscape

To fully understand the transformation of indigenous landscapes on northern Haytí,
the regional archaeological patterns formed by indigenous taskscapes were compared
to the regional patterns of movement and settlement of the early Spanish colonizers in
the same study region. This comparison led to the idea that the transformation of the
indigenous landscape can be explained on two analytical levels. These levels have been
conceptualized as Day-to-day and Imaginary. The first explains the changes that occurred
within the indigenous communities in terms of the tasks, practices and movements that
characterized the quotidian indigenous taskscape before the arrival of the Spanish. The
second level has to do with the representations developed by the first Spanish invaders
of the indigenous world and how these representations themselves contributed to the
transformation of the indigenous landscape.

4.1. Day-To-Day Level: Contested Taskscapes

One way to conceptualize the conquest of the indigenous world and its initial trans-
formation is through the idea of contested taskscapes [22]. From the earliest years of
colonization, the Spanish invaders depended on the local population to obtain basic prod-
ucts and resources. For example, beginning during the second voyage, Columbus imposed
a tribute in gold and food on the indigenous people [41]. In the case of gold, indigenous
populations were forced to carry out the task of mineral extraction at known gold veins
and rivers, where, in general, the activity followed pre-invasion patterns. However, the
intensity of this task radically changed, as did the reasons for the work, with indigenous
people preferring to commit suicide and induce abortions to avoid the horrors of enslaved
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labor in the gold mines for themselves and their descendants [41,48]. In this sense, although
the task remained the same and it was carried out in the same places, the taskscape, the
constitutive acts of dwelling, changed radically and consequently a conflict was created.

In the case of food production, something similar happened. Even though the indige-
nous communities continued to produce food according to their traditional knowledge and
practices in the usual places, there was a change in the motivation behind the execution
of these same tasks. The Spanish demanded a quota greater than the one they were used
to producing, leading to the occurrence of a conflict in the daily tasks that constituted the
indigenous agricultural taskscape. An example of this was recorded in the early chronicles,
when the cacique Guarionex tried to increased cassava production to pay the Spanish
more ever a larger quota and lessen the aggression of the conquistadores. However, shortly
after these negotiations, Guarionex would go to war with the Columbus brothers since
his people had not been able to produce as much food as expected [41,42]. In addition,
Guarionex and his people were affected by the Spanish presence near their towns and
traditional areas as well as by the fear and rage instilled in them by witnessing what the
Spanish were doing to other indigenous groups.

A third contested taskscape can be identified in the Spanish settlements along the
island (Figure 7). When Nicolás de Ovando became governor of La Española (1502–1509),
other mechanisms to deal with local populations and resources were implemented. By that
time, the Spanish had moved to displacing entire communities to Spanish towns to continue
fulfilling the tasks of food production and gold exploitation, as well as general servitude.
As the people were “inserted” in the Spanish villages, in a process known as encomiendas
y repartimientos [49], the new places where these tasks were to occur were far from where
they traditionally took place. An archaeological example that supports the existence of
these contested taskscapes comes from the province of Montecristi [26]. During the survey
in this area, there was only one place where material culture related to the second half of
the 16th-century was recorded, namely in the area where the original foundations of the
villa of Montecristi (circa 1535) were located [50]. In the rest of the area, no evidence of
early 16th-century European material culture was found. In fact, all Spanish or European
materials postdate the 17th-century. This could be evidence that during the beginning of
the conquest and colonization process (circa 1493 to 1502), the Spanish villages did not have
rural areas, since their focus was on territorial access and control. After Columbus’s second
voyage, the Spanish started their attempts to introduce European animals and vegetables
to the island environment [51]. As a result of the food crisis in Spain and Portugal and
the efforts of Nicolás de Ovando to improve the quality of the colony since 1502, Spanish
efforts in cultivation had not fully started [51]. During the first decade of the colonization,
the indigenous communities and their towns were the equivalent of the “countryside” for
food production. As mentioned, the indigenous agricultural taskscapes were maintained
in their traditional places, serving as rural areas for the Spanish, until the populations were
displaced to the Spanish villages. This created a key space of contestation, and after several
decades, helped to promote the creation of new creole rural communities.

Following this discussion, the idea of the contested taskscape can be connected with
two levels of human experience. First, the physical level, which refers to the conflicts
that occurred through the materiality of placemaking. For example, the establishment
of Spanish forts and settlements close to important indigenous settlements. Second, the
cognitive level, which refers to the perceptions of individuals and communities that live
in and move between those places where physical conflict was manifest. For example,
individuals and communities suffered a strong psychological impact when they become
enslaved and had to continue exploiting resources that were known and familiar to them,
in places that possibly carried deep cultural meanings. Bender has explained that studies
of conflicts and diasporas generally focus on broad social and political scales “without
too much consideration of what this might involve in terms of intimate and personal
engagement” [23]. In this sense, when day-to-day tasks (the basis of the cultural skills and
knowledge of an individual or of a community) were carried out under conditions of force
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and enslavery, this affected both the people’s perception of those tasks in themselves and
their perception of the landscape where those tasks were carried out. This, in turn, would
have generated both a personal conflict with the task in question and with the “constitutive
acts of dwelling” [17], i.e., with the taskscape. With the development of the colonial state,
the stress on indigenous people increased as they were continuously pressured to increase
production, to accept new ideologies and religion, and finally to be integrated into the
Spanish system as new subjects of a sovereign they did not choose. As Bender [24] has
rightly expressed, “the mutual incomprehension engendered by totally different social,
political and economic practices extends to include the inability to recognize or at least
tolerate a completely different understanding of place and landscape.” The indigenous and
Spanish taskscapes, at their different spatial scales, naturally came into direct conflict since
their basic notions of nature, territory and ownership were radically different.

Figure 7. Distributions of early Spanish settlements.

4.2. Level of the Imaginary: Historical Homogeneities and Archaeological Diversities

The second level concerns how the first Spanish invaders represented the indigenous
people. The image created during the first decades of colonization not only transfigured
the landscape and the indigenous world in the past but also did so for the future Caribbean
populations that came into being with a distorted idea of the island of Haytí before 1492.
This issue can be explored from two perspectives. The first concerns the invisibilization
of indigenous communities and their presence in the landscape. The early chroniclers,
whether due to the difficulty in understanding indigenous cultures or a lack of interest
in deep descriptions, presented a vague image of the indigenous people. Based on their
understanding of the world, the first Spanish tried to identify in the indigenous communi-
ties hierarchical and spatial patterns similar to those that existed in Europe at that time. In
spatial terms, this led to the definition of indigenous “territories” [52] that, based on the
available archaeological evidence from the northern region of the island [26,27,34,35,53,54],
do not seem to reflect the cultural diversity or the political organization before 1492.

An example of this comes from the 1516 map of Andrés de Morales (Figure 8),
which divided the island into five regions. While a subsequent report by Peter Martyr
d’Anghiera [48] based on Morales’ report and map described these as natural regions, the
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20th-century economist Bernardo Vega [52] interpreted these regions as political territories
related to the indigenous cacicazgos (chiefdoms). However, the map of Morales does not
depict borders between these territories and Martyr d’Anghiera simply states that: “The
pilot Morales, brings me a new description that from time immemorial the indigenous
people used.” [48]. The evidence from both the map and the documentary record does not
suggest that this description included the delimitation of chiefdoms, as later proposed by
Vega [52]. Indeed, the claim that these natural geographical regions which probably were
imbued with cultural and historical meanings represented chiefly territories effaced, rather
than explained, indigenous diversity. Nevertheless, the wider idea of indigenous territories
connected to hierarchical political structures was present in several colonial chronicles and
was finally depicted in Charlevoix’s map in 1731 (Figure 9).

 

Figure 8. Map of Haytí during the early colonial period by Andres de Morales in 1516 (taken from
Frati [55]).

Without doubting the existence of hierarchical societies on the island, it is important
to recognize that the representation of homogeneous indigenous territories (i.e., one cacique
(king) controlling one large territory (nation)) facilitated the explanation of indigenous
cultural complexity for initial colonial observers. By contrast, the archaeological data,
in combination with the different indigenous taskscapes defined here, reveal a diverse
indigenous landscape shaped by multiple spatial scales of community interaction. This
patterning is suggestive of the presence of multi-ethnic and politically centralized groups
at small scales, rather than large cacicazgos occupying large and homogeneous territories.
The first transformation of the indigenous landscapes of Haytí, therefore, happened at this
level of Spanish colonial representation. The resulting image of homogeneous territories
controlled by highly centralized political polities obscured the island’s multiple scales of
interaction, the reality of which has been recovered only recently by archaeological research.

A second transformation of the indigenous landscape occurred with the eradication of
the diversity of communities by creating homogeneous ethnicities. This point is detailed
here through the example of the ethnonym “Taíno”. Several authors have highlighted that
the early Spanish merged together a wide range of ethnic groups in the island of Haytí
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since they were unable to recognize internal cultural differences [56]. The Taíno are the
classic example of this since they have been identified as the major indigenous group in the
Greater Antilles [57,58]. However, Caribbean researchers have realized that, in order to do
justice to the complexity of these ethnic groups without obscuring their cultural dynamics,
terms such as “Tainoness” [56,59,60] or symbolic reservoir [61] are more appropriate to
characterize the indigenous culture of these communities.

 

Figure 9. Map of Haytí showing the supposed indigenous territories by Pierre-Francois-Xavier
de Charlevoix in 1731 (courtesy of the digital collection of John Carter Brown Library at
Brown University).

The first reference to the term Taíno was made on Columbus’s second voyage when
upon arriving on the beach of an island he was greeted by people shouting “Taíno, Taíno”.
The meaning of this word has been identified as “good” or “noble” [60–62]. In the
19th-century, the term Taíno began to be applied to define a particular ethnic group and
to their language. The first reference to Taíno as the equivalent of an ethnic group that
inhabited the Greater Antilles has been attributed to Rafinesque in 1836 [60], although
the term was also used a few years later by Martinus in 1867 [61]. In 1871, Brinton used
the term Taíno to describe the linguistic classification of the Arawak language spoken in
those islands [62]. The popularization of the term Taíno was a consequence of the historical
reconstructions that took place throughout the 19th-century, which condensed the previous
generalizations and homogenizations of the ethnic and linguistic diversities of the indige-
nous groups of the northern Caribbean. For example, in his report about his coexistence
with the indigenous people from the northern region of Haytí, Fray Ramón Pané mentioned
that he was first sent by Columbus to live in the province of Macorís, where the fort of
La Magdalena fort was located, and then to move and live with the cacique Guarionex,
because this cacique and his people spoke a language that was understood throughout
the island [43]. Still, Pané did not indicate whether Macorís was an ethnic group or that
Guarionex and his language were Taíno. The idea that Guarionex was a Taíno cacique first
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appeared in the 19th-century historical reconstructions and was further consolidated in
archaeological and historical scholarship in the 20th-century. The meaning of Macorís, as a
language or ethnic unit, is still strongly debated among specialists.

The criticism raised by recent scholars in their quest to clarify the indigenous patterns
before the arrival of Europeans parallels the foregoing critique of colonial cartographic
depictions. The representations of indigenous communities made by the early colonizers
and missionaries were deeply marked by a European understanding and classification of
the world. This “environmental orientalism” [63] was a perspective that originated in the
Middle Ages, and shaped how indigenous people were seen. The radically different ways
of classifying and understanding the world by indigenous and Spanish groups is perhaps
best exemplified in the simplicity with which the Spanish represented the indigenous world
and its landscapes. In summary, through their process of interpreting it, the Spanish and
other European colonists would transform the diverse, multi-ethnic and pluri-linguistic
indigenous landscape into a homogenous “indigenous” landscape characterized by a
limited set of homogenous ethnic groups and their territories. This early distorted vision
which helped transform the indigenous landscape in the early colonial period, would be
reaffirmed by 18th- and 19th-century naturalists, and more recently, further reinforced by
archaeological models in the 20th century.
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Abstract: The main goal of this paper is to present results of preliminary archaeological research
on the south side of Lake Issyk-Kul in Kyrgyzstan. We test the hypothesis that agropastoral land
use changed over four millennia from the Bronze Age through the Kirghiz period due to economic,
socio-political, and religious shifts in the prehistoric and historic societies of this region. Our research
objectives are to: (1) describe and analyze survey results from the Lower Kizil Suu Valley; (2) discuss
the results of radiometric and archaeobotanical samples taken from three stratigraphic profiles at three
settlements from the Juuku Valley, including the chronological periods of the Wusun (140 to 437 CE),
the Qarakhanid (942 to 1228 CE), and the historic Kirghiz (1700 to present CE); and (3) conduct
preliminary GIS spatial analyses on the Iron Age mortuary remains (Saka and Wusun periods). This
research emerges out of the first archaeological surveys conducted in 2019–2021 and includes the
Lower Kizil Suu alluvial fan; it is an initial step toward developing a model for agropastoral land use
for upland valleys of the Inner Tian Shan Mountains.

Keywords: archaeological landscapes; Iron Age; Medieval Period; agriculture; pastoralism; vertical
zonation; Issyk-Kul Lake; archaeobotany; GIS mapping

1. Introduction

During the summer field seasons of 2019 and 2021 archaeological reconnaissance and
survey was conducted on the south side of Lake Issyk-Kul in the Juuku and Lower Kizil
Suu Valleys in the Republic of Kyrgyzstan (see locator map, Figure 1). Archaeological
sites spanning the Bronze Age through ethnographic Kirghiz periods have been identi-
fied [1] that cover a four millennia period. In this paper we specifically provide the detailed
stratigraphic profiles for two settlements in the Upper Juuku Valley. We add additional
radiometric dates recovered from ancient seeds discovered during the archaeobotanical
analyses. These archaeobotanical and radiometric sequences provide a baseline for examin-
ing the development of settlement patterns over the last three or four millennia of human
occupation on the south side of Lake Issyk-Kul. The paper also puts forth preliminary GIS
spatial analyses of site loci found in the Lower Kizil Suu, an alluvial fan covering about
19.7 sq km in total area. These survey data can be used to reconstruct ancient land-use
patterns of agriculture and pastoralism over the last four millennia. The Central Tian-Shan
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region was important as a segment of a larger trade, migration, and communication route,
tying Central Asia to both the east and west branches of the proto-Silk Road routes. In
the Juuku and Kizil Suu Valleys, the ecoclines spanning 1600 to 2100 m asl provide ideal
conditions for cultivation of wheat (Triticum aestivum), barley (Hordeum vulgare), the two
East Asian millets (Panicum miliaceum and Setaria italica) and the herding of sheep, goat,
cattle, and horses. In addition, humans likely foraged for wild plants and hunted wild
animals, such as deer, ibex, hare, rodents, waterfowl, and other birds. Not only did the
natural landscape provide a range of potential subsistence niches for ancient populations,
but these populations also altered local environments through their settlement activities.
By the Medieval period and possibly as far back as the Iron Age (ca. 800 BCE to 550 CE)
ancient people also built check dams and simple irrigation systems. The burial kurgans
(earthen or stone mounds), often ranging from 2 to 90 m in diameter and from flat to 9 m in
height, were mortuary monuments that altered the natural land surfaces. The high density
of burial mounds, settlements, and features on the alluvial fans and valleys Saka (800 BCE
to 260 BCE to Wusun periods 140 BCE to CE 438) may also be used as rough demographic
indicators of the populations occupying these valleys.

Figure 1. Locator Map of Study Area of Kizil Suu region.

By tracing changing settlement and land-use patterns over a four millennia period of
the Late Holocene by means of survey research, we lay out a long-term strategy for testing
our ideas about the social development of upland societies in this region. We have also
conducted some preliminary studies in: (1) radiometric dating of stratigraphic deposits
at three settlements using both charcoal and carbonized seed samples [1]; (2) archaeob-
otanical analyses of soil samples taken from cultural deposits at these three settlements;
and (3) preliminary spatial analyses of the kurgan locations from the Lower Kizil Suu
alluvial fan. The three profiles located at an Iron Age settlement, a Medieval (Qarakhanid)
settlement, and a 19th century Kirghiz settlement, were selected for radiometric dating
of seeds and charcoal, and initial archaeobotanical analyses of carbonized plant materi-
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als from ancient contexts. These initial chronological sequences at Juuku Valley allow
for speculative hypotheses about changing land use patterns from the latter part of the
Iron Age through the present Kirghiz period of occupation. The recent research done
by palynologists working in the Karakol area of Issyk-Kul provides invaluable proxies
for documenting climate change over four millennia of occupation. The spatial analyses
of burial mound loci, known as kurgans, for two sets of Iron Age cultural phases, the
Saka period (ca. 800 BCE to 260 BCE) and the Wusun period (ca. 140 BCE to 437 CE) are
significant indicators of ritual landscapes and their boundaries along the ridges above
stream beds on the large alluvial fan of Kizil Suu. GIS (Geographic Information Systems)
analyses provide statistically relevant data about spatial relations between the mortuary
landscapes of two different Iron Age cultural groups. The spatial boundaries between
Saka and Wusun culture groups, may also represent a kind of “filling in” strategy whereby
the later Wusun groups situated themselves in territories proximate to earlier Saka burial
grounds, yet maintained clear spatial and ritual boundaries.

Our intentions are to elucidate changing patterns of subsistence over time; also we
eventually hope to contribute to a more fine-grained understanding of pastoral mobility,
agricultural sedentism, and short and long-distance exchange routes along one segment
of the Inner Asian Mountain Corridor. Frachetti [2] defined the Inner Asian Mountain
Corridor as a series of short-distance pastoral pathways, which served as geographic pulses
for large-scale long-distance mobility across the geographic regions of Central Asia, the
Eurasian steppe, and northeastern China. Although contemporary archaeologists have
the laboratory tools to trace population movements and shifts through aDNA on human
skeletal material [3,4] and isotopic analyses of human and animal bone remains from
archaeological sites [5,6], there is still the need for detailed archaeological field research.
Surveys and excavations at ancient sites not only provide important material, such as
ancient seeds, animal bones, and other ecofacts, but they also document the artifacts,
features, and architecture of ancient monuments and settlements. These rich contextual
data then allow field archaeologists to re-evaluate, revise, and reconstruct former patterns
of social, political, and religious organization of societies, especially those with little textual
data. In order to design comprehensive research programs field archaeologists often have
to conduct pedestrian surveys such as ours in the Juuku and Lower Kizil Suu valleys,
searching for artifacts scatters, architectural features, such as house structures, pits, and
fireplaces, and burial mounds. These data will inform us as to how we may conduct long
term research that includes test sondages, block excavations, and laboratory studies.

How did ancient and historic populations use both agrarian and pastoral strategies
to adapt to upland valleys and in turn transform these physical landscapes over the past
four millennia? In recent papers [7–13] archaeologists and other specialists working in
Central Eurasia have tended to define the articulation of agriculture with pastoralism
using the umbrella term “agro-pastoralism”. In this paper we specifically refer to these
separate economic strategies of land use as pastoralism and agriculture. This then allows
us to examine how both economic strategies and land use systems sometimes articulated
with one another, and at other times were practiced in opposition and even in conflicting
ways. In the vast literature on Eurasian nomadic pastoralism, social anthropologists, and
archaeologists such as Khazanov [14] and Kradin [15] have already argued that there
were almost no cases of “pure pastoralism” since most Eurasian pastoral groups also
practiced foraging, fishing, and farming. The northern Mongolian reindeer herders were
one of the few pastoral groups who almost exclusively engaged in pastoral pursuits.
One way of bypassing the tendency to pigeon-hole and, therefore, typologize pastoral
strategies from “pure nomadic pastoralism” to settled agro-pastoralism is to examine the
nature of variation within all ancient and modern pastoral societies and their complicated
relationships with the “outside world”. Those relations, between the historic populations
of Kirghiz and Kazakhs who practiced animal husbandry and their settled neighbors were
often quite varied and, in many cases, demonstrated the necessity for mutual dependence
and symbiosis, as well as competition over water and land [14,16]. Over 50 years ago,
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Dyson-Hudson [17] reprimanded social anthropologists and geographers for typologizing
pastoral societies on the basis of their mobility practices, thus ignoring so many other
variables that exist in nomadic pastoral life such as the species herded by humans, the fact
that herders and their animals represent “co-incident populations of animals and humans,”
and the social and political advantages gained by regular seasonal or cyclical movement in
search of pasture and water. In the recent literature on Central Eurasia archaeologists have
argued about the nature of agropastoralism versus pastoral nomadism during the Bronze
Age through the Medieval periods [7]. Nomadic mobility and its role for the spread of Indo-
European language, the new technologies of metalworking (specifically bronze production),
and the importance of horse transport (both riding and as traction animals) [2,18] have
dominated our understandings of agricultural and pastoral interactions over the last four
millennia of Eurasian steppe and mountain adaptations. Contributing to these discussions
have been the exciting new developments of complete radiometric sequences of both Bronze
and Iron Age settlement and cemetery contexts, DNA studies on human skeletal remains,
archaeobotanical findings of early crops of domesticated millets, wheat, and barley, and the
use of isotopic studies on both human and faunal materials [5,6,19–22]. No doubt it has
been an exciting time for the fine-grained laboratory analyses of seeds, animal bones, and
human remains.

At the same time field archaeologists continue to survey and excavate settlements and
burial grounds along the Inner Asian Mountain Corridor, often testing the Corridor hypoth-
esis [23–27]. Archaeological studies of pastoral mobility have been successful in delineating
both short and long-distance mobility during the Bronze Age in particular [2,6,28,29]. More
recent studies of mobility patterns in the Iron Age and Medieval Periods in Central Asia
have begun to tease out patterns of mobility as well as symbiosis and competition between
agriculturalists and mobile pastoralists [6,10,20,30–33]. Settlement pattern studies have
been initiated in the nearby Kochkor Valley by Rouse and her team [25,26]. Recently
Motuzaite-Mateviciute and her team [22] have examined 78 human and 84 animal samples
from 17 archaeological sites in Kyrgyzstan, primarily along the Naryn corridor and the
south side of Lake Issyk-Kul for carbon and nitrogen isotopes indicating the consumption
of millets at Bronze Age through Medieval period occupations. The initial conclusions
show that millet consumption and fodder use did not occur before the Bronze Age, and in
two cases, the very early use of millet may have come from immigrants from outside this
region [22].

We suggest that our survey results show the influx of new groups into these valleys.
Here we present a chronology for the South side of Lake Issyk Kul. This chronology can
then be used to define how each cultural group in a given time period most likely practiced
different economic strategies and ritual land use (see Table 1).
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Table 1. Time Periods, Phase Designations, and Dates used for the Juuku and Lower Kizil Suu
Surveys.

Time Period Phase Designation Dates

Late Bronze Age 2000 BCE–900 BCE

Final Bronze 1100 BCE–800 BCE

Iron Age

800 BCE–550 CE

Saka 800 BCE–260 BCE

Wusun 140 BCE–437 CE

Kenkol (only in TianShan) 200 CE–550 CE

Medieval Period

500 CE–1500 CE

Turkic Period 552 CE–900 CE

Qarakhanid 942 CE–1228 CE

Early Kirghiz 1500 CE–1700 CE

Kirghiz Period 1700 CE–Present

Soviet Period 1917–1991

Post-Soviet, Kyrgyz Nation 1991–

For example, the Andronovo Bronze Age farmers and herders of the second millen-
nium BCE were replaced by Iron Age nomadic confederacies. Some groups within the Iron
Age nomadic confederacies continued to cultivate barley, wheat, and the two millets, as
well as herd sheep, goats, cattle, and horses [31]. During the latter part of the Iron Age,
outside groups like the Wusun, may have incorporated indigenous Saka groups into their
quasi-states or confederacies. In the Turkic and Medieval periods, (ca. 600 to 1500 CE)
the rise of urbanism is apparent from the variety of site types including rural homesteads
and outlying corrals and encampments, caravanserais, military outposts, early towns,
and cities [34,35]. The demographic increases during the Turkic and Medieval periods
undoubtedly placed more pressure on local resources, including land. When did the local
people begin to use irrigation and who owned the herds of domesticated animals? During
the later periods when early states became increasingly hierarchical, questions such as
who worked the land, and who owned land as property become essential elements in our
models of land-use. Also, it is important to consider how the Medieval and historic Kirghiz
periods were also those times of maximum pressure on land, water, and other natural
resources, especially in these small, circumscribed upland valleys? Greater impact on the
natural landscapes must also have affected local communities, not only economically, but
socially and politically and may have aided in the transformation of sacred landscapes. Our
answer to such broad questions begins with documenting the results of our archaeological
surveys and the ancillary studies conducted because of the 2019 and 2021 field seasons.
Each aspect of this project, such as the survey results, the radiometric dating at three
settlements, preliminary archaeobotanical analysis, and GIS spatial analysis of Lower Kizil
Suu mortuary landscapes all contribute to the diachronic study of landscape change in the
Late Holocene.

2. Materials and Methods

2.1. Study Area

In this paper we discuss the research results of three settlement profiles from the Juuku
Valley and the survey results of the Lower Kizil Suu Valley (Figure 2). Both upland valleys
are found on the south side of Lake Issyk-Kul, a large saline lake located between the
Northern and Inner Tian Shan Mountain ranges. Lake Issyk-Kul is fed by 102 streams and
lakes; the lake levels fluctuate according to seasonal glacial melt. Juuku Valley is a small
intermontane valley with the high peak of It-Tash (elevation of 4808 m) to the south and
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extends about 50 km to the north where it empties into the Lake Issyk-Kul. The two survey
polygons of the Juuku Valley, Polygon 1 in the Lower Juuku alluvial valley, is about 6.4 sq
km and ranges from 1750 to 1950 m asl and Polygon 2 in the Upper East River Branch
of the Juuku Valley is about 0.5 sq km in area and ranges from 2060 to 2100 m asl (see
Figure 2). The survey results found on both polygons of the Juuku Valley have already been
reported by Chang, Ivanov, and Tourtellotte [1]. The geology of these upland valleys is
similar to that of the Dzhety-Ogyuz Valley described by Abdrakhmetov and Korjenkov [36].
Paleozoic granites and metamorphic rocks form the foundation of the Juuku and Kizil Suu
valleys. The Lower Kizil Suu is a broad alluvial fan of 19.7 sq km; the Kizil Suu streams
empty into Lake Issyk-Kul. The elevation of the alluvial fan ranges from 1610 to 1740 m asl
(see Figure 2, map of Lower Kizil Suu). Jurassic quartzites cover the earlier granites and
metamorphic rock. The distinctive red sandstone formations found in these intermontane
regions are a result of Eocene and Pliocene deposits. The terraces, alluvial valleys, and
alluvial fans consist of fluvial deposits of boulders, river cobbles, pebbles, and sand often
covered with deposits of topsoils consisting of sand, clays, silt, loess, and humic layers.
There is substantial seismic activity apparent on the south side of Lake Issyk-Kul [37,38].

Climatic conditions in the environs of Karakol on the South side of Lake Issyk-Kul can
be reconstructed from pollen cores taken in 1998 [39]. These archives show the occurrence
of a wetter period from 2450 to 750 BCE based on the decline of Ephedra, a species associated
with the dry conditions of the Artemisia steppe.

According to the Karakol pollen core samples, there appears to be a spruce (Picea sp.)
die back, or cooling period from 1450 BCE to 950 BCE, usually the Late Bronze Age/Final
Bronze Age period [39] (Table 2). Again, the documented Dark Ages of cold and wet,
occurred between CE 300 to 600, at the Wusun and Early Turkic periods [39]. Then a
relatively dry phase occurred during the Medieval period, ca. 1000 to CE 1350, during the
Qarakhanid occupation of this region. The “Little Ice Age” took place between ca. 1500
to CE 1850, within the historic Kirghiz occupation. The climate became colder, and at an
Issyk-Kul core (IK98i-28) as well as Core C087 there appears to be an increase in Picea
(spruce) as well as an increase in Poaceae (grasses), which may be attributed to human
impact due to farming [39]. During the Little Ice Age, the Tian Shan glaciers were most
extensive. These pollen records suggest the following climatic trends: (1) wetter and colder
conditions at the end of the Bronze Age that continued into the Iron Age; (2) the peak of the
wet and cold conditions came towards the end of the Iron Age (CE 300 to 600), also known
as the Dark Ages elsewhere; (3) during the height of Medieval occupation in this region,
the Qarakhanid period (10th to 12th centuries CE), was marked by a relatively dry and
warm period; and finally after the 15th century and into the 19th century, the Little Ice Age
marked a cooling and moist period. If climate proxies from pollen cores can be collected
from the Kizil Suu area it may be possible to correlate local climatic trends with changing
land use patterns.
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Figure 2. Map of Lower Kizil Suu Survey also shows the location of Eastern Juuku, Settlement 1
(1st to 5th century CE), Eastern Juuku, Settlement 2 (10th to 11th centuries CE), and Lower Juuku,
Settlement 1 (17th to 19th centuries CE).
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Table 2. Dates, Time Periods, Climatic Trends on the South side of Lake Issyk Kul according to Pollen
Cores from the Karakol area [39].

Dates Approximate Time Period Climatic Trend

1450 BCE to 950 BCE
Late Bronze Age/Final Bronze

Age
Cooling period, spruce

die-back

300 to 600 CE
Wusun Period/Early Turkic

Period Cool and wet phase

1000 to 1350 CE
Medieval Period/Qarakhanid

Period Dry phase

1500 to 1850 CE
Historic Period of Kirghiz

occupation Little Ice Age (cool and wet)

2.2. Description of Survey Methods

Chang, Ivanov, and Tourtellotte [1] conducted pedestrian archaeological surveys
within the two polygons of the Juuku Valley. This article reports specifically on the survey
results from the Lower Kizil Suu alluvial fan. A detailed study of digital maps from Nakarte
and Google Earth allowed the team to locate areas where potential archaeological loci such
as settlements, corrals, and burial mounds were visible from aerial views. Pedestrian
surveys were conducted on the lower Kizil Suu alluvial fan during 2021. We covered a
small sample area (0.53 sq km) of the total area of the alluvial fan (19.7 sq km), at elevations
from 1610 to 1740 m asl. (The sample survey area is about 0.02 percent of the total alluvial
fan area). Since so many of the lower terraces in Kizil Suu were planted in grain crops
during the field season of 2021, we restricted our survey to the higher, stony terraces. These
terraces and ridges were often the areas of Iron Age kurgans. A second phase of our sample
survey was to field walk in agricultural fields that had been plowed, cut, or recently planted
during the months of August and September. About 11 fields were intensively surveyed,
an area of approximately 48 hectares (see Table 3). The overall survey methodology was
opportunistic, often dependent on our own pre-survey predictions for promising areas
for site locations. For example, the Saka kurgans were often visible on Google Earth or
Nakarte digital imagery and therefore provided us with estimates of where clusters or
concentrations of site loci might be found in Lower Kizil Suu. All materials found on
survey, from isolated artifact finds to more house outlines were identified as loci. If it was
apparent that a group of house foundations were part of a settlement, a series of points
(loci) were recorded, but they were considered a single site. The survey team recorded
artifact finds (ceramic sherds, grinding stones, etc.), artifact scatters (more than 5 artifacts
per 10 m radius), house or pit depressions, stone foundations of houses and enclosures,
paths marked by stone walls, and architectural features such as house foundations, walls,
fences, and corrals, and graves, burial mounds, and other mortuary features associated
with cemeteries. Figure 3 shows two field archaeologists recording a stone kurgan in Lower
Kizil Suu. When the archaeological artifacts or features could be dated chronologically, they
were placed in time periods. Excel data sheets were constructed for each archaeological loci
recording GPS (Global Positioning Systems) coordinates and relevant site characteristics.
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Table 3. Lower Kizil Suu Survey of Agricultural Fields.

Field Number Field Area in Hectares Finds

1 14.3 12 sherds

2 14.5 3 kurgans, 3 sherds

3 2.8 5 sherds, 1 hearth

4 1.49 5 sherds

5 1.65 5 sherds

6 1.94 2 sherds

7 3.9 11 sherds (between 50–100)

8 1.88 8 sherds
1 foundation

9 0.29 2 sherds

10 4.14

1 Kirghiz ethnographic grave,
1 Saka kurgan

7 sherds
1 grinding stone

11 1.13 8 sherds

TOTALS 48.02

 

Figure 3. Recording stone kurgans in the Lower Kizil Suu. Large earthen Saka kurgans in the
background.
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2.3. Stratigraphic Profiles at Juuku Valley Settlements

Two stratigraphic profile cuts, Settlement 1 and 2 in the Upper Juuku Valley were
drawn by the field team. The Lower Juuku settlement was photographed and recorded, but
not drawn. The stratigraphic profiles illustrate cultural and natural soil layers. Several liters
of archaeobotanical soil samples were taken from the Settlement 1 (EJS1) and Settlement 2
(EJS2) in Upper Juuku Valley and from Settlement 1 (LJS1) in Lower Juuku Valley. Addi-
tional radiometric dating of two charred seeds was taken from archaeobotanical findings at
Settlement 1 (EJS1) in the Upper Juuku, a Wusun (Iron Age) settlement.

2.4. Radiometric Dating

Two samples of carbonized barley (Hordeum vulgare) and free-threshing wheat (Triticum
aestivum) grains were selected for dating from the Eastern Juuku-Settlement-1. Dates
were measured at Woods Hole Oceanographic Institute’s Radiocarbon Laboratory and
SUERC Radiocarbon Dating Laboratory. The results were calibrated using OxCal v4.4.2
software [40,41] and the IntCal 20 curve [42].

2.5. Archaeobotanical Methods

We conducted water flotation on seven sediment samples taken in 2019 from three
archaeological sites in the Juuku Valley, using an overflow tank system, in September of
2021. Three of these samples were collected from site-EJS1 (Eastern Juuku-Settlement-
1). Another two samples were collected from site-EJS2 (Eastern Juuku-Settlement-2) and
two samples from site-LJS1(Lower Juuku-Settlement-2). In this report, we use the site
nomenclature, as laid out in Table 4.

Table 4. Radiocarbon results from carbonized material found at three Settlements recovered from the
Juuku Valley.

# Lab ID Material/Pretreat
d13C o/oo

IRMS
Conventional

Dates (BP)
Calibrated Dates

at 95.4% (AD)
Settlement

1 OS-165284 Wheat grain — 1850 +/− 15 130–237 Site-EJS1

Eastern
Juuku

Settlement 1

2 OS-165285 Barley grain — 1680 +/− 15 376–532 Site-EJS1

3 Beta-603779
(charred
material)

acid/alkali/acid
−22.7 1930 +/− 30 22–206 Site-EJS1

4 Beta-603780
(charred
material)

acid/alkali/acid
−25.3 1020 +/− 30 978–1151 Site-EJS2

Eastern
Juuku

Settlement 2

5 Beta-603781
(charred
material)

acid/alkali/acid
−26.5 110 +/− 30 1682–1932 Site-LJS1 Lower Juuku

Settlement 1

Heavy fractions of each sample were collected down to 1.0 mm and light fractions
down to 0.355 mm. The heavy fractions were sorted in Kyrgyzstan; while all light fraction
samples were dried and transported to the Palaeoethnobotany Laboratory at the Max
Planck Institute for the Science of Human History in Jena, Germany. Sediment samples
ranged from 4.0 to 9.0 L in volume; in total, 43 L of sediment were floated and analyzed. In
the laboratory, light fraction samples were sieved with mesh sizes of 2.00, 1.40, 1.00-, and
0.50- mm. Material smaller than 0.5 mm was not analyzed. After sieving, all samples were
systematically sorted and specimens were analyzed under a low magnification microscope,
a Leica M205C. Charred wood fragments larger than 2.00 mm were weighed and sorted,
but they were not analyzed into a taxonomy. Length, width, and thickness measurements
were made digitally with a Keyence VHX 6000 microscope for all whole wheat and barley
grains. Highly fragmentary pieces of grains and legumes were placed into the categories:
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Cerealia and Legume. Cerealia, Legume, crop by-products (like rachises and culm nodes),
mineralized seeds, and unidentifiable seed fragments were not counted in the totals.

2.6. ArcGIS Methods for Spatial Analysis

The site locations from Lower Kizil Suu were imported into ArcGIS Pro 2.8 using the
latitude and longitude coordinates for each locus. In the ArcGIS database an additional
feature class was created for only the Iron Age mortuary remains of Saka and Wusun burial
mounds (Figure 2). In an earlier article we put forth a chronology for Saka occupation (800
to 260 BCE) while the later Wusun occupation occurred between 140 BCE to 437 CE [1]. To
understand the spatial distribution of the Saka and Wusun burial mounds, we conducted a
co-location analysis to measure the spatial association between the Saka and Wusun loci.
This statistic tests whether there is a spatial association between Saka and Wusun kurgans
and measures the local patterns of spatial association between the Saka and Wusun kurgans
using a co-location quotient statistic. The co-location quotient is calculated by analyzing
each feature associated with the Wusun sites individually to determine if they are co-located
with the Saka sites (e.g., fall within the same neighborhood of the Saka sites). In other words,
we test the hypothesis that the later Wusun population either chose their site locations
proximate to the earlier Saka burial mounds, or alternatively chose locations not proximate
to the earlier Saka burial mounds, yet still in the same geographic region. The results
of the co-location analysis will then show a distribution of co-location quotient values
that determine the probability that the observed value might occur because of random
distribution. If the resulting p-value is less than 0.05, the co-location quotient for the feature
is statistically significant. Co-location quotient values greater than 1 indicates a statistically
co-located group of sites. A co-location quotient less than 1 indicates a statistically isolated
group of sites. We extend the co-location analysis by calculation the median centers of the
Saka and Wusun kurgans, as well as calculating the directional ellipses of those kurgans.

3. Results

3.1. Survey Results

Elsewhere the survey results in the Juuku Valley have been reported [1]. A total of
277 loci were found from pedestrian survey on the Lower Kizil Suu alluvial fan: 168 loci
were identified as stone or earthen kurgans; 14 loci were identified as settlements (stone
alignments, house constructions, and fire pits); and 86 loci were either single sherds or
sherd scatters; 9 were Bronze Age through Kirghiz graves. We also surveyed agricultural
fields spacing transects 20 m. apart. Table 2 shows the results of 11 Agricultural Field
Surveys, a total of 48.02 ha.

3.2. Stratigraphic Profiles

Two profiles are presented here from Settlements 1 and 2 found in the Eastern Upper
Juuku branch. Both profiles were found on the eastern terraces below red sandstone
foundations. These are erosional cuts from intermittent stream channels or run-off flowing
toward the Eastern Branch of the Juuku River.

3.2.1. Profile at Site-EJS1 (Wusun Period Settlement)

The surface of this profile is situated at an elevation of 2044 m asl on a dissected terrace
above the eastern branch of the Juuku River. The drawn profile (Figure 4) is about 3 m
in length and about 1.5 m in depth. The cut shows a house pit with several periods of
occupation and some thin ash layers. The lowest layers: brown sandy loam, red sandy or
loam levels with coarse sand, and pebble and rock layer are probably the natural, parent
soil of the ravine. The brown clay layers are prepared floors, and the ash layers are fire
pits and areas with ash deposits. These ashy deposits are where the wood charcoal and
archaeobotanical samples (EJS1) were collected. The dark grey layer with melted mudbrick
and large stones represents a later re-building phase of this house pit. The cultural levels
begin at the very surface of the profile cut (dark brown with humus or topsoil).
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Figure 4. Archaeological Stratigraphy at Settlement 1 (EJS1): A section of a house pit. South facing
profile.

3.2.2. Profile at Site-EJS2 (Qarakhanid Period Settlement)

The surface of this profile is situated at an elevation of 2090 m asl on an erosional gully
that dissects an upper terrace above the Eastern branch of the Juuku River. The drawn
profile is west facing, showing a series of occupational levels of a Medieval room. The
profile measures 2.5 m in length and is 1.9 m in maximum depth. The bottom layer of
sandy loam is the parent or natural subsoil below the cultural deposits (Figure 5). The
series of light or thin clay levels found at the center of the profile drawing are a sufa or
kang (plastered or clay sleeping platform/bed often found in Medieval dwellings). Above
the clay levels is grey fill with ashes, representing midden or trash fill thrown into the
dwelling over the earlier sufa. Later, a pit was dug into this midden layer which is lined
with stones on the left-hand side and has sand and rubble on the bottom. This pit measures
about 80 cm in length and 40 cm in depth. There are several middens or occupation levels
above the center pit and a shallow ash pit to the left of the center pit. This upper ash pit
measures about 70 cm in length and is about 15–20 cm thick. Above both pit features is a
grey layer with burnt soil and ash, most likely a midden. The thick mud brick wall consists
of individual unfired bricks and is 1.6 m in length and about 65 cm in height. Towards
the top of the profile are destroyed or eroded mudbricks covered with dark humus. This
later mudbrick wall covered over the earlier midden and deposits of the two ash pits and
the earlier sufa which rested on a prepared occupation floor. Charcoal wood samples were
taken from this profile (Beta 603780) from the ash pit to the left of center. Archaeobotanical
samples were taken from the ash pits and the grey ashy midden levels.
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Figure 5. Archaeological Stratigraphy at Settlement 2 (EJS2). A section of a dwelling. West facing
profile.

3.3. Results of Radiometric Dating

The results of two new radiocarbon dates are shown in Table 4 (#1 and #2), the
occupation at Site-EJS1, the eastern Juuku-Settlement-1 spans from 130 to 532 cal. CE.
Earlier presented radiocarbon dates from three sites at the Juuku Valley (Table 1, #3, 4, and
5) [1]: the occupation of Site-EJS1 (Eastern Juuku-Settlement-1) was dated to the Wusun
Period (22–206 cal. CE), Site-EJS2 (Eastern Juuku-Settlement-2) dated to the end of the
Qarakhanid period (978–1130 cal. CE), and Site-3 (Lower Juuku-Settlement-2) dated to the
Kyrgyz ethnographic Period (1800–1932 cal. CE) [1]. New results from the one carbonized
seed of barley (OS-165285) and one carbonized seed of wheat (OS-165284) corroborate the
time sequence for the Eastern Juuku Settlement 1, established from charcoal wood samples
(Beta-603779). The second sample at EJS1 expands the occupation period at the Wusun
settlement to the beginning of sixth century CE.

3.4. Results of Archaeobotanical Analyses

A total of 43 L of floated sediment yielded 773 carbonized seeds and grains, which in-
cluded domesticated crops and wild herbaceous plants. In addition to seeds, we recovered
wheat (Tiritcum aestivum, n = 2) and barley (Hordeum vulgare, n = 7) rachises, grass culm
nodes (n = 25), Cerealia (n = 7), Legumes (n = 1), and unidentifiable seed fragments (n = 22)
that were too damaged to differentiate to properly identify. In total, 44.5 g of charred wood
fragments (>2.0 mm) were recovered, predominantly coming from samples from site-2
(Figures 6 and 7).
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Figure 6. Site-EJS1: (a)—Hordeum vulgare, (b)—Triticum aestivum, (c)—Setaria italica, (d)—Panicum
millaceum; Site-LJS1: (e)—Hordeum vulgare, (f)—Rachis of Hordeum vulgare, (g)—Rachis of Triticum
aestivum, (h)—Triticum aestivum, and (i)—Pisum sativum.

Figure 7. Cultivated crop and wood density from three sites at the Juuku Valley.

3.4.1. Eastern Juuku-Settlement 1, 1st–5th Centuries CE

Three samples (14.5 L) were taken from different profiles of site-1 (EJS1), from which
we recovered 39 carbonized seeds. The total density (seed/liter of sediment) was 2.7 seeds
per one liter, where 0.9 were domesticated and 1.8 were from wild herbaceous plants.
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Four grain crops were identified at Site-1: barley (n = 8), wheat (n = 3), broomcorn millet
(Panicum millaceum, n = 1), and foxtail millet (Setaria italica, n = 2). The average length of
3 wheat grains was 3.34 mm and the average width was 2.54 mm. There were 8 barley
grains recovered, only 3 of them were measurable. The average length of these grains was
4.74 mm and the average width was 2.69 mm.

Wild plants represent a large part of the site-1 assemblage (Table 5). The dominant wild
plants belong to the amaranth family (Amaranthaceae), notably chenopods (Chenopodium
sp.), which are some of the most commonly recovered wild seeds in archaeological assem-
blages across Eurasia. In addition to plants of the amaranth family, seeds of the small wild
legume family (Fabaceae) and cleavers (Galium sp.) were identified.

Table 5. Archaeobotanical counts from each Juuku Valley site.

Juuku 2021
Eastern Juuku, Settlement-1

(1st–5th Centuries AD)

Eastern Juuku,
Settlement-2

(10th–11th Centuries
AD)

Lower Juuku,
Settlement-1

(17th–19th Centuries
AD)

Total

Sample # FSJ6 FSJ6 FSJ3 FSJ6 FSJ7 FSJ4 FSJ5
Volume (L) 5.5 5.5 5 5.5 6 8 9 43

Wood (Fragments >
2.00 mm) (g) 0.3 0.3 2.6 0.3 0.9 17.9 18.6 44.5

G
ra

in
Pa

rt
s

*N
ot

in
To

ta
ls Wheat Rachis

(Hexaploid) 1 1 2

Barley Rachis 5 2 7
Cerealia 3 7
Legume 1

Culm Node 11 14 25

D
om

es
ti

ca
te

d
G

ra
in

s
an

d
Le

gu
m

es

Hordeum vulgare var.
vulgare 5 1 11 11 31

Triticum aestivum 1 3 2 8
Panicum miliaceum 1

Setaria italica 1 2
Pisum sativum 1 1

Amaranthaceae

Amaranthaceaa 10 10 5 10 4 6 32 62
Perisperm

(Amaranthaceae) 2

Chenopodium sp. 3 3 7 3 8 219 203 440
Salsola type 4 4

Asteraceae Asteraceae 1 1
Apiaceae Apiaceae 2 2

Brassicaceae
small Brassicaceae 1 1

Thlapsi Type 1 1

Fabaceae

Fabaceae 4 4
small Fabaceae 1 1 1 1 13 15

Medicago/Melilotus 1 7 10 18
Trigonella sp. 2 1 3

Poaceae

Poaceae 1 4 5
Small Poaceae 1 6 10

Pooid 2 2 4
Avena sp. 19 27 49

Setaria (Wild) 1 1
Bromus type 4 5 9

Stipa type 6 3 9
Panicoid 1 1

Polygonaceae
Polygonaceae 2 5 7

Polygonum spp. 7 4 11
Rumex spp. 3 3

Plantaginaceae Plantago sp. 2 2 2 2 7 11
Rosaceae Potentilla sp. 18 24 42
Rubiaceae Galium sp. 2 4 8
Solanaceae Solanaceae 3 3

Thymelaeaceae Thymelae sp. 1 1
Unidentified Seeds 6 6
Unidentifiable Seed

Fragments (not in total) 4 5 6 22

Total 16 16 20 16 17 319 382 773
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3.4.2. Eastern Juuku-Settlement 2, 10th to 11th Centuries CE

A total of 33 carbonized seeds were recovered from two samples (11.5 L) coming
from site-2 (EJS2). The total seed density was 2.9 seeds per liter. The seed assemblage
is composed of mainly wild plants, only one barley grain was collected from the two
samples. Many uncarbonized seeds likely represent high contamination with modern
seeds, notably, again, chenopods; an abundance of uncarbonized insects (assumed to be
modern intrusions) further attests to bioturbation at the site. Compared with the other two
settlements discussed above, only 1.2 g of charcoal fragments larger than 2.00 mm was
recovered from the samples.

3.4.3. Lower Juuku-Settlement 1, 17th to 19th Centuries CE

Two samples (17 L) were taken from site-3 (LJS1), located 6 km to the northwest of EJS1
and EJS2. Seed density is relatively higher than from the other two sites, 701 seeds were
recorded with a density of 41.2 seeds per one litter of sediment, where 1.6 are domesticated
crops and 39.6 are from wild plants. Compared with site 1, slightly more domesticated crops
were recovered from those two samples. Collectively, there were three clearly domesticated
field crops, including barley, wheat, and peas (Pisum sativum). In addition to grains,
barley and wheat rachises were identified. All the wheat rachises have the characteristic
morphology of hexaploid free-threshing wheat. There were only 5 wheat grains recovered,
two of them were measured, where the average length was 4.5 mm and the average width
was 3.6 mm. The most dominant crop in these two samples was barley (n = 22). While only
11 barley grains were measurable, their average length was 5.0 mm and the average width
was 2.7 mm. Legumes are represented only by one pea.

Wild herbaceous seeds are the most abundant plant type in the samples. Many of
the seeds could not be identified to the species level, but, again, the most numerous types
were the chenopods. In addition to carbonized chenopods, there were many uncarbonized
seeds that did not count, as they were presumed to be modern intrusions. The next most
numerous types of weed seeds were the wild Fabaceae and grasses (Poaceae). Among the
wild grasses, 46 wild oats (Avena sp.) were identified, and are presumed to represent weeds
in local agricultural fields. Wild oats are prominent weeds in wheat and barley fields in the
region today. In total, seeds of at least 27 different plant groups were attested. The overall
abundance of wild seeds in LJS1 is much higher than at the other settlements analyzed in
this preliminary study. In addition, to the high seed density recorded in these samples,
36.5 g of wood were recovered.

Archaeobotanical studies of first millennium BCE sites in the mountain foothills of Inner
Asia, including Tuzusai, Tseganka 8, Taldy-Bulak, Begash, Chap, and Kyzyltepa [9,30,43–46],
have demonstrated that agriculture was intensified during the beginning of the first millen-
nium BC. Recent data illustrate that at least some portion of the overall population at this
time remained stationary year-round to tend agricultural fields in the mountain foothills
and to monitor grape vineyards. Our results in Table 4 bring new insights to the period just
a few centuries after the increased focus on mixed farming systems, and these new data
attest to the use of domesticated plants at the Juuku settlement during the first centuries
CE (Figure 7). Compared with settlements across the Talgar alluvial fan in southeastern
Kazakhstan, it appears that a similar assemblage of crops and a comparable mixed system
of farming and pastoralism continued.

Often crop processing by-products are used to determine whether crops were grown
locally or potentially imported [46,47], and yet, no rachises or culm nodes have been
recovered from site-EJS1, dated to the first half of first millennium AD. Crop chaff was
recovered together with grains at site-LJS1, providing loose evidence for local cultivation
in the Kyrgyz Ethnographic Period.

3.5. Results of the ArcGIS Spatial Analyses

Results of the co-location analysis indicate that the Wusun sites, while clustered
amongst themselves, are statistically isolated from the Saka sites in Figure 8 (co-location
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mean = 0.27, p = 0.0087). This isolation runs counter to a visual interpretation suggesting
Wusun kurgans occur within the same spatial locations as the Saka kurgans. Table 6 shows
the minimum and maximum colocation quotients. This spatial isolation suggests that
Wusun kurgans were placed in a manner that facilitated “filling in” of space between the
Saka kurgans, while maintaining a spatially distinct separation from the Saka kurgans. In
addition, there may have been an historical reason for this, such as a political strategy by
the Wusun to dominate or at least incorporate the indigenous Saka people. One way for
the Wusun to assert themselves over the indigenous Saka was by occupying the similar
mortuary areas that are also spatially distinct from the Saka mortuary areas. The Wusun
could do so by utilizing available space in-between the existing Saka mortuary ground
(Figure 9). Figure 10 shows area of actual co-location of Saka and Wusun Kurgans on the
east side of Chong Kizil Suu River.

Figure 8. This graph shows the relationship between the Local Colocation Quotient and the p-value.
With few exceptions, the Local Colocation Quotients indicate that the Wusun Kurgans are spatially
isolated from the Saka Kurgans. There are two sites that are considered spatially isolated, yet not
statistically significant. All other Wusun kurgans are significantly spatially isolated The colors in this
figure correspond to the colors in Figure 10.

Table 6. Minimum and Maximum Local Co-locations and their counts. We find that the majority
of the Wusun Kurgans have local colocation quotients that indicate statistically significant spatial
isolation (<1).

Minimum of Local
Colocation Quotient

Maximum of Local
Colocation Quotient

Label Count

0 0.1 0–0.1 10

0.1 0.3 0.1–0.3 2

0.3 0.4 0.3–0.4 4

0.4 0.6 0.4–0.6 2

0.6 0.7 0.6–0.7 0

0.7 0.9 0.7–0.9 1

0.9 1 0.9–1 0

1 1.1 1–1.1 2
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Figure 9. This map shows the spatial distribution of Saka and Wusun kurgans in Lower Kizil Suu.

Further analysis of the co-location outputs suggests the clustered nature of the Wusun
sites, are in part, driving the statistical isolation (Table 6). Whereas the Saka locations
exhibit a dispersed spatial arrangement (Figure 10). We find that the median centers of the
distribution are quite separate, while the directional ellipses indicate a southeast-northwest
trend which follows the linear ridgelines of the area.

Further analysis of the co-location outputs suggests the clustered nature of the Wusun
sites, are in part, driving the statistical isolation (Table 6), whereas the Saka locations exhibit
a dispersed spatial arrangement (Figure 11).
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Figure 10. The results of the co-location analysis are indicated in the key and correspond to the main
map (area in the red box in the inset map). In this particular cluster, all but two Wusun Kurgans
are statistically spatially isolated from the Saka Kurgans. The two lighter green locations are still
considered isolated, yet do not make statistical significance.
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Figure 11. In this map, Wusun kurgans are noted by the orange symbology, while the Saka Kurgans
are noted by the grey symbology. Both exhibit a similar directional ellipse, that falls in line with the
topography of the area (e.g., following ridgelines), however the red (Saka) and blue (Wusun) exhibit
two distinct median centers of spatial distribution.

4. Discussion

The results of the 2019 and 2021 survey in the Juuku and Kizil Suu valleys are quite
promising for examining site locations along a vertical gradient. These well-watered
alluvial valleys and fans, and upland areas represent at least three different vertical zones:
(1) the alluvial fan of Lower Kizil Suu (elevation 1610–1740 m asl); (2) the alluvial valley
of Lower Juuku (elevation 1750–1950 m asl); and (3) the upland eastern Juuku Valley
(elevation 2060–2100 m asl). Lociof kurgans, settlements, and artifact scatters occur in both
valleys along the terraces and valleys of the Juuku and Kizil Suu streams. Of particular
interest are the detailed stratigraphic profiles found in the Upper Juuku Valley; EJS1-is an
Iron Age settlement (the Wusun period) that shows multiple levels of occupation within
a house pit and EJS2 is a Medieval settlement (the Qarakhanid period) that has multiple
floor levels and characteristic architectural features such as a sufa, clay floors, ash pits, and
well-formed mudbrick walls.

At the Wusun period settlement in Upper Juuku, remains from four domesticated
species are found (wheat, barley, and the two millets) along with a considerable component
of wild seeds. During the period of occupation, between 130–527 CE, this also might
correspond with the pollen records of cold and wet conditions, also seemed to be amenable
to upland agriculture as well as animal herding (sheep bones and other animal fauna

58



Land 2022, 11, 902

were found at this site). In contrast, the Medieval Qarakhanid site in Upper Juuku had
only one barley grain and considerable evidence of bioturbation and disturbance. The
meager seed remains at the Qarakhanid site may be due to either: (1) small sample size
or (2) taphonomic disturbances. While speculative, we seek to further test the possibility
that during the Qarakhanid period, upland sites were primarily used as camps or way
stations for mobile pastoral groups or traders. According to pollen data, the Qarakhanid
period falls within a period of dry and warm conditions, thus perhaps upland agriculture
was less important since most crops could be grown at lower elevations. In contrast, the
ethnographic Kirghiz settlement found in Lower Kizil Suu has the richest archaeobotanical
remains that include barley, wheat, the two millets, and peas. This settlement is dated
towards the end of the Little Ice Age (15th to 19th centuries) when the climate could have
been undergoing warmer and drier conditions. Also, at lower elevations it is apparent that
the Kirghiz could grow a wide range of domesticated crops.

The spatial analysis of Iron Age burial mounds is of considerable significance for
interpreting Iron Age settlement patterns, beyond what can be visually observed.

Although Table 3 shows great potential for finding artifact scatters and settlement
features in plowed agricultural fields; to date the most of sites have been identified as Iron
Age kurgans. Settlement sites are much harder to identify because they can be buried below
the surface. When artifact scatters such as ceramic sherds are found in plowed fields, it is
not possible to know whether these scatters or single artifact finds are indicators of buried
settlements without excavating test trenches below the surface. Not only are stone and
earthen kurgans readily visible on the landscape, but they also marked the territories of
different population groups. The Saka kurgans predominate the landscape. Their locations
often overlook prime agricultural lands. The Wusun kurgans are much smaller in size,
usually distinguished by an inner stone circle enclosed by two to four rectangular stone
structures.

In the co-location analysis, it is apparent that most Saka and Wusun kurgans have
their own independent mortuary fields, except for the one area on the east bank of Chichi
Kizil Suu where both Saka and Wusun kurgans co-locate. Like the contemporary practice
in which ethnographic Kirghiz graves are often placed on Saka earthen burial mounds, the
Wusun groups sometimes chose locations near already established Saka burial grounds.
Earlier we put forth the hypothesis that the Wusun were in-filling a mortuary territory
used by earlier Saka groups as a kind of political or social strategy to also claim the same
ritual landscapes. We hope to explore these ideas of why the Iron Age kurgans are located
on terraces and ridge lines above the bottom lands near stream and riverbeds. In other
publications [31,48,49] we have documented lines of kurgans on the Talgar alluvial fan in
southeastern Kazakhstan at the foot of the northern Tian Shan range. These lines of kurgans
represent territorial markers of important agricultural or pasture territories claimed by kin
or clan groups. Similar linear groupings of Saka kurgans in the Juuku and Lower Kizil
Suu valleys also could be indicators of a mortuary burial ground used to mark individual
territories or boundaries. In any case the intrusion of Wusun populations into the Kizil
Suu Valley sometime after the first century CE, also can be seen in their selection of burial
ground territories.

5. Conclusions

The data, analyses, and interpretations in this article are part of a long-term research
project: the main objective of this archaeological field project is to test hypotheses of land
use practices during the Late Holocene period along the intermontane valleys of the Inner
Tian Shan range. These preliminary studies indicate that agricultural and pastoral systems
developed over time according to changing climatic conditions and along a vertical gra-
dient of the valley. We might speculate that the cultivation of early grains (barley, wheat,
and the two millets) occurred as far back as the Bronze Age and possibly earlier, as appar-
ent from archaeobotanical findings of barley and wheat at the Chap Site in the Kochkor
Valley [9,22,45]. By the Iron Age, these domesticated crops were probably well-established
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even during the cooler and wetter periods from 1450 to 750 BCE and another cool and
wet period from 300 to 600 CE, and again from 1500 to 1900 CE [39]. If indeed the pollen
cores from near Karakol are also indicative of climatic pulses for the last three millennia in
the Juuku and Kizil Suu valleys, then perhaps the local population also fluctuated their
economic strategies between agriculture and pastoralism accordingly. Our archaeobotanical
samples are small and perhaps too scanty to make bold claims about how land use changed
over time. The archaeobotanical analysis of additional collections from other settlements
along with zooarchaeological analysis of animal bone remains shall provide more proxies
for reconstructing changing land use. It also seems possible establishing a definite correla-
tion between climatic research based upon pollen proxies could be successfully integrated
with traditional archaeological materials (seeds, plant remains, animal remains, and arti-
facts). Nevertheless, these are the kinds of directions we hope to move our research project.
Studying long-term diachronic changes over four millennia through multi-disciplinary
approaches: archaeo-botany, zooarchaeology, geoarchaeology, and spatial analysis allow
us to understand the complex dynamics between human populations, their herd animals,
crops, and the natural landscapes of Central Asia. Finally, there is much to be said about
ritual burial landscapes that also can provide many clues about the underlying economic
and socio-political systems of ancient pastoral and agricultural groups. Do the Wusun
newcomers seek to occupy Saka territories, or was there a different kind of ideological
boundary system? All these are questions that future spatial analyses can begin to answer.
Finally, there is one direction we hope to pursue more rigorously—that of the identification
of the Bronze Age through Medieval period settlements in the intermontane valleys. Field
data appears to indicate that the large Medieval sites might cover up or bury earlier Iron
Age or Bronze Age settlements; yet those Medieval settlements seldom disturb the burial
grounds of either Saka or Wusun kurgans. Why is this so? And what may it tell us about
the different palimpsests of archaeological land use that exist in these circumscribed valleys
during the Late Holocene.
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Abstract: Human settlement numbers have significantly changed before and after ~4000 cal. y BP in
the upper and middle Qin River reaches, but the external and internal factors driving this change
remain unclear. In this study, we examine changing spatial and temporal patterns of the Longshan
and Erlitou settlements in relation to extreme flooding at ~4000 cal. y BP and a variety of subsistence
strategies during the Longshan and Erlitou periods. The results indicate that settlement number,
settlement distribution, and subsistence strategies exhibited obvious shifts between the Longshan
and Erlitou periods, and the episode at ~4000 cal. y BP was an extreme-flood-rich interval within and
around the Qin River Basin. During the Longshan and Erlitou periods, millet-based agriculture dom-
inated local subsistence strategy, and ancient people would prefer to reside in the areas suitable for
farming, causing the valley plains in the upper and middle Qin River reaches to contain most Long-
shan and Erlitou settlements. However, the frequent occurrence of extreme floods at ~4000 cal. y BP,
in conjunction with intergroup conflicts due to a large amount of population immigration during the
late Longshan period, is likely to have jointly decreased the settlement number and shrunk the spatial
range of human settlement distribution. Subsequently, with the end of the extreme-flood-rich episode
and the increasing proportion of higher-water-requirement foxtail millet in cropping structures of
human subsistence strategy, more Erlitou settlements were distributed in the wetter valley plains of
the middle Qin River reaches.

Keywords: human settlement; spatiotemporal pattern; Longshan period; Erlitou period; extreme
floods; subsistence strategy; Qin River Basin

1. Introduction

The characteristics of past human activities are closely related to the environment
around them. Relationships between past human activities and environmental variations
are important issues and have been studied worldwide over the past three decades [1–10].
Abrupt climatic change events and associated dramatic environmental changes have been
suggested as important factors behind the rise and fall of prehistoric and historic cul-
tures [11–17]. The Holocene has witnessed several major abrupt climatic change events.
The change that occurred at approximately 4000 cal. y BP (within a broad range from
~4200 to ~3800 cal. y BP) has been identified as a dramatic worldwide cooling and dry-
ing event (i.e., the 4.2 or 4.0 ka event) in a variety of natural archives [18–22]. The col-
lapse of several agriculture-based ancient civilizations across the globe, such as ancient
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Egypt [23,24], ancient India [25,26], and Mesopotamia [27,28], has been attributed to severe
droughts induced by this event. However, human–environment interactions are much
more complex [5,9,29,30]. Subsistence strategy and its variability have likely also affected
the evolution of ancient cultures [14,31–33].

The archaeological culture of China also experienced remarkable changes at
~4000 cal. y BP; the contemporaneous abrupt climatic event was proposed to have played
an important role in the demise of Neolithic cultures in China [34,35]. Specifically, the
drying and cooling induced by the event occurring at ~4000 cal. y BP was widely accepted
as the trigger of cultural collapses on the monsoon fringe of northern China [36–38], while
this drying and cooling change in climate might be insufficient to collapse the cultures
in the presently humid and warm parts of China [34,39]. The dramatic environmental
variations (i.e., abnormal or extreme floods) associated with this event have been widely
found in the middle and lower reaches of the Yangtze River and Yellow River, and their
relations with local cultural transformation have been intensively discussed [40–49]. It is
noteworthy that when other contemporaneous Neolithic cultures declined across China at
~4000 cal. y BP, only the archaeological culture in the Central Plains witnessed the most
marked sociopolitical transformation and successfully evolved into the more advanced
state-level culture, the Erlitou culture [50,51]. Consequently, possible impacts of the abrupt
climatic event occurring at ~4000 cal. y BP, especially associated environmental changes
(i.e., extreme floods) on the crucial cultural evolution in the Central Plains, have attracted
wide academic attention [40,45–49,52–54].

The Qin River Basin is located in the north part of the Central Plains (Figure 1a), and
local archaeological cultures during the Longshan (from ~4400 to ~4000 cal. y BP) and
Erlitou (from ~3900 to ~3500 cal. y BP) periods had been obviously influenced by those in
the southern Shanxi and northern Henan regions [55–57]. In comparison with the previous
Longshan period, the number of local human settlements had clearly decreased during
the Erlitou period [58–60]. Moreover, extreme floods associated with the abrupt climatic
change event occurring at ~4000 cal. y BP were also widely found within and around the
Qin River Basin (Figure 1a). However, the spatiotemporal pattern of the cultural evolution
before and after ~4000 cal. y BP and its relationship to extreme flood and subsistence
strategy variety has been rarely studied in the Qin River Basin.

In this study, we first selected the upper and middle Qin River reaches to analyze the
changes in human settlement distribution patterns during the Longshan and Erlitou periods.
Then, we reviewed the geological evidence of extreme floods occurring at ~4000 cal. y BP
within and around the Qin River Basin, and collected archaeobotanical data with floatation
results in the surrounding areas. Finally, the spatiotemporal variation in human settlements
between the Longshan and Erlitou periods and its relationship to extreme flood and variety
of subsistence strategies was examined.

2. Study Area

The Qin River Basin, situated in the eastern part of the Loess Plateau (Figure 1a),
is a major tributary of the Yellow River, with a drainage area of ~1.35 × 104 km2 and
length of ~485 km [61]. Topographically, the Qin River Basin inclines from north to south,
with elevation dropping from ~2500 m above sea level (asl) to ~100 m asl (Figure 1c).
Climatologically, the Qin River Basin is strongly affected by the East Asian Monsoon
system, with more than 70% of the total precipitation occurring during summer. The mean
annual precipitation ranges from 550 mm to 750 mm and presents a decreasing trend from
south to north; the mean annual temperature ranges from 9 ◦C to 14 ◦C [61]. The river is
divided into upper, middle, and lower sections at Zhangfeng and Wulongkou (Figure 1c).
Moreover, there are four landscape types in the Qin River Basin; from north to south, they
are as follows: stony mountain region, earth–rock hilly region, valley region, and alluvial
plain region, with stony mountain region and earth–rock region mainly distributing in the
upper reaches, valley region in the middle reaches, and alluvial plain region in the lower
reaches (Figure 1c).
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Table 1. Records of extreme floods occurring at ~4000 cal. y BP within and around the Qin River
Basin (see Figure 1 for their locations).

Region No. Site Proxies 1 Dating
Method

Sample
No.

Dating
Materials

Dating Data
(y BP)

Dating Data
(cal. y BP)

Time
(cal. y BP)

References

Qin River
Basin

1 Q02010-1 FS 14C Q02010-1 Bulk 3846 ± 120 4253 ± 162 4250 [62]
2 Q02017-1 FS 14C Q02017-1 Bulk 3910 ± 150 4335 ± 195 4340 [62]
3 Q02020-1 FS 14C Q02020-1 Bulk 3587 ± 210 3886 ± 268 3890 [62]
4 Q02026 FS 14C Q02026 Bulk 3686 ± 130 4000 ± 160 4000 [62]

Adjacent area
of the Qin

River Basin

5 PJCK SWD OSL PJCK-1
PJCK-2

-
-

-
-

4370 ± 530
4300 ± 660 4400–4300 [63]

6 FHXC SWD OSL
OSL-3
OSL-2
OSL-1

-
-
-

-
-
-

3910 ± 580
4020 ± 450
4190 ± 580

4200–3900 [64]

7 CHZ SWD OSL CHZ-2
CHZ-3

-
-

-
-

4290 ± 175
4170 ± 130 4200–4000 [65]

8 YGZ SWD OSL
YGZ-3
YGZ-4
YGZ-5

-
-
-

-
-
-

4010 ± 240
4030 ± 260
4190 ± 100

4200–4000 [66]

9 Zhoujiazhuang FS AMS 14C

H78
H93
H79
H87

Charcoal
Charcoal
Charcoal
Charcoal

3570 ± 35
3615 ± 35
3630 ± 35
3960 ± 80

3949 ± 46
3930 ± 43
4395 ± 117
4409 ± 116

4400–4000 [45]

10 Xijincheng FS Archaeological
culture - - -

late
Longshan

period
4200–4000 [45]

11 Mengzhuang FS Archaeological
culture - - -

late
Longshan

period
4200–4000 [67]

12 Erlitou FS OSL L2
L3

-
-

-
-

3805 ± 248
4044 ± 338 4000–3800 [45]

13 TXC SWD OSL TXC-2
TXC-3

-
-

-
-

4030 ± 400
4080 ± 450 4000–3800 [49]

1 FS—flood sediments; SWD—slackwater deposits.

Table 2. The counted results of plant remains from selected archaeological sites around the study
area (see Figure 1 for their locations).

No. Name Period Foxtail Millet Broomcorn Millet Rice Wheat Soybean References

1 Xijing Longshan 100 18 0 0 0 [68]

2
Zhoujiazhuang1 Longshan 61 9 0 0 0 [68]
Zhoujiazhuang2 Longshan 9135 772 142 0 0 [69]

3 Jiajiabao Longshan 66 11 0 0 0 [68]
4 Shangyukou Longshan 44 5 2 0 0 [68]
5 Hucun Longshan 166 20 2 1 0 [68]
6 Zhangjiazhuang Longshan 337 13 0 0 0 [68]
7 Chengjiazhuang Longshan 99 22 1 0 0 [68]
8 Nanbaishi Longshan 105 10 0 0 0 [68]
9 Shuinan Longshan 131 50 0 4 0 [68]

10 Taosi Longshan 9160 606 30 13 0 [70]
11 Xijincheng Longshan 740 5 82 1 8 [71]
12 Shangcun Longshan 243 83 0 0 0 [72]
13 Dalaidian Longshan 3341 216 1 2 44 [73]
14 Gouxi I Erlitou 148 3 0 0 0 [68]
15 Beiyang Erlitou 3408 178 0 0 0 [68]
16 Jiajiabao Erlitou 522 32 7 0 3 [68]
17 Xinzhuang Erlitou 783 47 0 0 0 [68]
18 Daze II Erlitou 517 21 0 0 0 [68]
19 Guojiazhuang Erlitou 639 42 0 0 0 [68]
20 Yueyabao I Erlitou 26 2 0 0 0 [68]
21 Zhangdeng Erlitou 2342 154 0 10 1 [74]
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Figure 1. Study area. The labeled sites are extreme flood records that occurred at ~4000 cal. y BP
within and around the Qin River Basin (purple circles, no. 1–13), and selected archaeobotanical
records during Longshan (green triangles, no. 1–13) and Erlitou (red boxes, no. 14–21) periods around
the Qin River Basin. Detailed information on the records of the extreme floods and archaeobotanical
results are given in Tables 1 and 2, respectively. (a) A large-scale geographic context of the Qin River
Basin. (b) Map showing the locations of serval selected archaeobotanical records. (c) Topographical
background of the Qin River Basin, and the locations of Zhangfeng and Wulongkou, which divide
the Qin River into upper, middle, and lower sections.

Due to its proximity to the core area of the Central Plains, archaeological discoveries
in the Qin River Basin have suggested that local archaeological cultures had been dra-
matically affected by the archaeological cultures from the southern Shanxi and northern
Henan regions during the Longshan and Erlitou periods [55–57]. Although no record of
subsistence strategy was collected from the Qin River Basin (Table 2), the close similarities
of ceramic assemblages clearly indicate that much communication has existed among these
archaeological cultural regions [55–58]. It thus can be inferred that the subsistence strategies
in the Qin River Basin would have been very similar to the southern Shanxi and northern
Henan regions.

Owing to easy channel migration in low reaches of the river [61], the lower reaches of
the Qin River are not included in this study in order to eliminate uncertainty on the impact
analysis of extreme floods occurring at ~4000 cal. y BP. In addition, it should be mentioned
that although the Dan River is the biggest tributary of the Qin River, due to its location
joining the Qin River at the lower floodplain (Figure 1c), this tributary is also not included
in this study. Finally, only the upper and middle reaches of the Qin River are included in
the present study (Figure 1c).

3. Materials and Methods

The primary archaeological data in this paper are from the fascicle of the Chinese
Cultural Relics Atlas in Shanxi Province [58]. Moreover, some data are also taken from
relevant archaeological survey or excavation reports [55,75]. The data from the Chinese
Cultural Relics Atlas in Shanxi Province were compiled based on the administrative unit of
county in a unified format and map projection, and we digitized the data using ArcGIS
software and positioned the locations (i.e., longitudes and latitudes) of the digitized sites.
For the archaeological data from relevant archaeological survey or excavation reports, the
locations were determined on Google Earth based on their textual description (including
location and attributes). Then, all human settlements were plotted on the relief map
obtained from the Shuttle Radar Topography Mission (SRTM4.1) digital elevation model
(DEM) (http://www.gscloud.cn/, accessed on 20 May 2022) with a spatial resolution of
30 × 30 m. First, the spatial analysis tools of ArcGIS were used to map the temporal and
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spatial distribution between the Longshan and Erlitou periods, and calculate the statistical
results of human settlements at different elevations and slopes. Furthermore, buffer analysis
was also used to discuss the distance between human settlements and the rivers.

Second, to explore the relationship of human settlement distribution pattern changes
between the Longshan and Erlitou periods to extreme floods and the variety of subsistence
strategies, the records of extreme flood occurring at ~4000 cal. y BP (Figure 1a; Table 1)
and archaeobotanical data (Figure 1a,b; Table 2) during the Longshan and Erlitou periods
within and around the Qin River Basin were collected. Here, it should be mentioned that
our selections of the extreme floods were based on the following criteria: the strata unit
representing the extreme floods must be well-dated by absolute dating methods or well-
constrained by archaeological cultures (Table 1). Finally, human settlement distribution
pattern changes and their relation to extreme floods and subsistence strategy variety
were examined.

4. Results

4.1. Spatial Distribution Characteristics of Human Settlement
4.1.1. Spatial Distribution Variation in Human Settlement

Figure 2 illustrates the spatial distribution of human settlements in the upper and
middle Qin River reaches between the Longshan and Erlitou periods. Regarding the
number of human settlements, it is clear that there were many more Longshan settlements
than Erlitou settlements, exhibiting significant change in the number of human settlements
before and after ~4000 cal. y BP. During the Longshan period, human settlements were
relatively ubiquitously spread across the study area, but the number of human settlements
was smaller in the middle reaches than in the upper reaches of the Qin River (Figure 2a),
while during the Erlitou period, although the total number of human settlements was
relatively small, the number was seemingly larger in the middle reaches than in the upper
reaches (Figure 2b).

 

Figure 2. Human settlement distributions of the Longshan period (a) and the Erlitou period (b) in
the upper and middle Qin River reaches.
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4.1.2. Elevation, Slope, and the Distance from the Closest Rivers of Human Settlement

To further explore the spatial distribution characteristics of human settlements during
the Longshan and Erlitou periods, the associated factors of elevation, slope, and the distance
from the closest river of these settlements were analyzed. Figure 2 and Table 3 show that
most human settlements (77.78%) were distributed at elevations between 800–1200 m asl
during the Longshan period, with relatively smaller proportion distributing at elevations
lower than 800 m asl and higher than 1200 m asl. During the Erlitou period, there was
a higher proportion (84.62%) of human settlements distributing at elevations between
600–1000 m asl, especially in the elevation range of 600–800 m asl, accounting for 61.54%,
likely suggesting that, in comparison with the previous Longshan period, the distribution
elevation of human settlement had decreased during the Erlitou period (Figure 2).

Table 3. The elevation distribution of human settlements in the upper and middle Qin River reaches
between the Longshan and Erlitou periods.

Elevation (m asl)
Longshan Period Erlitou Period

Number Proportion Number Proportion

<600 3 4.76% 0 0.00%
600–800 6 9.52% 8 61.54%
800–1000 25 39.68% 3 23.08%
1000–1200 24 38.10% 2 15.38%
1200–1400 4 6.35% 0 0.00%

>1400 1 1.59% 0 0.00%

Because slope gradient directly influences human choice of where to live and the
suitability of the area around each human settlement for agricultural development, the
slope data were extracted using ArcGIS 10.0 software from the DEM of the Qin River Basin
(Figure 1c). The results of human settlement slope in this study were first classified into five
levels based on slope gradient (Figure 3; Table 4), and then the slope was divided into three
grades: an excellent grade (0–6◦), a good grade (6–15◦), and a poor grade (>15◦). The results
show that the Longshan and Erlitou sites were found to be concentrated within the 2–6◦ and
6–15◦ ranges, with 39 and 11 sites, respectively, accounting for 61.90% and 84.61% of the
total number of human settlements (Table 4). However, compared to the Longshan period,
the proportion of the human settlements on the excellent and good grades significantly
increased during the Erlitou period from a previous 73.02% to 92.31% (Table 4).

Table 4. Statistical results of human settlements on different slopes in the upper and middle Qin
River reaches between the Longshan and Erlitou periods.

Slope (◦)
Longshan Period Erlitou Period

Number Proportion Number Proportion

0–2 7 11.11% 1 7.69%
2–6 14 22.22% 6 46.15%

6–15 25 39.68% 5 38.46%
15–25 13 20.63% 1 7.69%
>25 4 6.35% 0 0.00%
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Figure 3. The slope distribution of human settlements during the Longshan period (a) and the
Erlitou period (b).

Generally, people lived close to rivers for the convenience of fetching water. However,
people might not choose to live in areas too close to rivers because they are prone to
flooding. Because the upper and middle reaches of the Qin River are mountainous and hilly
regions with large valley slope, the river courses have had few changes since the Holocene
epoch [61]. Thus, the buffer zone of rivers was analyzed using ArcGIS 10.0 software within
a 1.5 km range at intervals of 500 m. The results show a close relationship between the
human settlement distribution and the distance to the river during the Longshan and
Erlitou periods (Figure 4; Table 5). Both Longshan and Erlitou sites were mainly distributed
in a range of 1000 m beyond water courses, accounting for 92.06% and 84.62%, respectively.

Table 5. Statistical results of the distance between human settlements and rivers during the Longshan
and Erlitou periods.

Distance from
River (m)

Longshan Period Erlitou Period

Number Proportion Number Proportion

0–500 41 65.08% 9 69.23%
500–1000 17 26.98% 2 15.38%

1000–1500 4 6.35% 1 7.69%
>1500 1 1.59% 1 7.69%
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Figure 4. Distances between human settlement and river course in the upper and middle Qin River
reaches during the Longshan period (a) and the Erlitou period (b).

4.2. Extreme Floods Occurring at ~4000 cal. y BP within and around the Qin River Basin

Many studies have reported extreme flood occurrences at ~4000 cal. y BP within
and around the Qin River Basin [45,49,62–67]. However, several reported extreme-flood-
indicating strata were not well constrained in their chronologies [76]. To explore the
relationship between human settlement distribution and extreme floods, reliable chronolo-
gies of extreme flood occurring at ~4000 cal. y BP should be examined. As aforementioned,
we purposely targeted the reported extreme floods that must be well dated by absolute
dating methods or well constrained by archaeological cultures within and around the
Qin River Basin, and thirteen records that contain evidence of extreme floods dated at
~4000 cal. y BP were selected (Table 1).

Table 1 and Figure 1a obviously show that the episode at ~4000 cal. y BP (with a
relatively broad range from 4300 to 3800 cal. y BP) was an episode of frequent extreme
flooding within and around the Qin River Basin. Except for five selected sites located in the
low-lying floodplain area (no. 4, 8, 10, 12, and 13 in Figure 1a), the remaining eight selected
sites are situated in highlands or in the transitional zone between highlands and lowlands
(Figure 1a). In particular, four sites (no. 1–4 in Figure 1a) were distributed in the middle
and lower Qin River reaches. Consequently, the episode at ~4000 cal. y BP was indeed an
extremely flood-rich episode in the Qin River Basin.

4.3. Subsistence Strategy and Its Varieties around the Qin River Basin

To uncover the subsistence strategies in the upper and middle Qin River reaches, the
archaeobotanical data from the southern Shanxi and northern Henan regions were used in
this study (Figure 1a) due to these regions exhibiting much communication on archaeologi-
cal cultures during the Longshan and Erlitou periods [55–58]. The selected archaeobotanical
data include 13 records during the Longshan period and 8 records during the Erlitou period
(Table 2), and the percentages of their counts are summarized in Figure 5. During the
Longshan and Erlitou periods, although there were five main types of crops around the Qin
River Basin, namely, foxtail millet (Setaria italica), broomcorn millet (Panicum miliaceum), rice
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(Oryza sativa), wheat (Triticum aestivum), and soybean (Glycine max), foxtail and broomcorn
millets were the two mainly cultivated crops (Table 2, Figure 5). Isotopic data from human
bone remains in southern Shanxi and northern Henan regions also suggest that humans pri-
marily relied on millet-based agriculture during the Longshan and Erlitou periods [77–80].
However, obvious differences in cropping structures existed between the Longshan and
Erlitou periods. Specifically, during the Longshan period, the average proportions of foxtail
millet and broomcorn millet were 86.52% and 11.87%, respectively. The average proportion
of foxtail (broomcorn) millet had increased (decreased) to 94.52% (5.21%) during the Erlitou
period, clearly suggesting the further improvement of the dominant role of foxtail millet in
cropping structures of human subsistence strategy (Figure 5).

 

Figure 5. Abundance ratio of corps from the flotation results around the Qin River Basin during the
Longshan and Erlitou periods.

5. Discussion

5.1. Relationship between Human Settlement Distribution and Subsistence Strategy

Archaeobotanical studies over the past two decades have revealed that sedentary
agriculture dominated the subsistence strategy between ~6000 and ~5000 cal. y BP in the
Central Plains and the surrounding areas, and agriculture occupied a more prominent
position in local human subsistence strategy during the following Longshan and Erlitou
periods [81,82]. This is consistent with the selected archaeobotanical results around the
Qin River Basin (Figure 5). Consequently, during the Longshan and Erlitou periods,
local ancient people would have preferred to reside in the areas suitable for farming. As
aforementioned, the terrain in the study area inclines from north to south, with elevation
dropping from ~2500 m asl to ~200 m asl (Figure 2), and only the valleys of the Qin River
are relatively wide, flat, and conducive to the growth of crops [61]. As a result, most human
settlements of the Longshan and Erlitou periods in the study area were located close to
rivers (Figure 3), with settlement slopes concentrating within the 0–15◦ range (Table 4). In
other words, these human settlements were concentrated in the valley plains. However,
it should be noted that, in comparison with the Longshan period, the average proportion
of foxtail (broomcorn) millet increased (decreased) from a previous 86.52% (11.87%) to
94.52% (5.21%) during the Erlitou period (Figure 5). Related studies found that foxtail
millet requires higher soil fertility and water requirements, as well as a longer growing
period than broomcorn millet [83,84]. As a result, the proportion of broomcorn millet in
contemporaneous cropping structures was higher in areas north of the study area [85,86].
In the study area, mean annual precipitation presents a decreasing trend from south to
north [61], and the middle Qin River reaches are mainly composed of valley plains with a
lower slope gradient (Figure 3). Thus, the middle reaches of the Qin River are more suitable
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for foxtail millet cultivation than the upper reaches, likely causing more human settlements
to be distributed in the middle reaches during the Erlitou period (Figure 2).

5.2. Relationship between Human Settlement Distribution and Extreme Floods at ~4000 cal. y BP

The collected geological evidence in this study unquestionably indicates that the
episode at ~4000 cal. y BP was indeed an extreme-flood-rich episode within and around
the Qin River Basin (Figure 1a; Table 1). This flood-rich episode at ~4000 cal. y BP in the
study area is relatively well corroborated by the statistically summed flood occurrence
frequency with a bin of 400 years in the Yellow River Basin [76]. Although the cause of
frequent extreme flooding occurrence at ~4000 cal. y BP in the Yellow River Basin remains
unclear, most studies thought it was associated with the abrupt climatic change event
occurring at ~4000 cal. y BP [40–49,65–67]. As stated earlier, the distances of most human
settlements and river courses were less than 1000 m during both the Longshan and Erlitou
periods (Table 5), suggesting that human settlements in the upper and middle Qin River
reaches were extremely vulnerable to floods. Thus, frequent extreme flooding occurrences
at ~4000 cal. y BP would inevitably influence the people dwelling near the river. As a
result, between the Longshan and Erlitou periods, both the number and spatial distribution
patterns of human settlements presented significant changes (Figure 2). Obvious changes
in spatial distribution patterns of human settlements between the Longshan and Erlitou
periods most likely were local human responses to the extreme-flood-rich episode at
~4000 cal. y BP.

5.3. Possible Impact of Human Cultural Factors on Human Settlement Pattern Variation

Archaeological surveys and excavations of past decades have demonstrated that remark-
able sociopolitical variations existed during the transitional stage (i.e., at ~4000 cal. y BP)
from the Longshan period to the following Erlitou period in China [50,51,87,88]. In this
context, a large population likely migrated from the area north of the study area and trig-
gered intergroup conflict during the late Longshan period [89–93]. Through the contrast
of unearthed ceramic assemblages, archaeologists in China have speculated that a large
population had migrated from the northern Shanxi and Shaanxi regions to southern Shanxi
and northern Henan regions and then likely caused conflict with local groups [90,91]. This
speculation is supported by the evidence of violence observed at the Taosi site (no. 10 in
Figure 1a, green triangle) [92] and sudden increase in the number of weapons and walled sites
around the study area during the late Longshan period [51,91–94]. Consequently, extensive
human immigration and subsequent intergroup conflict could possibly also cause settlement
number decreases and the obvious spatial pattern variation in human settlements between
the Longshan and Erlitou periods in the upper and middle Qin reaches.

6. Conclusions

By comparing the spatiotemporal changes in human settlement, a variety of subsistence
strategies during the Longshan and Erlitou periods, and extreme floods at ~4000 cal. y BP in
the upper and middle Qin River reaches, the following conclusions can be drawn.

(1) Human settlement distribution patterns between the Longshan (from ~4400 to
~4000 cal. y BP) and Erlitou (from ~3800 to ~3500 cal. y BP) periods were significantly
different. The Longshan settlements were ubiquitously spread across the study area, while
the Erlitou settlements were concentrated in the valley plains of the middle Qin River
reaches, and the number of human settlements decreased significantly during the Erlitou
period.

(2) The collected geological evidence containing well-age-constrained extreme flooding
unquestionably indicates that the episode at ~4000 cal. y BP was an extreme-flood-rich
episode within and around the Qin River Basin.

(3) Foxtail and broomcorn millets were the two mainly cultivated crops during the
Longshan and Erlitou periods in the study area. However, there were distinct differences
in the cropping structures of human subsistence strategy, presenting a higher (lower)
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proportion of foxtail (broomcorn) millet during the Erlitou period than during the Longshan
period.

(4) Both extreme floods at ~4000 cal. y BP and the variety of subsistence strategies
influenced human settlement distribution patterns in the upper and middle Qin River
reaches. Millet-based agriculture dominated local subsistence strategy during the Long-
shan and Erlitou periods; thus, the valley plains suitable for agricultural cultivation hosted
most Longshan and Erlitou settlements. However, frequent extreme floods and intergroup
conflicts due to a large amount of human immigration at ~4000 cal. y BP that occurred
within and around the Qin River Basin are likely to have jointly caused significant set-
tlement number reduction and spatial range shrinking of settlement distribution. After
~4000 cal. y BP, owing to increasing proportion of higher-water-requirement foxtail mil-
let in cropping structures of human subsistence strategy, more Erlitou settlements were
distributed in the wetter middle Qin River reaches.
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Abstract: Transitions in animal exploitation patterns are caused by topographical and climatic varia-
tions on both macro and micro scales. This paper presents temporally and spatially contextualized
faunal profiles from 27 sites in the Guanzhong (关中) region of Shaanxi province (陕西省), PRC which
date from the Early Neolithic to the Bronze Age (ca. 6000–1000 BCE). Climatic and environmental
data was cross-referenced with archaeological, archaeobotanical and (where appropriate) historical
sources to examine the reasons for the clear micro-transitions observed. Faunal profiles from sites
in the Wei River plain (渭河盆地), loess plateau, and the transitional zone between them were ana-
lyzed. Animal utilization was found to vary substantially between different zones during the period
under analysis. The transition in praxis between the Wei River valley and the loess plateau was not
gradual. The hilly transition zone was found to have its own distinct animal exploitation pattern.
These spatio-temporal differences in animal exploitation were caused by changes in both the local
microclimates and the topography of the landscape in which the communities were living. Some
regions apparently reverted to ‘earlier’ animal exploitation patterns in response to climatic changes.
These environmental factors were also augmented by internal social developments and interactions
with neighboring communities.

Keywords: Guanzhong; loess plateau; zooarchaeology; landscape; Neolithic; Bronze Age

1. Introduction

The analysis of faunal remains within archaeological contexts usually focuses on the
reconstruction of subsistence strategies, ancient economies, and past diets [1], but they
can also provide useful insights into past environments and landscape use. In China,
zooarchaeology has been applied on a site-by-site basis, with its main objectives being
to understand: (1) faunal temporal and spatial distribution; (2) human-animal relation-
ships; (3) past environments [2]. An increasing number of studies have enhanced our
understanding of domestication [3,4], regional trajectories [5,6], secondary products [7–9],
and craftsmanship [10–12]. Another application has been to reconstruct the impact of
humans on past environments. Research in this direction has often focused on animal
extinctions [13,14]. Paleoenvironmental reconstruction through the study of mollusks,
small mammals, and parasites has also proved effective [15,16].

Most of the zooarchaeological and archaeobotanical research conducted to date is
based in and around the Songshan (宋山) region of Henan Province (河南省) [12,17–22].
This is demonstrative of the tendency of research in China to coalesce around large and
famous sites, which having been located according to historical texts, are considered to
hold the greatest importance, for instance, Shimao (石峁) in North Shaanxi or Yangshao
(仰韶) in Henan [23].
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79



Land 2022, 11, 1269

The Guanzhong plain and surrounding areas in Central Shaanxi are significantly less
studied. The majority of the studies of ancient human occupation in this region from the
Neolithic to the dynastic period to date have focused on archaeological evidence drawn
from artifacts and ancient written sources [24]. Although there is some research that en-
gages with the ancient climate through the use of zooarchaeology and archaeobotany, many
of these studies are based on assumptions of a causal relationship between the environment
and human actions, which remove human agency from the equation. The tendency for
studies of human mobility and landscape exploitation to resort to environmental determin-
ism and Euclidian approaches to the landscape has also previously been highlighted, but
bears repeating [25].

This study takes 27 sites from the Guanzhong region which date from the Neolithic
through to the Bronze Age (Figure 1, Table 1) to explore the exploitation of the landscape in
different ecological regions through frequencies of the different taxa.

 
Figure 1. Map showing sites referenced in this paper.

For the purpose of this study, these sites have been divided into three topographically
determined regions: plain, transitional, and plateau. The plain occupies the primary and
secondary river terraces of large river valleys. These rivers are loess heavy and have a
strong tendency to flood. The transitional zone consists of deep gullies carved into the soils
of the loess plateau. These regions are formed of pockets of dense vegetation interspersed
with scrubby bush. Small areas of flat land in the river valleys provide small areas of
flat land for cultivation. The plateau sites are set in the broad plains of the loess plateau
(黄土高原), which are relatively dry and can only be cultivated with irrigation.

Since many of the excavations from which our faunal profiles are taken were under-
taken in the mid to late 20th century, zooarchaeological protocols were not followed to a
modern standard. In particular, collection tended to be manual, with methods such as siev-
ing and screening being the exception rather than the rule. This naturally has a significant
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impact on the resulting zooarchaeological profiles, which are often biased against small
animals and small elements [26]. Additionally, these profiles are taken from the excavation
of settlements and can therefore be taken to represent the diet of the occupants, and to a
certain extent the local ecology [27].

Table 1. Chronology of Northern China and coordinates of the sites included in this study. Chronolo-
gies for Chinese archaeological cultures are determined on the basis of a large number of calibrated
radiocarbon dates obtained from archaeological sites, which are published in [35].

Period Dates Zone Site Latitude Longitude

Early Neolithic
(Laoguantai
老官台)

6000–5000 BCE Transitional

Dadiwan I
大地湾 I 35.02024 105.92629

Guangtaoyuan光桃园 34.49701 106.53101

Mid-Neolithic
(Yangshao仰韶) 5000–3000 BCE

Plain

Jiangzhai姜寨 34.38374 109.21308

Lingkou零口 34.4785 109.36208

Quanhucun
泉护村

34.54805 109.86111

Xinglefang兴乐坊 35.0376556 108.216578

Yangguanzhai样官寨 34.46559 109.0113

Transitional

Dadiwan II, III, IV大地湾 II, III, IV 1 34.49701 106.53101

Gongjiawan巩家湾 1 33.72038 11022784

Wayaogou瓦窑沟 35.00073 109.02031

Wuzhuangguoluo五庄果裸 35.39524 110.00372

Plateau
Dagujie大古界 38.03320 109.24746

Yangjiesha杨界沙 38.03961 109.12052

Late Neolithic
(Longshan龙山) 3000–1900 BCE

Plain Kangjia康家 34.29272 109.02815

Transitional Gongjiawan巩家湾 1 33.72038 11022784

Plateau

Huoshiliang火石梁 38.36503 109.64894

Miaoliang庙梁 37.96861 109.0353

Muzhuzhuliang木柱柱了梁 38.55466 110.29661

Shimao石峁 38.56727 110.31886

Bronze Age
(Pre-Shang先商 *

/Shang商
/Proto-Zhou先周)

1900–1600 BCE

Plain Fengxi沣西 33.99684 108.78804

Transitional

Nianzipo碾子破 35.14965 107.90275

Sunjia孙家 35.037656 108.216578

Xitou西头 35.037656 108.216578

Zaolinhetan枣林河滩 35.00568 108.27936

Zaoshuguonao枣树沟脑 34.872778 108.495833

* The regional transitional period between the Late Neolithic and the Bronze Age is culturally unclear, with a
possible Erlitou (二里头)cultural phase between 1900–1600 BCE. Relevant archaeological (and zooarchaeological)
evidence is, however, too little to make definitive claims. Therefore, this time period is referred to as “Pre-Shang”
in this paper. 1 This site occurs across multiple phases and is therefore included in each.

The earliest sites included in this study show faunal profiles which are dominated
by wild species, especially deer and other large or medium-sized mammals. Domestic
species, such as pigs and bovids are notably scarce or absent. With the advent of animal
domestication, humans have considerably extended the natural range of domesticated
species through artificial feeding, landscape modification, and selective breeding [28–30].
The post-domestication assemblages are dominated by domestic species, this means that
the potential for faunal data which might provide information on past ecologies is reduced.
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Nevertheless, the distribution of domesticates is still limited to a certain degree by their
basic physiology and dietary adaptations and has the potential to give indications, albeit
generalized, of past environments and ancient landscape exploitation. For example, the
mobility of the populations and their livestock within and across the landscape provides
insights into the use of and impact on the landscape by humans and their animals. Cer-
tain animal types require a more sedentary existence (e.g., pigs and fowl), whilst others
require and can tolerate greater mobility (e.g., bovids and equines). This leads to different
faunal profiles:

(1) Profiles dominated by pigs supplemented by bovids are indicative of communities
that relied mostly on agriculture and moved domestic herds of herbivores across short
distances within a localized landscape, as part of a mixed agropastoral economy [31].
The presence of fowl is also presumed in such assemblages, however, their bones are
often either not present or not recorded. This may be due to taphonomic processes or
recovery bias against small elements.

(2) Profiles dominated by herd animals (caprines and cattle in this study) are usually
indicative of seminomadic or specialized pastoralism [32]. Such seminomadic pastoral-
ism can include transhumant communities in which the herds are moved seasonally
between pastures (for example, summer pastures in the uplands and winter in the
lowlands or vice versa) and can be evidenced by complementary sets of mortality
profiles from upland and lowland sites [33]. Specialized pastoralism relies heavily
on one (sometimes two) species of herd animals, which are extensively moved in the
landscape. This degree of mobility precludes pig and fowl husbandry, the presence of
such animals within the faunal profiles can be put down to trading or raiding [34].

As the distribution of species is to some degree limited by their physiology and
foraging behavior, the result is that some animals are associated with certain environ-
ments [36,37]. In mapping the sites in terms of their topographic locations it is possible to
trace the variations in animal exploitation on a much smaller scale. Faunal data from 27 sites
in Guanzhong have been collected and mapped onto a satellite image with contour lines
and considered alongside chronological and environmental data. This was done with the
aim of understanding micro-transitions in animal exploitation patterns and, thus, exploring
past human strategies of landscape exploitation. This study found that even within this
limited region (<10,000 km2) the animal utilization varied substantially between different
zones during the period under analysis, each showing distinctive exploitation patterns,
and with some regions apparently reverting to ‘earlier’ animal exploitation patterns in
response to climatic influences.

Study Area

The study area includes three zones: the Wei River plain, transitional zone, and loess
plateau. Twenty-one of the sites selected for this study are located in the Guanzhong plain
and its surrounding transitional zones with six of the sites located 200 km to the north
on the loess plateau. These sites have been included since they represent the only avail-
able zooarchaeological profiles for the loess plateau against which to contrast the animal
exploitation present in the Guanzhong plain and its surrounding transitional zones.

The Guanzhong plain runs west to east across central northern China and occupies
an area of 12,000 km. It is surrounded by the loess plateau to the north and the Qinling
mountains (秦岭山脉) to the south. The Wei River flows through the region from west to
east, from Baoji (宝鸡) where it enters the plain between the Liupan (六盘山) and Qinling
mountains at an elevation of 600 m asl and continues 300 km to the confluence of the Wei
and Yellow Rivers to the east of Huayin (华阴市) at 300 m asl [38]. Many small rivers feed
into the Wei River from the Qinling Mountains, but its largest tributaries, the Jing泾 and
Luo洛 Rivers, flow from the north. The Wei, Jing, and Luo all drain from the loess plateau
and, therefore, have a high silt content and large seasonal variations in flow [39]. This
high silt content means that the soil of the Guanzhong plain is mostly composed of loess
which has been eroded and redeposited by water, before being modified by millennia of
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farming. The rivers running from the Qinling run clear and have a more regular flow than
those which run from the north due to the monsoon winds which deposit precipitation on
the mountains [40,41].

The Guanzhong region has seen continual human occupation from the Neolithic
period through to the modern day. The Neolithic period is generally divided into three
phases: Laoguantai, Yangshao, and Longshan. The regional transitional period between
the Late Neolithic and the Bronze Age is unclear, with a possible occupation of the Erlitou
Culture between 1900 and 1600 BCE. This is then followed by the historical period which is
divided according to dynasties. In this paper, sites dating from the Early Neolithic through
to the Bronze Age are analyzed with the terms Early, Mid, and Late Neolithic being used to
improve the accessibility of the paper to scholars outside of China (Table 1).

The distribution of sites in the region shifts significantly during the course of this
time period [42,43]. In the Neolithic, the majority of sites are found in the Hanjiang Plain
(汉江盆地) of the Qinling Mountains and eastern Gansu Province (甘肃省) in the region
close to Tianshui (天水市). It has been suggested that deforestation in the Qinling during the
Early and Mid Neolithic caused erosion, which raised the level of the river beds, meaning
that the seasonal floods became a greater threat to the settlements on the secondary terraces
within the mountain valleys and increased the potential for catastrophic landslides [44].
There is a sharp increase in sites in the Guanzhong plain region during the Mid Neolithic.
It has previously been suggested that this increase in sites was made possible by the
advent of irrigation which allowed for the cultivation of the fast-draining soils of the
Guanzhong plain [45]. However, the fact that settlement in this area would have also
been subject to even greater flooding risks than those of the mountain valleys makes these
interpretations problematic.

It should be noted that many sites are attributed to different time periods on the
basis of the different forms of pottery found therein. This, therefore, means that all sites
at which Laoguantai style are found are dated to a single time period with only a few
sites being dated using other methods. If the persons occupying the sites in the Hanjiang
valley continued to use Yangshao-style pots after the adoption of Longshan potteries in
the Guanzhong plain and loess regions, it is possible that these sites might have been
misattributed. This could explain the relative absence of sites in this region recorded as
belonging to the Longshan periods. This sort of residuality has been observed in European
and West Asian contexts [46] but is rarely considered in terms of Chinese archaeology.

2. Materials and Methods

2.1. Zooarchaeological Approach

This study is based on zooarchaeological data from 27 Neolithic and Bronze Age sites
(25 already published and 2 in publication) in the Guanzhong region dated to between
6000 and 1000 BCE, including 2 sites (Gongjiawan and Dadiwan) at which the zooarchaeo-
logical data spans more than one phase. These sites were re-examined individually. The
locations of these sites are shown in Figure 1. The main faunal data analyzed in this paper
is the NISP (Number of Identified Specimens) for each site. NISP is a straightforward sys-
tem used to compare species representation across multiple contexts and datasets [47–49].
MNI (Minimum Number of Individuals) accepted standard practice zooarchaeology [2,50].
Where possible MNI data have been excluded from these analyses due to the inherent sub-
jectivity of the analysis when it comes to combining bones, the variety of data aggregation
methods, and the MNI positive correlation with NISP [47,50,51]. In some cases, it was
necessary to use MNI data for comparison with other regions.

With the exception of two assemblages (Lingkou and Gongjiawan), the NISP exceeded
100, providing a reasonably sized data set for comparisons. The NISP was not reported
for the faunal remains from Wuzhangguoluo, but only the percentage proportion of the
taxonomic representation. However, this was a minor issue because the percentage of NISP
of different fauna was calculated for each site, and then, the average value in different areas
and periods were used. This prevented bias related to the potential differences in the NISP
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from different sites. The %NISP distribution per site is included in Appendix A. In order to
assure transparency, the standard deviation of each set of percentages was also calculated.
Although it should be noted that in some cases the standard deviations were notably high
this is to be expected with such a small dataset. The analysis herein presented focuses on
those percentages which have relatively low standard deviations.

The total NISP analyzed was 48,545, 1106 from 2 Early Neolithic sites (Laoguantai
Culture), 21,565 from 13 sites dated between 5000 and 3000 BCE (Yangshao Culture),
6071 from 6 sites dated to between 3000–1900 BCE (Longshan Culture), and 19,803 from
6 sites dated to between 1900–1050 BCE (Pre Shang/Shang/Proto Zhou Period). The
distribution of data is biased by local researchers’ tendency to focus on the intricacies of
the Yangshao economy and the early phases of the domestication of pigs [52,53]. Chi-
square test suggests that the difference in the distribution is statistically significant at
p < 0.05 (X2 = 15,466.1, df = 12, p < 0.00001).

This study divides the faunal remains into four main groups: one wild taxa, deer, and
three main domesticates, cattle, pig, and caprine. Owing to the morphological similarity of
sheep and goat and considering the uncertainties surrounding the standards to distinguish
the two [54–57], these two animals ertr were combined into a single “caprine” category,
which is used to refer to “sheep/goat”. These taxa were selected because they were
sufficiently evenly represented in the study area to be used for comparison across time and
space. In addition, they are fairly common, and their bones have been well studied, making
them relatively easy to identify in (and therefore more likely to have been reported for)
each of the sites; these animals (and their bones) are also large enough to reduce the chance
of recovery bias. They, however, may have been subjected to unavoidable fragmentation
bias for the same reasons (i.e., larger bones produce more fragments) [49]. All the other taxa
were included in the category “Others”, and specific species are mentioned where relevant.

2.2. Mapping the Data

The faunal assemblages were mapped onto satellite and contoured maps using Tableau;
this then permitted a clear understanding of the elevation and physical geography of the
sites. The proximity to the nearest river, flat land within the vicinity of the site, elevation,
and, where possible, the modern vegetation at the site were recorded. These factors were
then combined to group the sites by type of site location according to overall topography:
plain, transitional, and plateau.

The overall distribution sites in the region during each time period were plotted
according to the data published in the Zhongguo wenwu ditu ji: Shaanxi ce [58]. As the result
of the third round of the archaeological survey, these ‘cultural heritage maps’ are the most
complete data available for the location of archaeological sites, despite being over twenty
years old at this point.

3. Results

When the data from Zhongguo wenwu ditu ji: Shaanxi ce were mapped according to
their time period, as expected, the resulting distribution was uneven, with the majority of
the sites being dated to the Mid and Late Neolithic (Figure 2). This has been attributed to
both recovery bias and apparent historical migrations of populations [42,59,60] (Figure 3).

It was, nevertheless, possible to identify clear temporal and spatial variations in the
occurrence and abundance of animal species in the overall study area (Table 2). High
standard deviation values were expected, given the small sample size and, in some cases,
lack of reports of certain taxa (see Appendix A), while we acknowledge that it is problematic,
we are constrained by the quality of the data available. There is also a significant reduction
in the variety of taxa, which appears to be, at least partially, due to habitat loss [61,62],
however, the impact of recording bias in favor of domesticated and well-known species is
also a factor [2,52].
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Figure 2. Maps showing the distribution of sites within the study region divided by time period with
the three regions highlighted. The pie charts correspond to sites with zooarchaeological assemblages
included in this study, while all other sites from each of the time periods are shown as small dots.
(N.B. The dots for the Early Neolithic are by necessity larger than those of the periods due to the
paucity of sites during this period). (Tableau, F. Monteith).

 
Figure 3. Landscape definitions, with the sites of Quanhucun, Dadiwan, and Miaoliang as examples.
(Tableau and Inscape, F. Monteith).

The faunal profiles for the Early Neolithic sites in this study are dominated by wild
fauna, with deer taxa making up to the 64% NISP on average. The Mid Neolithic shows
a sharp increase in the prevalence of pigs (40% NISP on average), although the presence
of deer remained significant (31% NISP on average). The assemblages from the following
periods (Late Neolithic and dynastic periods) show a marked increase in the number
of bovids, especially caprines (31% NISP on average in the Late Neolithic) and cattle
(33% NISP in the Bronze Age).
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Table 2. Average taxonomic abundance for Deer, Pig, Caprine, Cattle, and Others by NISP per time
period. Data are presented in raw numbers (N) and percentages (%). Data sources are available in
Appendix A. Differences between sites are highlighted using Standard Deviation (SD).

Period

Deer Pig Caprine Cattle Other Tot

N % SD N % SD N % SD N % SD N % SD N %
No. of
Sites

Early
Neolithic 707 63.9 0.6 148 13.4 12.7 66 6.0 8.6 20 1.8 2.1 165 14.9 2.62 1106.0 100.0 2

Mid
Neolithic 6706 31.1 26.5 8497 39.4 22 259 1.2 2 237 1.1 1.3 5866 27.2 31.79 21,565 100.0 13

Late
Neolithic 941 15.5 22 899 14.8 9.2 1900 31.3 26.5 977 16.1 4.7 1354 22.3 24.3 6071 100.0 6

Bronze
Age 1644 8.3 5.2 5069 25.6 10.5 3505 17.7 10.9 6515 32.9 10.9 3070 15.5 7.9 19,803 100.0 6

Further resolution is achieved when micro-variations in the physical geography of the
region are considered. Three broad categories have been identified, plain, transitional zone,
and the plateau (Figure 3).

In this study ‘plain’ is used to describe sites located on the Wei River plain. This
region is at a relatively low elevation (c. 400–600 m asl). The land here is formed of
almost flat terraces, which rise in steps from the river channel. The Wei River has a large
seasonal variation in flow, historically it tended to flood and change course. This means
that settlement on the plain usually occurred in areas of relatively increased elevation, with
no sites being recovered from the primary terraces of the rivers. Set in the rain shadow of
the Qinling Mountains, it is relatively dry with the majority of its water being supplied
by the rivers. This means that prior to the advent of irrigation systems the potential for
cultivation would have been restricted to the primary river terraces [38].

The transitional zone is formed by deep gullies which have eroded from the loess
plateau. Aridification over the course of the 20th and 21st centuries has led to increased
erosion in this region making an accurate reconstruction of the original form of the land-
scape here problematic. This region is characterized by small pockets of scrubby vegetation
within the gullies. Although the hillsides are now terraced, this is a relatively recent inno-
vation. Historically, this region would have only had limited land for cultivation. Although
the Gongjiawan site is located in the Qinling mountains rather than the loess transitional
zone, it is included in the latter category since the topography of the site is similar to that
of the transitional zone.

The plateau is characterized by expanses of flat land cut across by rivers. These rivers
run in relatively deep and narrow valleys, which only gradually change their courses.
The climate here is presently semi-arid with sand dunes being evident on the satellite
imagery. During the period of study, this region would have been less arid than it is in
the modern day [63,64]. Although it would have been ideal to compare the sites in the
plain and transitional zones with sites on the plateau closer to the Wei River Basin, those
included in this study were the closest sites at which zooarchaeological studies had been
undertaken for which the data had been published in a publicly accessible format. The
concentration of sites in this region is likely due to its proximity to the Shimao site, which
is a focal site for the Longshan Culture.

When these zooarchaeological profiles are divided into three broad categories in terms of
the physical geography in their vicinity—plain, transitional, and plateau—the micro-regional
differences in the taxonomic abundance and faunal exploitation in different time periods
are highlighted (Table 3, Figures 2 and 4). Again, the presence of high standard deviation
values while unfortunate was expected and may be attributed to the small sample size and
the aforementioned research biases.
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Table 3. Average taxonomic abundance for Deer, Pig, Caprine, Cattle, and Others by %NISP per time
period and per zone. Those instances for which there are no data available are marked with
the notation NR. Differences between sites are highlighted using Standard Deviation (SD). Given
the small sample size, high standard deviation values are expected. Data sources are listed in
Table Appendix A.

Zone Age
N.

Sites
Deer Pig Caprine Cattle Others Total

Plain

Early
Neolithic 0 NR NR NR NR NR NR NR NR NR NR NR

Mid
Neolithic 5 23.2 25.5 57.06 20.6 2.12 2.9 1.76 1.8 15.86 21.6 100

Late
Neolithic 1 35.6 NA 15 NA 11.9 NA 15.9 NA 21.6 NA 100

Bronze Age 1 14.6 NA 41.2 NA 8.1 NA 27.5 NA 8.6 NA 100

Transitional

Early
Neolithic 2 63.9 0.6 13.35 12.7 6.05 8.6 1.75 2.1 14.95 2.6 100

Mid
Neolithic 6 45.4 24.8 34.03 12.3 0.22 0.4 0.92 0.9 19.43 27.5 100

Late
Neolithic 1 48.1 NA 11.1 NA 0 NA 11.1 NA 29.7 NA 100

Bronze Age 5 7 4.8 22.56 8 19.68 11 33.92 11.76 16.84 8 100

Plateau

Early
Neolithic 0 NR NR NR NR NR NR NR NR NR NR NR

Mid
Neolithic 2 7.95 11.2 11.15 5.44 1.65 1.8 0 0 79.25 7.6 100

Late
Neolithic 4 3.1 3.5 15.6 11.7 43.8 22.5 17.4 5 20.1 31 100

Bronze Age 0 NR NR NR NR NR NR NR NR NR NR NR

Figure 4. Pie charts showing the % NISP on average in each of the zones divided according to time
period. (Drawn using tableau by F. Monteith).
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3.1. Early Neolithic (Laoguantai Culture)

There are only 2 sites with faunal profiles in the transitional zone during this period.
The faunal assemblages are dominated by wild species, among which cervids are the
most common (64% NISP on average). Evidence of rhinoceroses (Didermoceros sumatrensis)
and wild horses (Equus caballus przewalskii) have also been recorded along with golden
snub-nosed monkeys (Rhinopithecus roxellana).

The proportion of pigs was relatively high (13% NISP on average). Given the fairly
early domestication of pigs in the region at around 7000–7500 BP [65,66], some of these spec-
imens may be domesticated, however, this is difficult to ascertain, since the process of pig
domestication appears to have gradually arisen from commensal interactions. Additionally,
there are methodological problems in the identification of domesticated versus wild suines
during these early phases [66,67]. Bovids recovered in these assemblages are presumed
to have been wild, on the basis of the identification of wild water buffalo (Babulus sp.) in
the Guantaoyuan site and the relatively late introduction of domestic bovines and caprines
into Central China [2].

3.2. Mid-Neolithic (Yangshao Culture)

There are faunal profiles for all three micro-regions during the Yangshao period with
5 sites on the plain, 6 sites in the transitional zone, and 2 sites on the plateau. The average
site data for the faunal assemblages recovered in each of these three regions during this
period is markedly different. These results show that during the Yangshao period, pigs
were dominant in the plain (57% NISP on average) and that they were also an important
taxon in the transitional zone (34% NISP on average). However, they only represent a
minor percentage of the faunal assemblages in the plateau sites (11% NISP on average).
During this period the majority of specimens are established as being domestic, with only a
few individuals exhibiting the taxonomic characteristics associated with wild pigs [68].

The transitional zone was characterized by the highest proportion of deer remains
(45% NISP on average), in contrast to the plain and plateau (23% NISP on average and
8% NISP on average, respectively).

The faunal profiles of the sites in the plateau are dominated by small mammals
(79% NISP on average), especially hares (lepus capensis) (67% NISP on average), during
this phase. This is in contrast to the plain and transitional zones, wherein the “Others”
category only represents a relatively small proportion of the data (16% NISP on average
and 19% NISP on average, respectively), but shows more taxonomic variety.

3.3. Late Neolithic (Longshan Culture)

There are faunal profiles available for all three regions during the Longshan Period
with 1 site on the plain, 1 site in the transitional zone, and 4 sites on the plateau. There is a
notable increase in domestic bovines in all three areas (plain 16% NISP up from 1% NISP on
average in the Yangshao period, transitional zone 11% NISP on average up from 1% NISP
on average, and plateau 18% NISP on average up from 0% NISP on average) during
this period. In the plateau, a sharp increase in caprine (43.8% NISP on average up from
1.65% NISP on average in the Mid Neolithic) is recorded. The proportion of pigs is reduced
compared to the Mid Neolithic, nevertheless, this taxon remains well represented in all
the assemblages (plain 15% of NISP on average, transitional 11% of NISP on average, and
plateau 16% NISP on average). The percentage of deer remains relatively high, particularly
in the transitional zone (48% NISP) and the plain (36% NISP), while it is much lower in the
plateau (3% NISP on average).

In one site on the plain, Kangjia, antler fragments make up 27% of the deer NISP [69],
boosting the overall deer NISP. There has been much debate about whether to include
antlers in the quantification of deer, since a single deer may shed multiple antlers during
the course of its lifespan. Best practice does not include antlers that are not still attached to
the cranium since they may have been collected individually from elsewhere and brought
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to the site [70]. If such practice is to be followed, the % NISP for deer would be around
one-third lower in the plain.

The faunal assemblage for the Kangjia site shows a significantly greater variety of
species within the category herein described as ‘Others’. This includes small quantities
of canids, both domestic (Canis sp.) and wild (Vulpes sp.), as well birds (Phasianus sp. and
Gallus sp.), small mammals (Lepus sp.), and aquatic species including mollusk shells and
fish bones. The “Others” forms an important category in the Gongjiawan site which is
located in the transitional zone, however, the taxonomic variety is reduced when compared
to the Yangshao-phase faunal assemblage [71]. In Miaoliang which is located in the plateau
region, a large number of wild horses have been found.

3.4. Bronze Age (Shang, Proto-Zhou)

There are only faunal profiles for the plain (1 site) and the transitional zone (5 sites)
during the Bronze Age. In both regions the domestic assemblage was prevalent, the
deer category only representing 15% NISP in the plain, and 7% NISP on average in the
transitional zone. The domestic assemblage was fairly homogenous with only a few
taxa represented.

In the Fengxi site which is located on the plain, pigs are prevalent (41% NISP), in
contrast to the transitional zone, where they are less represented (23% NISP on average). In
both cases, there is a further sharp increase in cattle (27% NISP in Fengxi up from 16% NISP
on average, and 34% NISP on average in the transitional zone up from 11% NISP). These
bovines have been identified as domesticated species. There is a slight decrease in caprines
on the plain (8% NISP), but a sharp increase in the transitional zone (20% NISP on average
up from 0% NISP on average). Other domestic species, such as dogs (Canis familiaris) and
horses (Equus caballus), were also found in the plain and the transitional zone.

4. Discussion

From the Early Neolithic to the Bronze Age, the Guanzhong region underwent a
shift in animal exploitation, from wild species to pigs between the Early to Mid Neolithic,
to an increasing number of bovids from the Mid Neolithic through to the Bronze Age.
Looking at the data from the perspective of subsistence strategies, they are in line with
current research on the topic, which shows that hunting and fishing were practiced in
the region in the Early Neolithic, but that their importance declined during the Mid and
Late Neolithic (Yangshao and Longshan periods), possibly due to population growth and
increased demand for meat for both consumption and ritual purposes. Husbandry, by
contrast, developed along with agriculture [72–76].

The original environment of the Guanzhong region has been almost completely erased.
Fossil pollen, which is often used to track changing vegetation over time, does not preserve
well in the loess soil of the Guanzhong region, and those wetlands, which might have
existed, and which would have preserved the pollen record, have been almost completely
eliminated by anthropogenic activities [77]. A growing corpus of studies of paleoclimatic
indicators, which are discussed more in detail in the following sections, have argued that
prehistoric regional vegetation was highly spatially variable with different ecosystems
characterizing the three locations, plain, transitional, and plateau, across time. Zooarchaeo-
logical finds have also shown important regional differences that are addressed below.

4.1. Early Neolithic (Laoguantai Culture)

Our Early Neolithic assemblages come from the transitional zone. While the frag-
mentary distribution of the published material (especially old reports) may have led to
some data being overlooked, the paucity of information reflects the low number of Early
Neolithic sites discovered in the Guanzhong region. There are only 20 or so small settle-
ments, which have not all been reported archaeologically and zooarchaeologically [58,78].
This region may have originally been scarcely populated, or the continual migration of the
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river channels might have erased the presence of such settlements from the archaeological
record [77]. However, it is also possible that future research will recover further sites.

The faunal assemblages mostly include wild species, of which deer are the most
prevalent. Palaeoecological studies undertaken in the region suggest that gullies and
valleys were covered by forests and small grassland patches, therefore, the abundance of
cervids is unsurprising [79–81]. The same habitat could have been shared by other wild
hoofed animals, such as wild horses and Sumatran Rhinos, and carnivores, like bears
and wild canids, which are also present in our Early Neolithic faunal assemblages. The
discovery of golden snub-nosed monkeys in Guantaoyuan also suggests that the area was
still forested during this period [82–84].

The pigs in these Early Neolithic sites would have been predominantly wild, with
perhaps a few domestic or semi-domestic specimens. Although pigs seem to have been
domesticated at around 7000 BP in Central Shaanxi [65,66], distinguishing wild and do-
mestic specimens in these early stages of domestication has proven to be problematic. One
problem is that the domestication of pigs probably progressed through a “commensal”
pathway in three phases, “dependence”, “initial exploitation” and “exploitation”, with a
high degree of interbreeding between domestic and wild individuals [66,67]. This makes a
clear-cut taxonomic identification problematic. Methodologically, dental size and morphol-
ogy have been the dominant technique to distinguish between wild and domestic pigs [85].
Reference, however, has usually been taken from larger western specimens of Eurasian
boar [86], which, as noted by [87], may not be appropriate for comparison with inherently
smaller Chinese pigs. C and N isotopes analysis increasingly used to assess domestication
by examining the nutrition of individual specimens, has produced controversial results for
pre-Yangshao pigs in Dadiwan [88–90].

Those few bovines and caprine specimens found in the Early Neolithic faunal assem-
blages were wild specimens. For bovines, more detailed information has been provided
in the reports, where they were identified as wild water buffalos. Although many aspects
of cattle domestication are still poorly understood, the sharp increase in specimens in
the Late Neolithic would indicate that it occurred in this period or slightly earlier, thus
supporting the wild status of our specimens [91–93]. The reports give little data on the
caprines recovered. It is believed that domestic sheep and goats were introduced into China
from Western Asia through the Hexi corridor ca. 3000–2500 BCE [2,6,94]. Early Neolithic
caprines from our sites were, therefore, presumably wild. However, the recent discovery of
domestic sheep’s remains dating to 6000 BCE in Southern Kyrgyzstan [95], leaves room for
further research on the timing and modes of introduction of this taxon into China.

The profile for our sites suggests the existence of hunters in the transitional zone, who
mainly preyed on deer. Cervids mostly require woodlands and grasslands. Palaeoecological
research indicates that, indeed, the gullies and valleys north of the plain were covered
by forests in the Early Neolithic period [79–81]. Therefore, it is reasonable to argue that
Early Neolithic communities likely exploited their immediate environs to some extent.
This included wetlands, which were likely relatively extensive [96]. The exploitation
of freshwater resources—mollusks and fish for food, and shells for making tools and
ornaments—has been attested by recent studies on aquatic finds in Guantaoyuan [16,97].

There has only been limited research to date on the agriculture in this region during
the Early Neolithic [98], however, the contribution of farming to local subsistence strategies
was presumably small. There is significant data to affirm the presence of agricultural
practice in the contemporaneous Peilingang (裴李岗) and Cishan (慈山) cultures, in present-
day Henan Province [19,99]. Domestic pigs and dogs have been found to be relatively
abundant [66,100]. Fowl were also recovered and they are usually presumed to be chickens
or pheasants, although the early date of bird domestication in Central China is somewhat
controversial [101,102].

In contrast to the faunal assemblages found in Henan, the faunal assemblages in the
Guanzhong region are more consistent with low-investment or incipient farming profiles
than cultavist or pastoralist profiles. There is also very limited evidence for anthropogenic
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deforestation for agricultural or husbandry purposes during the Early Neolithic, with
even deforestation through fire apparently being absent [103]. There is some evidence of
incipient farming at the Dadiwan site. Isotope analysis of pig and human bones at this
site provides some convincing (though not definitive) evidence for pig domestication [88].
Similarly, the retrieval of some broomcorn millet (Panicum miliaceum) at the site represents
the earliest potential evidence to date of regional millet cultivation [98].

4.2. Mid-Neolithic (Yangshao Culture)

Our dataset for the Mid Neolithic is richer than that of the Early Neolithic, with data
being available for all three zones, plain, transitional, and plateau. When compared to the
Early Neolithic, the number of sites discovered in Guanzhong is two orders of magnitude
larger (ca. N = 1500 compared to ca. N = 20 in the Early Neolithic) [78]. It is difficult to
ascertain whether the area came to be more extensively occupied during the Mid Neolithic,
if the sites are better preserved during this period due to changes in site selection criteria or
environmental factors, or if research is biased by selective archaeological excavations. It is
likely to be a mix of all three factors, Chinese archaeologists have to date shown greater
interest in the large Neolithic sedentary centers, which formed the foundations of the
Chinese Civilization [2,52,53]. Yangshao cultural sites have been well studied in terms
of agricultural development and diversification, as well as the rise of intensive animal
husbandry [88,104]. It is these factors, prompted by favorable climatic conditions of the
Holocene Climatic Optimum, which appear to have been the prevailing forces behind the
demographic growth and more extensive land occupation present in this region during
this period [105–107].

In the plain, the faunal assemblages are dominated by domestic species including a
large number of pigs, alongside fewer fowl and dogs. The domestication status of these
animals has been assessed by zooarchaeological methods [85,108–112], isotopic, and DNA
research [113–115]. Deer were exploited, as well as local freshwater sources, fish, turtles,
and mollusks, for subsistence, tool making, and decorations [16,116]. This zooarchaeo-
logical profile is consistent with a relatively sedentary lifestyle, in which cultivation and
pig husbandry were the main means of subsistence and were supplemented by hunting
and fishing.

Early Yangshao sites in the plain, such as Banpo (半坡) or Jiangzhai, were small and
likely occupied discontinuously (but repetitively) [117,118]. The presence of fences in
these sites suggests, however, that livestock husbandry was already an established prac-
tice [119,120]. In time settlements became progressively larger, suggesting an increase in
population, and were occupied more consistently for more prolonged periods of time [116].
Water management constructions, such as ditches for drainage may have been intended to
mitigate the frequent flooding of the loess-heavy Luo, Jing, and Wei rivers [121,122]. Such
water management constructions could also have assisted cultivation. Evidence of localized
fires related to anthropogenic activities, such as vegetation clearance for land reclama-
tion, further supports the presence of intensive agriculture during the Mid Neolithic [103].
Most importantly, archaeobotanical and isotopic research has indicated that substantial
cultivation of dominantly dry crops—broomcorn millet (Panicum miliaceum) and foxtail
millet (Setaria italica)—was established in the plain, in order to feed both humans and
livestock [74,123,124]. As the yield of foxtail millet is higher than that of broomcorn millet,
its introduction in the Wei River plain could be one of the factors behind the increase in
population and the intensification of husbandry during the Mid-Neolithic [88]. It also sug-
gests that the climate may have been more humid, as foxtail millet is less draught-tolerant
than its broomcorn counterpart. Phytolith evidence for rice (Oryza sativa) recovered in at
least two of our sites, Quanhucun and Yangguanzhai, indicates greater access to water at
these sites [104].

The discovery of foxtail millet and rice in Guanzhong raises also the question of
possible interactions between the Central Plain of Henan with the communities in the
Guanzhong region during the Mid Neolithic. Foxtail millet is common in the eastern
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regions of China throughout the Neolithic, however, it has not been frequently found
in sites in Guanzhong until the Mid-Neolithic period [125]. Early evidence of mixed
rice–millet farming has been discovered in Peiligang cultural sites in eastern and central
China [53,126]. The westward spread of crops seems to have occurred along with certain
types of pottery, by the gradual migration of small communities of farmers [126].

Faunal assemblages recovered from the transitional zone show some degree of continuity
in animal exploitation with the Early Neolithic, with a high proportion of deer and a fairly high
proportion of small mammals, and a lower, yet significant, presence of pigs. Deer are the most
prevalent species, which indicates that intensive hunting on the hills and gullies remained a
factor in the local subsistence. However, domestic pigs raised on fodder [88,127–129] would
have provided a stable meat supply, making intensive hunting—which is high risk and does
not provide a secure form of sustenance—unnecessary [130]. It is possible that deer were
hunted for more than just their meat. Hunting was possibly a resource collection activity in
the transitional zone [98] especially since deer bones, in particular metapodials and antlers,
are good for tool making, since they are straight, dense, and easy to shape. At Wayaogou
4% NISP of deer elements were reported as being worked, and they make up 95% of the
whole assemblage of worked bones at the site [131]. The acquirement of skin and leather
could also have been other reasons for hunting aside from meat.

The presence of deer, and the great majority of sika and roe deer, suggests that the
surrounding area, although not necessarily directly adjacent to the site, was formed of
scrubby forest interspersed with meadowland. This habitat would also have been ideal
for hares, which were similarly well represented in the assemblages. Hare bones were
tested isotopically, revealing that their C3-based diet was different from the C4-based one
of the humans, pigs, and dogs. This indicates that they were hunted at some distance from
the site, possibly even in plateaus, where hares have been abundantly found in relation
to settlements (see below). By contrast, isotopic results for rat bones indicated that they
shared a similar diet with humans and domestic animals, suggesting that they live in, or
very close to human settlements [127]. Insufficient bovine and caprine skeletal elements
(0.92% and 0.22% NISP on average respectively) are present for the domestication status of
these taxa to be established with any degree of certainty.

The plateau is characterized by a high proportion of small mammals, along with
a significant presence of pigs. This suggests that, while the economy may have been
dependent upon pig husbandry for meat, small game rodents were also exploited as a
source of meat/marrow and fur. It is usually difficult to evaluate the presence of small
mammals in sites, as they may have been deposited through accidental intrusion, by non-
human predators, or as by-products of human habitat niches, which created favorable
contexts for these taxa. However, given the relatively high quantity and concentration of
specific lepus sp. in these settlements, it can be suggested that their deposition was probably
related to subsistence, and may be taken as evidence of some hunting activity. Bone and
stone hunting tools discovered in the sites support this conclusion [132]. Hunting may
have occurred near, around, or in the site: results of isotope analysis on hare bones from
Yangjiesha have revealed that these animals shared a C4-based diet similar to humans and
pigs, suggesting some form of commensal relationship with humans [133].

Deer did not play a significant role in the regional economy. This can be understood
in the context of different ecological conditions. Early studies, largely based upon written
sources, claimed that the plateau was heavily forested in the mid-Holocene [40]. However,
more recent research into climatic indicators has revealed that this was never the case:
the plateau appears to have always been dominated by grasslands with no large areas of
stable forest vegetation [80,81,134]. This is a niche environment, which would only have
supported certain herbivores, including a few deer species, and small mammals, such as
hares. Increasing human disturbance in the landscape by burning for land reclamation [103]
would also have further reduced the habitat for deer. At the same time, the loess friability
and porosity would have made the area appropriate for plowing, draining, and growing
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roots for millet. There is evidence of millet consumption at the Yangjiesha site, where fairly
abundant grains of broomcorn and foxtail taxa were recovered [135].

4.3. Late Neolithic (Longshan)

The dataset for the Longshan period is smaller than the one for Yangshao, and most of
the data comes from the plateau, with only one site with a faunal profile available for the
plain and the transitional zone, respectively. While the above-mentioned research bias likely
affected the sites’ distribution to some extent, this scenario may also reflect the decrease in
density of human occupation in the Wei basin, and a relative increase in Northern Shaanxi
during the Late Neolithic. This has largely been attributed to northward human migrations
from the plain, and southward migration of communities from Inner Mongolia, which are
believed to have occurred as a response to climatic deterioration [42,59,60].

Our evidence shows that the Late Neolithic was characterized by a general increase in
caprines and bovines, at the expense of pigs, across the whole Guanzhong area. Diversified
use of animal resources might have augmented human adaptability to the progressively
cold and dry climate, which followed the Holocene Climatic Optimum [136–138]. Cli-
matic deterioration had a significant impact on agriculture. Foxtail millet became the
most important crop, although broomcorn millet and rice were also cultivated in some
areas [126,139]. The reorganization of agricultural production may have led to an ad-
justment of subsistence strategies in different regions in response to various degrees of
climatic deterioration [140,141].

There is only one faunal profile for the plain during this period, from the Kangjia site.
The three main domestic taxa (pig, cattle, and caprine) are all fairly well represented as
well as wild species. This profile suggests that pig husbandry was still central in the local
economy, although it was increasingly supplemented by herding and hunting.

Deer are prevalent. Although the % NISP may have been boosted by antler fragments
(which make up 22% of the deer NISP), this points to hunting as being a significant activity
for the community. As discussed above, the presence of domestic species at the site
would reduce the need to hunt for meat and suggests that deer were exploited for other
purposes. In Kangjia, deer bones and antlers were important materials for producing
utilitarian tools and oracle bones. Oracle bones were crucial tools for divination and their
processing has been associated with the emergence of social complexity, with a gradual
emergence of craft and ritual specialists taking control over ritual practices from the Late
Neolithic onwards [142]. The relationship between hunting and social stratification has
been suggested by ancient written sources and archaeological evidence, according to which
hunting was a significant social activity carried out by the elites in the pre-Shang and
early Shang periods [143]. It is apparent that Longshan cultural communities had already
undertaken the process of social stratification [144]. It is therefore possible that in addition to
complementing the community’s diet, hunting deer was a symbol of emerging social power.

Domestic species, including pigs, cattle, and caprines are all well-represented. The
presence of domestic cattle and caprine specimens at these sites aligns with previous
research, which indicates that these species had been introduced into China by the Late
Neolithic [2,6,93,145,146]. Although pigs would still have represented a significant source
of meat, it appears that cattle and caprines would have also been raised for their meat
and their secondary products. It is possible that cattle were also employed for draught
or transportation, however, paleopathological data for the bones in this assemblage are
insufficient for firm conclusions to be drawn.

Climatic deterioration, alongside the frequent floods, would have affected agriculture
on the plain, reducing the viable arable land area, especially for millet, which requires dry
cultivation. However, this land could still have been suitable for growing rice [59,104,116].
In order to cope with changing conditions, the local economy, previously based on dry
agriculture and pig husbandry, may have been integrated with some form of bovid herd-
ing. This implies a wider and seasonal use of the surrounding environment, possibly
transhumance into the valleys of the transitional zone [147].
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The faunal profile of the transitional zone shows a prevalent presence of deer and a
significant proportion of pigs and cattle. The report of the faunal remains from Gongjiawan
suggests that deer were semi-domestic. While there is no sufficient zooarchaeological
data to confirm this hypothesis, and no relevant research has been conducted on deer
domestication, it is plausible that these animals would have orbited around the settlements
for food and interacted with humans to some degree. Further zooarchaeological research
and isotopic analysis would provide some clarification for this question.

The presence of fairly numerous domestic species, suggests that deer was exploited for
purposes, other than meat acquirement. Deer skeletal elements were used for tool-making.
Moreover, there is clear evidence for hunting being a significant activity in the transitional
zone, rooted in the early communities of hunters-gatherers that inhabited the region in
the Early Neolithic, and even prior to that [98], and it may have evolved in a symbolic
social practice [143].

The dominant presence of sika deer in Gongjiawan suggests the existence of fairly
extensive temperate, broad-leaf deciduous forests and woodlands, which would have been
necessary for this species to proliferate [71]. Persisting relatively humid conditions are
evidenced by discoveries of local freshwater mollusk shells, although their quantity and
variety significantly reduced compared to the Mid Neolithic [16,71].

Dry agriculture, which had become increasingly difficult in the plain, may still have
been practiced to some degree in the transitional zone [59,148,149], however, insufficient
analyses have been undertaken to date in this section of the Guanzhong region. This lacuna
could also be symptomatic of a relative decline of agriculture in the region in favor of
other activities. Deterioration in climatic conditions would have led to cultivation being
less productive [64], however, there is no notable change in demography [149]. In order
to support the community, subsistence strategies would have shifted toward (or have
been heavily supplemented by) herding of caprines and cattle. If agriculture was not fully
productive, it would have provided a limited surplus to feed livestock. In this regard, bovid
husbandry would be more efficient than raising pigs, since bovids do not compete with
humans for food. They would also be used for secondary products such as milk, hides,
and wool [7].

The climatic deterioration during the Longshan period affected the three zones out-
lined in this study to varying degrees, with the transition in climate being most intense in
the plateau [64]. This is reflected in the faunal assemblages from the four relevant sites,
which display the use of a diversified set of taxa, with a prevalence of caprines, and a fair
proportion of other domestic and wild species. The profile is consistent with an incipient
mixed agro-pastorist economy.

Wild fauna still played a significant role in the regional economy, but the deer was
little represented. A large majority of deer were sika. According to C13 isotopic research
for Shimao and Gaojiawan, they survived on a relatively rich C4 diet, suggesting that
they interacted with humans, perhaps by living close to the sites [150]. This, in turn, may
indicate that the ecological deterioration, brought about by the increasingly dry and cold
climate (and farming-related anthropogenic activities), may have led deer to establish
some form of commensal relationship with humans for survival. The high proportion
of wild horses (Equus ovodovi) in Miaoliang (70% NISP) suggests that hunting was still a
significant practice, either to acquire meat, material for making tools, or social status, as
discussed above.

Agriculture was practiced [140,151] along with pig husbandry, which was still an
important activity for meat provision. It was, however, supplemented with bovid herding,
which appears to have become the staple form of subsistence. Research on paleoclimate
by [64,152] has shown that climatic deterioration towards aridity in the Loess Plateau caused
many agricultural economies to shift toward agro-pastoralism and mobile pastoralism from
the beginning of the second millennium BCE. The diversified use of faunal resources in
the plateau during the Late Neolithic can represent the early stages of this process. While
bovids are fairly tolerant of arid conditions, pigs require a plentiful and dependable source
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of water [153]. The increase in caprines, in particular, may also be related to the southern
migration of pastoralist communities from Inner Mongolia, which has been mentioned in
written sources [60] and supported archaeologically [113].

The diversification of the regional economy should also be considered from the per-
spective of an incipient regional social complexity during the Longshan period [144]. In
Shimao, a large walled center, which survived intensive millet agriculture [140], the pro-
portion of pigs is larger compared to other sites. By contrast, in Muzhuzhuliang, a great
deal of the local economy was based on herding, with sheep being exploited for their
secondary products—milk, skin, and wool—in addition to their meat [154]. Analyses in
Miaoliang suggest that foxtail millet farming production was likely not sufficient to feed
the community, which in turn would have to rely on sheep and cattle herding and horse
hunting [151]. Notably, the horse species hunted by the resident of the Miaoliang site,
Equus ovodovi, had long been believed to be extinct in the Pleistocene. Only recent genetic
evidence on various groups of remains, including those from Mioaliang, has indicated that
it survived until ~3500 BP [155].

4.4. Bronze Age (Shang, Proto Zhou)

Evidence for the Bronze Age period comes from the plain (1 site) and the transitional
zone (5 sites). Coincidentally, these two zones cover what is historically known as the Bin
region, which is presumed to be the ancestral land of the Zhou [156,157]. It has recently
been intensively investigated by Northwest University and the Shaanxi Institute of Cultural
Relics and Archaeology in the context of the project “The Archaeological Investigation of
the Ancient Bin Area”, with the main goal of understanding the dynamics of the rise of the
Zhou dynasty, culminating in the defeat of the Shang. This can explain to a certain extent,
the abundance of sites in the plain and the transitional zones, in comparison with the
relative paucity of known sites in the plateau zone. Other than Fengxi, zooarchaeological
reports used in this study were conducted under the umbrella of this project.

The Bronze Age in Central Shaanxi is characterized by further climatic deterioration,
which promoted a further increase in bovid herding. This came to increasingly supplement
pig husbandry, although to varying degrees in different zones.

The faunal assemblage from the site of Fengxi, located in the plain of the Wei River
Valley, includes a relatively large proportion of pigs [76]. This, along with the discovery
of significant quantities of millet [158], suggests that millet-based agriculture and pig
husbandry remained the main subsistence pattern on the plain. A significant proportion
of cattle and a small number of caprines indicate the existence of supplementary herding
activity. Mortality profiles for these taxa suggest that sheep were killed in their early life,
thus likely used for meat, while cattle usually survived into adulthood, which would have
allowed for their exploitation for milk and, possibly, strength for agricultural purposes.

The faunal assemblages from the transitional zone are dominated by domestic species,
wild animals being significantly scarcer. This suggests an economy based on animal
husbandry, with a small contribution from other activities. Although the Bronze Age
witnessed a general decline in hunting, this may have been practiced to different degrees:
while in Zaoshuguonao deer finds were more numerous and hunting tools relatively
common, paucity of bones and antlers and the dearth of arrowheads from Xitou and Sunjia
indicates that hunting did not form a significant part of the local subsistence [75,159,160].
Ref. [161] argued that, from the Late Neolithic to the Bronze Age, the Guanzhong region
underwent a shift from a meat-oriented toward an antler-oriented hunting practice. MNE
(Minimum Number of Elements) analysis results for the assemblages in Zaoshuguonao,
Sunjia, and Xitou support this conclusion and more specifically indicate that deer antlers
and bones were largely exploited for tool-making [160,161]. Archaeological and textual
evidence both indicate that during the Bronze Age, the importance of hunting became
increasingly social rather than necessary for survival [74,143].

The exploitation of aquatic resources was also nominal. In spite of the increasing
regional aridity, the paucity of mollusks and fish in these sites is unexpected, given the

95



Land 2022, 11, 1269

large local water system. While this lack in our assemblages is likely due to poor sieving
and taphonomic agents, it can also reflect a decline in fishing practices [16,74].

Bovids were prevalent in the transitional zone during this period. The growing
importance of bovines and caprines in the region, as discussed above, could be due to
the climate becoming colder and dryer during this period [64,152]. Under such climatic
conditions, agricultural productivity would have declined, prompting a wider and more
diversified use of the landscape, including expansion into marginal lands, in order to
permit bovid herding. Research in Central Asia and Northern China has demonstrated that
in the Bronze Age and in the Iron Age a flexible agro-pastoralist system was successfully
established in arid and semi-arid regions to cope with this harsher environment [162–164].

Increasing caprine and cattle herding may have occurred under the influence of neigh-
boring pastoral communities in the north, which had started their southward migration
during the Late Neolithic. At the end of the second millennium BCE, small and large-scale
movements of mobile and semi-mobile pastoralists dramatically increased and created a
solid network of interaction across Central Asia, Northwest China, and Mongolia [162,165].
Interactions between residents of Central Shaanxi and northern agro-pastoralists and pas-
toralist societies are documented by archaeological evidence of steppe-type of artifacts in
the former region [157,166] and are further suggested by written sources [156].

Mortality profiles available for four of the sites indicate that the three main domestic
species (pigs, cattle, and caprines) were exploited for meat and secondary products to
different extents at different sites [75,160,167]. This can be explained in terms of various
degrees of reliance on agriculture and discussed from the perspective of emerging so-
cial complexity. Few archaeobotanical studies have been undertaken in the transitional
zone [168], however different caprines/cattle-pigs ratios can be indicative of more inten-
sive agricultural practices in some sites than in others [31,75]. Zooarchaeological research
conducted in Zaoshuguonao and Zoalinhetan has revealed profiles consistent with the
former being a larger agricultural center and the second being a smaller settlement [75,169].
Also, our zooarchaeological analysis of Xitou and Sunjia faunal assemblages has revealed
a clear size difference in pigs and, especially, in cattle between the two sites. This may
reflect diversity in economic structures, with a larger agricultural center requiring sizable
animals (i.e., Xitou), and a smaller settlement (i.e., Sunjia), where smaller less-demanding
specimens, would be preferred for their secondary products and light work [160].

Evidence of finished and unfished worked bones from all sites indicates that some
taxa were exploited for the local production of tools and ritual objects. Not only deer, but
also cattle bones, were used to make artifacts. In particular, by the Bronze Age, cattle had
become the most important taxa for oracle bone production [142]. Indeed, cattle scapulae
were fairly commonly recovered in all our sites, although at Nianzipo, specimens made of
horse and other animals’ scapulae were also found [167]. This further suggests a certain
degree of regional variability in animal exploitation for ritual purposes, which can be
related to a greater development of social complexity in the local Bronze Age [75,160,161].

5. Conclusions

This study has found that the Guanzhong region underwent a shift in animal exploita-
tion, from wild species in the Early Neolithic to pig husbandry in the Mid Neolithic, when
the area was experiencing the Climatic Optimum and a consequent substantial agricultural
development. Climate deterioration from the Late Neolithic meant that localized communi-
ties had to adapt to new, less favorable conditions for cultivation. Generally, this appears
to have been achieved through the resumption of hunting practices and, especially, the
adoption of bovine and caprine herding.

Considering regional ecological variability, we found that even within the limited
Guanzhong region (<10,000 km2) animal utilization varied considerably between three
different zones, the Wei River plain, the transitional region, and the Loess Plateau, during
the period under analysis. Against expectations, it was found that there was not a gradual
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transition in praxis between the Wei River valley and the loess plateau with the hilly
transition zone having its own distinct animal exploitation pattern.

In the Mid Neolithic, the economy of the plain was dominated by dry agriculture
and pig husbandry. Agriculture and husbandry remained central economic activities even
during the climatic deterioration from the Late Neolithic onward: the former, however,
would have switched into mixed dry and rice farming, and the latter was integrated with
some bovid husbandry and deer hunting. Herded animals were used for their secondary
products and aid in agriculture, in addition to their meat. Deer hunting would have
provided supplementary meat and important material for tool-making. It also increasingly
became a significant social activity, related to emergent social complexity in the Longshan
Culture. In the Bronze Age, millet-based agriculture and pig husbandry were still the main
subsistence strategies on the plain.

The exploitation of wild species underpinned the socio-economic foundation of the
communities of the transitional zone until the Bronze Age. Throughout all the periods
under study, deer hunting was particularly important, either for food, tool-making, or
practiced for socio-ritual purposes. Pigs appear in significant numbers in the transitional
zone, only in the Mid Neolithic, when an intensive agricultural system was developing
in the whole Guanzhong region. Climatic deterioration following the Climatic Optimum
prompted the need to diversify animal exploitation. In addition to hunted deer, herded
bovids became increasingly important, for meat and their secondary products, including as
draught animals. Diversification in animals’ exploitation could also be favored by incipient
social complexity and contacts with mobile and semi-mobile pastoralists from present-day
North Shaanxi and Inner Mongolia.

The plateau presented a more complex scenario, partially because of the scarcity of
zooarchaeological data, compared to other zones. Pig husbandry and dry-agriculture were
practiced in the Mid Neolithic, supplemented by small game rodents, which were either
orbiting around the site or were kept captives by the communities. The Late Neolithic
witnessed an increase in caprines herding, which was integrated into the local subsistence
strategies, perhaps as a consequence of the interactions with pastoral communities in the
North. We did not have data for the Bronze Age, however, information collected by isotopic
studies suggests that dry-agriculture and pig husbandry was practiced in the plateau
during this period [170].

While this research is based on a limited number of sites, in their regional context,
the results show the existence of micro-transitions in animal exploitation patterns and a
variety of human landscape exploitation strategies on a smaller scale. Spatio-temporal
differences in animal exploitation were caused by changes in both the local microclimates
and the form of landscape in which the communities were living. In each case, the animals
represent efficient exploitation of the immediate environment. These environmental factors
were also augmented by internal social developments and interactions with neighboring
communities. Further, more extensive and interdisciplinary research in North China would
allow for a better understanding of different local zooarchaeological landscapes and, thus,
effectively inform research on long-term, large-scale phenomena, such as pastoralism and
ecological and climate change.
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Appendix A. Taxonomic Abundance by %NISP for Each of the Sites Considered in

This Study

ID Age Site Zone NISP
%

Deer
% Pig

%
Sheep/Goat

%
Cattle

%
Others

Source

1 Early Neolithic Guantaoyuan Transitional 405 63.5 4.4 12.1 3.2 16.8 [84,97,171]
2 Early Neolithic Dadiwan I Transitional 701 64.3 22.3 0 0.3 13.1 [65]
3 Mid Neolithic Dadiwan II Transitional 3505 69.1 25.7 0 1.2 4 [65]
4 Mid Neolithic Jiangzhai Plain 1778 63.9 29.3 0 4 2.8 [120]
5 Mid Neolithic Wayaogou Transitional 6022 57.1 38.8 0.3 0.5 3.8 [131]
6 Mid Neolithic Lingkou Plain 81 30.9 58 6.2 0 4.9 [110]
7 Mid Neolithic Dadiwan III Transitional 2533 62.4 34 0 1.9 1.7 [65]
8 Mid Neolithic Yangguanzhai Plain 375 3.9 77.3 0 1.7 17.1 [109]
9 Mid Neolithic Xinglefang Plain 318 2.2 44.7 0.3 0 52.8 1 [108]
10 Mid Neolithic Quanhucun Plain 2646 15.1 76 4.1 3.1 1.7 [112]
11 Mid Neolithic Gongjiawan Transitional 51 43.1 19.6 0 0 37.3 [148]
12 Mid Neolithic Dagujie Plateau 138 15.9 7.3 2.9 0 73.9 2 [172]
13 Mid Neolithic Yangjiesha Plateau 493 0 15 0.4 0 84.6 3 [173]
14 Mid Neolithic Wuzhuangguoluo Transitional NR 0 31 1 0 68 [174]
15 Mid Neolithic Dadiwan IV Transitional 3625 41.2 55.1 0 1.9 1.8 [65]
16 Late Neolithic Kangjia Plain 320 35.6 15 11.9 15.9 21.6 [69]
17 Late Neolithic Miaoliang Plateau 231 6.9 2.6 12.6 10.8 67.1 4 [175]
18 Late Neolithic Gongjiawan Transitional 27 48.1 11.1 0 11.1 29.7 [71]
19 Late Neolithic Huoshiliang Plateau 1111 2.5 12 63 19.5 3 [176]
20 Late Neolithic Shimao Plateau 1572 0.1 30.5 42.6 22.7 4.1 [145]
21 Late Neolithic Muzhuzhuliang Plateau 2810 NR 17.3 57.1 16.9 8.7 [154]
22 Bronze Age Sunjia Transitional 398 10 15.3 29.5 26.6 18.6 [160]
23 Bronze Age Xitou Transitional 247 5.2 18.2 20.3 36.8 19.5 [160]
24 Bronze Age Zaoshuguonao Transitional 8555 13.8 24.1 22.7 28.7 10.7 [75]
25 Bronze Age Zaolinhetan Transitional 1318 3.4 19.5 25 24.3 27.8 [75]
26 Bronze Age Nianzipo Transitional 9086 2.6 35.7 0.9 53.2 7.6 [167]
27 Bronze Age Fengxi Plain 199 14.6 41.2 8.1 27.5 8.6 [76]

1 49% shellfish, 2 55.7% hare, 3 67% hare, 4 67% wild horse.
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Abstract: The Kiukainen culture constitutes a poorly known phase at the end of the Stone Age in
Finland, approximately 2500–1800 cal. BC. It is best known for its pottery, and most of the finds are
from the coastal area of the Baltic Sea between Helsinki and Ostrobothnia. Previous research on the
culture was done several decades ago, so this study aims to define the geographical distribution of
the sites known thus far and discuss the landscape around the settlement sites. Creating an overall
view of the culture and lifestyle of the people is also an important part of the study. First, it focuses on
different collections of Kiukainen pottery and then maps the location of all the sites where pottery has
been found. For the landscape visualizations, three different areas were chosen for closer evaluation.
Elevation models were, then, used to visualize the Stone Age coastal landscape. Altogether, we
identified 99 settlement sites with a confirmed connection to Kiukainen culture. One common feature
of the locations is a connection to the sea. The sites are located in various types of environments, but
they all have easy access to seafaring and good landing possibilities from the sea.

Keywords: Stone Age; Kiukainen culture; pottery; settlement site; Baltic Sea; shoreline modelling;
landscape archaeology; coastal changes

1. Introduction

The Kiukainen culture was a coastal Neolithic culture that existed on the southern
and western coasts of Finland during approximately 2500–1800 cal. BC, starting at the
beginning of the Final Neolithic and continuing until the Bronze Age. Its central distribution
area extends from southern Ostrobothnia to the Gulf of Finland near the Helsinki region
(Figure 1), but only a few inland settlements have been discovered to date. Outside the
actual core area, Kiukainen ceramics have been found in some known Neolithic settlement
sites. The Kiukainen culture was a uniform cultural group in terms of pottery and stone
artefacts, as well as in terms of living in a maritime environment, along the coastline of
the Baltic Sea. It was first identified as a unique cultural form by the Finnish archaeologist
Julius Ailio in 1909 [1], and since then, the Kiukainen culture has, periodically, been the
subject of more focused research. The last in-depth study dealing with the culture is Carl
Fredrik Meinander’s 1954 book Die Kiukaiskultur [2].

The Kiukainen culture was preceded by the pan-European Corded Ware Culture,
2900–2200 cal. BC, which spread to Finland from the southern Baltic region by two local
cultural groups. They included the Pyheensilta group [3], which lived on the southern and
western coasts of Finland during approximately 3200–2400 cal. BC, and the Pöljä group,
which mainly inhabited the inland and the coast of Ostrobothnia during 3200–2500 cal.
BC [4]. Scholars believe that the Kiukainen culture arose as a result of the diffusion of
these different populations and cultural forms, but the populations also had significant
connections with contemporary Scandinavia at the time [2,5]. The diffusion can be seen in
material culture. It has recently been suggested that the Kiukainen culture ended with a
period of desolation and cultural interruption before the Bronze Age began on the coasts
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of Finland [6]. However, the continued presence of people in the Bronze Age in many
settlement sites and distribution areas used by the Kiukainen culture speaks against this
theory. The beginning of the Bronze Age eventually occurred gradually due to strong
Scandinavian connections and cultural influence, but from an archaeological standpoint,
the change of eras is a time of few discoveries.

Figure 1. Southwestern Finland, highlighted in yellow. The central distribution area of Kiukainen
culture extends from southern Ostrobothnia to the Gulf of Finland near the Helsinki region.

Kiukainen culture settlements have typically been discovered on sandy beaches by
the sea, with the largest concentrations being in the inner archipelago and in the estuaries
of rivers that flow into the sea, such as in today’s Turku city region, at the mouth of the
Kokemäenjoki River in Harjavalta and Lappfjärd in Kristiinankaupunki. In many places,
the settlements have been several hectares in size, and inhabitation continued in such places
for hundreds of years. However, it is difficult to determine, without available datings,
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whether the use of the site was continuous or whether nearby settlement sites were used at
different times. In addition, the use of the sites continued in many places into the Bronze
Age, which has often made it difficult to date discoveries. Inhabitation along the coasts
only became permanent, at latest, during the time of the Kiukainen culture, and scholars
have suggested that the late settlements were no longer located on the sandy beaches next
to the sea but on the other side of meadows, suitable, perhaps, for grazing, located between
such former sites and the sea [7,8]. Settlement sites have also been discovered far out in the
archipelago. These were possibly seasonal sites focused on marine fishing and hunting [9].

The connection between archaeological site locations and shoreline displacement has
been a point of research interest in many studies in Finnish archaeology, e.g., [10–13].
Some more recent studies with more precise GIS materials and methods have been done
in the last 15 years, as more open-access materials have become available [14]. Recent
studies in geology have also begun to focus on land uplift and shoreline displacement
since more precise GIS data is now available [15,16]. In 2001, researchers conducted an
interesting study that modelled dwelling sites and sources of livelihood in the Espoo area
near Helsinki [17]. The study concluded that Kiukainen sites in the Espoo area had a
strong connection to marine resources, with sites being located on the seashore and islands.
According to the study findings, change in the location of the settlements reflected major
cultural changes during the formation of Kiukainen culture. However, it only included
five Kiukainen sites, and the area of the study was quite limited, so statistical methods
could not be used in the study. In Finland, more modern GIS analyses or methods have
not yet been fully adapted to archaeology, but some basic studies have been done using,
for example, interpolation methods [18] and cost surface analysis [19]. In Norway, a very
interesting and relevant study was conducted in 2021 [20]. The research established that
the peopling of the coastline in prehistory involved a series of active choices, and the main
factors informing these decisions were good landing conditions and monitoring locations,
followed by sufficient shelter from prevailing winds.

The first aim of this study is to define the geographical distribution of Kiukainen
pottery and Kiukainen culture. Though some basic studies on Kiukainen culture were
done decades ago, the results of those studies are outdated. The overall view of Kiukainen
culture is indistinct, and more information is needed about the essence of Kiukainen culture.
The geographical distribution of the culture has not been fully studied before, since the
research focus, to date, has been more on individual sites or certain areas, as one study
from the year 2001 points out [17]. The second aim of the study is to determine the types of
landscapes or environments in which the settlement sites of Kiukainen sites were located.
The choice of residence and local environment around the sites can give hints about the
subsistence strategy of the culture. The third aim is to discuss the lifestyle of Kiukainen
culture settlements based on research knowledge collected thus far. By lifestyle, we mean
more than just subsistence strategy or nutrition. The term also includes, for instance,
cultural contacts, traveling, social networks, and artefacts, which together constitute the
mode of living of an individual or group. A broad perspective is important, and thus, this
article highlights and especially discusses such an aspect.

The existing studies of individual archaeological sites and interpretations, based on
only one site, are comparable to a study of finds without any context. Without a broader
overall cultural picture in the background, the interpretations of individual sites remain
weak and thin. From the fieldwork perspective, an overall picture is needed to provide
more of a specific research focus during field studies. Knowledge about the geographical
distribution of Kiukainen culture can also support future field studies because, most likely,
many sites are still unidentified or undiscovered. Similar to artefacts, archaeological sites
or monuments also have their own context, which is an idea that has inspired us in this
research project.
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2. Materials and Methods

Kiukainen ware forms its own uniform group that differs from preceding or contem-
porary pottery styles in the Northern Baltic Sea region. The vessels are thick-edged and
rough-made, always flat-bottomed, and are usually straight-edged designs. Mild profiling
also occurs sometimes. The vessels vary in size from small beakers to large storage vessels,
but most are a few litres in size. Clay material was often mixed with crushed stone or sand,
but organic temper or limestone was often used as well, causing the ceramics to be porous.
Only the upper part of the surviving vessels is decorated. However, the lower undecorated
parts often contain a textile imprint. The decoration consists of horizontal rows of pits,
dots, lines, comb or ring stamps, and sometimes, spiral cord prints (Figure 2). Horizontal
or vertical zig-zag lines are also typical. Though other decorations have also been found on
vessels, the vessel is usually decorated only with pits and one other decorative element; for
more, see [1,2,5].

 
Figure 2. Kiukainen pottery, photo by Marjo Karppanen. Upper right bottom of a vessel with textile
imprints; the rest are rim sherds.

The preliminary search for settlement sites representative of Kiukainen culture has
been based on information provided in the Register of Ancient Monuments, previously
published studies, and excavation reports. Based on this information, we have viewed all
the finds from settlement sites that seem promising and have confirmed that they belong
to the Kiukainen culture as a result of Kiukainen-type ware found at the sites. Most of
the work has been done in the collections of the Finnish Heritage Agency, the Museum of
Åland, and the Museum of Satakunta.

One challenge in defining the settlement sites is that little research has been done on
them, and none of them have been fully excavated. Many of them have been found as part
of archaeological surveys, meaning that, typically, only a small amount of material has been
found, and it can be difficult to identify ceramics with certainty. The easily corroding and
largely undecorated ceramics have also presented difficulties of their own because only
decorated or otherwise clearly diagnostic pieces of pottery can be identified as Kiukainen
with any degree of certainty.

After analysing and recognizing Kiukainen pottery, the coordinates of site locations
confirming a connection to the culture were collected from the Register of Ancient Mon-

110



Land 2022, 11, 1606

uments. The Finnish Heritage Agency maintains and updates the register. The register
includes information about site type, location, possible dating, descriptions, and possible
links to research reports. Sites also have a name and individual number code, which are
used to list the sites. Every archaeological site in the register has coordinates in point format,
and most of the sites have protected area definitions in polygon format. All information
about archaeological sites in Finland is open-access form. The register can be found at
the Finnish Heritage Agency’s website, at its Cultural Environment service window (Kult-
tuuriympäristön palveluikkuna), but only in Finnish [21]. It is also possible to download
the register for GIS use or else use it in GIS programs via open geographic information
interfaces (VMS and VFS forms). After downloading the site register, it was possible to
identify and list all sites where Kiukainen pottery has been found with the QGIS program.
However, some sites excavated decades ago are not in the register, so some of those site
locations are uncertain. Additionally, a few sites located outside the present borders of
Finland (the Karelia area of Russia) were left out because the locations of those sites are un-
certain. Sites located in the Åland Islands were identified using the Kulturarv website [22],
updated by the Åland provincial government.

The mapping of the sites where Kiukainen ware has been found revealed some in-
teresting site clusters. After examining the distribution results, three areas were chosen
for closer evaluation and comparison. One factor in the choice was previous research
history and knowledge of the sites in the area. For instance, some excavations of possible
importance were done decades ago with poor documentation levels, while at other sites,
the available research is quite limited and was only done at a small scale. Not all sites have
confirmed dating since radiocarbon dating was never done on the finds. Those sites where
the amount of Kiukainen pottery that was found was very small and other pottery types
were dominant were considered too uncertain to compare. Comparison areas were chosen
far from each other, where the landscape and topography are different. Many interesting
sites are located near the city of Turku. The Turku city area was not studied as part of this
research project, though, due to heavy land use and buildings.

Three areas that were chosen are the municipalities of Kemiönsaari, Harjavalta, and
Kristiinankaupunki. Two nearby sites from the municipality of Nakkila were included in
the Harjavalta study area because of the close geographical connection between them. To
visualize the Stone Age shoreline, digital elevation models (elevation model 2 m) were
downloaded from the open-data file service of the National Land Survey of Finland [23].
The elevation models are raster datasets that are based on laser scanning data, the point
density of which is at least 0.5 points per square meter [24]. With the QGIS program,
basic data visualization tools (unique values) were used to colourize the water blue to
illustrate the shoreline. Information about changing sea levels during the Stone Age was
collected from many different available sources, such as excavation reports and shoreline
displacement chronologies. The Geological Survey of Finland provides open access to GIS
data about the different soil types [25] in Finland. Unfortunately, the Geological Survey
of Finland’s most accurate soil type datasets do not cover the full Kemiönsaari area or
Kristiinankaupunki area. As a replacement, the datasets from the Finnish Forest Centre
were used to identify rocky areas. The Finnish Forest Centre datasets can be downloaded
from its website [26] or used via open geographic information interfaces (VMS and VFS
forms). The datasets include information about soil type in the forestry areas of Finland
and the datatype area polygons. For background information and knowledge about the site
(found on the Finnish Heritage Agency’s webpages, specifically its cultural environment
research reports), previous fieldwork history, such as excavation reports or survey reports,
were also used.

3. Results

Altogether, we identified 99 sites with confirmed connections to the Kiukainen culture
(Figure 3). The list of the sites can be found in Appendix A (Table A1). Uncertain cases,
where the pottery could not be clearly identified, and those sites that have an inaccurate
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location were left out of the results. The distribution of Kiukainen culture sites is strongly
connected to the Stone Age shoreline of the Baltic Sea. The core area, where the number of
sites and pottery finds is highest, is the shoreline between Espoo and Kristiinankaupunki.
The results include only six inland sites where Kiukainen pottery could be identified. Three
of those sites could be reached from the sea via the Kokemäenjoki River. The distribution
map also revealed an approximately 80 km gap in shoreline colonialization between Pori
and Kristiinankaupunki. The reason for the gap remains unclear, but it can also reflect a
gap in field research history. The distribution map of Kiukainen culture can be considered,
to some extent at least, to also reflect the general state of research on the Stone Age in
Finland, as archaeological surveys have primarily focused on areas of changing land use
around modern growth centres. Almost all archaeological surveys in Finland are done
by commercial archaeology companies for different types of zoning and construction
projects. Surveys are rarely done in areas that do not have active land use. It should also
be strongly highlighted that the Kiukainen pottery findings are from sites that have been
excavated. Those sites that have not been excavated but that are listed in the register after
an archaeological survey are difficult to identify because only a very limited number of
finds are collected during the survey. The total number of Kiukainen sites is most likely
much higher, and the distribution map only reflects the current research situation.

 
Figure 3. The distribution map of Kiukainen culture (right) where individual sites are marked with
red dots. The heatmap of the Kiukainen culture (left). The heatmap was constructed by evaluating
site density and also the number of pottery finds.

The three areas chosen for closer review, Kemiönsaari, Harjavalta, and Kristiinankaupunki,
are located about 100 km apart from each other (Figure 4). Kemiönsaari, in the South-
west Finland region, is the southernmost of the sites, and it is also currently part of the
archipelago. The Harjavalta area is in the middle of the Satakunta region, formerly part of
the Western Finland Province. The northernmost review area is Kristiinankaupunki, in the
Ostrobothnia region.
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Figure 4. The Kiukainen culture areas that were selected for closer review.

The Kiukainen sites in Kemiönsaari are located on large rocky islands in the archipelago
area (Figure 5). Only the northernmost site of Näset was located on the shore of a smaller
island. The sites are oriented towards the east because it afforded the best shelter from the
western winds and better landing possibilities while navigating at sea (Figure 6). Since
the sites are on islands, it is obvious that seafaring was quite familiar to the people of the
Kiukainen culture. Landing on sandy beaches must have been easier than landing on a
rocky shoreline, which could be one explanatory factor for site locations in the area.
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Figure 5. The locations of Kiukainen sites in the Kemiönsaari area. Grey areas in the background of
the map are rocky areas, while the yellow areas are cultivated fields, and the light green or empty
white areas in between are forests.

Archaeological excavations have been carried out at four of the settlement sites in the
area. Jordbro and Knipängsbacken were partially excavated by C. F. Meinander in 1947,
while small excavation was done in Hammarsboda by the University of Turku in 1991, and
excavations were done at the Ölmosviken site in 2017–2021 [2,27,28]. Based on the research
and C14 dating, the settlement sites may have been used at different points in time, but
Ölmosviken shows signs of habitation for hundreds of years between 2300 and 1800 cal.
BC. Jordbro is possibly younger than the other settlements, as five Bronze Age burial cairns
have been discovered there, demonstrating a continuity of settlement to the Bronze Age.
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Figure 6. The locations of Kiukainen sites in the Kemiönsaari area and sea are visualized at 19 MASL.
Areas with the soil type solid rock or boulder soil are visualized as grey.

The soil near the sites is mainly sand and gravel and, therefore, not particularly
fertile, but on the other hand, larger barren-rock areas are located a little further away.
Pollen analysis has been done at the nearby Söderbyträsket Lake, revealing that Pinus,
Betula, and Alnus were the dominant types of trees during the period of Kiukainen culture.
Additionally, Quercus, Populus, Tilia, Fraxinus, Ulmus, and Corylus grew nearby, which,
together, accounted for about 20% of the vegetation [29]. Thus, except for the most barren
areas, the area consisted mainly of deciduous forest, and the vegetation was lusher than
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today. The first signs of cultivation are from the Bronze Age, 1210–1010 cal BC. [29], but
the surroundings close to the residences would have been suitable, at least, for keeping
goats and sheep already at the end of the Stone Age. So far, however, research has revealed
no signs of such livestock practices, but the burned bone material is dominated by seal
bones, at least at Ölmosviken [30]. A considerable number of the bones come from young
individuals, which suggests that the catch took place in the spring and early summer.

The archipelago area was particularly favourable for seal hunting and fishing in the
Stone Age, which, together with seabird hunting, were the most likely reasons for people
moving to the area and for the establishment of settlements. The west and south sides of
the island group would have given way to a wide and open sea, but the surroundings of
the settlements consisted of sheltered archipelagos. This type of environment provided an
abundance of fish, birds, and seals and, thus, plenty of food for people throughout the year.
While information is unclear as to whether the sites were inhabited year-round, Ölmosviken
contains traces of the dwelling pits. The pits probably originated from buildings partially
dug into the ground, which would have been warm enough for people to live in during
the cold seasons. On the mainland, the nearest large settlements would have been in the
Turku region, about 45 km away and close to the sea, so the settlement of the area can also
be connected to the marine fishing practiced by the communities that lived there.

The landscape in Harjavalta is quite different than in the Kemiönsaari area. In Har-
javalta, the topography is a plane, and sites are located in small, forested areas near
cultivated fields (Figure 7). The Kiukainen culture was discovered and named after the
settlement site of Uotinmäki in the area at the beginning of the 20th century. In addition to
Uotinmäki, archaeological excavations were carried out at Kaunismäki and Saamanmäki,
the results of which have been presented in the book Die Kiukaiskultur [2]. Later, excavations
were also done at the Lyytikänharju site, which nonetheless dates mainly to the time of
the Pyheensilta group [31,32]. In recent years, residences named Kraakanmäki 1–3 have
been investigated, with newer research results and C14 dates available from two of the
excavations [33,34].

Figure 7. The locations of Kiukainen sites in the Harjavalta area. Grey areas in the background of the
map are rocky areas, while the yellow areas are cultivated fields, and the light green or empty white
areas in between are forests.
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The settlements are located on the shores of a large and sheltered sea bay. The
Kokemäenjoki River flowed into the bay, forming an estuary there (Figure 8). Due to the
large flow of the river and the shallowness of the bay, the water in the bay has been brackish
with very little salt. Many of the shorelines were probably lined with thick reeds. The area
has been attractive, especially, in terms of fishing, as Kokemäenjoki River was well known
for its salmon during historical times. The shallow reed banks have also attracted other
fish and waterfowl to the area.

 

Figure 8. The locations of Kiukainen sites in the Harjavalta area with different landscape visualiza-
tions. The Sea is visualized at 34 MASL (upper left), 32 MASL (upper right), 30 MASL (lower left),
and 28 MASL (lower right). Soil types are visualized with different colours.

The maps clearly show how the environment changes quickly as the land rises from
the sea (Figure 8). It seems likely that, due to such changes, many residences would have
soon been located far from the beach and, thus, probably subject only to short-term use. On
the other hand, due to the steeper topography, Uotinmäki, Kaunismäki, and Saamanmäki
remained constantly close to the seashore, making them habitable from one century to the
next. Kuusisto’s site remained underwater throughout the Stone Age and only emerged
from the water during the Bronze Age. However, Kiukainen pottery has been found at the
site, so either the information about the height of the place is inaccurate or Kiukainen-type
pottery was, perhaps, used relatively late in the Bronze Age.

The settlements were located in the areas protected from the wind because the ancient
sea bay was wide and open. Based on their location, the immediate proximity to the sea
was important, and settlement continued for a long time only in places that have remained
close to the shoreline. Inhabitation also continued in such places during the Bronze Age,
but Lyytikänharju and Kraakanmäki 1–3, were only used while they remained close to the
sea. The surroundings of the residences inhabited for a much longer time at Uotinmäki,
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Kaunismäki, and Saamanmäki were suitable for early farming already at the time of the
Kiukainen culture, for they were situated on lush slopes.

The settlements in the Kristiinankaupunki area have only been excavated at Langängen
in 1950 and in Rävåsen in 1994–1999 [2,35]. The area is known for containing a large number
of residences belonging to the Kiukainen culture, but due to the research situation, ceramics
have only been found in a few (Figure 9). Most of the settlements seem to have been located
by the sea, with the water level having been about 40 m higher than today (Figure 10).
The same also applies to places where ceramics have not been found. At that time, they
were located on the shores of a sheltered bay formed by the mainland and an island on its
western side. The Gulf of Bothnia opened to the western side of the area, and the rivers
Kärjenjoki and Lapväärtinjoki ran down to the southwestern end of the area. The waters
near the residences would have been sheltered and well suited for fishing and catching
waterfowl.

Figure 9. The locations of Kiukainen sites in the Kristiinankaupunki area. Grey areas in the back-
ground of the map are rocky areas, while the yellow areas are cultivated fields, and the light green or
empty white areas in between are forests.

Land uplift in the area occurred quickly at the end of the Stone Age, having been more
than a meter per century at the time. The landscape was, therefore, constantly changing,
and the sheltered sea area narrowed into two lakes, which were later drained. Their height
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would have been about 35 m, but many settlements would have already been far from the
shore at this point. In terms of time, the separation of the lakes from the sea dates back to
the Bronze Age, approximately 1500 cal. BC. The finds at the settlement called Langäng,
which was located on the shore of a smaller lake called Lillsjön, continued to a height
of about 35.5 m, and C. F. Meinander, who excavated the site, considers it possible that
the settlement continued to be inhabited during the lake phase as well [2]. At other sites,
settlement may have continued into the Bronze Age, as several Bronze Age cairns have
been found in the area and at the settlement sites. However, the sea connection had already
been lost by then, and the settlement’s subsistence was probably based on something other
than just marine resources.

 

Figure 10. The locations of Kiukainen sites in the Kristiinankaupunki area with different landscape
visualizations. The Sea is visualized at 50 MASL (upper left), 45 MASL (upper right), 40 MASL
(lower left), and 35 MASL (lower right).
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Rävåsen is a clear exception to the other settlement sites along the shorelines of the
sea, having been inhabited for a long time before the Kiukainen culture. However, some
Kiukainen ceramics have been found there at a height of approximately 50 m above the
sea level today [36]. At the end of the Stone Age, the settlement was located at least four
hundred meters from the sea and the mouth of the river Lapväärtinjoki. The area between it
and the sea consisted of low reeds and possibly meadows. The site may, therefore, have been
used during the time of the Kiukainen culture more for the purposes of tending livestock
and engaging in small-scale farming than for taking advantage of marine resources. The
surroundings of other sites in the area could also have been suitable for small-scale farming
in addition to fishing, as low, seaside meadows and fertile soil would have existed in the
vicinity, especially at the very end of the Kiukainen culture.

It must be noted that many more sites in the area around Kristiinankaupunki have been
defined as Stone Age settlement sites in the register (Figure 11). More Kiukainen culture
sites may exist in the area, but the lack of field studies, and especially excavations, make it
difficult to interpret just which of the sites may have been inhabited simultaneously or by
the same culture. As seen from the previous map (Figure 8), the seven known Kiukainen
sites are located at different heights, and some are multi-period sites. Landscaping and
building activities have also damaged some of the sites, so the original site location and
zone may have been different than how it appears in the register today.

Figure 11. The locations of sites that have been defined as Stone Age in the Kristiinankaupunki area.
Grey areas in the background of the map are rocky areas, while the yellow areas are cultivated fields,
and the light green or empty white areas in between are forests.
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As seen from the comparison, the Kiukainen culture sites have been located in variable
landscapes and topographies. Easy connection to the sea and landing possibilities have
been one key demand for such sites. In the area around the rocky island of Kemiönsaari,
the best places have been located on the eastern shores of the island, which would have
given the best shelter from the open sea to the west or southwest. In the Harjavalta area,
changes in the landscape and location of the seashore occurred rapidly, so some of the
sites have been used only for a short period. In the Kristiinankaupunki area, sites are also
oriented towards the east or, then, located in a sheltered bay, as the sea opens to the west.
With respect to future research and, especially, GIS analysing methods, such great variation
in landscapes makes it difficult to use f.x. predictive modelling. The results from the site
environment confirm previous knowledge about Kiukainen culture having been a marine
culture with certain local adaptations, such as possible small-scale cultivation at some sites.

4. Discussion

The adoption of farming and pastoralism in Finnish Neolithic cultures has been a topic
of discussion for a long time. According to the latest research, communities in southern
Finland engaged in farming and pastoralism even before the Kiukainen culture. Based on
pollen studies and the location of the settlements, it has been suggested that small-scale
farming may have been important, already, at the time of typical Comb Ceramic culture
(4100–3550 cal. BC) [37]. At the latest, these subsistence strategies arrived from elsewhere
in the Baltic region together with the Corded Ware culture, from 2900 BC onwards. So far,
archaeologists have only found evidence of nomadism practiced in Finland at the time, but
traces of dairy fats have been found in pottery [38]. In addition, goat hair has also been
found in a grave dated to the time of the Corded Ware culture [39]. However, no evidence
of cultivation has been discovered, though it would have been entirely possible based on
the location of the settlement sites in fertile environments. The Pyheensilta group has been
poorly studied, but based on the location of the settlement sites, marine fishing and hunting
were of great importance to such communities. The Pyheensilta group, however, had active
connections with groups belonging to the East Swedish Pitted Ware culture in the Åland
Islands, where carbonized grains have been found [40].

The subsistence patterns of Kiukainen culture were based, mainly, on marine resources,
but evidence of small-scale farming has also been found in recent years. In the excava-
tions done at the Riihivainio settlement site in Turku, archaeologists found evidence of
contemporaneous field cultivation in connection with the Kiukainen culture [41]. Most of
the excavated settlements have been interpreted as places mainly related to hunting, but
archaeologists have discovered grinding stones, especially in the settlements located at
the mouth of Kokemäenjoki River, with the stones probably having been used to grind
grains [42]. However, all the grinding stones have been found in settlements that continued
to be used in the Bronze Age. Farming possibly also included the use of arrow-bladed
stone axes, most likely used as hoes [42]. In the distribution area of the Kiukainen culture,
signs of cultivation have also been found in the sediments of lakes and moors dating to the
end of the Stone Age [29,43,44].

The Kiukainen culture exhibited inhabitation practices in the Åland Islands after the
disappearance of the Pitted Ware culture from the same settlement sites. The radiocarbon
dates suggests that domesticated animals, such as cattle, sheep, and pig, were kept in the
Åland islands during the Late Neolithic by the Pitted Ware culture [45]. However, the
cultural and populational continuity between the Pitted Ware culture and the Kiukainen
culture is still unclear, but the Kiukainen population may well have also maintained small-
scale cultivation and husbandry in the Åland Islands. In addition, the oldest sheep bone
found in Finland (2200–1950 cal. BC) comes from one of the northernmost Kiukainen
culture sites in Kvarnabba Pedersöre [46]. On the other hand, it has been suggested that
Kiukainen culture returned to the hunter-gather-fisher lifestyle [38,47], but based on this
evidence, the small-scale husbandry was likely one part of the subsistence on the coastal life.
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The settlements belonging to the Kiukainen culture are all concentrated on the shores
of the Baltic Sea. Pottery spread inland to only a few places, and they are all in the area of
the Kokemäenjoki River watershed. The strong connection of the entire cultural phase to
the coasts and archipelagos tells not only of the importance of the sea as a source of food but
also about its importance in connecting people between different regions. Without the sea
and the archipelago, the Kiukainen culture, with its maritime lifestyle, would never have
flourished. The contacts between the settlement sites occurred via water, and such contact
must have occurred frequently because the material culture of the various settlements has
been quite similar throughout the Kiukainen culture area. Ceramics produced by other
contemporaneous cultures have not been found in the sites belonging to the Kiukainen
culture area except in the Åland islands, and in this sense, the contact between the inland
areas and places along the long coastline seems to have been limited. On the other hand,
the material culture shows clear Scandinavian influences, so connections existed across the
sea. In the future, it would be important to study those cross-sea contacts in the direction
of Scandinavia and the Baltics. The length of the coastline where Kiukainen sites have been
found is approximately 720 km, and the length of the core area is approximately 400 km.
The distance from the Åland Islands to the nearest coastal sites in Turku or Kemiönsaari is
approximately 120 km. In the future, different GIS methods, such as least-cost past analysis,
could give interesting results about routes, travel times, and so forth.

However, from the perspective of current research and GIS analysis, the Register of
Ancient Monuments has many problems. The level of information and site descriptions
vary. In some cases, it may mention pottery type or, for example, dating, but some sites only
receive brief descriptions without any important accompanying details. Information about
the sites has been collected for decades, and some descriptions or locations can be based on
very old surveys or small-scale excavations. The user must evaluate data reliability for each
individual site, and thus, forming a reliable overall picture is difficult. A lack of proper
classifications or keywords makes the register difficult to use with GIS programs. The
points or polygons have age classes, such as dating = “stone age” and type = “settlement
site,” but they fail to provide any additional search options or keywords; hence, the few
existing options do not yield a good result when trying to find more specific information on
a site other than just dating or type. Additionally, sites can have similar names, so the only
reliable identifier is the individual site number. However, if a user wants to list multiple
sites, as in this study, searching each site on a case-by-case basis, using only the site number,
is a slow process.

Today, archaeological fieldwork in Finland includes detailed archaeological fieldwork
guidelines and instruction [48], updated by the Finnish Heritage Agency. However, the
information collected fifty or a hundred years ago is a different story. Conducting GIS
analyses with unreliable GIS data is problematic. In the future, better tools to evaluate
the data quality will be needed. Adding more tools and search options or keywords
could support researchers and authorities, too. Updating the register and collecting new
information by doing fieldwork is an ongoing and slow process, and at the same time,
storing the data requires new solutions [49].

5. Conclusions

The lifestyle of the Kiukainen culture settlements seemingly included a combination
of marine resources, seafaring, and small-scale farming, if possible, while being integrated
with the local environment and landscape. The use of multiple resources afforded the
coastal communities more stable lifestyles in that period of changing climate and environ-
ment. However, much more research is still needed, and we would like to open a discussion
about how the Kiukainen culture fit into the Stone Age lifestyle and landscape archaeology
more generally.

122



Land 2022, 11, 1606

Author Contributions: Conceptualization, J.S. and J.R.; methodology, J.S. and J.R.; validation, J.S.
and J.R.; formal analysis, J.S.; investigation, J.R.; resources, J.S. and J.R.; writing—original draft
preparation, J.S. and J.R.; writing—review and editing, J.S. and J.R.; visualization, J.R.; supervision,
J.S. and J.R.; project administration, J.S. and J.R.; funding acquisition, J.S. and J.R. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by KONE FOUNDATION, grant number 202006680, and
NORDENSKIÖLD-SAMFUNDET. Open access funding provided by University of Helsinki.

Data Availability Statement: Data available in a publicly accessible repository that does not issue
DOIs Publicly available datasets were analyzed in this study. This data can be found at: https://www.
museovirasto.fi/fi/palvelut-ja-ohjeet/tietojarjestelmat/kulttuuriympariston-tietojarjestelmat/kultt
uuriympaeristoen-paikkatietoaineistot (accessed on 20 August 2022) and https://aland.maps.a
rcgis.com/apps/webappviewer/index.html?id=9d7cc07ab4004f0ca620038c4fd416ca (accessed on
20 August 2022).

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Table A1. The list of archaeological sites where Kiukainen pottery has been found and discussed in
this study.

Municipality Site Number Site Name

Espoo 49010002 Finns

Espoo 49010040 Mynt

Espoo 49010004 Backisåker 1

Espoo 49010001 Grankulla

Espoo 49010021 Lillgus storåker

Eurajoki 51010029 Irjanteen hautausmaa

Eurajoki 51010009 Etukämppä

Hamina 917010013 Hietojanvuori

Harjavalta 79010009 Kuusisto E

Harjavalta 79010001 Kaunismäki A ja B

Harjavalta 79010006 Saamanmäki

Harjavalta 79010025 Lyytikänharju

Harjavalta 79010023 Sievarintie E

Harjavalta 1000038606 Kraakanmäki 3

Harjavalta 1000038607 Kortteenrapakko

Harjavalta 1000006682 Hakala

Harjavalta 1000022768 Kraakanmäki 2

Harjavalta 1000022767 Kraakanmäki 1

Humppila 103010001 Järvensuo 1

Inkoo 1000000046 Malmskyan

Inkoo 149010060 Vahrs

Inkoo 149010056 Malmgård

Inkoo 149010068 Staffans

Inkoo 149010069 Nysvenskas

Inkoo 1000006090 Kasabergen

Kaarina 202010026 Ravattula Ristimäki
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Table A1. Cont.

Municipality Site Number Site Name

Kaarina 202010020 Muikunvuori

Kangasala 211010006 Sepänjärvi 1

Kemiönsaari 243010042 Nedergård

Kemiönsaari 243010045 Eländet

Kemiönsaari 1000019364 Ölmosviken

Kemiönsaari 40010014 Knipnäsbacken

Kemiönsaari 40010036 Hammarsboda 4

Kemiönsaari 40010015 Jordbro

Kemiönsaari 1000031089 Näset (Skinnarviksvägen)

Kirkkonummi 257010027 Pappila

Kirkkonummi 257010053 Framhoparn

Kirkkonummi 257010081 Kolsarby

Kotka 285010017 Niskasuo

Kristiinankaupunki 409010030 Lappfjärd-Bergåsen 1

Kristiinankaupunki 409010049 Lappfjärd-Träskända

Kristiinankaupunki 409010047 Lappfjärd-Lillsjö

Kristiinankaupunki 409010028 Lappfjärd-Langäng

Kristiinankaupunki 409010040 Lappfjärd-Kyttåkersbacken

Kristiinankaupunki 409010041 Lappfjärd-Byåsen

Kristiinankaupunki 409010044 Rävåsen

Laitila 1000000142 Ahtkorvenmäki

Laitila 1000000092 Hangassuo

Laitila 1000004424 Miilunpohjansuo

Lohja 444010047 Kittiskoski E

Loppi 433010014 Kuitikas

Loviisa 701010023 Koirankallio

Loviisa 585010015 Strömbo

Mynämäki 503010040 Pyheensilta, Laajoen luoteispuoli

Nakkila 1000001335 Uotinmäki ja Uotinmäki W

Nakkila 531010005 Kuusisto

Nousiainen 538010037 Kylävuori

Närpiö 605010001 Pörtom-Raineåsen

Närpiö 605010020 Pörtom-Langbacken

Paimio 577010030 Kehioja

Paimio 577010038 Halkilahti

Pedersöre 990010035 Esse-Jättegobacken/Smedasforsen
A + B

Pedersöre 990010004 Esse-Kvarnnabba

Pori 609010084 Kirkkokangas IV

Porvoo 613010040 Böle
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Table A1. Cont.

Municipality Site Number Site Name

Pyhtää 624010017 Brunamossen 2

Pyhtää 624010029 Trollberget

Pyhtää 624010037 Eetinniitty 1

Pyhtää 624010036 Kaarlinsaari 1

Pyhtää 624010038 Eetinniitty 2

Pyhtää 1000007139 Nygård 2

Pyhtää 1000007141 Längkärrsskogen 2

Pyhtää 1000007159 Nygård 1

Pyhtää 1000007149 Eetinniitty 4

Pyhtää 1000016854 Eetinniitty 5

Raasepori 220010082 Grågälan-Träskhusåkern

Raasepori 220010036 Dragongatan

Raasepori 1000039580 Sannäsmalmen

Raasepori 1000032776 Gloviken

Salo 734010002 Alhonpelto

Sastamala 912010046 Liekolankatu

Sastamala 912010022 Haapakallio

Sastamala 912010017 Hiukkasaari

Seinäjoki 975010014 Viinapränninlaakso

Turku 853010022 Kotirinne

Turku 202010037 Pähkinämäki 2

Turku 853010008 Riihivainio

Turku 853010048 Niuskala

Turku 853010019 Maaria Kärsämäki

Turku 853010029 Kanttorinmäki

Ulvila 293010007 Eskola

Ulvila 293010006 Hämäläinen I

Virolahti 935010004 Kattelus 1

Vöyri 559010022 Torplindorna S

Vöyri 559010018 Fårmossen 1–2

Vöyri 559010025 Torplindorna N

Åland-Saltvik Sa 20.8 Myrsbacka I

Åland-Saltvik Sa 21.1 Krokars

Åland-Saltvik Sa 20.8 Svinvallen
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Abstract: Modern heritage protection goes beyond the mere protection of individual buildings and
objects. Modern technologies and techniques of field data capture and visual (3D) presentations
are increasingly penetrating this field and are becoming more and more essential and necessary for
archives, cadastres, and users and visitors of museums, exhibitions, collections, and archaeological
parks. In the area between Kotlje and Ravne na Koroškem, Slovenia, in 1476–1477, 9 to 10 anti-Turkish
fortifications, called Turške Šance, reportedly were erected. The remains were left to decay slowly.
This paper highlights the possibility of applying interdisciplinary data capture and 3D visualization
techniques that are used in the fields of civil engineering and architecture for digital reconstruction of
the anti-Turkish fortification as a case study in order to present them in the most contemporary way
and emphasize them on a local, regional, national, and international level. Unfortunately, similar
remains elsewhere in Europe are primarily ignored (with some notable exceptions). The digital
reconstruction of anti-Turkish watchtowers therefore represented an extended reconstruction to
revive that part of the historical heritage of Slovenia using the proposed techniques.

Keywords: anti-Turkish fortification; 3D visualization; watchtower; tschartake; moat; trench; mound;
čardak; Çardak; digital archaeology

1. Introduction

Archaeological studies include the documentation and investigation of archaeological
vestiges and the development of virtual recreations and reconstructions [1].

In this paper, the focus is on the type of virtual reconstruction in which computer
graphics are used to reconstruct nonexistent historic objects to provide a better under-
standing of and generate hypotheses and interpretations of various evidence. Further, we
propose an applicable framework with steps for the virtual archaeological reconstruction
process of small-scale historic monuments with an interdisciplinary scenario in which
accessible architectural and civil engineering tools are used for surveying and 3D modeling.

Virtual reconstruction is an archaeological and architectural field that has transitioned
to the digital realm in recent decades [2]. Virtual, which means “potential” and conveys
the likelihood of an object having existed in the past, comes from the Latin word “virtus”.
Such reconstruction predates the invention of the computer and is not just a digital issue.
The Envois de Rome of the French Academy of Sciences provides strong support for the
theory of reconstruction in archaeology and building [3].

According to El-Hakim et al. [4], there are numerous reasons for the 3D reconstruction
of heritage sites, the most important of which are: reconstructing historic monuments that
no longer or only partially exist; visualizing scenes from perspectives that are impossible to
achieve in the real world; interacting with objects without risk of damage; and providing
virtual tourism and exhibits. Therefore, both experts and the general public are already
aware of 3D reconstructions of historic structures, even entire towns. A significant body of
literature has also been written on the advantages and disadvantages of this method [5].
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The first commercial 3D software package, Wavefront Technologies, was introduced
in 1984 to meet the expanding demands of motion pictures, after which three-dimensional
computer graphics techniques grew in popularity in the television and film industries.
The earliest recorded work was that of the bath building at Caerleon Roman Fort in South
Wales [6]. A year later, the Old Minster of Winchester’s animated virtual tour became the
first of its kind [7].

A wide range of cultural organizations, including museums, are now able to apply
interactive techniques and information technologies due to the advancement of their
software and hardware as well as a reduction in their prices. A lack of exhibition space,
high exhibition costs, and the fragility of some artifacts that museum administrators desire
to safeguard against potential damage were all addressed by these new technologies. To
visualize the cultural background of museum exhibitions, curators have acknowledged
and successfully utilized the significance of the new methodologies and instruments [8,9].
Furthermore, museum curators use these new technologies to digitize information on
exhibition artifacts and to display and spread cultural information to the public in an
appealing and effective manner [8].

According to Demetrescu [2], the reconstruction pipeline shown in Figure 1 begins
with the gathering of all the facts about a monument on the field (survey or excavation). All
accessible sources are gathered in addition to the work being done on the field, including
old sketches, pictures, and data from situations that are extremely similar. The so-called
dossier comparatif [10] is a convenient place to store and organize all of these details. The
next step is to use the dossier comparatif to produce the eidotipi, sketches, or technical
drawings using digital tools [11], during which the researcher can make any necessary
corrections to their initial hypothesis before beginning to model in 3D. In this scheme,
the 3D model appears to be the final stage and the result of the entire procedure. If there
is an “incongruity”, as a result, the 3D reconstruction hypothesis must be changed. The
simulation serves as a test of the accuracy of the reconstruction; the researcher must make
changes to the dossier comparatif or eidotipi or simply conduct more research or find other
sources of study.

Figure 1. Archaeological theory in virtual reconstruction according to Demetrescu [2].

Both reality-based modeling, which is the digital acquisition through a 3D survey
of existing archaeological contexts [2], and source-based modeling, which is the virtual
restoration of nonexisting archaeological contexts [12], can be used to create 3D content
for cultural heritage. In the first instance, the model’s “accuracy” is quantitative, whereas
in the second instance, the accuracy is qualitative because it is derived from sources with
different degrees of reliability.

The goal of this research was to propose the steps involved in heritage visualization,
including the sources that were chosen and how they were used in the virtual reconstruction,
rather than to suggest solutions for the visualization of the 3D model’s degree of reliability.

According to Demetrescu [13], virtual reconstruction is occasionally confused with
mesh reconstruction or postprocessing of a digital capture. It consists of a number of phases
that include documenting, interpreting, and visualizing missing archaeological contexts.
Although the scientific world has acknowledged the promise of this application [13–18],
there are not many case studies on reconstruction in the literature, and its contributions
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to the incorporation of 3D modeling in archaeological research methods are not very
common either. Only 20% of studies on the application of 3D technology in archaeology,
according to Münster and Koehler [19], concentrated on the 3D reconstruction of lost
contexts. Additionally, most of the initiatives covered in 452 journal papers and conference
proceedings included constructing models for already-existing structures and collecting
data. Only 16% were concerned with architecture that is no longer in existence, which is
intriguing for research on the connections between conventional humanities and digital
technologies [19]. Additionally, most authors were connected to institutes that deal with
computing (70%) whereas only 14% and 9% respectively come from the engineering and
architectural professions. Due to this, virtual reconstruction of lost heritage is still a
relatively undefined discipline in the field of archaeological research and its methodology
is still highly dispersed in terms of data transparency and acceptance.

However, technical workflows are well established and comparable to other 3D mod-
eling chores such as engineering and design for a VR or CAD modeling of nonexistent
objects. Dealing with historical sources or transdisciplinary workflows are more often the
specific challenges for these interpretative reconstructions [19].

Therefore, the goal of this paper was to propose an applicable interdisciplinary frame-
work with steps for the virtual archaeological reconstruction process of small-scale historic
monuments that no longer or only partially exist.

1.1. Digital Archaeology and Interdisciplinary Methods

Today, the practice of making digital replicas of artworks and restoring and recontextu-
alizing them within artificial simulations is widespread in the virtual heritage domain [20].
The modern audience increasingly relies on audio–visual aids to absorb complex ideas or
stories quickly [21]. Visual reconstructions of archaeological sites and materials have been
around since before the formal construction of archaeology as a discipline itself. However,
there has been an expansion of the methods of reconstructing and representing the past in
recent decades due to the use of digital technology [22]. The 3D modeling of archaeological
sites and artifacts can generate aesthetically pleasing visualizations; nevertheless, consid-
erations of scientific accuracy, ethics, and educational value are needed. From a scientific
point of view, it is also important to show the process, appropriate documentation, and
used source materials [23].

The use of visual aids and digital media in archaeology is critical not only for public
dissemination, but also within the academic community. As a result, museums, cultural
institutions, and government agencies should revise their public-interest strategies for
history, archaeology, and the environment. Archaeologists are borrowing tools, techniques,
and theories from other disciplines to improve the way they collect, analyze, and dis-
seminate archaeological data. Digital media and technology provide a variety of novel
and creative methods for capturing public attention and increasing overall competency
and appreciation for the past [24,25]. Modern 3D software tools can help with heritage
visualization production. They can significantly improve visuals and aesthetics for the
presentation of a holistic image of the past, even if they are mostly employed for animation,
gaming, and architecture [26].

Therefore, this study highlighted the possibility of applying interdisciplinary data
capture and 3D visualization techniques being used in the fields of civil engineering and
architecture for digital reconstruction of an anti-Turkish watchtower as a case study, as well
as an overview of the practical process of performing such science-based archaeological 3D
reconstructions and visualizations, so that they are constructed and presented in the most
scientifically sound, informative, and entertaining manner possible in order to ultimately
inform and engage the wider public. According to Lopez-Menchero and Grande [27], as
long as computer-based visualizations are utilized to enhance archaeological heritage rather
than to draw attention away from the actual site or an item in a museum, it is beneficial.
Furthermore, if the artifact or location is appropriately introduced and contextualized
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with the significance of the legacy to a larger historical discourse, there may be a higher
appreciation for the object or location [25].

1.2. Case Study—Turške Šance in Slovenia

The system of anti-Turkish trenches (mounds) and fortifications (towers), which is said
to have been mentioned already at the end of the 15th century, was used as a case study.
The chronicler Jakob Unrest wrote in his Austrian Chronicle, which covers the period from
1452–1499, that in 1476 the lords of the land collected a tax which they used to build walls
and military outposts to defend against Turkish incursions, starting with a long barrier
with outposts near Ravne in Carinthia [28]. Unrest is later quoted by many authors as
constantly repeating the following phrase: “Ein lange Lanndt Wer zw Guettenstaynn mit
Posteyn” [29], which they translated to mean that at Ravne, there were long barriers with
guardhouses [30] that were built by locals after the Turkish invasion in 1476, according
to Unrest.

The construction was thought to have taken place at the end of 1476 and the beginning
of 1477 [31–33]. There were said to be 9 to 10 fortifications in all. They were placed along the
old road from the Ravne manor to the church of St. Mohor and Fortunat in Podgora. The
church, which had already been damaged before, was secured with a moat. The Grinfels
manor was included in the new anti-Turkish valley barrier [34], which started on the left
bank of the Meža river and continued to the foot of the mountain Uršlja gora to the Dvornik
farm in a total distance of just over 4 km. In July 1478, the Turk forces returned from
Carinthia with loot and many captives, passing Slovenj Gradec [35]. What happened to the
Turkish trenches after 1478 is not known.

The first preserved map of the Turkish trenches dates from the second half of the
16th century [36] (see upper right corner in Figure 2a—due to cartographic reduction,
only five are depicted); they are also drawn on the Franciscan-Josephine cadastre (third
military measurements (1769–1787)) on the Franciscan map, but from 1825, they are not
marked. Some similar watchtowers on the Kolpa River between todays Slovenia/Croatia
state border can also be seen in Figure 2b by Martin Stier from 1664.

  
Figure 2. (a) A Carinthia map in the second half of the 16th century (I. Holzwurm (1575–1617)) [36];
(b): watchtowers on the Kolpa river, Slovenia/Croatia state border [37].

Most trenches today have a diameter between 30 and 40 m; the size of the central
space, where the watchtowers were supposed to stand, varies between 5 × 5 to 6 × 6 m.
The exception is double trench number 6 (TŠ 6), which is larger and where a military crew
could be accommodated in the wooden watchtower in the middle plateau. The shape of
the wooden watchtower or “Čardak”, as we know it from many Croatian sites and the later
Vojna Krajina [11–39], seems to be the most likely. It is interesting to see that the same word
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“Chardak” is today also used for a balcony with the windows closed [40]. The word derives
from a Persian chahartaq (having four arches) (in German, tschartake; in Turkish, Çardak),
meaning a watchtower and an important element of the fortification systems in the time of
the Ottoman Empire. The term was also known in the mid-east area [41].

In Posavje, the Čardaks stood only on the left, Habsburg side of the bank of the Sava
River, while on the right side of the Ottoman Empire stood the so-called caravels [38].
In addition to Croatia, Čardaks were built on the territory of Carniola, Styria, Carinthia,
and Hungary [38]. The oldest type of Čardak was square [38] and was first mentioned in
Croatia in 1521 and Styria in 1522 [39].

Research on Croatian sites and reconstructions of Čardaks along the Austro-Hungarian
border (e.g., Hohenbrugg in the valley of the Raba River and Burgauberg-Neudauberg
(Austrian part of Gradiščanski)) would indicate the most probable appearance of Slovenian
watchtowers if they were reconstructed. Except for the double larger mound, the area of
the central plateau on all the other moats, where watchtowers could have been built, was
approximately 4 × 4 to 5 × 5 m in size (surface area, therefore between 20 and 25 m2). The
watchtowers stood on four corner pillars with a diameter between 20 and 25 cm and a
height of approximately 3 m [12,39]. A wooden house was built on top of these pillars. The
house had a wooden floor with a central opening for lowering and raising a ladder, through
which the guards could climb into the upper part. The opening could be closed with a
wooden flap if necessary. The floor and walls of the house were built from horizontal planks.
On the wooden floor of the guardhouse, four supporting pillars for the roof structure and a
protective wooden fence were placed (parapet).

The walls were closed only up to about two-thirds; the rest was open on all four
sides with larger rectangular openings for observation of the surroundings. The wall was
additionally protected from the inside with narrower vertical boards. The roof was covered
with oak shingles [39] (in our area, more likely larch). Oakwood was mainly used for
the construction of the Čardak and roof. Boards, posts, and shingles were attached with
variously shaped forged iron nails. The lower part of the Čardak was secured with a
fence with sharpened stakes attached to the pillars. Part of the fence had to be moved
to access the porch. There was room for 6 to 10 guards in such a Čardak. In the house
itself, we could expect a wooden bench, modest beds (bags of hay), a wooden chest for
storing weapons/earthenware/lamps, a movable ladder and perhaps an even smaller
earthen stove for cooking/heating, remains of lead grains for guns, metal parts, military
boots, etc. [39].

Horses were tied up near the Čardak, and there had to be a place to light a bonfire with
prepared brambles and branches. Signaling could also take place by shooting or ringing
bells in churches [39]. Among weapons, Matijaško [39] lists personal cold armaments
(e.g., knives), mortars, rifles (matches), and long spears.

The guardhouse was therefore protected first by a high embankment, then by a ditch
with stagnant water, further by the steep bank of the central elevation, and then by the ele-
vation of the guardhouse from the ground. In addition, as the terrain’s configuration shows,
the guardhouse with other trenches in more exposed places was most likely protected in
areas with a wooden palisade.

The form of Čardaks was preserved until the 18th century. Most of them were built
after the peace agreement signed in Srijemski Karlovci (Serbia) in 1699 between represen-
tatives of the Holy League and the Ottoman Empire [39]. Croatia’s only reconstructed
Čardak (younger, from the 18th century) is in the Lonjsko field Nature Park in the Krapje
Dol ornithological reserve.

2. Archaeological Context—Similar Watchtowers in Europe

At least 33 similar constructions or remains were found across Europe (Table 1). Most
of them in are in Croatia (15), Serbia (7), Germany (5), Austria (3), and BIH (2); 1 is
unknown. Most of them, according to gathered data, were built in the 16th or 17th century.
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Their positions are also visible in Figure 3. Some location data and construction years
were unavailable.

Table 1. Čardaks across Europe.

No. Place Country E N
Year or

Century

1 Lütjenburg [42] Germany 10◦34′18.4′′ 54◦18′05.1” /
2 Dragići [43] Croatia 17◦18′44.9′′ 45◦12′24.1′′ /
3 Senj [44] Croatia 14◦54′32.5′′ 44◦59′23.0′′ 16th cent.
4 Otočac [44] Croatia 15◦13′47.4′′ 44◦52′07.8′′ 16th cent.
5 Slunj [44] Croatia 15◦34′55.0′′ 45◦06′57.3′′ 16th cent.
6 Glina [44] Croatia 16◦05′32.8′′ 45◦20′25.3′′ 16th cent.
7 Hrastovica [44] Croatia 15◦08′47.8′′ 45◦58′08.8′′ 16th cent.
8 Sisak [44] Croatia 16◦22′58.2′′ 45◦28′34.0′′ 16th cent.
9 Ivanić [44] Croatia 16◦23′36.9′′ 45◦42′32.4′′ 16th cent.

10 Koprivnica [44] Croatia 16◦49′25.4′′ 46◦10′03.7′′ 16th cent.
11 Križevci [44] Croatia 16◦32′18.5′′ 46◦01′58.2′′ 16th cent.
12 Ðurd̄evac [44] Croatia 17◦03′48.5′′ 46◦02′27.6′′ 16th cent.
13 Drnje [44] Croatia 16◦55′55.2′′ 46◦12′48.7′′ 16th cent.
14 Stupanj [45] BIH 19◦05′25.7′′ 44◦48′20.2′′ /
15 Subotište [45] Serbia 19◦57′24.5′′ 44◦50′53.0′′ /
16 Ada [45] Serbia 20◦06′47.9′′ 45◦48′57.7′′ /
17 Lisačka [45] Serbia / / /
18 Majur [45] Serbia 19◦38′56.8′′ 44◦46′07.6′′ /
19 Bosut [45] Serbia 19◦21′47.0′′ 44◦56′37.2′′ /
20 Protina Bašta [45] / / / /
21 Beli Breg [45] Serbia 21◦49′09.1′′ 43◦28′30.1′′ /
22 Petrova gora to Croatia to 16◦01′36.6′′ 46◦09′53.9′′ 1669
23 Novi Grad [46] BIH 16◦23′28.8′′ 45◦02′14.3′′ 1669
24 Stara Gradiška to Croatia to 17◦14′37.9′′ 45◦08′55.9′′ /
25 Zemun [46] Serbia 20◦17′28.7′′ 44◦52′52.6′′ /
26 Pforzheim [47] Germany 8◦46′55.9′′ 48◦54′16.0′′ 1695–1697
27 Ötisheim [48] Germany 8◦49′53.7′′ 48◦58′07.4′′ 1695–1697
28 Sulzfeld [48] Germany 8◦52′03.6′′ 49◦05′05.0′′ 1695–1697
29 Eppingen [47] Germany 8◦56′25.5′′ 49◦06′40.0′′ 1695–1697
30 Lafnitz [49] Austria 16◦01′26.3′′ 47◦22′27.3′′ 1700
31 Burgau [50] Austria 16◦04′53.8′′ 47◦08′30.4′′ /
32 Fehring [51] Austria 16◦00′49.8′′ 46◦56′12.3′′ 1706
33 Vikići [52] Croatia / / /

Figure 3. Similar watchtowers across Europe.
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Some reconstructions have been made. Figure 4 shows examples from several places in
Germany, Austria, Serbia, and Croatia. According to the literature, the Croatian rebuilding
is the most similar to the fortifications that could be erected in Slovenia previously. The
watchtowers were recreated using materials that were most likely used at the time of their
creation (larch or oak). However, reconstructions of buildings that have been demolished
are rarely carried out. In such cases, cheaper methods such as 3D modeling can be used. A
good example is the creation of a 3D model of the altars and interiors of the Çatalhöyük
houses in Turkey [53], the church of San Nicolò, Italy [54], or the recreation of the lararium
of the Roman domus of Torreparedones [55].

Figure 4. Some 1:1 reconstructions: (a) Niefern-Oschelbron, Germany; (b) Burgau/Lafnitz, Austria;
(c) Šumadija, Serbia; (d) Dragalić, Croatia.

3. Civil Engineering Context

3.1. Fieldwork Methods
3.1.1. Aero-Photogrammetry Modeling

With the help of the point cloud obtained using a DJI Mavic Pro drone (Shenzhen
DJI Sciences and Technologies Ltd., Shenzhen, PRC), we created 3D models of the terrain
using different programs (Pix4D (S.A., Prilly, Switzerland), Autodesk Recap EDU ver.
6.2, and Recap Photo EDU ver. 20.3.1.47 (Autodesk Inc., San Francisco, CA, USA)). This
photogrammetry software uses images to generate point clouds, digital surface and terrain
models, orthomosaics, textured models, and more. A digital elevation model, which is a
model that contains all elevations such as trees, roofs of buildings, etc., was also created.

With the help of the drone photos, a 3D model of the moat was created in Recap Photo.
Official free Lidar recordings were also available to us. With the use of the Recap program,
a 3D model of the surroundings also was created (Figure 5).
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Figure 5. 3D model of TŠ3 trench.

3.1.2. Archaeological Excavations

The excavation was carried out at the location of the third moat (TŠ3) in 2020. The
archaeological research aimed to determine what materials the watchtower was made
of, how it was built, and the age of the objects found. Two probes were opened (see the
geodetic plan in Figure 6). The work in Probe 1, which ran over the outer embankment,
was carried out mechanically. On the central plateau, excavations in Probe 2 (Figure 7) were
carried out exclusively by hand due to the steep bank of the trench and standing water in
the ditch. The depth of standing water in the ditch was between 0.3 and 0.5 m at that time.
Probe 2 was placed along the entire length of the plateau (it occupied more than 38% of
the surface) in the least forested part (see Figures 6 and 7). The double ditch (TŠ6), given
its position at the top of the ridge and the double ditch that surrounded it, was at least
intended for a permanent or occasionally inhabited military crew that had to stay in the
watchtower. Unfortunately, TŠ6 could not be explored further at the time because it was
not fully accessible. In Probe 1, no traces of fortifications or the remains of some stakes that
would additionally protect the tower were found. The oldest and only discovery during
the research was a late medieval clay roof tile from Probe 1. The absence of archaeological
records (traces) may indicate that a guardhouse was not built on this trench (TŠ3) but may
also mean that the watchtower was not fully built.
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Figure 6. Geodetic plan of excavations.

 

Figure 7. Probe 2 (view to the north).

3.1.3. Metal Detector Investigation

The entire area of TŠ3 was also investigated using a metal detector. Seventeen points
of potential interest were identified. All were located on the embankment; the sensor did
not detect any metal remains on the central plateau. After surveying all the points, the
objects were excavated. Most were scraps of various aluminum foil, cans, and bottle caps.
A post-war copper hunting cartridge (RWS 7 × 64), a Yugoslavian five para coin (item
T216), and an iron nut from a tractor (item T215) were found. All finds were between 2 and
10 cm deep in the humus layer of Probe 1.

3.2. Static, Material, and Cost Calculations

In the territory of the central and southern Balkans, there has been a square tower form
of architecture built of stone (kula or tower house) since the 13th century. They served both
civilian (residential buildings) and military purposes. The phenomenon of the extended
family typical of Southeastern Europe, in which the home was often protected, gave rise to
the kula or tower house [56].

Čardak, as already explained in the introduction, is the Turkish word for a wooden
building on four pillars. At the time of the Ottoman invasions, they were the most
widespread form of wooden guardhouses in the wider territory of Serbia, Croatia, Austria,
and Germany. They were intended for reconnaissance, so their shape was most probably
based on the kula or tower house. They were used to monitor the movements of Turkish
troops and alert the local population.
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Wooden construction was typical for this period in our area, both in the countryside
and in cities (the exception was the castles or mansions of the upper classes) [57]. Building
with wood was cheaper and the consumption of wood for a Čardak was small. Wood
began to run out in our country in the 17th century (due to glassworks and ironworks).
Wood was also more accessible (it could be cut and processed in the immediate vicinity),
there was almost no transport, and the technological process was simple.

The structural safety assessment of heritage objects is a common process in assessing
the condition of the structure and is needed in the cases of reconstruction, renovation,
and/or rebuilding. The cases such as Torre de la Vela in la Alhambra, Granada, Spain [58];
Qutb Minar, India, as one of the tallest stone masonry towers [59]; the medieval masonry
bell tower in the Cathedral of Fiesole, Italy [60]; and churches after the earthquake [61] are
good examples of including static analysis in the heritage building research.

Regarding the history of construction, the characterization of the construction materi-
als, seismic assessment, and static and dynamic monitoring, many studies have been carried
out in the Mallorca Cathedral. They included historical investigations of the building’s
development, examination of the soil beneath it and its structural components, structural
assessments using both straightforward and sophisticated methods, and monitoring [62].
Furthermore, a study by Gençer [63] aimed to identify factors influencing structural resis-
tance and failure mechanisms of ashlar Cilician dry masonry watchtowers under lateral
stress. Then, by using the quasistatic tilting approach, virtual towers were created based on
the characteristics found in the case study.

Another study by Elyamani in 2018 [64] aimed to provide a proposal for the reuse of
the Baron Empain Palace in Cairo. To support this reuse proposal, a 3D numerical model of
the palace was created and the new expected loads were applied on it. It was discovered
that the palace’s walls and foundations could withstand the new loads. The slabs were
discovered to be unable to sustain the new loads in some places; further investigation and
analysis are required to determine their actual capacity.

For this study, the static calculation of the digitally designed watchtower was carried
out according to Eurocode regulations and the analysis was carried out using the SCIA En-
gineer program. The model can be seen in Figure 8. All possible loadings were considered:
constant load, payload, wind load, snow load, and earthquake load. The roofing, pillars,
rod arms between the platform and the column, and the platform were also dimensioned.
A material utilization review was also conducted.

 
Figure 8. Static calculations for a watchtower.
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Each element that made up the watchtower was listed as a segment of the wooden
structure along with its dimensions and the number of individual pieces; only a part was
given in m2 for a more straightforward interpretation and cost estimation (Table 2).

Table 2. Elements of the watchtower.

Element
Dimensions (cm) Number

(Pieces)Width Height Length

Lower part

Support column Ø = 26 cm - 300 4
Supporting diagonal 12 12 80 8
Cross board (bottom) 3 20 427 8

Pillar fence Ø = 8 cm - 170 97
A stake with a point 8 8 210 101
Pointed pillar (door) Ø = 16 cm - 230 2

Diagonal (door) 10 1.5 110 2
Upper part

Board—wall 8 15 490 52
Board—floor 20 5 434 22

Crossbars (platform) 16 22 450 8
Stick hands 12 12 132 4

Roof (inclination 45◦)
Rafter 12 16 333 8
Beams 12 16 450 6

Stick hands 12 12 132 4
Roofing (shingles) area: 64.45 m2

Substructure for
shingles 4 5 305 *

Ladder
Pillar 6 15 410 2

Walking crossbars 10 6 75 8
Shutters

Horizontal slats (frame) 15 4 100 16
Vertical slats (frame) 10 3 42 16

Cross slats 9.5 3 80 32
Diagonal 10 1.5 41 8

Bridge
Boards 20 5 200 92

Boards (construction) 8 16 500 6
Transverse beams 8 16 200 8

Pillars Ø = 25 cm - 550 5
Pillars Ø = 25 cm - 190 4

Slats (fence) 10 15 478 6
Slats (diagonal) 10 10 85 24
Substructure for
walking boards 8 16 500 5

Gravel fill 0.59 m3

Foundation
Point foundations 80 80 80 4

* The number of slats (dimensions 4 × 5 × 305 cm) that served as a substructure for the selected roofing depended
on the roof construction itself and the selected shingle dimensions.

The watchtower was thus divided into three segments: the lower part, the upper part,
and the roof, which covered the entire tower. A ladder used for vertical communication
in the watchtower and shutters were also included on the list. A special section was also
dedicated to the bridge and the foundations, where only the approximate values of the
individual point foundations were listed.

Sustainable tourism should embrace concerns for environmental protection; social
equity; the quality of life; cultural diversity; and a dynamic, viable economy delivering
jobs and prosperity for all [65]. Nowadays, when referring to cultural heritage objects,
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one of the first aspects implies not only the object itself, but also creating 3D models using
different technologies [66]. Nowadays, many researchers explore different methods for
documentation, management, and sustainability of cultural heritage, which has become
an interdisciplinary approach to the development of culture [67]. A 3D model of cultural
heritage is one of the possibilities for sustainable tourism and cultural heritage. In the
Strategic Baselines of the Development Cohesion Region of Eastern Slovenia [68] and the
strategy of the Regional Development Program for the Carinthia Development Region
2021–2027 [69], one of the main goals in the field of sustainable tourism is the goal of
developing and upgrading the basic tourist infrastructure, including the revitalization
of cultural heritage buildings. By researching the Turške Šance watchtowers, including
their appearance and a detailed analysis of the construction costs, some potential investors
should be encouraged to engage in a physical reconstruction.

Table 3 shows the inventory of the needed material necessary for constructing the
entire wooden structure, consisting of the previously listed materials.

Table 3. Prices for needed materials.

Purchase Goods
Purchase Price

(EUR per Piece)
Quantity

Price
(EUR)

Oak support round column Ø = 26 cm, 300 cm 25 4 100
Oak round column Ø = 25 cm, 550 cm 43.85 5 219.25
Oak round column Ø = 25 cm, 200 cm 15.95 4 63.8

Beam (larch) 12 × 12 × 400 cm 17.6 6 105.6
Oak board 3 × 20 × 430 cm 15 8 120

Larch round pillar Ø = 16, 250 cm 12.75 2 25.5
Wood pointed pillar round Ø = 8, 200 cm 7.47 100 747
Rectangular stake (larch) 8 × 8 × 400 cm 8.49 101 857.49

Oak board 8 × 15 × 490 cm 33 52 1716.00
Solid flat larch slats 10 × 1,5 × 200 cm 6.5 4 26
Wood—Siberian larch 5 × 20 × 450 cm 41 22 902

Wood—Siberian larch 16 × 22 × 450 cm 48.4 8 387.2
Beam (larch) 12 × 16 × 400 cm 23.47 8 187.76
Beam (larch) 12 × 16 × 450 cm 26.4 6 158.4
Beam (larch) 6 × 15 × 410 cm 14.27 2 28.54
Beam (larch) 10 × 6 × 100 cm 5.63 8 45.04

A flat board made of Siberian larch
15 × 4 × 400 cm 14.25 4 57

Wood—Siberian larch 3 × 10 400 cm 12.21 2 24.42
Wood—Siberian larch 3 × 9.5 × 400 cm 11.96 7 83.72
Wood—Siberian larch 5 × 20 × 400 cm 36.7 46 1688.2

Siberian larch tree 8 × 16 × 500 cm 19.55 11 215.05
Siberian larch tree 8 × 16 × 400 cm 15.65 4 62.6

Beam (larch) 10 × 15 × 500 cm 23.79 6 142.74
Beam (larch) 10 × 10 × 400 cm 12.07 6 72.42

Roof ** EUR 72.00/m2 64.45 m2 4640.59
Natural gravel 0/63 mm EUR 8.92/m3 0.59 5.26

SUM 12,681.58

** The production of the entire roof structure using the materials found in the list of works and the price per m2

for the entire roof was considered under the assumption that the roof consisted of rafters and horizontal layers
and was laid in two layers with nailed shingles. The shingles, as well as the entire roof, were made of Siberian
larch wood.

The prices of individual pieces were valid for the period of spring 2020 in the Slovenian
territory. They were obtained from technical stores with building materials and other
intermediaries of wood products or semifinished products. The prices of semifinished
wood products may vary depending on the price changes in the market for forest wood
assortments. They also differed in the cases of volume discounts from the technical wood
broker or other contractual factors when purchasing semifinished products.
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Since there not all the dry wooden semifinished products in the exact dimensions
needed for the project are available, the processing of the purchased materials will re-
sult in some wasted (unnecessary) parts, which should be managed in an appropriately
(ecologically indisputable) way.

In addition to each product’s value, the purchase price per piece included the trade
margin and the tax, which was 22% according to the Slovenian VAT legislation at the
general rate.

4. Architectural Context—Results

After collecting the data, a 3D digital reconstruction was prepared. When architects
design projects, they must produce a representation for the client that translates their
concepts and the structure’s requirements. Therefore, the process of creating a visualization
is done in terms of tools and materials modified from digital 3D modeling approaches
used in architecture. According to Schoueri and Ferreira [22], realistic foundations should
underlie the building and its surroundings. The archaeological structures are frequently
complex and made up of both old and new constructions in varying stages of development.
Therefore, it is important to take care and consider how the visualizations are created
and presented.

The modeling process was started using Graphisoft Archicad 23 software (Educational
version, Budapest, Hungary). The modeling began with simple blocks that delineated the
structure’s dimensions as well as known wall heights and the roofing situation. The wall
thicknesses and door and window openings were estimated for the structure and were
included at this stage.

To create the best possible reconstruction, contemporary analogies to the most common
trend for the region and time period were researched. The towers on the Turkish moats
were the same as Čardaks in terms of the construction method and the use of materials,
and thus served as an example.

The watchtower (Figure 9) was placed on four round pillars made of oak wood on
which stood a simple wooden guard room with a square floor plan of 4.5 m × 4.5 m
intended for about eight guards. Support columns with a diameter of about 25 cm were
buried in the ground. The strengthening foundations for the columns were represented by
larger stones, which filled the holes and served for drainage purposes and prevented the
rotting of the buried wood. The height of the walls of the guard room corresponded to the
average size of a standing man (about 1.9 m). It was made of wooden oak layers, which
were used for walls and floors. They were connected in the corner with a carpenter’s bond
and fastened with forged nails.

 
Figure 9. The 3D visualization of the watchtower [70].
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The upper part of the guard room was built of horizontal wooden beams up to approx.
two-thirds. To be able to guard and observe the surroundings, square openings were cut
above them in the upper part, which could be closed with simple wooden covers in case
of bad weather. On the inside of the house, narrower vertical boards were nailed to these
two-thirds. The roof of the guard room rested on four vertical pillars and was covered with
oak shingles.

A wooden bridge made of the same materials as the watchtower itself led to the
watchtower (Figure 10). Two intermediate supports were added for static stability and a
fence for safety.

 
Figure 10. Bridge leading to the watchtower over the trench [70].

The interior of the guard room was complemented by the most necessary furniture,
namely a wooden bench, a bunk bed, a wooden chest, and a small clay oven for cooking
food and pottery (Figures 11 and 12). The selected archaeological objects represented
typical pieces of interior design, tools, and weapons from this period [39].

 
Figure 11. Interior of the guard room [70].

 
Figure 12. Interior of the guard room [70].
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5. Discussion

As presented in the Introduction, some interdisciplinary reconstructions have been
documented in the past decades [19,71] and also in recent years; however, most of them
were of existing objects [4,13,64,72,73] The virtual reconstructions that were carried out for
objects that no longer or only partly existed [5,74] used complicated frameworks and tools
such as the specialized design software Rhinocerous 3D, visual blueprint programming,
Agisoft Metashape, or the Stencil Kaarta instrument, or expensive equipment such as a
terrestrial laser scanner. Therefore, this study presented a possible interdisciplinary scenario
in which the accessible architectural software Archicad ver 23 was used for modeling
and Lumion software ver. 10.5 (Leiden, The Netherlands) for architecture was used for
visualization along with the use of most common modeling techniques in architectural
practice. Furthermore, for the photogrammetry analysis of the land, a DJI drone and official
free Lidar data were used for the 3D analysis of the location. Furthermore, manual on-site
archaeological excavation and soil analysis with a metal detector were carried out.

Moreover, the reconstruction pipeline [2] was extended with applicable tools for each
of the phases, adding to the archaeological theory in the virtual reconstruction (Figure 13).
In addition, this paper also focused on the application of tools that are economically very
feasible. Such application can be achieved with the tools of any midsized design company.

Figure 13. Extended pipeline with applicable tools.

6. Conclusions

A unique system of anti-Turkish fortifications—defensive ditches that were prepared
for the construction of watchtowers, or Čardaks—that has been preserved in Preški Vrh was
used as a case study. It was built in the last quarter of the 15th century by the Carinthian
provincial estates as a valley barrier against Turkish invasions. The moats were of various
shapes and sizes; 10 are mentioned in the literature and 9 are recognized in the field today.
Among them, only five have been preserved to their original extent. For the defense of
Carinthia, valley barriers were also built in Železna Kapla, in Vrata in Gortina, in Fala in
the Drava Valley, on the Jezersko Pass, and on the Ljubelj Pass.

The Turkish moats represent an exceptional cultural and natural heritage (wetlands in
ditches). The forest is increasingly overgrowing them and a lot of damage has been done
by frost; the moats are being destroyed by cutting down the forest and removing stumps
(forest hauling).

Research into the Turkish trenches contributed to a greater understanding of the
period in which the Slovenian territory experienced one of its greatest devastations. At the
same time, due to the unresponsiveness of the authorities at the time, the farmers had to
organize themselves and build a defense system of trenches and watchtowers to protect
their property and their lives.

The research revealed that several similar watchtowers were built in Serbia, Bosnia and
Hercegovina, Croatia, Austria, and Germany. Some of them were physically reconstructed.

For our virtual reconstruction, an extended reconstruction pipeline was used. A 3D
model of one of the remains was made using a DJI Mavic Pro drone and Pix4D, Autodesk
Recap, and Recap Phot software.
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Archaeologic excavations were also conducted in two probes in the TŠ3 trench. Unfor-
tunately, no physical evidence was found concerning watchtowers or military equipment
that would indicate the presence of an army from this period. No particular discoveries
were made with the metal detector either.

In addition, a 3D model of a watchtower was created. All needed static calculations
were made in the case of the physical reconstruction. All required materials were listed
with the exact dimensions and number of pieces. A list of costs was also created. Finally, a
3D digital reconstruction/rendering was created for the watchtower and its interior.

One of the main goals in the field of sustainable tourism is the revitalization of
cultural heritage buildings. By researching the watchtowers and their appearances, and by
conducting a detailed analysis of the construction costs, some potential investors should be
encouraged to engage in a physical reconstruction.
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Abstract: During the second half of the 20th century, a number of settlements disappeared for
various reasons, especially in the hilly landscapes of northern Moravia and in the Czech part of
Silesia. Currently, in the relevant localities, it is possible to identify preserved original landscape
structures (scattered greenery, water elements, original woody plants, terraces, etc.) and other
historical landscape elements with heritage potential. The typical elements of the above-mentioned
localities of abandoned settlements are agrarian stone walls that document previous agricultural
land use. These structures are generally located outside the original building plots on the edges of
previously farmed land. Another important historical element is the unused access roads to arable
land, which are still visible in lidar pictures. Numerous elements of the extinct settlements also
include the remains of building materials and local quarries of building stone. This paper presents
and classifies the historical landscape elements and their typology and proposes a methodology for
identification and documentation.

Keywords: landscape dynamics; historical landscape structure; abandoned settlement; cultural heritage

1. Introduction

During the 20th century, hundreds of settlements disappeared in the Czech Republic,
with the most affected area being the border region (outside the Czech-Slovak part) and
the decisive impulse being the displacement of the original German population in the
post-World War II period.

These peripheral locations are made up of mountain units with less favourable climatic
conditions, yet these sites have been used extensively for agriculture. These areas were
mostly settled in the 13th century as part of the so-called Great Colonisation (German
Eastern Colonisation) by the original Slavic and incoming German populations [1]. It was
mainly German colonists who inhabited the upland and mountainous parts of the territory.
The forestry, cattle breeding, mining, glassmaking, and weaving developed in these areas
impacted landscape changes [2]. The settlements were conditioned by quite common
factors [3]. The primary reasons for establishing settlements in these particular locations
were the mineral resources (most often iron ore) and access to timber in wooded areas,
namely, the higher spruce stands. Due to the widely dispersed nature of the distribution
of settlements in the area, these were mostly self-contained enclaves with no significant
relationships with surrounding communities (except for parish and official affiliations).

The disappearance of settlements has occurred for various reasons throughout the
history of human settlement. In Central European, settlement development was completed
in the Middle Ages (with very few exceptions). Since then, the number of permanent
settlements has steadily decreased. The main reason for this is the progress in land manage-
ment technologies and transport. This means that land can be farmed from further afield,
making it unnecessary to maintain small settlements in remote locations that are difficult to
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access and inefficient for modern infrastructure. This is why in some countries, villages
are being depopulated as part of rural-to-urban migration [4]. However, it is possible that
the situation is changing somewhat with the transition to a post-productive society, part of
which may seek more remote locations with the idea of a higher quality of life [5].

Within this general trend, there are, of course, usually specific reasons for the dis-
appearance of settlements. These causes may have been natural disasters (in the Cen-
tral European environment, mainly floods; elsewhere, earthquakes, volcanic eruptions,
avalanches, mudflows, etc.) or unhealthy environments [6]. Wars and violent actions,
usually accompanied by economic decline, and also epidemics of infectious diseases have
had a significant impact. At other times, people left for economic reasons when a territory
was losing competitiveness or the local resource base was depleted.

Another reason for the disappearance of settlements is the construction of large tech-
nical works to which the settlements in their path must give way. These may be mining
activities, waterworks, military facilities, or other activities. In such cases, the settlements
are dismantled in a controlled manner, usually including the salvage of suitable artefacts.
The affected inhabitants often protested vigorously against such action. An extreme case is
the Three Gorges Dam on the Yangtze River, which resulted in the imminent displacement
of at least 1.3 million people [7].

Sometimes settlements also disappear as a result of population movements due to
ethnic, religious or environmental migrations. This category includes the disappearance of
settlements from the territory of the present-day Czech Republic, Poland and several other
countries [8,9]. Similar experiences can also be found in Poland [10,11] and Slovenia [12].

In the former Soviet Union, the disappearance of villages in the last century was
associated with forced collectivisation [13]. However, the depopulation of villages in
remote areas is still taking place today [14]. A study reported that about 800 villages have
disappeared in Ukraine over the last 30 years [15]. However, it is not clear in how many
cases the extinction is physical and when it is administrative. In Israel, villages abandoned
by Arab citizens after the Arab–Israeli wars (1947) were demolished in the 1960s [16].
Research on the potential of vanished structures in Ukraine for economic restoration is also
interesting [17–19].

Bański et al. [20] addressed the broader spatial and socio-economic context. Especially
in the southern parts of Europe, this problem is still relevant in the context of rural and land
abandonment [21]. In Bulgaria, this tendency is highlighted by the overall mass emigration
of people from their country [22]. The reuse of abandoned buildings is widely discussed,
e.g., [23], especially in relation to an eventual tourism function [24], for social agriculture
purposes [25] or for the creation of ecovillages [26].

The study of landscapes can document the development of society and social con-
structs [27]. A number of studies confirm the need to interpret the links between ecosystem
feedback and societal development [28]. Key changes can be seen as the transition from a
pre-productive to a productive society in the past, resulting in industrialisation and urbani-
sation, among other things, and the transition from a productive [29] to a post-productive
society in the present [30]. At present, this means that the rural landscape is changing
from a space for primary production (agricultural and forestry production and mining) to
a space for consumption in the context of tourism and living in a more environmentally
friendly way.

For the purpose of our paper, landscape memory is one of the key concepts [31].
The mapping of landscape features for understanding landscape memory and identity
is emphasised, for example, by Št’astná et al. [32]. Building on landscape history and
the legacy of the past is emphasised by Biddau et al. [33]. While settlements that have
disappeared in the distant past are of interest to archaeologists [34] and have become part
of the historical heritage, settlements that have disappeared in the recent past touch upon
identity and the present time—at least as long as there are memorials.

Crucially, as settlements disappear, so does local knowledge and socio-cultural cap-
ital [35], i.e. local culture. Sometimes some of this culture manages to be transferred to
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new places; other times, it disappears almost irreversibly. It is the loss of local culture
that can be seen as the main negative effect of settlement loss. Sometimes the original
landscape is preserved in works of art [36]. Landscape is one of the key components of
human identity and quality of life [37]. This presupposes public participation, which is in
line with the spirit of the European Landscape Convention of 2000 [38]. This is the main
motive of our research.

Even after several decades, a number of features can be found in the contemporary
landscape that attests to the previous permanent presence of humans. These places—
which can be considered traditional landscapes in terms of typology [39]—provide a good
opportunity to observe the evolution of the landscape in the context of demographic
change and reduced anthropic pressure on the landscape. The local landscape records a
complex history of a place or region (including political decisions) that can still be read in
its structure. This landscape also forms an integral part of our European cultural heritage.

Today, we are faced with the task of identifying and evaluating the changes imple-
mented in the landscape of vanished settlements. The knowledge gained about the area can
be used in landscape planning (e.g., [40,41]) and strengthening regional identity (e.g., [42]).
The aim of this paper is to elaborate on a compendium and typology of landscape ele-
ments in abandoned settlements and to propose a methodology for their identification and
documentation in order to provide a basis for landscape planning.

2. Materials and Methods

Historical landscape features were mapped on the sites of settlements that physically
disappeared in the period immediately after the Second World War in the eastern part of the
Czech–Polish border area (see Figure 1). The exclusive cause of the physical disappearance
of settlements was the controlled demolition of buildings abandoned after the forced
departure of the original German population. These sites were identified on the basis of
historical demographic data and a comparison of aerial photographs from the pre- and
post-World War II periods. All identified localities were involved in the study on historical
landscape features.

 

Figure 1. Delimitation of the addressed territory within the Czech Republic.

2.1. Model Area

This paper presents a narrowed area defined by the Moravian–Silesian border with
Poland. The solved territory consists mainly of mountains and hilly areas (the landscape of
rugged hills and the highlands of Hercinica and the landscape of distinct slopes and rocky
mountain ridges, with a very rare combination of landscapes of plains and flat hills). In
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terms of soil quality, less fertile soils prevail. A large part of the territory is located in a cold
climate zone, characterised by a short summer. Forests and pastures predominate. Figure 2
shows a more detailed overview of the territory and location of abandoned settlements.

 
Figure 2. Delimitation of the addressed territory in a detailed view.

2.2. Data Collection

Landscape features were identified at these sites based on an analysis of current and
historical aerial survey imagery (see Figure 3), a digital relief model (DRM, based on lidar
scanning of the earth’s surface), drone imagery and field survey. Aerial survey images and
the DRM were studied within the website https://ags.cuzk.cz/archiv/ (accessed on 15 Au-
gust 2021). These websites (free of charge) are provided by the Czech Office for Surveying,
Mapping and Cadastre. The S-JTSK/Krovak East North coordinate system (EPSG 5514)
was used. The DRM works with an absolute mean height error of 0.18 m in open landscapes
and 0.3 m in forested terrains. The accuracy of DMR 5G is defined on comparative bases
(152 clearly defined horizontal areas with an area of at least 50 × 50 m). Elevation point
clouds are georeferenced in the UTM (Universal Transversal Mercator) coordinate reference
system on the GRS 80 ellipsoid (ETRS89) and in the ellipsoidal elevation reference system
relative to the GRS 80 ellipsoid. The data were collected in 2013. Surviving small (dotted),
spatial and linear structures evidencing previous permanent human presence were the
subject of interest, with a view to their recording, possible future conservation and use
in presentation and education. The character of the landscape features and the extent of
their preservation were evaluated in relation to elevation, original location in the village
(intra-villan/extra-villan) and current long-term land use.

The current long-term use of the area and the extent of change from the pre-extinction
landscape structure were analysed based on aerial photographs from the period imme-
diately before (1930s–1940s) and just after the war (1950s–1960s), with the time series
extended to the present. Field verification was also undertaken. The change in landscape
texture was also taken into account. The structure of the landscape can be understood as
the spatial distribution of landscape elements (fields, forests, settlements, etc.) connected
by mutual relations. Texture is a spatial representation of the landscape structure, taking
into account the size of individual homogeneous areas (the background is made up of
highlighted visible lines and polygons based on aerial survey images).
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(a) (b) 

  
(c) (d) 

Figure 3. Identification of abandoned settlements based on the aerial survey images comparison:
(a) aerial survey image (1946); (b) aerial survey image (2020); (c,d) marking the demolished buildings’
locations. Source: Ortofoto 2020 (© ČÚZK, www.cuzk.cz (accessed on 15 January 2020)), image
1946—VGHMÚř Dobruška, © Ministry of Defense of the CR.

The first step was the analysis of small (dotted), spatial and linear structures on
historical aerial surveying images and their comparison with current orthophotomaps, lidar
scanning images and drone images. This was followed by a targeted field survey combined
with a broader survey of the entire cadastre territory of the abandoned settlement, aimed
at determining the more minor features that could not be read from the aforementioned
documents. The broader survey took place mainly in the vicinity of the extinct buildings,
along the extinct roads and formerly cultivated and (currently) abandoned agricultural
land. The visibility of the features identified by the wider field survey on the above-
mentioned materials (orthophoto, drone survey, lidar scan) was subsequently checked
retrospectively. See Figure 4 below for more details. Individual treasure trove sources
of information on extant historic features were evaluated for accessibility, interpretive
reliability and added informational value. Based on this evaluation, a recommended
procedure for the identification of historic landscape features in areas of radical land use
change was compiled.

The specification of the scale category of elements:

• Small structure: several dm2—max. 5 m2
;

• Linear structure: the decisive factor is the elongated shape of the element, which is
surrounded on both sides by a different environment; min. length of the line is 1 m,
but each structure has to be assessed individually;

• Spatial structure: min. 5 m2 (each structure has to be assessed individually).

A detailed diagram of the methodological procedure is presented in Figure 5.
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Figure 4. Scheme of methodical procedure.

Figure 5. Diagram of the methodical framework for the study of the historic landscape structure in
localities of abandoned settlements.
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3. Results

3.1. Basic Context—Overview of Identified Historical Landscape Features

A total of 51 sites located in close proximity to the state border was evaluated. The
altitude of the sites ranged from lowland areas of 250 m to foothill areas at an altitude of
about 700 m above sea level. In terms of typology, the features listed in Table 1 can be
identified at the sites in question on the basis of the overall methodology (a combination of
all the above steps).

Table 1. Typology of features identified on the territory of the extinct settlements.

Type Specification Character

small (dotted) surface localisation

agrarian heaps, heaps of building
stones, ruins of buildings, bridges,
small stone walls; old fruit trees,
deciduous solitary trees

subsurface localisation cellars, wells

linear elements linked to the road
network

historical paths (e.g., original stone
paving, many bollards), alleys

elements related to
management

agrarian bunds, terrace farming;
linear greenery (excluding avenues)

spatial interconnected network
of elements

preserved landscape texture,
preserved structure of the plain
(previous farmhand), road network

integral territory building stone quarries, building
plans, cemeteries

3.2. Trends of Landscape Structure and Texture Changes

Changes in the landscape structure and the long-term land use on the sites of the
disappeared settlements in Moravia and Silesia after the Second World War correspond to
the Czech trend of afforestation at higher elevations and increasing the area of soil blocks.
Due to the peripheral location of all the monitored sites, it is possible to observe a long-term
stabilised landscape structure, and, at the same time, it is possible to determine these trends
of landscape structure changes:

• Afforestation of open visual sites;
• Radical transformation of the structure of agricultural land stock without historic

landscape structures;
• Transformation of the structure of agricultural land stock with a significantly preserved

historic landscape texture.

Within the field survey, the analysis of drone images and the digital relief model,
it was possible to distinguish the intra-villan from the extra-villan of the village on the
basis of the partially preserved road network (denser network in the central part of the
original village), the newly created clusters of scattered greenery in the places of the
original buildings, or, on the contrary, the non-forestation of the original areas of the intra-
villan with the simultaneous afforestation/spontaneous expansion of woody vegetation in
the surroundings.

Almost all sites were economically exploited. The type of exploitation depended on
the altitude in the following gradient, from the lowest to the highest positions: intensive
crop production, extensive pastures, and monoculture forestry.

The change in landscape texture is very pronounced in the monitored sites. Almost
all sites experienced a partial loss of historical landscape texture (see below for details),
but very often, the basic skeleton of the original landscape structures was preserved. The
reason for this change is the consolidation of agricultural land and intensive forestry. A
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visual comparison of landscape changes in the example of the extinct village of Pelhřimovy
is shown in Figure 6.

Figure 6. Graphic materials for a comparative presentation of the dynamics of (a) landscape structure;
(b) landscape texture. Source: Ortofoto 2020 (© ČÚZK, www.cuzk.cz), image 1946—VGHMÚř
Dobruška, © Ministry of Defense of the CR.

3.3. Spatial Characteristics of the Identified Landscape Features

It was possible to identify at least one original settlement relict on the territory of
each abandoned settlement. The best observable element is the ruins of buildings, which,
however, only appear in about a third of the locations. Changes in the relief indicating the
original intra-village can be commonly observed in the DRM (up to 90% of the monitored
locations). The least widespread element is relicts in the form of underground buildings
and historically paved roads. Native trees (fruit trees or other deciduous trees) can be
identified quite often.

In the intra-villan of the village, there is only a minimal number of original elements
proving the original settlement. As a rule, these are the ruins of buildings or the piles
of building stone at the sites of the original building plots. These remnants of building
material are typical for almost all extinct settlements. The material shows variability in
terms of material used and original purpose. Most commonly found here are phyllite,
gneiss and slate due to the regional geology. In most cases—due to the massive removal of
original material for use in new buildings in other locations—these are smaller structures
in the footprints of former building plots or near roads. In addition to the stones that once
formed the outer walls of the original buildings, the sites often contain the remains of
roofing materials in the form of slate sheets with typical holes for anchoring them onto the
roof structure.

The ruins of the original buildings are of unique value, providing very valuable
evidence of the past settlement of these remote localities as well as the materials used,
construction techniques and settlement in often very difficult climatic conditions. The sites
assessed can be divided into settlements in terms of the preservation of original buildings:

• With few preserved original buildings, usually outside the central part of the original
village or settlement;

• With ruins illustrating the specific genius loci of the area (Figure 7);
• Without remains of the previous settlement.
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Figure 7. Ruins of buildings: (a) Pelhřimovy 50.1784936 N, 17.6598617 E; (b) Hraničky 50.3106700 N,
16.9746497 E; (c) Libavá 49.7012961 N, 17.5890353 E.

In the selected sites, sacral buildings were also preserved (nine sites); in this context,
no significant dependence on the current use and altitude could be traced. The spatial
differentiation and the precision of the demolition work, which depends on the local
administration, is more evident here (also refers to the demolition of ordinary buildings),
with the largest number of such buildings in the eastern part of Bohemian Silesia.

Less frequently, non-forest vegetation, especially original solitary deciduous trees
(most often lime and ash), is preserved in the original intra-villages. The location of
these elements is typically in the immediate vicinity of the disappeared buildings (also
confirmed by Majewska [43]). Historic tree plantations and avenues without current direct
connection to the road network can be identified in the territory of abandoned settlements.
On historical maps, it is possible to trace the roads to which these elements belonged in the
past. However, the occurrence of these features is rather rare in the study area.

Old fruit trees are another visible sign of past permanent settlement on the sites
of vanished settlements. These elements are evidence of the orchard and fruit-growing
tradition in the region and create the potential for their renewal. Fruit trees used to be
a common feature of fields, gardens, meadows and pastures in the Czech–Polish border
region, but today they sporadically complement the coarse-grained landscape mosaic,
mostly with mono-functional use. Solitary old fruit trees can be found both in open
landscapes as part of meadows and pastures and as part of today’s woodlands. Old fruit
trees make an important contribution to the specific historical and landscape footprint of
the cultural landscape.

The elements identified in the village intra-villan can best be identified by a com-
bination of detailed field surveys and drone imagery, especially because the exclusive
preservation of point microstructures and area and linear elements could not be regener-
ated due to continuous relatively intensive farming. Surface point features are traceable in
historical mapping. These are mainly solitary trees in the vicinity of the original buildings.
This step can, therefore, only be considered complementary in order to confirm the location
of the tree at the original building and to confirm its historical origin. The other point
features that are abundant in the area are more likely to be subsurface structures that can
only be identified by field surveys (wells, cellars, but also bridges and other structures).
The same applies to small-scale surface structures (bordering on point structures)—these
are mainly preserved ground plans of original buildings (clear levelling of the terrain, in-
cluding any surrounding slope modifications that correspond to the original location of the
building). Visible building footprints are preserved exclusively in the current woodland.

The territory of the vast majority of the original village intra-villan remained open
in space (it is not forested; only scattered greenery is present). The predominant use of
these areas is extensive grazing (intensive agriculture is typical only for the rare lowland
areas). In the other areas (5 sites in total), there has been targeted afforestation of the site,
including the original intramural area. It can be concluded that the current land use does
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not have a significant impact on the preservation of historical landscape elements in the
original areas of intra-villans.

The open landscape adjacent to the formerly built-up part of the settlement is char-
acterised by spatial and linear structures, which are preserved to a greater extent in the
higher locations. However, point structures can also be found—typically in the form of
agrarian mounds (a dome-shaped anthropogenic landform made up of stones loosely
stacked on top of each other; these are smaller formations of a non-linear nature associated
with agricultural farming—see below). These structures are best identified in the DRM
(digital relief model). This is due to their location in the current forest cover (the former use
of these areas was demonstrably agricultural—in the form of arable land). A combination
with field surveys is ideal to confirm the type and physical form of the structure. In the
field, these features often blend in with the surrounding vegetation and residual wood
piles (Figure 8). Supplemental drone imagery may be used; it is recommended in areas
with no vegetation cover.

 

Figure 8. Stone pile—demonstration in the field and in the DRM, elements can be observed in the
red frame; ZABAGED®Height chart DMR G5 (ags.cuzk.cz); adjusted.

A related typical linear element of the higher locations of the extinct settlements is
agrarian mounds (stone walls). These features provide evidence of previous agricultural
use of the landscape and are often the only reminder of the former daily presence of
people in these remote locations. These structures are typically located outside the original
building plots on the edges of previously farmed land (ploughland). These features are
typical of sloping land with shallow stony soil. In order to increase fertility and improve
soil cultivation, stones were collected and loosely deposited on the edge of the land, where
they formed a natural boundary and had an anti-erosion function.

Individual sites are highly variable in terms of the shapes of stone structures. The most
frequent are long stone walls (mounds) in open landscapes; exceptionally, they may contain
niches (findings of such stone walls on the Polish side are confirmed by Latocha) [44].
Sites with stone walls are currently most often used as pastures. However, stone walls
(Figure 9) can also be found within forest stands. The woodland is generally typical of
the highest elevations and very steep slopes, where agricultural management would be
unthinkable today.
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(a) (b) 

  
(c) (d) 

Figure 9. Stone walls: (a) Hřibová 50.3468017 N, 17.0068733 E; (b) Kamenné 50.2874683 N,
17.0471761 E; (c) Hřibová 50.3465264 N, 17.0137519 E; (d) Hřibová 50.3478356 N, 17.0129886 E.

Stone structures add to the character of the contemporary landscape and support
the specific genius loci of abandoned sites. Apart from their aesthetic dimension, they
contribute significantly to the biodiversity and stability of the current landscape system
(e.g., [45–47]). The question of formalising their protection in Czech law is very topical.

The location of these features is possible on the basis of current orthophotos, provided
that the feature is located in view-open locations and without vegetation line cover. This
combination is not very common. However, the linear foliage that often accompanies stone
bunds in the form of network structures can be considered an indicator of the occurrence of
these anthropogenic landforms. Once identified, a combination of field surveys and drone
imagery is necessary. The DRM is the most suitable basis, as it captures structures regardless
of the current land use, and it is possible to identify even small linear microstructures in
the terrain hidden by dense forest cover. However, a field survey is also required here.

Another relatively common (though partially) preserved element is road networks.
With the disappearance of man from the landscape, many of the roads have disappeared,
but they are still visible in the present relief—whether they are smaller footpaths or massive
bridleways cut into the terrain. In this context, it is necessary to distinguish the actively
used road network today, which is preserved only in axial roads. Residual, currently
unused historic roads are often not visible in the terrain. However, they can be very well
observed in the DRM, where lines corresponding to the historical state of the road network
can be identified even in the field. These structures are most often located in forest stands.
In Figure 10, we can see a set of historic droveways that were used to manage the fallow
(strip) land belonging to individual farmsteads located in the lower parts of the property.
Today, this area is covered by woodland.
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Figure 10. System of historic tracks in the DRM, ZABAGED®Height chart DMR G5 (ags.cuzk.cz,
(accessed on 8 May 2012)., accessed on 20 July 2022); adjusted.

A related surviving historical landscape element of a flat character is the preserved
ploughland (a set of former fields with a different current use, roads, agrarian mounds
or terraces); see Figure 11. This flat structure is preserved in most of the higher locations,
regardless of the type of farming (grazing, forestry). This structure is most visible in
the DRM. A combination with field surveys is possible, which has a verification but
not identification character (in the field, these structures are often not visible at all in a
contextual view but rather as separate microstructures). The other sources of information
are only applicable in the case of plastic structures (stone bunds and terrace farming);
however, the image of the original pluvium is only partially visible compared to the images
in the DRM. This output provides a very valuable record of the structure of agricultural
land in the past.

  
(a) (b) 

  

(c) (d) 

Figure 11. Preserved landscape texture (Ztracená Voda, 50.2030528 N, 17.4801681 E): (a) photo from
the beginning of the 20th century; (b) actual photo (2020); (c) aerial survey image (1937); (d) aerial
survey image (2020). Source: Ortofoto 2020 (© ČÚZK, www.cuzk.cz, accessed on 20 March 2020),
image 1946—VGHMÚř Dobruška, © Ministry of Defense of the CR.
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Local sources of building material in the form of small-scale quarries can also be
found in the vicinity of the extinct settlements as part of the wider hinterland of individual
estates. According to witnesses, these quarries served as a repository of material for
repairing roads, houses, walls, etc. However, these structures are poorly observable in all
types of evidence, including field surveys, and have mostly been incorporated as part of
demolitions and controlled landscaping or have blended into the surrounding area through
natural succession.

Sporadic surviving features are also represented in the sites by the torsos of cemeteries,
cobbled paths and stone bollards along defunct roads. In the Czech–Polish border area,
these elements are very rare. The first reason is the more precise demolitions in localities
near the state border and the long-term isolation of this area; the second reason is the total
change of management in the landscape (mono-functional agriculture or forestry combined
with land consolidation)

3.4. Methods of Identification

Spatial and linear historic structures are better preserved (more frequently and to
a greater extent) in areas that have been reforested compared to areas that are used for
extensive grazing and particularly for crop production.

Most point line elements are located in the places of the original intra-village, whose
territory is currently used as pasture. A field survey is necessary for identification; other
documents can be used to prepare a targeted survey and local drone photography.

The other structures—linear and space (spatial)—are best observed in the extra-village,
with simultaneous use for forestry and grazing. The primary basis for the detention of
these structures is the DRM.

For a general overview, see Table 2.

Table 2. Overview of the occurrence of landscape structure types according to current land use.

Localisation/Type
Intra-Villan
Arable Land

Extra-Villan
Arable Land

Intra-Villan
Pasture

Extra-Villan
Pasture

Intra-Villan
Forest

Extra-Villan
Forest

Source

small survey
spatial DRM
linear DRM

preservation of landscape structures rare partly significant

All spatial and linear features identified in the DRM were verified, but a combination
with a targeted field survey was required. However, this survey could not reveal the overall
composition (e.g., network, connected pelements) but only separate sub-parts. On the other
hand, no false negative results were detected—all plastic linear and spatial elements could
be observed to the same extent in the DRM as well as within the field survey.

4. Discussion and Conclusions

The tendency to abandon landscapes and settlements is nothing new. What is new is
the optics of looking at this phenomenon. Previously, the abandonment of landscapes was
viewed negatively or as a ‘banalization of the landscape’ [48]. Today, the optics are directed
towards nature conservation combined with extensive small-scale agriculture. This shift
is also confirmed by D’Angelo [49]: the current trend can be described as a return to the
appreciation of traditional agricultural landscapes—mostly for biodiversity conservation
reasons, but also for cultural and historical motives. Human activity is not in conflict with
biodiversity. Strengthening the links between biodiversity conservation and grassland
maintenance/restoration (including rural built heritage) is not only an opportunity but
probably the only way to preserve these unique places in the long term [50]. Failure to
respect native landscape structures, including the driving forces that enable their creation
or protection, hinders the enhancement of landscape and biocultural diversity and the
positive integration of socio-cultural and environmental diversity in general [51].
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From the point of view of historical landscape structures, the linear and surface structures
that are located outside the original intra-villan of the municipality are significant for the
border localities of extinct settlements. The preservation of these structures can be expected to
a greater extent in areas with formal landscape protection, a trend confirmed by Sklenička [52].
However, the assessed areas are usually located almost entirely outside the territorial nature
protection guaranteed by law. Thus, the preservation of structures can be attributed mainly
to higher elevations and extensive agriculture or to the preservation of these structures in
forest cover (this is especially the case for historic ploughland). Subsidies also play a role,
particularly in relation to grazing at higher altitudes. Research by Aimar [53] confirms
the need for the active conservation and management of historic landscape structures as
indicators of landscape integrity and quality, a prerequisite for their use in place-based
landscape management. This is related to the change in the current paradigm of the issue
addressed, which is shifting from the simple conservation of values to their creative use in local
development [54]. The need to introduce new practices based on the compatibility between
conceptual human action and biodiversity enhancement (with emphasis on peripheral areas
of mountain and foothill landscapes), which will result in a stabilised landscape with socio-
cultural potential for local populations, is also highlighted by García-Ruiz et al. [55].

All identified elements contribute significantly to the diversity of the cultural land-
scape, especially in terms of recording the historical land use of the territory and the
long-term time required for their creation. Moreover, these elements were preserved
without special protection. This testifies to the permanence of the human footprint on
landscapes. This applies in particular to relief traces—e.g., visible floor plans of buildings,
ploughs, driveways, etc. These elements also usually create habitats for other species of
plants and animals. Hence, we can talk about strengthening biodiversity on several levels
with a mutual effect (e.g., [56,57]). Scherreiks et al. [58] came to the conclusion that species
richness cannot be unequivocally explained only by the current conditions of the landscape
and that the historical structure of the landscape is relevant for the high species richness
observed today. This thesis is also the reason for the registration and protection of historical
landscape elements [59].

The typology of historical landscapes for Czechia was prepared by Erlich et al. [60].
They divided historical landscapes into composed, organic and associative landscapes.
In this systematization, the landscape of extinct settlements would mostly fall under
organically developed relict landscapes, where evolution has already ended, but significant
characteristics persist. The research importance of these historical landscapes (composed
not conceptually but on the basis of joint use and cultivation of land) is confirmed by
Kučera et al. [61].

The paper proposes a methodology for the analysis of landscape elements in the
area of extinct settlements and their possible typology (and their specific forms) on the
example of abandoned settlements in the eastern part of the Czech–Polish border area.
This methodology is also applicable to other Central European territories after possible
modification according to local conditions. Its purpose is its potential use for landscape
planning and other decision-making processes affecting the landscape. The methodology
uses a combination of old maps and historical information with modern remote sensing
methods, including the deployment of drones. It can be assumed that the possibilities of
these methods will be further developed. However, it should be stressed that despite the
expected advances in modern methods, field surveys and work with historical sources
remain an integral part of the methodology.

Climate change poses a certain challenge to the landscape of abandoned settlements.
Given the location of these settlements in mountain and foothill areas, the threat of drought
is not as urgent here, which could lead to some revitalisation of agricultural production.
In this context, the low risk of drought can be understood as an advantage compared to
lower locations. Current developments also show the limits of globalisation. The idea of
unlimited travel and global cooperation is taking hold. This could lead to a new perspective
on the use of domestic land.
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Significantly, there is virtually no fallow land in the study sites [62]. The disappearance
of settlements did not mean the abandonment of the landscape, which continues to be ex-
ploited. Traditional agricultural and forestry uses have been joined in the post-reproductive
era by tourism uses.

In this way, the landscapes of vanished settlements in the post-productive period
acquire another function—that of tourism. It is possible to use the qualities of the formerly
urbanised landscape, returned to a greater or lesser extent to the open landscape, which
in mountain and foothill positions acquires the aesthetically positive qualities of a mosaic
of forests, meadows, fields, water areas and streams, scattered greenery and remnants of
settlements. Educational trails are being built to remind people of the development of the
landscape and its causes. Part of this may be nostalgic tourism [63], where former residents
or their descendants return to places linked to the history of their lives; this is expressed
through emotions referred to as heimweh [64]. If the disappearance of a settlement is linked
to violent events or disasters, it could also be dark tourism [65]. Latocha [66] suggested
a possible return to agricultural use, the renovation of old houses, the partial restoration
of the sacral landscape, and tourist infrastructure and educational initiatives (educational
trails, eco-museums, information boards) for the Polish Kłodzko afforestation.

Although the landscapes of the extinct settlements are in relatively good condition,
greater tourism development has been hampered by inadequate infrastructure [67]. The
area is also specific in that the original settlers were displaced to Germany and very limited
access was only allowed after the political liberation. Rather, in the post-war period, the
state sought to sever ties with the indigenous population and build new relationships.
However, this was clearly not successful in the case of the disappeared settlements. There
are hardly any original survivors left. Therefore, the development of the landscape and its
use for tourism is actually in its infancy. The dissemination of knowledge and information
is a crucial issue in this respect.

The question of cross-border cooperation remains. Given that the Polish side has also
undergone processes of post-war population exchange based on ethnicity with similar
consequences, such cooperation would be directly offered. On the other hand, there are also
differences in relation to the landscape, as there has not been such consistent collectivisation
in Poland.

Further physical disappearances of rural settlements in large numbers are not expected.
However, the abandonment or disappearance of industrial or infrastructural sites and
buildings may have similar consequences for the landscape. Therefore, further monitoring,
analysis and assessment of the landscape of abandoned settlements is expected.
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Abstract: Archaeomagnetic dating using full geomagnetic vector was performed on three furnaces
cropping out at San Genesio archaeological zone, an ancient settlement located in the Arno River
plain, near San Miniato (Pisa). The first evidence of human presence in this area dates back to the
period between the VI century BCE and 1248 CE, when the village of San Genesio was destroyed by
the inhabitants of the nearby castle of San Miniato. Three burned structures were located at different
stratigraphic levels. The SGEN01 represents a kiln to produce pottery. The SGEN02 is probably a
furnace for domestic use, while the SGEN03 is interpreted as a metallurgic kiln due to the presence of
some hematite fragments possibly coming from Elba Island. Both mean paleodirections and absolute
intensity were compared with the global geomagnetic model SCHA.DIF4K (Pavón-Carrasco et al.,
2021) for Europe. The obtained age intervals at the 65% probability are 846-911 CE for SGEN01,
696-799 CE for SGEN02, and 623-644 CE for SGEN03. These new absolute dates agree well with their
archaeological/stratigraphic position and with the history of the archaeological place.

Keywords: Vicus Wallari; San Genesio; San Miniato; archaeomagnetism; furnaces

1. Introduction and Historical-Archaeological Setting of the San Genesio Area

The San Genesio archaeological site (43◦41′30.59′ ′ N, 10◦52′58.3′ ′ E) is located in the
Arno River alluvial plain (Basso Valdarno, which is Italian for Lower Arno Valley, Figure 1),
at the foot of San Miniato hills, halfway between the cities of Pisa and Florence. This area
was the place of an important settlement during medieval times and has been intensively
studied by archaeologists since 2001. The following synthesis of the history of this very
important and complex archaeological place is mainly based on the exhaustive work of [1].

The geological framework of the San Genesio area [2] had a strong influence on the
positioning and the existence itself of this settlement. San Genesio lies near the confluence
of the Elsa River with the Arno River, at the southern margin of the Arno River valley. Its
altitude (29 m a.s.l.) still today preserves this area from the flooding of these two important
waterways. The San Miniato hills to the south of the village were probably rich in woods,
while this portion of the Elsa Valley is characterized by the presence of clayey sediments of
the Pleistocene age deposited in an ancient marshy environment. These sediments are often
more than 75% clay-rich (units p and p2 in the geological map of Figure 1). As is known,
water, wood, and clay are the three elements necessary for the production of ceramics. In
addition, the presence of the Arno and Elsa Rivers is a further element that has certainly
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favored the passage and the marketing of goods from San Genesio over time, including the
products of the furnaces which are the subject of the present work.

Figure 1. San Genesio location in Tuscany (a) and positioning of the archaeological area on Google
Maps, at the crossing of the ancient roads Francigena and Quinctia (b) (modified from [3]). The
area of San Genesio inside the geological map of [2] (c). The red crossed lines in (c) correspond
to the Roman centuriation traced in 183 BCE [1], of which the archaeological area is located in the
southernmost corner.

San Genesio has always had an enviable and strategic position, both militarily and
commercially, as it is located (i) more or less at the same distance from the cities of Florence,
Lucca, and Pisa; (ii) at the intersection of the Francigena road with the ancient Quinctia
Roman road, which was built around 123 BCE, perhaps by the consuls Titus Flaminius and
Titus Quintus, to connect the ancient city of Florence (Florentiae) with the ancient city of
Pisa (Pisae) (Figure 1); (iii) not far from the confluence of the rivers Elsa and Arno; and
(iv) close to easy crossings of both these waterways, such as the bridge over the Arno whose
presence is remembered at least 600 m from today’s archaeological site in the 11th century
CE (Figure 1). For these reasons, the area in which the San Genesio settlement is located
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has always been a peculiar site, rich in resources and more or less always inhabited and
exploited from both an agricultural and commercial point of view. It was certainly so (i) in
the first Etruscan age, since the middle of the 6th century BCE; (ii) in the Roman period,
from the end of the fourth beginning of the 3rd century BCE; and (iii) during the Late
Antiquity crisis and the Lombard age, when it was situated at the extreme offshoots of the
diocesan territory of Lucca. Throughout the Early and High Middle Ages, San Genesio was
one of the most important and well-known parish churches (Pieve) of the Lower Arno Valley,
which was of great importance in the political strategies of the Lucca episcopate. Later on,
the Collegiate Church of San Genesio was visited by the most important personalities of
the complex historical period between the eleventh and the thirteenth centuries, which was
marked by the growth of the Communes and conflict between the Church and the Empire.

The ancient Roman communication routes, albeit decayed and in large sections com-
promised, and the wide river valleys guided the penetration of the Germanic populations
during the period of the Gothic War, which lasted almost two decades (from 535 to 554 CE)
and materialized with the Lombard occupation of this territory following the expedition
of Agilulf in central Italy between 593 and 595 CE. This portion of the Arno Valley thus
became the border of the Lombard dominion in Tuscany (which is actually the old Tuscia,
which included more jurisdictions than the present-day Tuscany, especially southward in
the current Latium region) and, along this stretch of the river, numerous clashes took place
between the Lombards and the Byzantines who lived in the upper portion of the Arno
Valley (Valdarno superiore and Mugello areas). Along this border, a series of military villages
(“vici militares”) were born, the memory of which is still present today in the toponymy of
clearly Lombard origin of some places. From the Lombard domination also derives the
belonging for a long time of this portion of Lower Arno Valley to the diocese of Lucca, as
Lucca was the capital of Lombard Tuscany. The area of interest experienced a period of
total or partial abandonment between the 5th and the early 6th century CE, when only the
presence of Roman–Byzantine populations is testified and the area was mainly used as a
cemetery [4]. Then, the area of interest was repopulated under the Lombard rule at the end
of the 6th century CE. This territory was controlled by a Lombard character named Wallar,
perhaps an official of the Lucca court, from whose name also comes the ancient toponym of
this settlement “Vicus Wallari”.

During the first half of the 7th century CE, the site of San Genesio seems to have been
the subject of another, at least partial, abandonment. However, the first written evidence
of the existence of a church and a village of some importance in this place dates back to
714 CE, from which the site will henceforth take the name of San Genesio, which is still
preserved today: “Sancti Ginesii, in vico qui dicitur Walari” (San Genesio in the village that
people name Wallari) [5]. This first church, datable at least to the end of the 7th century
CE, was later (presumably during the mid-8th century CE) replaced by a new three-nave
structure that was found during archaeological excavations under the remains of a later
and more complex ecclesiastical building, datable to the first half of the 11th century.

Until the middle of the eighth century CE, the parish church of San Genesio remained
directly under the bishopric of Lucca. Starting from the 770s–780s of the 8th century CE,
following the conquest of these territories by the Franks, the bishop introduced concessions
in “benefit” to private individuals in some way related to him. Even the parish church of
San Genesio with the territory controlled by it suffered this fate. In fact, even the name of
San Genesio appears in the “Breve de Feora” (dated between 890 and 900 CE), which lists
these benefits. In the 10th century CE, the parish church of San Genesio, around which a
small urban agglomeration was born at the beginning of this century, is counted among the
main “ecclesiae baptismales” of that part of the diocese of Lucca which was located south of
the Arno River.

In the 10th century CE, the castle of San Miniato, located on top of the hill overlook-
ing San Genesio, grew in importance. The castle of San Miniato became the permanent
residence of a vicar of the German emperor, and, on several occasions, the emperors (e.g.,
Henry III) stopped in San Miniato on their way to Rome. San Miniato thus became a direct
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dependence of the empire, and, as testified by written sources, at least from the first half of
the 11th century, the inhabitants of San Genesio and the whole territory belonging to its
parish paid taxes to the owners of the San Miniato castle, even when the parish remained
under the control of the bishop of Lucca.

The transformation of the church of San Genesio into a larger and more complex
building with a crypt and frescoes dates back to the same period, i.e., the first half of the
11th century. At the same time, the Lucca curia promoted the creation of a rectory with a
rectangular cloister next to the new church, thus transforming the original parish church
into a monastic complex (“Collegiata”) around which the medieval village developed.
These expansion works prelude to a long period of domination of San Genesio, both on the
religious structures of San Miniato and on just under 40 chapels and rectories distributed
in this area. This period of splendor lasted until the end of the 12th century, as sanctioned
by a privileged act of Pope Celestino III dated 24 April 1194. During the various political
vicissitudes that followed one another in this period, on the one hand, the importance
of San Miniato as a center of imperial power grew, on the other hand, all the important
meetings between the various protagonists of medieval life, including popes and emperors,
took place in San Genesio for its strategic position at the crossroads of the most important
communication routes. Towards the end of the twelfth century, hatred between San Genesio
and San Miniato was born and fueled, due to the political conflicts between the Papacy
and the Empire and between the various Tuscan Communes that side with one or the other.
The decline of San Genesio began in conjunction with the events that led to the signing of
the Guelph League between the Tuscan Communes against the Emperor in 1197. However,
it was Emperor Frederick II who marked the fate of San Genesio, first transforming the
castle of San Miniato into one of the key strongholds of the defensive system of Florence
and then establishing, with an act issued in 1216, the submission of San Genesio to San
Miniato. Although in 1240 San Miniato lost the dominion of San Genesio and the favor of
the emperor, in 1248, the inhabitants of San Miniato razed San Genesio to the ground. From
that moment, the dominion of Lucca over this part of the lower Arno Valley ended. The
ancient village of San Genesio was never rebuilt, and only the written memory remains
of the past splendor, while the memory of this place fades. At the time of the systematic
archaeological excavation, the San Genesio area was occupied only by crops and a small
chapel built in the nineteenth century.

Three furnaces were excavated during the archaeological surveys. They are positioned
at different geometric and stratigraphic levels within the excavated area and were ascribed
to different types of use. From top to bottom, the SGEN01 furnace, positioned inside the
stratigraphic unit US-29172, was labeled as activity structure n. 102, and interpreted as a
ceramic kiln. The SGEN02 furnace, situated in the stratigraphic unit US-37129, was called
activity structure n. 399, while the SGEN03 furnace (US-38119; activity structure n. 662)
was interpreted as a metallurgic structure due to the presence of some hematite fragments,
possibly coming from Elba Island, inside it. The aim of the present work was to position
these three structures within the local chronostratigraphy summarized above. This aim
was achieved through the archaeomagnetic analysis method and was made possible by the
recent and impressive improvement of the reference paleomagnetic curves for the medieval
period [6–9].

2. Archaeomagnetic Sampling

Oriented hand samples (Figure 2) were obtained using the Modified Thellier Sampling
Technique already described in [10]. The main modification to the classical Thellier’s
method [11] consists in a preliminary surrounding of the samples with plastered bandages.
This technique allows one to collect a greater quantity of materials with a low risk of
movement of fine particles. For example, the blocks of baked clays sampled during this
work have an average dimension of 8 cm × 8 cm × 4 cm. Then a plaster cap with a perfectly
horizontal plane was superposed on the sample using a precision level (Figure 2). A total of
47 (Tables 1–3) independently oriented samples were collected (16 from SGEN01, 16 from
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SGEN02, and 15 from SGEN03), using both a magnetic compass and a sun compass, and
marked with reference directions on the large (6–8 cm in diameter) plaster caps.

Figure 2. Sampled structures. (a–c): The plane of ca. 80 × 30 cm of SGEN01 ceramic furnace.
(d,e): Sampling the plane (ca. 70 × 50 cm) of the SGEN02 furnace, probably a domestic structure.
(f): Building a perfectly horizontal plane for the accurate orientation with a solar compass on top of
the plane (ca. 30 × 25 cm) of the SGEN03 metallurgic furnace.

Table 1. Sampling and Directional data: Analytical results SGEN01.

Subset Sample Dec (◦) Inc (◦) VRM % Dec (◦) Inc (◦)

01 04 5.2 65.0 9.5 7.8 65.3
01 05 9.4 62.8 5.3 12.0 62.9
01 07 11.6 64.1 8.7 9.3 64.3
01 08 6.4 65.3 7.3
01 09 9.4 66.3 8.3 8.9 66.6
01 10 15.4 65.7 10.1 8.7 66.1
01 11 11.8 66.6 7.9 12.3 66.8
01 12 8.9 69.0 7.7 12.4 69.2
01 13 17.0 66.4 7.8 14.0 67.6
01 14 15.4 67.6 7.6 12.6 68.1
01 15 18.4 67.2 4.7 19.8 67.8
01 16 18.4 67.0 4.1 20.3 66.7

Mean directions

Subset Lat. (◦N) Long. (◦E) n/N Dec (◦) Inc (◦) k α95 VRM %

SGEN01 43.69 10.88 12/16 11.9 66.4 107 1.2 7
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Table 2. Sampling and Directional data: Analytical results SGEN02.

Subset Sample Dec (◦) Inc (◦) VRM % Dec (◦) Inc (◦)

02 01 −0.9 67.6 14.0
02 02 0.0 66.6 5.7
02 03 14.4 66.3 4.9 15.0 66.8
02 04 −7.2 68.1 6.2
02 05 0.9 72.0 9.5
02 06 4.9 65.5 8.0
02 07 0.1 68.4 7.9
02 08 3.2 68.4 7.3
02 09 −2.4 71.8 15.3
02 11 −0.9 68.0 8.6
02 12 1.9 64.9 6.4 0.4 63.7
02 13 5.3 63.5 12.7
02 14 0.6 65.4 5.1
02 15 −4.2 68.8 13.3

Mean directions

Subset Lat. (◦N) Long. (◦E) n/N Dec (◦) Inc (◦) k α95 VRM %

SGEN02 43.69 10.88 14/16 1.2 67.5 639 1.5 8.9

Table 3. Sampling and Directional data: Analytical results SGEN03.

Subset Sample Dec (◦) Inc (◦) VRM % Dec (◦) Inc (◦)

03 01 −7.7 63.6 2.9 −8.6 63.2
03 02 1.8 64.6 2.8 −1.5 64.7
03 04 −0.1 66.2 2.9 −1.1 67.3
03 05 −3.3 65.0 2.9 −4.0 65.3
03 06 3.1 64.6 2.9 1.1 65.7
03 09 −6.5 64.3 2.3 −8.2 63.1
03 10 1.5 62.1 4.0 −2.5 62.9
03 11 −1.8 63.6 2.6 −3.5 62.8
03 12 −4.5 63.2 2.6 −4.5 63.2
03 13 −1.0 63.6 3.1 −1.4 63.8
03 14 −4.5 64.9 3.9 −4.4 64.9
03 4BIS −1.5 65.2 2.9 −3.5 64.6
03 7BIS −12.6 64.3 5.9 −6.9 63.6

Mean directions

Subset Lat. (◦N) Long. (◦E) n/N Dec (◦) Inc (◦) k α95 VRM %

SGEN03 43.69 10.88 13/15 −3.5 64.3 2090 0.8 3.2

3. Laboratory Proceedings

Directional measurements (Tables 1–3) were performed on all 47 sampled clay frag-
ments by means of the large cell induction magnetometer of the Saint Maur des Fossés
Laboratory (Institute de Physique du Globe de Paris) in Paris [12]. Perfect plaster cubes
(12 cm × 12 cm × 12 cm) were introduced into the magnetometer while the pre-analytical
database was prepared in the Archaeomagnetic Laboratory of IGG-CNR at Villa Borbone,
Viareggio (Italy). The archaeointensity measurements and magnetic mineralogy experi-
ments were carried out at the facilities of the Servicio Arqueomagnetico Nacional of UNAM
in Morelia (Mexico).

4. Directional Analyses

A preliminary viscous remanent magnetization cleaning was performed [13]. The
procedure consists of storing the samples for about 20 days in a free magnetic shield before
magnetic measurements. After that, the same procedure was repeated after reversing the
samples by 180◦. In this way, the index of the acquired viscous remnant magnetization
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(VRM) could be estimated and subtracted to the full TRM (thermoremanence magnetiza-
tion) vector. In the case of the San Genesio analyses, the VRM index resulted in quite high
mean values of 7.4% (SGEN01), 8.9% (SGEN02), and 3.2% (SGEN03). Samples yielding
a magnetic viscosity index >15%, as defined by the VRM/TRM ratio, were rejected from
further procedures.

In order to retrieve the primary characteristic of the remanent magnetization, samples
were demagnetized by employing alternating fields (AF), up to a maximum AF peak of
40 mT. The remanent magnetizations were measured after each demagnetization step
(Figures 3 and 4). Representative demagnetization diagrams for SGEN01-14 and SGEN03-
04 samples are reported in Figure 3. Samples from the SGEN02 structure are characterized
by a relatively weak remanent magnetization. For this reason, the AF demagnetization
procedure was fully applied only to the sample SGEN02-12, which shows a linear demag-
netization segment (Figure 4b).

Figure 3. AF demagnetization curves for selected samples. See text for the explanations.

The demagnetization trends of most samples from the SGEN01 site show a lowering of
the declination values with increasing demagnetization peaks (Figure 4a). This fact implies
that few samples had to be discarded, as they moved outside the McFadden confidence
circle [14]. This behavior can be interpreted as due to either unstable magnetic mineralogy
or to a displacement of the kiln during past times. As anticipated, the baked clays from
the plain of the SGEN02 furnace show a very low magnetization. This fact is particularly
evident in the samples characterized by the presence of less-colored clay, as, for instance,
samples SGEN02-1,9,10,15,16 (Figure 2). In these samples, the lack of red color for a portion
of the sampled clays probably correspond to a lower heating degree and, consequently,
the absence or deficiency of iron oxidation, which is the process responsible for the red
color. In the majority of the samples from the SGEN03 furnace, an unstable secondary
component between NRM and 5–10 mT is quite evident, while the characteristic remanent

171



Land 2022, 11, 1936

magnetization (CHRM) was successfully isolated from 10 mT upward, where a linear
segment trending toward the origin of the orthogonal projection was defined (Figure 3).

As a general statement, a reliable archaeomagnetic age depends on two main factors.
They are (i) good statistics, resulting in low values of the α95 parameter (the semi-angle
of confidence of the conic surface that collects all the directional measurements) and high
values of the k-precision parameter [15] and (ii) the use of a valid reference curve (PSVC)
or a portion of it [6–9,16,17]. The accurate sampling methodology and the high number
of independent, big-size, solar-oriented samples (N = 15–16) resulted in good analytical
statistics for the San Genesio furnaces, with α95/k values of 1.23/1077 (SGEN01), 1.48/639
(SGEN02), and 0.85/2090 (SGEN03) (Tables 1–3). The relatively low α95 value of the
SGEN02 furnace is particularly valuable when considering the low magnetization of the
baked clays of this structure.

Figure 4. Cont.
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Figure 4. Graphic outputs of the Saint Maur des Fossés large cell inductometer for (a) SGEN01;
(b) SGEN-02; (c) SGEN03. The AF demagnetization patterns of each specimen are shown. The
green [14] circles of confidence are also shown. Degrees of inclination of the TRM vector are reported
on the vertical axis. Declination degrees are on the horizontal axis. The geomagnetic secular variation
curve reported, for graphical preliminary age indication, is that of [18].

5. Archaeointensity Determinations

Three virgin fragments of the sampled clays have been used for intensity measure-
ments. They are one fragment of the SGEN01 (13 samples) and two fragments of the
SGEN03 (14 samples).

Samples were prepared in three different ways, according to the process to be applied.
A small specimen (~1 cm × 1 cm) from each studied fragment was cut, placed, and fixed
inside a 1” plastic cubic sample holder to facilitate its alternating field demagnetization
treatment. Chips from each of the available fragments were crushed and pulverized with an
agate mortar and pestle to obtain approximately 250 mg for use with the advanced variable
field translation balance (AVFTB). For the archaeointensity measurements, fragments were
broken into at least 6 specimens and pressed into salt pellets to facilitate their treatment
as standard paleomagnetic cores. Specimens (belonging to the same fragment) were
positioned into the pellets in six different directions (+X, −X, +Y, −Y, +Z, −Z), relative
to the a priori chosen direction of the shard to minimize or mitigate the thermoremanent
magnetization anisotropy effects. All remanences were measured with a JR6a spinner
magnetometer, while isothermal remanent magnetization (IRM), hysteresis loops, backfield,
and high-temperature thermomagnetic curves were obtained using an advanced variable
field translation balance (also known as the Curie Balance). In some cases, susceptibility vs.
temperature continuous curves were recorded using an AGICO Kappa-bridge magnetic
susceptibility meter equipped with a furnace.

The Thellier–Coe method [13,19,20] was used for the ancient field determinations pro-
cedure. This is a very standardized procedure but is reported here below for completeness.
Samples were heated and cooled in air using an ASC Scientific TD48-SC furnace. Fifteen
temperature steps were distributed from room temperature to 585 ◦C. During the in-field
steps of the protocol, a laboratory DC magnetic field of (50.0 ± 0.05) μT was applied during
heating and cooling along the z-axis of the cylindrical samples. Every third temperature
step, a pTRM check (control heating) was performed to detect possible changes in the
pTRM’s acquisition capacity. The cooling rate dependence of TRM was investigated fol-
lowing a modified procedure to that described by [21]. At the end of the AI experiments,
all specimens were heated two more times at 560 ◦C under the same laboratory field. The
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last measurement (in-field step) of the AI experiment was designated as TRM1. Then, a
second TRM (TRM2) was given to all the samples but this time using a longer cooling
time (~6 to 7 h). Finally, a third TRM (TRM3) was created using the same cooling time
as that used during the TRM1 creation (~40 to 45 min). The cooling rate factor fCR was
calculated as the ratio between the intensity acquired during a long and a short cooling
time: fCR = TRM2/TRM1. Changes in TRM acquisition capacity were estimated through
the percentage variation between the intensity acquired during the same cooling time
(fAC = TRM3/TRM1). The cooling rate correction was only applied when the correspond-
ing change in TRM acquisition capacity was close to 1 and fCR > 1 [22].

In total, 19 samples (Table 4) yielded technically acceptable paleointensity determi-
nations. For these samples, the NRM fraction f ranges between 0.86 and 0.61, while the
quality factor q varies from 6.8 to 14.4. The individual archaeointensity values obtained in
this study range from 35.7 to 71.2 μT, with medium values of 38.7 μT for SGEN01/13 and
66.1 μT and 67.8 μT for the two fragments of SGEN03/14.

Table 4. Summary of archaeointensity determination with Coe et al., 1978, including quality parame-
ters together with interval of temperatures involved.

SAMPLE LAB REF N T1-T2 f g q H(anc) σH

SGEN01/13 51 12 200-585 0.62 0.82 9.6 37.6 1.2
52 13 150-585 0.61 0.83 9.2 40.7 2.1
53 13 150-585 0.56 0.86 7.6 43.6 2.2
54 13 150-585 0.72 0.84 10.3 38.6 2.5
55 12 200-585 0.73 0.81 11.2 38.4 2.2
56 12 200-585 0.69 0.82 8.3 36.5 2.1
57 13 150-585 0.74 0.84 12.6 35.7 1.9

38.7 2.7
SGEN03/14A 60 13 150-585 0.81 0.87 14.4 63.1 3.1

61 11 250-585 0.80 0.85 9.3 64.4 3.2
62 11 250-585 0.74 0.81 6.8 66.1 3.4
63 12 200-585 0.82 0.83 14.1 67.2 3.9
64 11 250-585 0.79 0.82 11.2 69.6 4.1
65 12 200-585 0.86 0.86 14.8 68.1 4.2

66.1 2.9
SGEN03/14B 66 11 250-585 0.83 0.88 14.3 71.2 4.3

67 11 200-575 0.79 0.83 11.1 68.2 4.2
68 11 250-585 0.85 0.84 15.8 67.4 4.3
69 11 250-585 0.82 0.84 12.6 68.8 4.1
70 11 250-585 0.78 0.80 8.9 66.7 3.9
71 12 150-575 0.79 0.52 8.2 65.6 4.5

67.8 1.9

The main concern during any absolute-intensity study is related to the uncertainty
of whether the technically determined values have geomagnetic significance and thus
confirm the primary thermoremanent origin of the magnetization created in these samples
during the cooling from high temperatures. Most representative Arai–Nagata plots are
presented in Figures 5 and 6. In both cases, the determinations seem to be of high technical
quality. Associated saturation magnetization vs. temperature curves yielded reasonably
reversible heating and cooling segments pointing to Ti-poor titanomagnetite (almost pure
magnetite) as the principal magnetic carrier. The continuous susceptibility plot, however,
shows marked irreversibility for sample SGEN01 (Figure 7) with evidence for two ferro-
magnetic phases during the heating, while the cooling curve only indicates the presence of
magnetite. This behavior may be due to the inversion of unstable titanomaghemites into
magnetite, and, thus, the remanent magnetization may be suspected to have chemical or
thermochemical remanent magnetization [23]. Due to this fact, the intensity value of sample
SGEN01 was not used for the archaeomagnetic-dating exercise, and probable age intervals
were estimated based only on magnetic inclination and declination. The susceptibility
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vs. temperature curve for sample SGEN03 shows reversible behavior during the heating–
cooling cycle and indicates evidence of a single ferromagnetic phase (magnetite) on both
segments. In this case, the archaeomagnetic dating was achieved using the full geomagnetic
vector (direction and intensity). As already proved by [24], continuous susceptibility curves
appear more sensitive to magnetic mineralogy than directional ones, which agrees with
theoretical considerations. Magnetic susceptibility thermal variation combines the thermal
variation of the two magnetic parameters (spontaneous magnetization, Ms, and coercive
force, Hc) when induced magnetization (i.e., when saturation is reached) describes the
thermal evolution of spontaneous magnetization only.

Figure 5. Thellier–Coe paleointensity determination for sample SGEN01 together with associated
NRM endpoint (a) orthogonal vector plot. Also shown are saturate magnetization (b) and susceptibil-
ity (c) vs. temperature continuous thermomagnetic curves.

Figure 6. Thellier–Coe paleointensity determination for sample SGEN03 together with associated
NRM endpoint (a) orthogonal vector plot. Also shown are saturate magnetization (b) and susceptibil-
ity (c) vs. temperature continuous thermomagnetic curves.
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Figure 7. A summary of rock-magnetic experiments carried out on San Genesio samples: (a) hysteresis
plot obtained with variable field translation balance, (b) associated isothermal-remanent acquisition
curve, and (c) back-field experiments to retrieve the coactivity of remanence.

6. Archaeomagnetic Ages

The directional and intensity measurements on the three San Genesio furnaces were
processed using the SCHA.DIF.4k model proposed by [6], which is the most complete
PSVC currently available for Europe. The resulting ages for the analyzed structure are
SGEN01: 855–987 CE at the 95% probability level and 846–911 CE at the 65% probability
level; SGEN02: 651–848 (95%), 696–799 CE (65%). The SGEN01 ceramic furnace results
indicate a younger and larger age interval compared to the one obtained by the 6.0 version
of the PSVC curve [8] (Table 5). This fact is due to the flat top (Figure 8) of the updated
reference geomagnetic curve SCHA.DIF.4k, which is used in the 8.0 version of the MATLAB
tool for archaeomagnetic dating produced by [7]. The same effect (Table 5 and Figure 9)
takes place for the age range of SGEN02, which is widened compared to the age previously
obtained with the second version of the curve [9].

Table 5. Directional ages calculated from different versions of the PSVC. (1) SHA.DIF.14k model [7].
(2) SCHA.DIF.4k model [9].

(1) (2)

SGEN01 759–849 CE 846–911 CE
SGEN02 680–721 CE 696–799 CE
SGEN03 624–631 CE 623–644 CE

The obtained directional age for the SGEN03 furnace is 611–676 CE (at the 95% proba-
bility level) and 623–644 CE at the 65% probability level (Table 5). By adding the mean of
intensity data obtained from the analysis of two fragments of the same furnace, a value of
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621–650 CE is obtained with a 95% probability level using both directional and intensity
curves of [7,8], and a value of 624–631 results at the 65% probability level (Table 5 and
Figure 10a). We processed SGEN03 data also with the reference curve of [9], but the still
imprecise intensity curve available for this time interval [8] in the version 8.0 of the dating
tool resulted in a loss of precision of this datum. For this reason, we accept here the only
directional and slightly less precise age obtained by the 8.0 version of the dating tool
(Figure 10b). This choice is reasonable also considering that the high precision of the data
obtained for this furnace (α95 0.8) requires an equally precise reference curve to obtain a
reliable age.

Figure 8. Archaeomagnetic dating of the SGEN01 furnace. Inclination and declination curves are
shown with their probability density. The SCHA.DIF.4k model proposed by [9] has been used.
Calibrated date intervals are given at a 65% level.

As we have seen (Table 5), the obtained ages based on the new version of the dating
tool [9] differ slightly from the directional ages previously obtained by the use of older, less
complete reference curves [7]. In fact, absolute ages depend on the adopted reference curve,
and these two pieces of information should always be considered together. Furthermore,
the perfect curve for describing changes in directional and intensity geomagnetic values can
only be drawn for the period after 1640, when direct measurements of the earth’s magnetic
field began [25]. Of course, also for this curve, the uncertainties decrease with the increase
in the number and precision of the measurements made over time by scholars of magnetism.
For the previous periods, it is necessary to rely totally on reference curves built on data
obtained from measurements made on objects of known age, obtained in another way. For
this reason, the geomagnetic reference curves have varied a lot over time and, consequently,
also the age determinations that were based on these varying reference curves.
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Figure 9. Archaeomagnetic dating of the SGEN02 furnace. Inclination and Declination curves are
shown with their probability density. The SCHA.DIF.4k model proposed by [9] has been used.
Calibrated date intervals are given at a 65% level.

Figure 10. Cont.
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Figure 10. (a)—Archaeomagnetic dating of the SGEN03 furnace. Full vector curves are shown
with their probability density. SHA.DIF.14k model proposed by [7] has been used. Calibrated date
intervals are given at a 65% level. (b)—Archaeomagnetic dating of the SGEN03 furnace. Inclination
and declination curves are shown with their probability density. The SCHA.DIF.4k model proposed
by [9] has been used. Calibrated date intervals are given at a 65% level.

7. Data Discussion and Conclusions

At the transition between the 9th and 10th centuries CE, the settlement built around
the San Genesio parish church was a place of passage and rest for numerous travelers
due to its location at the intersection between the Via Francigena and the Quintia [1]. Thus,
the presence of a ceramic kiln used for the production of pottery is expected in this time
period, consistent with the age interval of furnace SGEN01, from 846 to 911 CE with
a probability of 65%. The SGEN02 furnace shows the largest age interval, from 696 to
799 CE with a probability of 65%, among the three analyzed structures. This result could
be due to the higher analytical uncertainty, with α95 of 1.5, compared to the other two
furnaces SGEN01 and SGEN03, with α95 of 1.2 and 0.8, respectively. In turn, these higher
analytical uncertainties can be related to the feeble magnetization of the clay used for
building this furnace, as suggested by the obtained results and the partial lack of red color.
The 8th century CE corresponds to the more probable period for the first reconstruction and
enlargement of the parish church of San Genesio (which will be cited from this moment on
as “ecclesia Sancti Genesii” in the latin written sources) when perhaps it was decided to
promote it as a baptismal church (“ecclesiae baptismales”), a title that was found in documents
starting from 763 [1]. It is very probable that this period also corresponds to a growth of
the inhabited area and consequently of service structures, such as shared domestic ovens,
as the structure of SGEN02 could be tentatively interpreted.
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In the San Genesio area, four major funerary phases have been recognized [26,27]. The
first one (Late Antique) has been dated to the 6th century CE and is the oldest cemetery
phase recorded at this site. The second one (Early Medieval I) dates to the 7th–9th century
CE, while the third phase (Early Medieval II) dates to the 10th century CE [4]. The fourth
and last phase (Late Medieval) spans from the 11th to the 13th centuries. In this framework,
the SGEN03 furnace is of interest for the presence of graves curved inside the furnace itself
(Figure 2). The archaeomagnetic directional age estimated for the SGEN03 structure (from
623 to 644 CE with a probability of 65%) is the most precise of the obtained ages in the
studied area. The obtained age range for this furnace positions this structure before the
presence of the first ecclesiastical structure at San Genesio (the second half of the 7th century
AD) and at the beginning of the second of the known funerary phases. Furthermore, the age
and the metallurgic use of this furnace are consistent with the archaeological investigation
that has attested the presence of craft activities during this period [1,4].

In conclusion, this archaeomagnetic study allowed us to give an age to three furnaces
belonging to three distinct phases of frequentation and use of the site of San Genesio,
which agreed with their stratigraphic order and the very complex overlap of structures and
memories that characterized this important archaeological place during times.
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Abstract: The Mesoamerican Postclassic and Epiclassic were periods of drastic change and trans-
formation related to social, political and economic aspects as well as settlement patterns. Mexico’s
northern boundary expansion, rise, and subsequent demise is a matter of debate which remains
essentially unsolved. Possible causes include climatic changes, landscape degradation or prolonged
bellicose relations with nomadic groups. Still, no consensus exists on why such apparent instability
and decline occurred at major archaeological settlements on the northern Mesoamerican border, also
known as the septentrional frontier. The scarcity of absolute chronological constraints is definitively
a handicap that impedes the assessment of northern Mesoamerica’s development from its apogee to
its decline. The archaeomagnetic method has been used during the last decades to analyze burned
archaeological artifacts belonging to Mesoamerica’s north and central-west frontiers, including differ-
ent Mexican states. Namely, high-resolution studies were carried out at Aguascalientes (El Ocote),
Guanajuato (El Cóporo, Lo de Juárez and Plazuelas), Jalisco (Cerro de Los Agaves, La Palma and El
Palacio de Ocomo) and Zacatecas (La Quemada). It was successfully proved that archaeomagnetic
dating might greatly contribute to refining the chronology and development of major pre-Hispanic
settlements. These studies were based on available geomagnetic curves at the time of publication.
However, global geomagnetic models have experienced substantial improvement with the develop-
ment of local/regional reference archaeomagnetic curves during the last few years. Hence, the need
arises for a critical reassessment of reported age intervals and corresponding chronological contexts.
Updated archaeomagnetic ages are recalculated considering the geomagnetic models SHA.DIF.14K
and SHAWQ.2K as well as the two regional paleosecular variation curves for Mesoamerica. A boot-
strap resampling method is used to obtain an optimal age range for each studied structure. These new
absolute chronologies indicate that the last fire exposure of the vast majority of the analyzed artifacts
unequivocally corresponds to the Mesoamerican early Postclassic related to the depopulation stage
apparently caused by environmental changes.

Keywords: Mesoamerica; northern frontier; paleoclimate; archaeomagnetism; chronology; abandonment;
depopulation

1. Introduction

The northern border of Mesoamerica, also known as Marginal Mesoamerica, was a
matter of debate due to the presence of a series of important pre-Hispanic settlements occu-
pied by groups of Mesoamerican farmers between approximately 200 and 900 AD. In the
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1940s, Paul Kirchoff proposed the territorial extension and cultural features of Mesoamer-
ica, whose northern border reached the Sinaloa River, Santiago, Lerma, Moctezuma and
Panuco [1]. The region north of these tributaries was occupied by nomadic groups dur-
ing the 16th century, creating the cultural areas of Aridoamérica and Oasisamérica [2,3]
. . . Although ethnohistoric data addressed the conditions of the northern border in the
16th century [4,5], there was little archaeological information at this time with which to
understand pre-Hispanic occupation [6]. The first archaeological surveys began in the
1960s, reorienting the extension of the northern frontier of Mesoamerica, which was called
Marginal Mesoamerica because it was located on the margins of the Mesoamerican cultural
area [7]. Within this framework, many archaeological surveys were carried out in the
states of Durango, Zacatecas, San Luis Potosí, Jalisco and Guanajuato, recovering essential
information on ceramic and lithic types and settlements. Moreover, it was possible to
propose new hypotheses around temporalities and population migrations [8].

By the early 1960s, Pedro Armillas presented his environmental hypothesis about the
expansion of the Mesoamerican border towards the North of Mexico by agricultural groups.
Such expansion was associated with favorable climatic conditions for cultivation during the
first millennium; however, when this environment disappeared, the region was abandoned
between 900 and 1000 AD [9–12]. Different researchers widely accepted this idea to explain
the cultural developments in this Mesoamerican territory [13–20]. In the 1980s, new
advances were made to assess the regional resources, population mobility, relations with the
Valley of Mexico, chronology and nature of the borders of this region. This strengthened the
idea of an occupation by Mesoamerican agricultural groups during the first millennium of
the Christian Era that ended in approximately 900/1000 [21]. Regarding the abandonment
of this region, the following three hypotheses have been proposed. Hypothesis 1 considered
environmental conditions [9,11]. Hypothesis 2 suggested the rupture of Mesoamerican
trade networks due to a drastic transformation of the region [14,21]. Hypothesis 3 put
forward a possibility of the intensification of the struggle between the different groups for
the control of land for agriculture, affecting the economy [22,23].

It is imperative to point out that conflictive events and fires caused by the inhabitants
themselves occurred in some settlements during their final stage, as has been indicated
for Plazuelas [24–28], Cóporo [29,30] and La Quemada [31]. In Cerro Barajas (state of
Guanajuato), the population was reduced, ritual areas were closed and abandonment
offerings were deposited [32]. In situ, burned structures are excellent candidates for
magnetic studies, and thus archaeomagnetism may decisively contribute to increasing
the quantity and quality of absolute chronology data. Archaeomagnetism investigates
the history of the Earth’s magnetic field in terms of variations in direction (inclination
and declination) and intensity. Archaeomagnetism uses archaeological materials that have
undergone heating processes at relatively high temperatures (beyond the Curie temperature
of magnetite and/or hematite). The principle of archaeomagnetism [33,34] is based on the
peculiarities of the geomagnetic field and magnetic properties of iron oxides commonly
found in most archaeological artifacts. The artifacts acquire a remanent magnetization in a
specific time. As the Earth’s magnetic field changes in direction and intensity with time
(paleosecular variations), the moment of the acquisition of the remanent magnetization can
be determined by comparing these parameters with known records of the geomagnetic
field in the past in a specific locality. When the past variations of the Earth’s magnetic field
have been well established, archaeomagnetic dating can be as precise as the more expensive
methods of absolute dating. Moreover, the great advantage of the archaeomagnetic method
is that it directly dates the object, while radiocarbon age is commonly associated with
different archaeological contexts. In areas where radiocarbon ages are sparse and of
dissimilar qualities, archaeomagnetism emerges as a unique alternative.

Archaeomagnetic studies on the northern border of Mesoamerica have increased
considerably in recent years (Figures 1 and 2 and Table 1) since several of the archaeological
settlements in the region have in situ burned structures, such as floors, hearths, ovens
and cavities. These studies have not only provided absolute chronological data lacking
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in each study site, but have also allowed the delineation of regional, cultural and social
dynamics. In the present manuscript, we review available archaeomagnetic surveys in light
of new global geomagnetic models and local paleosecular variation curves to determine
the timing of the last fire exposure of studied artifacts. Moreover, a bootstrap resampling
methodology was applied to estimate the most representative time intervals for each
structure, periodizing local reference curves against global geomagnetic models. The
objectives of our study are:

(1) Creating a reliable regional archaeomagnetic database upon the reappraisal of existing
data considering recently available global geomagnetic models and local paleosecular
variation curves for Mesoamerica.

(2) Estimating the archaeomagnetic age intervals of demise and abandonment at the
Mesoamerican septentrional frontier by studying burned archaeological features.

(3) Defining the relationship (if any) between the age intervals of abandonment and
paleoclimate changes through the analysis of the existing environmental record.

 

Figure 1. Location of the archaeological sites mentioned in the text.

Figure 2. Possible archaeomagnetic age intervals computed using global geomagnetic models and
regional reference paleosecular variation curves (see text for more details).
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Table 1. Available archaeomagnetic data for the archaeological sites belonging to the northern frontier
of Mesoamerica indicating their location, possible age intervals and the geomagnetic model used.

Author Archaeological Site Location Inclination (◦) Declination (◦) Intensity α95
Dating Interval
Obtained (A.D.)

Morales et al.,
2015 [28] Plazuelas Guanajuato 20.3 351.5 46.6 ± 1.32 μT 2.8◦ 907–997

Cejudo et al.,
2019 [35] El Ocote Aguascalientes 34.8 351.9 4.3◦ 916–1088

1205–1335
Pomedio et al.,

2022 [36] La Palma Jalisco 32.7 344.4 3.8◦ 986–1150

López et al.,
2019 [31] La Quemada Zacatecas 40.59 345.55 56.5 ± 3.9 μT 3.4◦ 1018–1163

33.67 356.16 40.6 ± 2.6 μT 2.1◦ 722–820
854–968

Torreblanca et al.,
2020 [30] La Quemada Zacatecas 34.7 351.3 2.6◦ 931–1006

33.4 358.9 2.7◦
693–947

1463–1526
1571–1623

33.1 354.7 3.2◦ 757–980
García-Pimentel
et al., 2020 [30] El Cóporo Guanajuato 25.7 353.8 4.2◦ 769–946

27.4 351.4 3.9◦ 840–977

30.5 353.2 8.7◦
685–1069

1231–1332
1403–1538
1565–1645

24.3 349.3 3.7◦ 863–967
26.4 352.4 2.8◦ 827–963

Esparza et al.,
2022 [37]

El Cerrito de Los
Agaves Jalisco 36.15 338.23 3.8◦ 1025–1155

34.18 354.35 3.8◦
914–1028
1213–1501
1617–1655

López et al.,
2021 [38] Lo de Juárez Guanajuato 35.05 348.66 1.8 973–1204

Morales et al.,
2020 [39] El Palacio de Ocomo Jalisco 21.6 357 3.1◦ 759–915

2. Archaeomagnetic Studies along the Northern Frontier of Mesoamerica

2.1. Plazuelas, Guanajuato

The Plazuelas archaeological zone is located in the community of San Juan El Alto
Plazuelas to the west of the City of Pénjamo (state of Guanajuato). The main structure of
the site is a buildup of quarry buildings, which is material acquired from the same ravine
in which the pre-Hispanic settlement is located. Existing archaeological evidence indicates
the site’s occupation in the Late Classic or Epiclassic period between 600 AD and 900 AD.
However, the age of the foundation of the site is the subject of debate. It could originate
from the culture known as the Bajío Tradition brought by people who first populated this
pre-Hispanic city. The site was occupied for 300 years and then was destroyed, burned and
abandoned [24–28].

An archaeomagnetic investigation of an oriented burned floor was carried out on
the extreme east of the archaeological site. It was possible to determine the direction
(declination and inclination) and intensity of the remanent magnetization of the burned
floor: Dec = 351.5◦, Inc = 20.3◦ with α95 = 2.8◦ and intensity I = 46.6 ± 1.32 μT. The MATLAB
tool developed by [40,41] was implemented using the CALS3k global geomagnetic model
of the last three millennia. The combined probability of these three parameters gave the
interval from 907 to 997 AD as the most probable age at the time of the last exposure to fire
of the analyzed floor, with a confidence of 95% [28].

2.2. El Ocote, Aguascalientes

The El Ocote archaeological site is located 40 km southwest of the city of Aguascalientes
near the community of Ocote and is distributed on the top and around the Los Tecuanes
hill. Since 2000, reconnaissance studies have been continuously carried out on the site, and
it is believed that the site’s development occurred mainly between 650 and 850 AD during
the Epiclassic period [35,42]. Consequent systematic excavations revealed a burned floor
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within the archaeological quadrant I on a surface of approximately 60 m2 at an average depth
of 0.60 m with respect to the present-day surface. Six in situ fragments were magnetically
oriented to carry out the archaeomagnetic study [35]. The mean directions were obtained
for the specimens exhibiting stable, single-component behavior. Subsequently, the dating
tool implemented in Matlab [41] was used, considering the SHA.DIF.14K global model of
the last fourteen thousand years [35]. The mean direction values obtained were Dec = 351.9◦,
Inc = 34.8◦ with α95 = 4.3◦. We obtained the age interval 986 to 1088 AD by comparing
the mean direction with the reference paleosecular variation curves. The dates obtained
by radiometric methods correspond to the early development of the settlement [35]; the
archaeomagnetic age corresponds to the late occupation of the site.

2.3. La Palma, Sierra Manantlán, Jalisco

The first archaeological explorations were carried out at the La Palma site within
the Archaeology of the Sierra de Manantlán project. The surveys included a large area
located to the northeast of the community of Cuzalapa within the valley of the same
name on the southern slope (south of the state of Jalisco). The site comprises an area of
2.5 km2 extending from north to south along the Las Tablas stream and is divided into five
sectors [36]. In one of the reconnaissance studies, a burnt floor fragment was identified
on the southeast corner of structure 1. The floor was characterized by a reddish brown to
grayish color with a thickness of 13 cm and reached an approximate area of 60 by 64 cm.
Within this stratigraphic unit, a medium-density occupation was inferred judging from
the simple ceramic and lithic artifacts without the presence of decorated or diagnostic
elements [36]. The mean direction was determined using the Fisher statistics analysis,
obtaining an inclination Inc = 32.7◦, declination Dec = 344.4◦ with parameters k = 181 and
α95 = 3.8◦. This mean direction was compared with the geomagnetic model SHA.DIF.14k
(Pavón-Carrasco et al., 2014) [37] obtaining the age interval 986–1150 AD as the most
probable age of the last fire exposure of the floor [36].

2.4. La Quemada, Zacatecas

The archaeological site of La Quemada is located in the center of the state of Zacatecas,
Mexico, in the municipality of Villanueva south of the city of Zacatecas (the valley of
Malpaso). La Quemada is one of the largest settlements within the northern border of
Mesoamerica (Jimenez Betts, 2005). The archaeological zone is characterized by traces of
strong fires, making it an excellent target for archaeomagnetic studies. Burnt floor samples
were collected in the sacrificial plaza and in the Hall of Columns to determine the age
ranges of the fall and abandonment of the site that apparently occurred as a religious
closure ritual [31].

Two samples, LQ3 and LQ4, corresponded to the north sector of the Hall of Columns;
the first corresponds to a burnt, hardened clay floor, and the second sample corresponds to
a wall fragment. The Plaza de los Sacrificios, located on the third level of the settlement on
the top of the hill, consists of a large plaza with an altar in the center and rooms to the east,
south and west and a pyramidal base to the north. Samples LQ1 and LQ2 were taken from
this area, corresponding to burned floors [31].

The mean directions for the Plaza de los Sacrificios were obtained using all the specimens
corresponding to LQ1 and LQ2 that yielded Inc = 33.67◦ and Dec = 356.16◦ with precision
parameters k = 323 and α95 = 2.1◦. The mean directions for the Hall of Columns were
calculated taking into account the eight specimens corresponding to sample LQ3, which
yielded Inc = 40.59◦ and Dec = 345.55◦, k = 266 and α95 = 3.4◦. Specimens belonging to
sample LQ1 corresponding to the Plaza de los Sacrificios provided an average paleointensity
of 40.6 ± 2.6 μT, while the specimens belonging to the LQ3 sample corresponding to the
Hall of Columns yielded an average paleointensity of 56.5 ± 3.9 μT [31]. We used the
SHA.DIF.14K model [40,41] and obtained the age 854–968 AD as the most probable age of
the fire of the floors of the Plaza de los Sacrificios (LQ1 and LQ2). We obtained the second
probable age interval 722–820 AD, which should not be completely ruled out. For the
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Hall of Columns (LQ3), the obtained age interval 1018–1163 AD does not coincide with the
available radiocarbon age estimates [31].

A second archaeomagnetic study was carried out at La Quemada to place the main
Ballgame Court within an absolute chronological framework. On this occasion, two hearths
located in rooms associated with the court and a burned cavity on one of the walls were
sampled. The Ballgame Court is located on the first level of the settlement at the foot of the
hill’s southern slope and consists of a structure 80 m long by 15 m wide with a north–south
orientation. Archaeological excavations revealed the presence of three rooms associated
with the Ballgame Court divided by masonry walls and associated with three phases of
occupation based on overlapping architectural elements [30].

The first areas selected for the archaeomagnetic sampling corresponded to the two
hearths that were found within the remnants from the last phase of occupation. Hearth 1
consisted of a rectangular hole on the ground 25 cm long by 15 cm wide and 10 cm deep.
The second hearth had a circular shape of 50 cm in diameter and was covered with clay
slabs. The third area selected for sampling was located in the outer zone of the Ballgame
Court, in which a folded (sunken) wall and secondary deposits of bone remains were found.
In the northwest corner carved into the bedrock a hole approximately 30 cm in diameter by
9 cm deep was discovered, which was covered with ash [30].

The mean direction obtained for Hearth 1 was obtained from 13 out of 16 specimens
yielding Inc = 34.7◦, Dec = 351.3◦ with α95 = 2.6◦. For Hearth 2, the mean direction was
obtained from 8 out of 12 specimens yielding Inc = 33.4◦, Dec = 358.9◦ with α95 = 2.7 ◦.
Finally, the mean direction for the burned cavity was obtained from 6 of 11 specimens that
yielded Inc = 33.1◦, Dec = 354.7◦ with α95 = 3.2◦. Although the average directions of the
three structures were very similar, Torreblanca et al. (2020) [30] performed archaeomagnetic
dating on each of the structures separately. For Hearth 1, the interval 931–1006 AD was
obtained as the most probable age of last heating or use. Hearth 2 sample analyses provided
two age intervals: 693–947 AD and 1463–1623 AD. We obtained the age interval 757–980
AD as the most probable age of the last use or heating of the burned cavity [30]. Three of
these intervals correspond to the La Quemada occupation phase and its transition to the
Ciudadela phase, which represents the last period of activity in the area before the ballcourt
was abandoned. However, the interval 1463–1623 AD corresponding to Hearth 2 shows a
possible late occupation, which could be interpreted as a reoccupation of the site during
the Postclassic period by Zacatecan groups [30].

2.5. El Cóporo, Guanajuato

El Cóporo is an archaeological zone located in the municipality of Ocampo in the
northwest of the state of Guanajuato (Sierra de Santa Bárbara) next to the community of
San José del Torreón. El Cóporo was created on the hill of the same name whose flat top
was used to build the ceremonial area. Both on the slopes and flat parts, there is evidence
of multiple ancient constructions. These spaces were made up of architectural ensembles
called Llano, Gotas, Montes, Puerto del Aire, Cóporo, Caracol and Pilar [29]. Six sites
were located where clear evidence of burned floors could be observed; 15 archaeomagnetic
samples were collected there [30]. Since the average directions obtained for each site
showed similar values, the probable age intervals of the last burning of the floors were
also similar. The obtained age intervals were between the years 820 and 950 AD; for some
samples, however, a wide interval from 685 to 1069 AD was obtained [30].

The ceramics and archaeological artifacts correspond to the last stage of occupation,
corresponding to the Epiclassic period (600 to 900 AD). During the fall of Teotihuacán in
approximately 550 AD, a decline of commercial networks occurred, and a new territorial
conformation emerged that led to new regional government centers. During this stage,
the Tunal Grande reached its maximum territorial extension, and El Cóporo became the
Ocampo Valley’s capital [30]. The abandonment of the Cóporo is the subject of debate;
archaeological evidence indicates its decline around the year 900 AD, while recent stud-
ies [29] mention a period of reoccupation by the Toltecs around 950 AD. Later, in 1000 AD,
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Tunal Grande became completely uninhabited by Mesoamerican agricultural groups. The
main result of this investigation is the fact that, regardless of the sampling site along the
Cóporo, the absolute archaeomagnetic dating intervals are similar, indicating that a large,
generalized and widespread fire occurred in a single episode. The presence of burned floors
and collapsed buildings supports this hypothesis. However, the possibility of a closing
ritual should be considered, since there is no evidence of violent or warlike actions [30].

2.6. Cerrito de Los Agaves, Jalisco

El Cerrito de Los Agaves is located 800 m north of the La Luz community, municipality
of Jesús María, Jalisco, in the southeast portion of the region called Los Altos de Jalisco.
The central area is made up of a large closed patio (Main Plaza), which has a central
altar [43]. The first archaeological excavations at the site were carried out in 2017; the
ceramic materials collected in the test pits were not enough to establish a chronological
series. However, it was possible to place them in the Epiclassic period when comparing
them with materials found at other sites in Los Altos (the central region of Jalisco and the
adjacent Bajío region). In 2018, a second archaeological season was carried out in which
the central altar and the main mound were studied. A 4 m deep hole was traced and
excavated for each structure, which allowed the observation of the tamping of the patio
that joins both constructions, partially freeing an access stairway that corresponds to the
last construction stage [43].

The mean paleodirections for burned floors were calculated following Fisher’s statis-
tics, obtaining the following results: for the interior floor, an inclination Inc = 36.15◦ and
a declination Dec = 338.23◦ with parameters k = 257 and α95 = 3.8◦; for the floor exterior,
an inclination Inc = 34.18◦ and a declination Dec = 354.35◦ with parameters k = 210 and
α95 = 3.8◦. Two archaeomagnetic intervals were obtained: one from 1025 to 1155 AD and
one between 914 and 1028 AD [43]. New absolute archaeomagnetic ages show that the
main period of occupation of El Cerrito de Los Agaves occurred between the years 600 and
1000 AD. Seven absolute radiocarbon dates were carried out in nearby sites in the region
of Los Altos de Jalisco, with ages corresponding to the Bajío Tradition and Tunal Grande
Tradition. The available radiocarbon results found are similar to the archaeomagnetic age
intervals [43].

2.7. Lo de Juarez, Guanajuato

The Lo de Juárez site is located 6 km north of the city of Irapuato next to the Loma
de Juárez community in the state of Guanajuato, Mexico. Structure 1 (a housing unit) and
Structure 2 (a living space) were identified during the archaeological excavation. Inside
Structure 1, a circular structure with a diameter of 50 cm was excavated, which includes a
central hearth made up of basaltic rocks. Ceramic materials and a dozen human burials
were also recovered. The work carried out in Structure 2 included the excavation of a
cove on the western section at a depth of 1.30 m. A circular alignment was identified with
quarried basaltic rocks arranged on a limestone stratum Ten standard paleomagnetic cores
were drilled for the hearth and then oriented using both magnetic and solar compasses [38].

The mean directions together with the absolute intensities (for the furnace) were
compared to the SHA.DIF.14K geomagnetic model [41] and the interval of 973–1204 AD
was obtained as the probable age of the last use of the hearth corresponding to Structure 1.

The age obtained for the hearth of Structure 1 (973–1204 AD) indicates human activity
in the area during the period of the depopulation of the northern border (900–1300 AD)
in the early Postclassic. On the other hand, the result obtained for the oven of Structure 2
(36 BC–40 AD) represents the oldest absolute dating available in the region of the Guana-
juato River basin and therefore suggests that the Lo de Juárez site may correspond to the
Interphase (100 BC–1 BC) and Mixtlán (1 AD–250 AD) phases [38].
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3. Data Analysis and Main Outcomes

A detailed review of archaeomagnetic studies along the northern border of Mesoamer-
ica was carried out. This review allowed the elaboration of a valuable database (Figure 2
and Table 2) that contains the directional data of all the archaeological artifacts and the
absolute intensity values. The archaeomagnetic age intervals obtained in our study are
listed in Table 1. The global geomagnetic model SHA.DIF.14K [41] was used in eight of the
nine studies. In a single case, CALS.3K was employed for the Plazuelas site by Morales et al.
(2015) [28]. The SHAWQ2k global geomagnetic model was published recently and is based
on a strict selection of available global archaeomagnetic and volcanic data. This new model
presents a better description of the geomagnetic field during the last two millennia [44].
In addition, the local paleosecular variation curve (CVPS) by Mahgoub et al. (2019) [45] is
based on data from historical lavas and archaeological artifacts exposed to fire in Mesoamer-
ica during the last 46,000 years. The paleosecular variation directional curve for the last
three millennia was published by García-Ruíz et al. (2022) [46]; it is based on 82 strictly
selected archaeodirections of burned archaeological artifacts and recent volcanic eruptions.
Archaeomagnetic dating was carried out for all the sites discussed in this manuscript using
the global geomagnetic models SHA.DIF.14K and SHAWQ.2K, as well as the local pale-
osecular variation curves of Mahgoub et al. (2019) [45] and García-Ruíz et al. (2022) [46]
(Table 2).

To obtain the most representative age interval at the statistical level, we applied the
bootstrap resampling method first described by Efron (1979) [47]. We created a matrix of
200 theoretical observations for each archaeological artifact and four age intervals obtained
using two global geomagnetic models and two local secular variation curves considering
the minimum and maximum values. A uniform probability distribution of 40 values
was calculated for the intervals derived from the global models and 60 values for the
local reference variation curves giving greater weighting to local curves. The uniform
distribution is considered the simplest probability model and is characterized by the fact
that the cumulative distribution function, taken as a random variable, follows the uniform
distribution over the interval (0,1). The uniform distribution is applied to determine
powerful functions on randomness tests [48]. The outliners are equally considered between
the maximum and minimum values [49]. The bootstrap resampling method does not
require prior knowledge of the distribution function of an event and is based on random
sampling. The method consists of creating samples of size n that allow the obtainment
of a distribution function of the mean values for all generated data. Once the frequency
function of the bootstrap mean values has been generated, the standard deviation of the
bootstrap mean (Figure 3 and Table 3) and a confidence interval are calculated [50]. In
this work, the bootstrap mean value of the age of each dated artifact was calculated along
with its standard deviation and α95 confidence interval. Starting from the 200 theoretical
observations generated for each artifact, resampling with a replacement of size n = 10,000
was performed. This generated 10,000 samples of 200 random values taken from the
original sample, creating a matrix of 200 rows and 10,000 columns. Each column represents
a subsample obtained from the original sample of the 200 initial theoretical observations.
Subsequently, the mean of each of these subsamples, its standard error and 95% confidence
interval were obtained.

Detailed archaeomagnetic surveys of the in situ burned archaeological structures indicate
ages that correspond to the end of the Epiclassic and the beginning of the early Postclassic.
Tables 1 and 2 summarize the results of the archaeomagnetic studies carried out in archaeolog-
ical sites located on the northern border of Mesoamerica (Figure 1). Table 2 presents the results
of the new dating approach used in this study. The four archaeomagnetic ages obtained for
each archaeological artifact correspond to the two global geomagnetic models and the two
local paleosecular variation curves, respectively. Figure 2 shows our study age intervals; each
color corresponds to the same artifact. Abbreviated codes 14K, MG, 2K and GR refer to the
model or curve used; SHA.DIF.14K and SHAWQ.2K respectively.
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Assuming that the archaeomagnetic studies provide the age of the last use or exposure
to fire, it is interesting to observe the contemporaneity of most of the ages for the different
archaeological zones. All of the dates overlap the interval from 800 to 1100 AD linked to the
apparent depopulation of the northern border of Mesoamerica during the early Postclassic.

Table 2. Reappraisal of archaeomagnetic age intervals using global geomagnetic models and local
reference curves (see text for more details).

Archaeological
Site

Site Code Location Dated
Material

SHA.DIF.14k
(14K) (A.D.)

Mahgoub et al.,
2019 [45]. (MG)

(A.D.)

SHAWQ.2K
(2K) (A.D.)

García-Ruíz et al.,
2022 [46]. (GR).

(A.D.)

Plazuelas PL Guanajuato Burned floor 857–945 1362–1377 755–861 1055–1299
El Ocote OC Aguascalientes Burned floor 914–1099

1193–1337
925–1036

1279–1463 893–1109 1045–1424
La Palma PA Jalisco Burned floor 990–1154 988–1147 979–1241 941–1233

La Quemada Q1 Zacatecas Burned floor 1006–1183 1058–1264 1006–1236 1038–1322
Q2 Burned floor 704–825

867–955
907–938

1388–1506 614–828 557–893

La Quemada Q3 Zacatecas Fire pit 931–1007 934–1013
1307–1411 904–1070 914–1265

Q4, Q5 Fire pit
694–947

1464–1524
1572–1624

643–731
1430–1541

587–967
1572–1692 571–873

Q6 Burned cavity 743–981 893–974
1350–1497 605–1014 564–890

1178–1295
El Cóporo C1 Guanajuato Burned floor 770–949 824–977 721–970 763–969

C2 Burned floor 844–984 885–999 878–1008 822–975

C3 Burned floor
680–1098

1201–1348
1389–1546
1559–1651

643–764
822–1049

1276–1542
579–1104 525–969

1016–1434

C4 Burned floor 875–969 893–996 730–846
896–986

837–981
C5 Burned floor 846–966 882–984 880–985 800–973

El Cerrito de Los
Agaves A1 Jalisco Interior burned

floor 1027–1155 1057–1190 1065–1230 970–1108

A2 Exterior
burned floor

924–1028
1214–1492
1623–1655

1299–1523
580–1093

1189–1487
427–738

1100–1450

Lo de Juárez L1 Guanajuato Fire pit 973–1190 989–1055
1258–1328 968–1250 1045–1289

El Palacio de
Ocomo PC Jalisco Burned floor 761–913 728–900 738–919 814–965

Judging from the data shown in Figure 2, it is evident that the four data obtained for
our study age intervals are very similar. However, there are sites where these age intervals
are considerably distant, such as the burned floor of Plazuelas. Although both the global
geomagnetic models and the local curves yield probable age intervals with a confidence
interval of 95%, in this study, we consider giving greater weight to the age intervals
provided by the regional reference paleosecular variation curves. The bootstrap resampling
method allowed us to unify the four age intervals obtained from the geomagnetic models
and the local curve in a single interval generating 10,000 mean bootstrap values. The
frequency histogram for the average age of each archaeological artifact indicates the limits
of the confidence interval and its mean. The results of this exercise are reported in Table 3.
The histograms were plotted for each archaeological artifact to illustrate the distribution of
the bootstrap resampling data (Figure 3).

The most probable optimized age intervals obtained from the different archaeological
artifacts (burned floors, ovens, hearths and a burned cavity) from the archaeological sites
of the northern border of Mesoamerica provided an age range between 750 and 1100 AD.
This matches archaeomagnetic ages obtained in our study and corresponds to the stage of
apparent depopulation during the early Postclassic (Figure 4).
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Figure 3. Histograms of the age intervals obtained for the burned floors of Plazuelas, El Ocote, La
Palma and La Quemada by bootstrap resampling method; the red line indicates the mean age of the
dated archaeological artifact, while the blue lines delimit the 95% confidence interval.

Table 3. Age intervals retrieved applying bootstrap method (please see text for more details).

Archaeological Site Site Code Location Mean (A.D.)
Standard

Deviation (Years)
95% Age Confidence

Interval (A.D.)

Plazuelas PL Guanajuato 1103 32 1071–1135
El Ocote OC Aguascalientes 1061 18 1043–1079
La Palma PA Jalisco 1085 9.6 1075–1094

La Quemada Q1 Zacatecas 1141 10 1131–1151
Q2 821 16 805–837

La Quemada Q3 Zacatecas 1017 12 1005–1029
Q4,Q5 744 12 732–756

Q6 843 16 827–859
El Cóporo C1 Guanajuato 874 8 866–882

C2 923 6 917–929
C3 823 19 804–842
C4 931 5.2 926–936
C5 917 6 911–923

El Cerrito de Los
Agaves A1 Jalisco 1092 8 1084–1100

A2 1159 34 1125–1193
Lo de Juárez L1 Guanajuato 1136 14 1122–1150

El Palacio de Ocomo PC Jalisco 843 8 835–851
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Figure 4. Age intervals for archaeological artifacts from sites located on the northern border of
Mesoamerica calculated using the bootstrap method.

4. Discussion

We archaeomagnetically dated several burnt pre-Hispanic floors that correspond to
roofed spaces, whether that be rooms or a porch. Other samples were from indoor stoves
and ovens. The floors were studied at the sites of La Quemada, Cóporo and Plazuelas.
The fires in these sites are likely associated with deliberated incendiary events and ritual
abandonment. The definition of the archaeological contexts of abandonment has been
extensively discussed in Lopez (2003) [51]: “In strictly archaeological terms, a locality can
be considered abandoned when a stratigraphic event covers the interfaces where the social
actors work, since otherwise it can continue to be frequented, either by members of the
same community or by individuals from other communities”.

The data obtained from the hearths and ovens are on structures created for combustion.
Archaeomagnetism allows us to determine the age of the last moment when these areas
were exposed to high temperatures. In the case of La Quemada, all three hearths were
different; two were built inside the rooms, and a third was a cavity in a rock. The two
interior hearths had different shapes and composting materials that could indicate different
functions. One of them was composed of four slabs of rhyolite placed vertically and covered
with mud, while the other hearth was semi-spherical in shape and made of clay. Different
temporalities for the hearths of La Quemada were obtained in our study. The oldest age
(hearths Q4 and Q5) is around 744 AD; the youngest (hearth Q3) is around 1017 AD, while
the age of the burned cavity (hearth Q6) is around 843 AD.

We also note that La Quemada and Cóporo presented remains of charred beams
and scattered roof fragments on the burned floors. The burning corresponds to a layer
of the final occupation, since the upper layer shows the gradual deposition of materials
accumulated during abandonment that seals the archaeological site. In the case of El
Cóporo, a later occupation was detected by nomadic groups that reused the fragmented
roof blocks to build a new hearth. This event sits on top of the layers of site occupation
and subsequent abandonment. At the same time, a stairway on the north platform of the
Plaza del Ocaso was apparently looted during pre-Hispanic times. Traces of fire were
located in the Montes and Cóporo complexes, which indicated a generalized fire event that
spread throughout the entire settlement. Traces of fire are also evident throughout the site
in La Quemada, and the composition of the stratigraphic layers is similar to composition
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observed in Cóporo. There is also a posterior occupation, as indicated in El Cóporo, where
later groups took advantage of the walls to construct simple shelters [15].

At the Plazuelas archaeological site, the remains of a burned floor have also been
found, but rather than arguing a widespread fire consumed the city in its last phase of
occupation, it is mainly suggested that this indicates the massive destruction of certain
buildings [24,25,27]. This phenomenon occurred in the same way at the Cerro Barajas
site (state of Guanajuato), where a planned abandonment with rituals of closure was
proposed [32,52]. On the other hand, at the sites of El Ocote, La Palma and El Cerrito de
Los Agaves, there is evidence of burned floors without signatures of the existence of a ritual
abandonment.

Using our new dates, we suggest that there was a widespread fire in La Quemada
and Cóporo perhaps linked to the abandonment of the settlement. Although the fire in
Plazuelas is not so evident, archeological evidence points to ritual abandonment. A similar
situation appears at the site of Cerro Barajas. This abandonment occurred in the transition
between the Epiclassic to the early Postclassic, that is, between the years 900 and 1000 AD,
which is in accordance with the hypothesis of a stepwise abandonment in the Bajío that
started at 900 AD due to drought [24].

Judging from the data presented here, we consider that in La Quemada, Cóporo,
Plazuelas and Cerro Barajas there was a differential or gradual abandonment (in Schiffer’s
terms, see Schiffer, 1988 and López, 2003) [51,53]. On the other hand, in Lo de Juárez, Ocote,
La Palma and Los Agaves, we still lack the reliable data with which to draw conclusions on
the past’s incendiary events firmly. It has been pointed out that the Epiclassic was a period
of political destabilization with marked militarism [54]. Upon abandoning these Epiclassic
sites, the settlers returned to their places of origin where they already had commercial,
social or kinship relationships.

The ancient metropolis of Teotihuacán was a reference point for cultural developments
in Mesoamerica, and the northern frontier was no exception. Teotihuacán is considered
the best-planned and largest pre-Hispanic city in Mesoamerica. One of the causes related
to the decline of the Teotihuacán is the so-called “Big Fire”. Previous archaeomagnetic
study conducted by Soler-Arechalde et al. (2006) [55] on both burned and unburned stuccos
of Teotihuacán provided an age estimate of around 575 AD well before northern border
depopulation. However, recent new data [46] suggest that Teotihuacán experienced various
fire episodes probably caused and controlled during public acts loaded with symbolic
value, such as rituals for the termination of a cycle or those related to the beginning of
a new constructive stage. The Teotihuacán state and the small territorial political units
of the north center (Querétaro and Tunal Grande) correspond to the periods of initial
settlement, colonization, stabilization, population movements and new settlements, terri-
torial reorganization and collapse [56]. The demographic rearrangement and migrations
in the Mesoamerican northern border in the 11th century were analyzed by Manzanilla
(2005) [8,57]. The migration of groups during this century from the center of Mexico to the
north and their subsequent return to their place of origin has been discussed [54,58–61].
The Mesoamerican northern frontier was a place of mobility and interaction throughout its
history [60] between 600 and 900 AD. The history of the origin and abandonment of this
territory, however, is still not well reconstructed [62–69].

Mexico’s northern boundary expansion, apogee and subsequent demise have been
analyzed in many studies by Pedro Armilla at the site of La Quemada. He proposed that
climate changes during the early Postclassic period in combination with social conflicts
resulted in decline and abandonment [9–12]. The climate hypothesis, however, has become
very controversial during the last decades. Elliot et al. (2010) [67] carried out phytolith,
organic carbon and magnetic susceptibility analyses of a 4000 yr alluvial record of climate
and human land use from the Malpaso Valle and argued that early occupation already
existed around 500 BC in arid conditions. A similar climate persisted during the Classic
period until at least the Postclassic period (see also Somerville, 2015) [65] also hypothesized
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that anthropogenic landscape degradation influenced the social and geographic changes of
the septentrional frontier rather than climatical variation (see also [69]).

On the other hand, the expansion and retraction of the septentrional frontier emerged
as the hypothesis for the prolonged bellicose relations with nomadic groups (mainly the
Chichimecs) [9,11,13,15]. It is pertinent to note J. Charles Kelley viewed La Quemada as
an early Postclassic bastion fortress built to protect against Chichimec intrusions from the
Tarascan territory to the south (see review in [70,71]. However, it was detected an extensive
Classic period occupation of the area that he called the “American Southwest” (see [71].
In this context, Schöndube [72] regarded West Mexico’s integration into Mesoamerica
as a late occurrence dated to the early Postclassic period. Jimenez Betts [70] carried out
the most detailed assessment of the septentrional frontier. This author considered that
the Mesoamerican world system could not be understood in isolation, and that “Central
Mesoamerica had a sequence of rise and fall of state level polities, which during periods
of upswing in state development correlated with an increase in the geographical scale of
interregional communication and integration. Broadscale interaction interconnected many
regions through links with polities of different levels of complexity, in some cases involving
core/periphery relations. When state level societies faced disintegration and demise,
the long-distance interregional relationships loosened and frayed”. Jimenez Betts [70]
suggested that the early Postclassic period in West Mexico had three main events that need
attention: (1) the demise of the Epiclassic period inland; (2) the rise of the Aztatlan network
along the Pacific Coast, west of the Sierra Madre Occidental; and (3) an unresolved problem
concerning the nature of Toltec presence in this region of Mesoamerica. Moreover, an
all-inclusive analysis requires considerations that account for the developments in Central
Mexico at around 900 AD with the rise of Tula and the decline of Teotihuacán.

5. Conclusions

- Archaeomagnetic data from the northern border of Mesoamerica were revaluated
in light of new global geomagnetic models and local paleosecular variation curves.
The studied burned archaeological structures belong to Aguascalientes (El Ocote),
Guanajuato (El Cóporo, Lo de Juárez and Plazuelas), Jalisco (Cerro de Los Agaves, La
Palma-Sierra Manantlán and El Palacio de Ocomo) and Zacatecas (La Quemada).

- The in situ archaeological artifacts consisted of burned floors in the vast majority of
cases, but also some fire pits and hearths carrying thermoremanent magnetization.

- Available archaeomagnetic age intervals were recalculated considering the geomag-
netic models SHA.DIF.14K [41]. and SHAWQ.2K (Campuzano et al., 2019 [44], as well
as the two regional paleosecular variation curves for Mesoamerica by Mahgoub et al.
(2019) [45] and García-Ruíz et al. (2022) [46].

- A bootstrap resampling method was used to obtain an optimal age range for each
studied structure. These new absolute chronological intervals indicate that the last fire
exposure of the vast majority of analyzed artifacts corresponds to the Mesoamerican
early Postclassic.

- A recent detailed study by Wogau et al. (2019) [69] on the relationship between climatic-
environmental changes and their cultural implications on the northern Mesoamerican
frontier through high-resolution paleoclimate and paleoenvironmental reconstruction
using laminated sediments from La Alberca maar lake (Guanajuato) evidenced two
drought events around ~700–790 AD and ~810–880 AD. This supports Armillas’s
theory that climate conditions together with potential social conflicts caused the
accelerated depopulation of the northern Mesoamerican border in agreement with
archaeomagnetic data.
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Abstract: Accomplishing long-term plans to harvest and modify natural resources has been a crucial
skill for the survival of our species since early Prehistory. Research on this first step of production
mostly focuses on the provenience study of lithic artifacts uncovered at archaeological sites, using
petrographic and geochemical analyses to correlate the artifacts with potential geological outcrops.
Although fundamental for understanding key aspects of landscape use and mobility, regional raw
material economy, and extraction technology, Palaeolithic raw material sources have been less
intensively investigated, as they are often difficult to locate and challenging to tackle with traditional
archaeological approaches. Lojanik in the Central Balkans is one of the largest Prehistoric quarrying
areas known in Europe, showing numerous lithic raw material outcrops exploited from the Middle
Palaeolithic to the Chalcolithic periods, over an area of 18 hectares. In this paper, we present the
results from our renewed research program in this region. Combining airborne LIDAR mapping,
geomorphological and archaeological survey, and techno-typological analysis of lithic artifacts, we
were able to reconstruct the geomorphological evolution of the landscape and its use by prehistoric
societies.

Keywords: archaeological survey; LiDAR; geomorphology; lithic analysis; Middle Palaeolithic;
Upper Palaeolithic; Serbia

1. Introduction

The capacity of humans to exploit natural resources has been crucial for their survival
throughout history. It illustrates their cognitive capacity for long-term planning, selection,
predetermination, and resource management. To understand Prehistoric societies, it is
important to study the way they acquire and manage their raw materials, especially the
lithic component, which represents an important part of the remains recovered from
this period.

The study of lithic raw material procurement in Europe is usually focused on petrogra-
phy in order to identify the type of raw material and possible outcrops. Palaeolithic mines
and quarries have seldom been extensively studied for themselves, especially for Lower (ca.
3.3 million years ago–300,000 years ago) and Middle Palaeolithic (ca. 300,000–30,000 years
ago). However, they are important assets when trying to understand regional economic
systems, as they allow us to study landscape use and mobility, raw material economy, and
lithic technology.

Being a corridor for human migrations [1–9], the Balkan peninsula presents a per-
fect area for the study of the evolution of human interaction with their environment, as
we should expect ancient societies to gravitate around and exploit areas rich in lithic raw
material—an invaluable resource during prehistoric times. Zones of raw material extraction
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show evidence of a long-standing relationship between humans and their landscape, and
how it changes with different human species or cultural groups. Despite this advantageous
position, the archaeological record of this region is not as rich in Palaeolithic sites as one
could expect, and the region is often absent from general interpretations. Neanderthal
occupation patterns are difficult to theorise due to uneven research, and our understanding
of their typo-technological solutions remains limited [10]. A surprising characteristic of
the Balkans is the rarity of Middle Palaeolithic elements that can be linked to the Levallois
concept of reduction (as defined by [11–13]), which is the most widespread reduction
system for this period in Europe and the Near East [14]. Although rare and poorly dated
Levallois artefacts have been identified in some sites, most Middle Palaeolithic assemblages
in the Balkans are characterised by a more expedient, Discoid-based industry throughout
the Danube corridor, as well as Micromousterian and Denticulate Mousterian along coastal
areas [15]. These variations are still difficult to explain due to the lack of absolute dates and
the fact that vast areas of the Balkan peninsula remain under investigated. In Serbia espe-
cially, research was mostly concentrated on cave sites of intermediate mountain landscapes,
while it is probable that Palaeolithic populations occupied more densely the valleys and
basins.

The Lojanik complex is an open-air locality of west-central Serbia on the right bank
of the Ibar river, 200 km south of Belgrade (Figure 1), where numerous lithic raw material
outcrops have been identified over an area of twelve hectares [16,17]. The outcrops were
exploited during later Prehistory (Neolithic and Chalcolithic, which date in the region
from ca. 6500 to 1000 years BC), but some artefacts showed Middle Palaeolithic traits. The
recent discovery of clear Levallois elements (cores and preferential products) in some of
the different sites of Lojanik confirms that the site was exploited as early as the Middle
Palaeolithic era [17]. As we mentioned previously, this Levallois component is a very rare
occurrence in the central Balkans, making Lojanik a key raw material industrial complex
for the comprehension of raw material extraction strategies and their evolution from the
Middle Palaeolithic to Chalcolithic.

Figure 1. Cont.
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Figure 1. Study region: (a) Geomorphological map displaying the main Geological Units (GU)
mapped during our survey, based on the LiDAR data. (b) Detail from the Kremenjak Valley showing
Lojanik 2 (L2), our Lithic Find Spots (LFS) from Lojanik 3 (L3), and the Electrical Resistivity Tomogra-
phies (ERT) displayed in Figure “ERT1”. (c) Detail from the Lojanik 1 Valley displaying Lojanik 1
(L1), our Geotrench, and the ERT data exhibited in Figure “ERT2”. A–A′ topographic section across
the two valleys, location in detail (a).

In this article, we present the results of our 2022 field study, which encompass different
field and laboratory methodologies, designed to provide an understanding of prehistoric
human behaviour on a regional, micro-regional, and local scale.

2. Materials and Methods

2.1. Study Area

The Lojanik complex is an open-air locality that encompasses hills and valleys, which
developed along faults [18] and drain into the Ibar River—an important axis of communi-
cation from Prehistory to today, crossing south to north from Montenegro until the West
Morava River. Prehistoric societies have been documented in the region, which is regarded
as part of important migratory routes for Prehistoric humans [16,19,20].

The geological history of Lojanik is unique, as it was formed by the silicification of
an ancient forest by a cataclysmic event during the Miocene [21]. The petrified wood
created by these processes has been exploited since prehistorical times until today as
sharpening material for knives and agricultural tools, such as scythes [16]. This opalised
wood was also a good quality knapping material, and its use by prehistoric humans
has been attested in the nearby late-Neolithic site of Divlje Polje, leading to surveys of
the Lojanik complex to understand the origin of the material [22,23]. In the frame of
research about the Neolithic and Mesolithic occupations of the West Morava Valley, it was
demonstrated that Lojanik opal was found in other localities in the surroundings, such as
the Early Neolithic settlement of Crkvine, shedding new light onto the interpretation of
Neolithic mobility and territories in the region [24]. From 2016 to 2021, Lojanik has been
systematically surveyed to understand the raw material exploitation techniques from the
Palaeolithic until today [24]. The first area to be surveyed, Lojanik 1, is located on the west
flank of a seasonal unnamed stream—that we call “Lojanik 1 stream” (Figure 1)—and is
characterised by surface scatters of artefacts which have been surveyed and 3D scanned
to understand their organization [25]. From 2017, another locus has been surveyed on the
west slope of the Kremenjak Valley (fig.), Lojanik 2, which was tested with three trenches
(A, B and C). Recent research has demonstrated that a division of the space had been
implemented in some localities, with distinct extraction, workshop, and discard zones [25].
In 2017, the discovery of a Levallois recurrent centripetal core opened new perspectives of
interpretation and demonstrated the significance of the Lojanik complex, since Levallois
elements are very scarce in the Central Balkans Palaeolithic record [17]. Our 2022 field
study was organised to better understand the status of this Levallois component and the
earliest Palaeolithic occupations of the site.

2.2. Methods

To locate new archaeological occurrences and establish a correlation between surface
finds and geomorphological processes, we combined remote sensing, geomorphological
and archaeological surveys, geophysical prospections, as well as geological excavations.

An airborne Light Detection And Ranging (LiDAR) survey [26] was performed on
the study region to penetrate the dense forest coverage and obtain high resolution (0.25 m)
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topographic data of the ground surface. The use of airborne LiDAR has already been
attested in numerous sites to define architectural features of later time periods, e.g., [27–29],
but its use in the study of prehistoric landscapes is yet to be developed. The data obtained
has helped us to produce a targeted pedestrian survey, aimed at reconstructing the geologi-
cal and depositional environment of the area, as well as defining archaeological features
present here.

The LiDAR results were analysed with the software SAGA (SAGA User Group As-
sociation, Hamburg, Germany) and QGIS (QGIS.org, %Y. QGIS Geographic Information
System. QGIS Association. http://www.qgis.org (accessed on 10 November 2022)) to
produce topographic [30], slope/aspect [31–35], and hillshading maps [36], as well as
topographic cross-sections of selected features (QGIS Profile Tool). These maps and cross-
sections enabled us to locate key, potential landforms, such as breaks-in-slope, gullies,
bedrock outcrops, and pits. We expected that these features had high potential to yield
archaeological material and could be used to explore the relation between archaeological
occurrences and different geomorphological processes. For instance, breaks-in-slope might
correspond to bedrock or river terraces and, thus, might preserve intact archaeological
deposits (e.g., [37,38]). Gullies’ margins provide natural sediment exposure, which can
be surveyed to investigate the occurrence of buried archaeology-bearing deposits in the
landscape (e.g., [39,40]). Opal outcrops were likely exploited by the Prehistoric people of
Lojanik for quarrying [16,25]. Additionally, bedrock outcrops have been commonly used as
shelters by Prehistoric humans (e.g., [41,42]), thus locating them was an important step of
our study. Lastly, the excavation of pits to extract raw materials has been a well-established
practice since at least the Neolithic period [43–46], probably also at Lojanik [16]. Therefore,
identifying human-made pits was important to document phases of landscape use and raw
material extraction in our study area.

We focused our fieldwork on two areas that appeared more promising from an archae-
ological point of view, located in the vicinity of the previously surveyed sites of Lojanik
1 and Lojanik 2 (Figure 1). With targeted surveys, we located in the field the potential
landforms detected by LiDAR, we cleared the vegetation that was covering them and
documented them with photos and occasionally with photogrammetry (using the software
Metashape). Within each sediment exposure, we distinguished separate geological layers
(GL) based on lithological properties. These included depth, transition to the next lower
sediment [47], and amount of coarse (>2 mm) and fine fraction (<2 mm [48]). For the
coarse fraction, we described colour, composition, frequency [48], size (ISO 14688-1:2002
standard), shape [49], roundness [50], sorting [51], and orientation. For the fine fraction we
reported Munsell colour and texture, which was estimated in the field “by feel”, following
the protocol published by Vos et al. [52]. For simplicity, when presenting the result of our
surface mapping, we grouped the GLs identified in the field into facies, named geological
units (GU).

To gain insights about their underground geometry, depth to bedrock, and lithology,
we surveyed with geophysical methods a representative group of landforms, such as
breaks-in-slope, potential rock outcrops, and potential man-made pits. Electrical Resistivity
Tomography (ERT) is a non-invasive geophysical method employed to reconstruct the
lithological properties of the subsurface by measuring and modelling its electrical resistivity
(e.g., [53,54]). Previous studies have demonstrated the ability of ERT methods to map the
bedrock topography (e.g., [55,56]), detect human-made pits and ditches (e.g., [57,58]), as
well as provide insights on the landscape evolution of river valleys (e.g., [59,60]). In the
field, we collected 14, 2D, freely oriented ERT profiles using a Lippmann 4-point light
10 W resistivity meter connected to a chain of 20 electrodes, which we inserted in the
ground along straight lines. ERT data were acquired with electrode spacing of 1 m along
the transects ERT-2, 3, 7, and 11, while an electrode spacing of 2 m was used along the
remaining survey lines from ERT-1 to ERT-14. ERT-9, which covers a length of 55 m, was
acquired following a roll-along protocol. All ERT data were acquired using Dipole–Dipole,
Wenner, and Schlumberger arrays. All measurements were evaluated as both separate and
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joint inversions [61] with the software ResIPy [62]. In this paper we present the results of
the jointed inversion, as these have higher data sensitivity.

Due to restrictions in our fieldwork permit, excavation was limited exclusively to the
re-opening of one of the many, partly refilled pits, that we identified downslope from the
site of Lojanik 1. A small (1 × 0.5 m) geological trench was dug to re-open half of this
pit down to its bottom, this allowed us to corroborate our interpretation of the ERT data
and investigate formation and geomorphological context of this man-made feature. Its
infilling was removed, respecting the morphology of sedimentary contacts, and retrieving
all identified archaeological materials. The GLs we distinguished in the field were described
following the same protocol used for the natural sediment exposures (see above).

Key geomorphological features were also surveyed for archaeological materials. The
LiDAR data allowed us to select places of interest where artefacts could be more visible
such as breaks-in-slope or bedrock outcrops. We also closely monitored places where the
sediment could have unearthed artefacts by recent movement, such as around tree roots
or sediment exposed by either erosion or recent human modifications of the landscape,
e.g., roads and hiking trails. When a locus was identified, we intensively surveyed its
surroundings. We did not collect the artefacts, but set up a data recording strategy based
mainly on the three-dimensional modelling of the diagnostic artefacts directly in the field
by structure-from-motion methods using a portable field setup and the software Metashape.
The coordinates of each locus were recorded with a Differential GPS (DGPS), with the
ReachView 3 survey app.

Three types of loci were distinguished:

- Isolated artefacts;
- Findspots, which are clusters of artefacts scattered on less than 1 square meter;
- Find areas, which are larger scatters, and can include different findspots.

We collected typo-technological data with the E5 program developed by OldStoneAge.
We took a peculiar interest in diagnostic artefacts, such as cores or predetermined flakes,
that would allow us to precisely attribute the artefact to a specific technocomplex, as this
study does not aim to be exhaustive but to draw a first picture of the history of the human
occupations in Lojanik.

3. Results

3.1. Geoarchaeological Results

a Geomorphological mapping

From a geomorphological point of view, the Kremenjak Valley, where Lojanik 2 is
located, and the unnamed valley where Lojanik 1 is situated (from here on “Lojanik 1
Valley”) appear dissimilar. The first valley is narrow (“V” shaped), exhibits steep flanks
(up to 40–70◦), and shows frequent active and relict erosional features, such as gullies and
scarps, likely resulting from the formation of debris flows [63]. The lack of run-out lobes
downslope from the scarps indicates that the Kremenjak, while dry in spring and summer,
has enough water discharge in fall and winter to remove sediments and possibly even
carve the bedrock outcropping from its riverbed. On the other hand, the Lojanik 1 Valley
is more open (“U” shaped), is completely dry in spring/summer, and has a shallower
bottom (15 m above the Kremenjak stream). This valley also exhibits gentler flanks (up
to 20–55◦) and rare geogenic erosional landforms. Up to 30 m downslope and 80 m north
from the archaeological area Lojanik 1, the western flank of the Lojanik 1 Valley is carved
by numerous, subcircular, human-made pits. The size of these features changes along the
hillside, with the smaller ones (ca. 3 m in diameter, 40 cm in depth) located in the upper
part of the slope and the larger ones (ca. 6 m in diameter, 1.5 m in depth) situated at the
valley bottom.

The two valleys appear also different from a sedimentological point of view. GU
A (Figure 2a) is the sole lithological unit we documented in both valleys, covering the
western hilltop above the Kremenjak and most of the flanks of the Lojanik 1, including the
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majority of the archaeological area Lojanik 1. This unit is made from frequent, triaxial to
equiaxial, subangular to subrounded fossilised wood, serpentinised peridotites, and very
rare opal embedded in yellowish brown (10 YR 5/3–5/6) to light olive brown silty clay
(2.5 Y 5/3–5/6). This sediment appears from moderately compacted to loose, depending on
the density of the vegetation cover. Aside from GU A, the Lojanik 1 Valley is mostly entirely
filled with common, fine to medium, triaxial to equiaxial, subangular to subrounded,
serpentinised peridotites embedded in poorly compact silty clay, which range in colour
from very dark greyish brown (10YR 3/2) to strong brown (7.5 YR 4/3–4/6; Unit B;
Figure 2b). This deposit appears laterally eroded and redeposited by the stream. Most
of the sediments we observed along the slopes of the Kremenjak Valley correspond to
common, fine to medium, fresh to highly weathered, subangular to subrounded fragments
of peridotites, fossilised wood, and opal. These gravel-sized components are buried in
moderately compact clay-rich matrixes, which show reddish brown (5 YR 4/3–4/4) to
yellowish brown (5 YR 4/6) colours (GU C; Figure 2c). Most of the archaeological area of
Lojanik 2 and Lojanik 3 (LFS1, LFS2, LFS3) falls within this lithological unit. Sediments
with high clay content and moderate sorting similar to those we documented in GU C
might have been accumulated by water-driven sedimentary processes. These could be
related to fluvial or colluvial processes. The first hypothesis appears to be supported by
the occurrence of breaks-in-slope of possible fluvial origin in the areas of Lojanik 2 and
Lojanik 3. On the other hand, the hypothesis that at least part of GU C was accumulated by
colluvial mud flows [64,65] cannot be ruled out based on our lithological data. The lower
slopes of the Kremenjak Valley are covered with loose sediments, made from frequent,
subangular, triaxial bedrock fragments embedded in very rare, dark yellowish brown to
dark brown (10 YR 4/4–7.5 YR 3/3) silty sand to silty clay (GU D). Active gullies carving
into both GU C and GU D are common, as well as opal-rich peridotite outcrops. Through
surface mapping we were unable to verify whether all these outcrops corresponded to
bedrock or boulders that fell from a large bedrock outcrop located upslope from the area
Lojanik 3 (Figure 2f). Slope instability is clearly higher along the eastern flank of the valley,
where we observed very loose, dry, locally de-vegetated, yellowish brown to light olive
brown (10 YR 5/6–2.5 Y 5/4) scree deposits (GU E; Figure 2d). The higher immaturity of
these sediments in comparison with those accumulated along the opposite valley flank
(GU C) suggests that these scree deposits might have formed more recently, possibly as
result of the extensive modern logging and quarrying activity conducted along this slope.
Alternatively, this stark difference in lithology might reflect different moisture availability
along the two slopes. Aside from a localised fluvial deposit composed of well-rounded,
triaxial to oblate, polished, fine to medium gravel of limestone and sandstone embedded
in a red clay (2.5 YR 4/6; GU F; Figure 2e), most of the ridge separating the Kremenjak
and Lojanik 1 valleys exhibits outcropping bedrock. This is only locally covered with
compact, possibly authigenic, clay (GL G), which appears light olive brown (2.5 Y 5/3) to
light yellowish brown in colour (2.5 Y 6/3).

Figure 2. Cont.
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Figure 2. Geological units detailed in the text: (a) Unit A, in the Lojanik 1 area; (b) Unit B, at the
Lojanik 1 Valley bottom, with an example of stream lateral erosion; (c) Unit C, in the Lojanik 3 area,
close to LFS1; (d) Unit E, on the eastern slope of the Kremenjak Valley; (e) Unit F; (f) Bedrock outcrop,
between Lojanik 2 and 3.

b. Tri Stene Rockshelter

Some 40 m North from the archaeological area Lojanik 2, within the larger GU D, we
identified a 2 m high exposure which was likely uncovered by the Kremenjak River through
lateral erosion (Figure 3). This sequence, sheltered by opal-rich peridotite rocks, stood out
from other sedimentary exposures we observed throughout our survey, as it appeared
stratified and contained stone tools. The top of this sequence is made from frequent,
subangular to subrounded, triaxial, fine to medium gravel of peridotite and opal (including
lithic artifacts) embedded in a loose, extensively bioturbated silty sand. Based on the fine
fraction colour, we could distinguish three separate sediments within this larger deposit: a
central dark yellowish-brown unit (10 YR 4/4; GL 1001) sandwiched between an upper
and lower dark brown layer (7.5 YR 3/3; GL 1000 and GL 1002). These sediments appeared
to be the downslope continuation of colluvial lobes descending from the higher portion of
the hillside. Below them, underneath a sharp contact, we distinguished rare subrounded
peridotite gravel with rare lithic artifacts made from opal, embedded in a compact, strong to
dark brown clayey silt (7.5 YR 4/6–3/3; GL 1003). This layer covered (from top to bottom):
a very loose brown clayey silt (7.5 YR 4/4; GL 1004) poor in archaeological finds; a compact
brown to strong brown (7.5 YR 4/3–5/6) silty clay, with common subangular peridotite
and rare lithics (GL 1005); and common, weathered gravel and stone tools embedded in
(10 YR 3/3) silty clay (GL 1006). Modern bioturbation appeared intensive in this lowermost
layer, likely because of the higher moisture content caused by the water stand oscillations
of the Kremenjak River. We plan to determine the chronology of the sequence through
luminescence dating. Samples for these analyses have already been collected from layers
GL 1005 and GL 1006.

Figure 3. Cont.
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Figure 3. Stratigraphic data: (a) Tri Stene Rockshelter during luminescence sampling, analysis
underway; (b) Schematic drawing of the lithological units and location of key archaeological materials
identified at Tri Stene Rockshelter; (c) Schematic cross-section drawing from Geo-trench 1.

c. Electrical resistivity tomography

To gain insights into the nature of features detected during our geomorphological
mapping (such as breaks-in-slope and potential bedrock outcrops) and collect preliminary
data about the formation of Kremenjak and Lojanik 1 valleys, we acquired ERT data along
freely oriented lines. Across the western flank of the Kremenjak Valley, we detected a
laterally continuous, stratified sequence (Figure 4). From top to bottom, we identified a
potential lithological unit exhibiting resistivity between 1.8 and 3 log10 Ωm (ERT-A). This
body outcrops at the ground surface and reaches a maximum depth of 3 m. Considering
electrical properties [66,67] and location across the slope, ERT-A likely corresponds to the
numerous opal rich peridotite rocks we observed during our geomorphological mapping
in the archaeological areas Lojanik 2 and 3. Our ERT data demonstrate that these rocks are
not bedrock outcrops but rather loose boulders, which likely accumulated during rockfalls.
Underneath ERT-A, we documented a resistive unit (1.4 to 1.8 Ωm; ERT-C) sandwiched
in between two conductive layers (0.7 to 1.1 Ωm; ERT-B and ERT-D). Based on published
reference data [60,68–71], we interpret these potential lithological bodies as boulder/gravel-
and clay-rich sediments, respectively. The geometry of these deposits appears to be better
resolved in the 1 m spaced tomographies. In particular, in ERT-3, these sediments appear
sub-horizontal and truncated by an erosional surface, which was subsequently buried by
ERT-A. This suggests that ERT-B, ERT-C and ERT-D might correspond to incised and locally
reworked river terraces [59,60,72]. This part of the sequence has a maximum thickness
of 10–15 m and rests on top of a unit that exhibits resistivity between 1.5 and 1.8 Ωm
(ERT-E). Considering its electrical properties [60,68–71] and its position in the landscape,
we hypothesise that ERT-E corresponds to the bedrock that we observed outcropping at
the rockshelter and at the valley bottom. Remarkably, ERT-E appears to delimit a laterally
continuous depression, which is elongated in the north–south direction and located some
20 to 40 m west from the present course of the Kremenjak. Considering the estimated depth
of this feature, it is likely that, prior to the accumulation of ERT-D, the Kremenjak River
carved the valley floor either down to or deeper than the current valley bottom.
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Figure 4. Electrical Resistivity Tomography (ERT) results from the Kremenjak Valley: (a) profile
ERT-3; (b) ERT-1; (c) ERT-8; (d) ERT-9. All the subpanels display jointed inversions of resistivity
measurements acquired with Dipole–Dipole, Wenner, and Schlumberger arrays. The location of these
profiles is displayed in Figure 1b.

The potential lithological units we detected along and downslope from the Lojanik 1
area are generally more conductive and less laterally continuous than those identified in the
Kremenjak Valley (Figure 5). From top to bottom, we distinguished an uppermost potential
lithological body, which outcrops at the ground surface and reaches a maximum depth of
4 m (ERT-F). Based on its resistivity (1.2 to 1.5 Ωm), ERT-F probably corresponds to gravels
and boulders deposited along the slope by rockfalls and colluvial processes [60,73,74].
This unit is often laterally discontinuous and alternates with pockets of highly conductive
sediments (<1 Ωm; ERT-G), which likely correspond to clay-rich deposits. These features
are usually localised within or in proximity of the many man-made pits situated along

207



Land 2022, 11, 2292

the slope. Underneath ERT-F and ERT-G, we detected moderately conductive materials
(0.7–0.9 Ωm), comparable with silty clay deposits [60,68–70], on top of a more resistive
(1–1.2 Ωm) and laterally discontinuous unit (ERT-I), which might have been shaped by
river processes.

Figure 5. Electrical Resistivity Tomography (ERT) profile ERT-12 from the Lojanik 1 Valley, for the
precise location of this transept see Figure 1c. The image displays the jointed inversion of resistivity
measurements acquired with dipole–dipole, Wenner, and Schlumberger arrays.

d. Geo-trench 1

In Geo-trench 1, we exposed a 40 cm deep sequence which enabled us to partly
re-open one of the numerous pits we identified downslope from the Lojanik 1 area and
confirm the interpretation of the ERT we acquired along this slope. During excavation, we
distinguished, from top to bottom, an uppermost infilling (GL 2000) made from frequent,
subangular to subrounded, triaxial to equiaxial, fine to medium gravel-sized fragments of
peridotites and fossilised wood, as well as common lithic artifacts made from opal, which
are all embedded in a greyish brown to dark brown (10 YR 5/2–3/2) clayey silt (Figure 3c).
Composition, lack of sorting, and geometry (5 cm thick upslope and 25 cm thick downslope)
revealed that this sediment likely originated from the erosion of the surface sediments
and archaeological materials documented uphill, corresponding to the archaeological area
Lojanik 1. High compaction, subangular aggregation, and high frequency of roots suggest
that this deposit was overprinted by the development of a modern A horizon. Below GL
2000, localised on the upslope areas of the geo-trench, we unearthed a mostly sterile, loose,
light yellowish brown to brownish yellow (10 YR 6/6–6/4) sandy silt, in which only rare
subrounded, equiaxial, fine gravel-sized fragments of peridotites and fossilised wood are
buried (GL 2001). As discussed for GL 2000, the location and geometry of this deposit
suggest that it probably corresponds to a colluvial sediment. Separated by a sharp contact
from the above GL 2001, GL 2003 is composed of common, subangular to subrounded,
triaxial, fine and medium gravel fragments buried in a dark brown to dark yellowish
brown (10 YR 3/3–3/4) silty clay. Only rare potential lithic artifacts were observed in this
deposit. Underneath GL 2003, we detected two sediments (GL 2002 covering GL 2004) that
appeared laterally continuous across our excavation area and thus might correspond to
the original bottom of the pit. Given the limited size of our trench and the much wider
diameter of the pits situated at the bottom of the valley, however, we cannot exclude that
these as well as the above sediments are the infillings of a larger depression. In any case,
while GL 2002 appeared similar to the upper sediments unearthed in the Geo-trench 1,
being made from brown to yellowish brown clayey silt (10 YR 4/3–5/4), GL 2004 showed a
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very different composition. This layer contained common, highly weathered, yellowish
red (5 YR 4/6), brownish yellow (10 YR 6/6), and black (10 YR 2/1) peridotite sand-
sized fragments embedded in a well-sorted, black (2.5/1 2.5 YR) clay. Remarkably, such
deposit is comparable with sediments unearthed in the unpublished trench B situated in the
archaeological area Lojanik 2. This field observation might indicate that, below the surface
sediments, similar deposits accumulated in both the Lojanik 1 and Lojanik 2/3 areas, which
today appear dissimilar due to more intensive (and possibly more recent) aggradation in
the Lojanik 1 valley. This working hypothesis remains to be further tested with additional
excavation and absolute dating of the deposits in both valleys.

3.2. Evidences of Human Activity

Across the zones that were surveyed, we found scatters of lithic material, of which
some could be correlated to the Middle Palaeolithic period, and others to a more recent
prehistoric material (Upper Palaeolithic or Neolithic).

a. Lojanik 1

The area of Lojanik 1 had been already extensively researched by previous field
missions on its higher elevation and at the hilltop [25]. We focused our interest on the
lowest level of the valley, next to the stream, where the LiDAR data allowed us to identify
a series of aligned human-made pits that could be attributed as mining shafts. In order
to understand the stratigraphy of these pits, we dug a small geological trench, which
yielded very few artefacts; the only diagnostic element found in this pit is a large tablet to
rejuvenate a blade core (Figure 6c), which was found in GL 2004, and possibly came from
below the bottom of the pit. This artifact is specific to volumetric blade productions and
mostly associated with the Upper Palaeolithic (ca. 40,000 to 10,000 years ago) or Neolithic
periods, although it can also be present in Middle Palaeolithic technocomplexes. However,
the pit seemed to be much more recent, and could be linked with modern mining activities
for obtaining the petrified wood.

 

Figure 6. Lojanik 1, lithic artefacts: (a) fragment of blade detached with hard hammer; (b) potentially
Levallois laminar blank; (c) core tablet from Geo-trench 1.

A few meters west from the pit, on the middle part of the slope, an important scatter
of lithic artefacts had been identified as a workshop during previous surveys. We could not
confirm the “workshop” interpretation of this scatter, but we identified Levallois products
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or production of laminar blanks with a hard hammer (Figure 6a,b). We also found evidence
of the production of laminar blanks with a soft hammer, also common in Upper Palaeolithic
or more recent Prehistoric assemblages (such as Neolithic or Chalcolithic).

b. Lojanik 2

First documented in 2017, Lojanik 2 is a sloped area on the west bank of the Kremenjak
Valley, which was tested with three archaeological trenches (A, B and C) prior to our
survey. For this reason, we did not extensively survey this zone, and only identified a small
number of artefacts this year, which made us revisit the material uncovered in the previous
campaigns.

The artefacts found at Lojanik 2 display a lithic industry characterised by two major
components: Levallois and laminar. The features of some of the artefacts, such as the
hierarchy of the core faces as well as the organisation of the lateral and distal convexities,
fit entirely within the Levallois concept. Looking at the cores, recurrent centripetal and
centripetal preferential Levallois production seem to be the preferred method of reduction
(Figure 7a), while other methods, such as the unidirectional preferential, seem to only be
hinted at [13]. While the number of this kind of artefacts is not vast, the lack of platform
preparation is noticeable. This is especially visible in one of the pieces documented during
the survey, where the maker decided to keep the natural platform on the core (Figure 7b).

Figure 7. Lojanik 2, Levallois elements: (a) Preferential Levallois core (found in 2022); (b–d) Levallois
flakes (from previous surveys).
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The reduction of laminar elements seems to be coordinated in a uniform fashion, and
the blade core platforms are prepared by faceting, implying they were possibly made by
hard hammer percussion. Other traits that we can recognise are bidirectional production
of thick laminar blanks or elongated flakes, while some of the pieces display a lateral
or posterolateral shaping of the cores (Figure 8a,b and Figure 9c–e). Negatives on the
cores, as well as flake morphology, imply a tendency towards pointed blade production
(Figures 8 and 9a,d,e), but the artefacts are not numerous enough to back this claim without
further research. Apart from the two burin cores, the production of bladelets has not been
recognised (Figure 9b,f).

Figure 8. Lojanik 2, lithic artefacts found in 2022: (a) narrow-faced blade core; (b) blade.

c. Lojanik 3

Lojanik 3 is a find area located on a slope of the Kremenjak valley, north of Lojanik 2.
It was identified as a find area due to the concentration of scatters of artefacts (findspots)
that we encountered, usually organised as small mounds in various elevations of the slope.

LFS1 (Lojanik FindSpot 1) is a locus which forms a small mound, situated on the
edge of a small pedestrian path, next to a boulder. On the findspot we could identify
numerous lithic artefacts, of which a majority were small in size compared to the material
identified in the other loci. Although most of the artefacts are non-diagnostic flakes, some
of them present scars of bladelet production (Figure 10), which occur in Upper Palaeolithic
assemblages.

LFS2 and LFS3 are two scatters of artefacts located lower on the slope. LFS2 material
is dominated by the production of large artefacts, with a tendency to elongation, which
are detached following a direct percussion with a hard hammer (Figure 10). This way of
producing large flat flakes and laminar blanks is widely documented in Middle Palaeolithic
contexts and is correlated to the Levallois reduction concept. In LFS2, we identified a
preform of a volumetric laminar core (Figure 11), which could be associated either with
Middle or Upper Palaeolithic.

The rockshelter exposure described above (“Tri Stene Rockshelter”) is also part of
Lojanik 3, on the southern part of the find area. It has yielded over 70 well-preserved
artefacts. The artefacts are in their great majority obtained through direct percussion with a
hard hammer. Most of the products display scars that are related to a unipolar reduction,
but multipolar, bipolar, and centripetal reduction are also well represented. Nine of these
artefacts show characteristics that fits in the Levallois chaîne opératoire of reduction, such as

211



Land 2022, 11, 2292

a visible organisation of the convexities for the production of predetermined flakes, hard
hammer percussion following a fracture plane parallel to the plane of intersection, and
for one flake a very typical chapeau de gendarme facetted platform (Figure 12b). Elongated
products are highly represented in this locus, with more than 10 blades and laminar blanks.
This corresponds to what we have seen in other loci, such as LFS2 and LFS3, as well as
Lojanik 2.

On the top of the sequence, one artefact displayed unique characteristics compared to
the rest of the rockshelter assemblage. This small flake shows scars of bladelet production
on its distal side and could be described as a carinated endscraper (Figure 12a) which
would be typically found during the Upper Palaeolithic period.

Figure 9. Lojanik 2, lithic artefacts from previous surveys: (a,c,d) blade cores; (b,f) burin cores;
(e) laminar flake.
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Figure 10. Lojanik 3, lithic artefacts: (a) bladelet core from LFS1; (b,c) fragmented large laminar
blanks from LFS2.

Figure 11. Lojanik 3, preform of blade core from LFS2.
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Figure 12. Lojanik 3, lithic artefacts from the Tri Stene Rockshelter: (a) carinated endscraper;
(b) Levallois flake with facetted platform; (c) laminar blank.

4. Discussion

The results from the 2022 survey at Lojanik are quite promising for the study of
prehistoric occupation in the central Balkans. This study has its limitations, as most of the
material comes from the ground surface of a region that has been affected by intensive
human modifications, such as modern quarrying and forestry, and the landscape is scarred
by erosional landforms (e.g., gullies and scarps). Despite these constraints, we were able to
formulate hypotheses about the geomorphological evolution of this landscape and its use
by prehistoric societies.

4.1. Phases of Landscape Evolution

Here, we summarise the key phases of landscape evolution we hypothesised based on
the geoarchaeological data presented in this paper.

a. The Kremenjak Valley

i. Bedrock incision (Mio-Pleistocene?)

Our ERT data suggest that the bedrock at the bottom of the Kremenjak Valley was
carved by river erosion nearly down to the elevation of the current riverbed (see depres-
sion on top of ERT-E in Figure 4). Based on the chronology of river terraces in the Ibar
Valley [18,75], this deepening of the base level of the Kremenjak River possibly occurred
between the end of the Miocene and the early Pleistocene and might have been triggered
by tectonic activity [18].
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ii. Aggradation, formation of river terraces, and accumulation of Palaeolithic stone tools (Pleis-
tocene)

The bedrock incision was filled with sub-horizontal and alternating fine and coarse
sediments (ERT-B to ERT-D in Figure 4), which were subsequently truncated and partly
moved downslope by erosional processes. The geometry and elevation of one of these
beds (ERT-C, 20 m above today valley bottom in Figure 4a) are compatible with a terrace of
the Ibar River in the area of Mataruška spa, which was dated to the Pleistocene [75]. The
materials unearthed in the unpublished Trench B of Lojanik 2 as well as the lithic artifacts
collected during our survey in this archaeological locality and in the areas of Lojanik
3 probably come from this river terrace, or from deposits formed after its erosion and
reworking. Therefore, it is possible that foragers producing Middle and Upper Palaeolithic
stone tools exploited this landform. This hypothesis remains to be further tested with
detailed archaeological, geoarchaeological, and geochronological analyses of Trench B, as
well as coring and excavations in Lojanik 3.

iii. River valley incision, slope erosion, rockfall, and river lateral erosion (late Pleistocene to modern)

As mentioned above, the potential river terrace that formed in the area of Lojanik
2 and 3 was subsequently truncated during at least two separate erosional phases. The
first was followed by rockfall(s), during which gravel-sized up to boulder-sized opal-rich
peridotite rocks were deposited along the slope (corresponding to ERT-A in Figure 4), while
the second is still ongoing and led to the configuration of today’s slope topography. The
shift from slope aggradation to erosion was probably triggered by a phase of river valley
incision. Causes and timing of these processes remain to be investigated. Slope erosion also
led to the accumulation of the upper sediments we observed at the rockshelter (GL 1000 to
GL 1004), while we cannot exclude that the lower part of the sequence (GL 1005 and 1006)
was accumulated during the previous phase of landscape evolution.

Our geomorphological mapping revealed that today the slopes of the Kremenjak
Valley are actively eroded by gullying and debris flows, which are more active on the
eastern valley flank likely due to more intensive human activity. On the other hand, at
the valley bottom, lateral erosion is probably more intensive than incision, leading to the
formation of natural exposures, such as the one visible at the rockshelter.

b. The Lojanik 1 Valley

i. Bedrock Incision (Mio-Pleistocene?)

Our ERT data seem to indicate the occurrence of a bedrock depression at the bottom
of the Lojanik 1 Valley (top of ERT-I in Figure 5). This landform is some 20 m higher in
elevation than the one we observed at the bottom of the Kremenjak Valley (top of ERT-E
inFigure 4) and up to 6 m higher than the potential river terrace ERT-C (Figure 4a). This
difference in elevation might indicate that the lowermost incision of the Lojanik 1 Valley
did not form during the genesis of either landform of the Kremenjak Valley, or, alternatively,
that river landforms across this region were vertically displaced due to tectonic activity.
Geochronological research is necessary to clarify this point.

ii. River valley aggradation and accumulation of Palaeolithic stone tools (Pleistocene)?

Lithological and archaeological data from the bottom of our Geo-trench 1 (GL 2004)
seem to indicate that the depression carved in ERT-I was filled with sediments and archae-
ological materials similar to those reported from the unpublished Trench B in Lojanik 2,
which intercepted deposits corresponding to ERT-B/D (Figure 4). Therefore, it is possible
that hunter-gatherers producing Middle and Upper Palaeolithic stone tools visited Lojanik
1, 2, and 3 when these exhibited similar environments (possibly low energy river terraces).
This hypothesis remains to be tested with further research.

iii. Slope erosion followed by rockfall, and further accumulation of stone tools (late Pleistocene to
Holocene?)
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Based on our ERT data, the archaeology bearing clay-rich deposits accumulated in
the Lojanik 1 area were eroded and covered with highly resistive sediments (ERT-F in
Figure 5). For the most part, these correspond to gravel-rich sediments that outcrop at the
ground surface and exhibit Middle or early Upper Palaeolithic stone tools. Colluviation
and human visit to the (upper areas) of the slope might have lasted until the Late Neolithic,
as suggested by previous lithic studies [25].

iv. Human-made pitting triggering slope erosion and further river valley aggradation (Holocene to
modern times)

These coarse deposits were partly excavated in historical to modern times during
quarrying activity searching for sediments and bedrock formations rich in silicified wood
(reconstruction based on interview with Mr. Dragotinović, who was a worker during these
activities until the 1980s). Such intensive destruction of the landscape destabilised the
slopes, locally triggering debris flows and causing the erosion of archaeological materials.
This process, in combination with the mostly dry stream at the foot of the slope, led to the
(ongoing) infilling of the valley.

4.2. Phases of Human Occupation

The results of the survey, as well as the lithic analysis, have demonstrated three
possible chronological chapters of human occupation at Lojanik, while other periods did
not yield as many pieces of evidence, occurring only occasionally. The earliest evidence of
occupation can be correlated to the Middle Palaeolithic, perceived from the abundance of
Levallois-like artefacts on the surface of at least two of the defined areas—Lojanik 2 and
Lojanik 3. These two areas also yielded a few significant Upper Palaeolithic artefacts, such
as bladelet cores, but these are unfortunately not diagnostic and not numerous enough
to be able to correlate them with a specific Upper Palaeolithic tradition. Finally, the third
chapter of human exploitation is illustrated by the modern mining, visible in the possible
mining shafts in Lojanik 1 Valley, as well as quarrying on the eastern slope of the Kremenjak
Valley.

a. Lojanik 1

Previous studies on the Lojanik 1 valley have indicated that the site was exploited
following a planned organization, with a division of activities between zones of acquisi-
tion of raw material, upslope, workshop areas, downslope, and discard zones [25]. The
chronological range is very wide, from the Middle or early Upper Palaeolithic to the late
Neolithic. The artefacts that can be linked to the earliest occupation seem to be located
downslope, around the workshop zone (Figure 1), while Neolithic artefacts have been
identified upslope and on top of the hill.

b. Lojanik 2

In Lojanik 2, the discovery of Levallois cores and artefacts during previous studies
has indicated that this area was occupied since the Middle Palaeolithic era [17]. However,
artefacts identified in 2022, such as a bidirectional narrow-faced blade core (Figure 8), in
combination with previously unearthed material from past studies, such as burins and
bidirectional blade cores (Figure 9), caused us to question this attribution. Indeed, they
are presenting the defining features of Initial Upper Palaeolithic [76–78]: bidirectional pro-
duction of laminar elements and platforms prepared by faceting, as well as the production
of burin cores, by direct percussion with a hard hammer. This notion could actually be
strengthened by the presence of Levallois artefacts, which is considered another defining
feature of this phenomenon. For this reason, the provenience of Levallois artefacts found
on the surface cannot be decided with certainty, as it is considered common for both Middle
Palaeolithic and the Initial Upper Palaeolithic. The context of the finds greatly limits our
ability to attribute these artefacts to a specific time period with certainty, as it is currently
impossible to discriminate between two possible interpretations of occupation for Lojanik 2:
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- Either a first Middle Palaeolithic occupation, when the Levallois elements were aban-
doned at the site, followed by an Initial Upper Palaeolithic occupation, characterised
by burins and blade cores.

- Or, only an Initial Upper Palaeolithic occupation, with the combination of Levallois,
blade cores and burins.

c. Lojanik 3

In Lojanik 3, the assemblage is dominated by Levallois elements, with a tendency
towards elongation. No typical Initial Upper Palaeolithic artefact has been identified
during this preliminary study, but some elements indicated the presence of at least one
Upper Palaeolithic occupation (e.g., Figures 10 and 12). We can note that LFS1, upslope,
yielded typical Upper Paleolithic artefacts (e.g., Figure 10) and small-scale artefacts, while
LFS 2 and 3, downslope, yielded large artefacts that can be linked with Levallois and
hard hammer volumetric blade reduction. This could be due to modern modifications of
the slope, pulling the larger artefacts downslope towards the Kremenjak River, or could
illustrate a chronological sequence, with a first occupation downslope during the Middle
Palaeolithic, when the valley was lower, then a period of sedimentation, and then a later,
Upper Palaeolithic occupation on top of the new deposits.

In the Tri Stene Rockshelter, the upper layers, GL 1000 to GL1002, did not yield
noticeable archaeological material, and are probably colluvial lobes that stretch across the
lower part of the slope, as mentioned earlier. GL 1003 and downwards seem to be less
disturbed, and show an alternation of archaeological and sterile layers, which could indicate
an intact sequence. The artefacts positions could also confirm this, with the presence of
the more recent artefact, the bladelet core, on the top of the archaeological sequence, while
the Levallois elements are more concentrated at the bottom of the exposure. If this is the
case, it would mean that the valley was already carved down to the bedrock while the first
Levallois-making groups occupied the area.

Thus, the Lojanik 3 assemblage as a whole seems to indicate at least two periods of
occupation:

- First, Levallois-making hunter-gatherers occupied the valley near the stream, probably
taking advantage from the exposed bedrock to easily exploit the raw material;

- Then, Upper Palaeolithic groups came to occupy the site; at this time the bedrock
would not be as exposed and thus not as easily accessible. However, they could have
exploited bedrock outcrops that are located higher on the slope, such as the one we
identified during our survey (Figure 2f), or boulders that have been detached from
the same outcrop and rolled down the slope.

d. Techno-typological summary of the Kremenjak Valley assemblages

Lojanik 2 and Lojanik 3 show a similar pattern of techno-typological features observed
on the artefacts. Both of them have a high proportion of both Levallois artefacts and laminar
production. Due to the nature of the context of these artefacts as well as their uniqueness
on the regional level, their chronological and cultural interpretation is limited. However,
due to the presence of some very diagnostic elements, we can make strong assumptions
about their cultural attribution. While these assumptions could potentially be of great
significance, we should remain conservative on our interpretation. Having this in mind,
the presence of Levallois or Levallois-like elements is unambiguous, making Lojanik a clear
outlier in the Central Balkans at this point. The nature of the laminar production is less
obvious since its ambiguity presents a challenge for interpretation.

4.3. Landscape Use in the Kremenjak Valley

The information gathered from Lojanik 2 and 3 indicate a repeated occupation in
the Kremenjak area, possibly with different human species returning to the site over a
long period of time. The lack of evidence for other periods could be a product of active
geological processes as well as different behaviours concerning raw material economy
during later prehistory. Each side of the valley of Kremenjak seems to show a different
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depositional environment, which is in corelation with the distribution of artefacts. The
eastern slope (Figure 1, GU E) displays a greater instability and artefacts are only seldom
found in this area. The western slope, on the other hand, presents a more stable depositional
environment, and even with the recent human activities, erosion, and reworking, shows a
much better preservation of artefacts.

The major difference between Lojanik 2 and Lojanik 3 is seen in the context of the
finds. Lojanik 3 seems to have suffered recent modifications due to the levelling of terrain
and clearing of smaller forest paths, which have in fact made the artefacts more visible.
While we recognise that a lot of them are in a secondary context, the artefacts do not seem
to be displaced over great distances, as the piles created by these activities do not require
long distance transportation of the sediment. In addition, the artefacts seem to be well
preserved, with sharp edges and few post-depositional alterations [79]. The exception in
this area is the Tri Stene Rockshelter, which does not seem to be affected by recent human
activities but has still been modified by the movement of the Kremenjak stream.

Both areas are located downslope of a large outcrop of good-quality opal, from which
boulders have been detached and rolled down, where the raw material is accessible.
Upslope from this outcrop, surface finds are extremely rare, and good quality raw material
sources decrease sharply. It is thus possible that, although reworked, Lojanik 2 and Lojanik
3 reflect more intensive forager visits in a portion of the landscape where good-quality
lithic raw material was readily accessible.

5. Conclusions

The Lojanik complex is a crucial site for the understanding of lithic raw material
procurement and landscape use in the Prehistory of the Balkans. Despite the recent modifi-
cations of the landscape, due to modern mining, we were able to reconstruct patterns of
human occupation in relation with the geomorphological processes affecting the valleys.
The promising results of the 2022 survey demonstrate how LiDAR data can be used in the
context of Prehistoric archaeology to locate sites and areas of interest even in the absence
of large-scale modifications of the ground—such as buildings or enclosures for later pe-
riods. Our work represents a step forward for the research on Prehistoric occupations in
the Balkans, notably with the identification of Levallois elements, an exceptionally rare
occurrence in the region. Future investigations will include archaeological excavations
and geoarchaeological and chronological analyses, in hopes of portraying a comprehen-
sive picture of human settlement patterns and cultural behaviours in the central Balkans
Prehistory.
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15. Mihailović, D. Push-and-Pull Factors of the Middle to Upper Paleolithic Transition in the Balkans. Quat. Int. 2020, 551, 47–62.

[CrossRef]
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Morava) Basin). In Геoлoгиja Cрбиjе; Zavod za regionalnu geologiju i paleontologiju Rudarsko—Geološkog fakulteta, Univerzitet
u Beogradu: Beograd, Serbia, 1977; Volume 3, pp. 270–275.

76. Kuhn, S.; Zwyns, N. Rethinking the Initial Upper Paleolithic. Quat. Int. 2014, 347, 29–38. [CrossRef]
77. Kuhn, S.L. In What Sense Is the Levantine Initial Upper Paleolithic a “Transitional” Industry. In The Chronology of the Aurignacian

and of the Transitional Technocomplexes. Dating, Stratigraphies, Cultural Implications; Instituto Português de Arqueologia Lisbon:
Lisboa, Portugal, 2003; Volume 33, pp. 61–70.

78. Marks, A.E.; Ferring, C.R. The Early Upper Paleolithic of the Levant in The Early Upper Paleolithic. Evidence from Europe and
the Near East. BAR Int. Ser. 1988, 437, 43–72.

79. Dibble, H.L.; Chase, P.G.; McPherron, S.P.; Tuffreau, A. Testing the Reality of a “Living Floor” with Archaeological Data. Am.
Antiq. 1997, 62, 629–651. [CrossRef]

221





Citation: Biagi, P.; Starnini, E.;

Efstratiou, N.; Nisbet, R.; Hughes,

P.D.; Woodward, J.C. Mountain

Landscape and Human Settlement in

the Pindus Range: The Samarina

Highland Zones of Western

Macedonia, Greece. Land 2023, 12, 96.

https://doi.org/10.3390/land

12010096

Academic Editor: Deodato Tapete

Received: 28 November 2022

Revised: 19 December 2022

Accepted: 19 December 2022

Published: 28 December 2022

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

land

Article

Mountain Landscape and Human Settlement in the Pindus
Range: The Samarina Highland Zones of Western
Macedonia, Greece

Paolo Biagi 1,*, Elisabetta Starnini 2, Nikos Efstratiou 3, Renato Nisbet 1, Philip D. Hughes 4 and Jamie C. Woodward 4

1 Department of Asian and North African Studies, Ca’ Foscari University of Venice, Ca’ Cappello,
30125 Venice, Italy

2 Department of Civilizations and Forms of Knowledge, University of Pisa, Via dei Mille 19, 56126 Pisa, Italy
3 Department of Archaeology, Faculty of Philosophy, Aristotle University of Thessaloniki,

54006 Thessaloniki, Greece
4 Department of Geography, The University of Manchester, Manchester M13 9PL, UK
* Correspondence: pavelius@unive.it; Tel.: +39-3274-687-405

Abstract: Past human mountain settlement patterns and resource and high-altitude landscape
exploitation are underexplored research fields in archaeology. This study presents data gathered
during more than 20 years of fieldwork in the Pindus range of Western Macedonia (Greece), focusing
in particular on Holocene land use. The investigated territory is located around the Vlach town of
Samarina. The area is partly bounded by Mounts Vasilitsa, Gurguliu, Bogdani and Anitsa, and their
interconnecting watersheds between ca. 1400 and 2000 m a.s.l. This research led to the discovery
of many sites and findspots of lithic and ceramic artefacts attributed to the Middle and Upper
Palaeolithic, Mesolithic, Late Neolithic, Chalcolithic, Bronze Age, and several Historical periods. The
radiocarbon results show an unexpected longue durée of Holocene human landscape use. The number
of sites, their distribution, location, and subsistence strategies exhibit shifts between the Middle
Palaeolithic and different periods of the Holocene, which are closely related to the exploitation of
the mountain environment and its resources. Moreover, typical knapped stone artefacts have been
used as a proxy for dating the glacial landforms which characterise the Samarina highland zone; we
correlate them to the better-known moraine systems of Mount Tymphi in Epirus and contribute to
the reconstruction of the Pleistocene glacial landscapes of the Pindus Range.

Keywords: mountain environment; human landscape; prehistoric settlement; Pindus range; north-
western Greece

1. Introduction

This paper discusses the results of surveys and excavations carried out jointly by Aris-
totle University, Thessaloniki (Greece), and Ca’ Foscari University, Venice (Italy) between
1999 and 2021 in the mountains of the north Pindus range, a remote and somewhat neglected
region of Western Macedonia [1]. The research was aimed at surveying and exploring the
archaeological potential of the high-altitude landscapes around the Vlach town of Samarina
(ca. 1450 m a.s.l.), at the eastern piedmont of Mount Gurguliu (Gorgul’u) [2–5]. The initial
purpose of the project was to search for high-altitude Mesolithic sites, in light of results
achieved since the end of the 1960s in the Italian Alps, where dozens of early Holocene
hunter-gatherer sites attributed to different Mesolithic periods were discovered [6–8]. This
is a very important agenda because our knowledge of the Early Holocene archaeology
of the entire Balkan Peninsula is elusive, especially with regard to the territories of the
interior and the mountain zones [9–13]. Therefore, this paper will focus, in particular, on
the Holocene archaeology of the Samarina highland zone, though we will also consider
Mount Vasilitsa moraines, where artefacts of different ages have been discovered.
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The Pindus archaeological surveys were carried out in the Samarina highlands (Figure 1).
They covered a previously uninvestigated mountain landscape of north-western Greece, which
has been exploited for centuries by groups of Vlach shepherds for their seasonal pastoral
transhumance [14–17]. This territory is very different from those often investigated by archae-
ologists in the southern periphery of the Balkan Peninsula [18,19]. During twenty-two years
of fieldwork, we systematically GPS-recorded every single archaeological find visible from the
ground surface. Apart from the presence of impressive chert outcrops, which were exploited
mainly by Neanderthal groups [20], the surveys led to the discovery of many Middle Palae-
olithic sites, lithic workshops, clusters and scattered artefacts [21], a few Upper Palaeolithic
and Mesolithic findspots [22,23], Late Neolithic, Chalcolithic, Bronze Age, and Historical
sites and artefacts [24], some of which have been radiocarbon-dated mainly from identified
charcoal samples (Figures 2 and 3; Table 1) [25]. Moreover, test trenches have been opened at
five sites to investigate the presence of archaeological deposits in situ (Figure 1).

 

Figure 1. Map of the surveyed area showing the most important localities reported in the text, and
the sites where test trenches were opened: Sam-8 (n. 1), Sam-5 (n. 2), Sam-29 (n. 3), Sam-23 (n. 4), and
HC (n. 5) (drawing by P. Biagi).
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Figure 2. Distribution map of the radiocarbon-dated sites in the study area: HC-CH-20 (n. 1), BGD-1
(n. 2), NTS-25 (n. 3), Sam-23 (n. 4), SMX-1 (n. 5), Sam-8/2 and 8/4 (n. 6), KRN-45 (n. 7), Sam-29 (n. 8),
AA-1 (n. 9), Sam-8/1 and 8/3 (n. 10), GRG-1 (n. 11), Samarina HC-5 and HC-4/CH1 (n. 12), Sam-5
(n. 13), VSL-1 (n. 14), SMR-1W (n. 15), and GVL-1 (n. 16). Mesolithic (white dot), Neolithic (blue dot),
Chalcolithic (yellow dot), Bronze Age (red dot), Historical periods (violet dot). The white rectangle
marks the location of the Historical Camp (HC) (top). Distribution map of the radiocarbon-dated
tree-pits in the Historical Camp (HC): HC-102 (n. 1), HC-CH16 (n. 2), HC-115 (n. 3), HC-145 (n. 4),
HC-CH9 (n. 5), HC-111 (n. 6), HC-144 (n. 7), HC-5/CH2 (n. 8), HC-146 (n. 9), CHR-4 (n. 10),
CH-3 (n. 11), HC-105 (n. 12), HC-147 (n. 13), Grevena-1 (n. 14), HC-143 (n. 15), HC-107 (n. 16),
HC-133 (n. 17), and CHR-5 (n. 18). Chalcolithic (yellow dot), Bronze Age (red dot), Iron Age (blue
dot), Roman Age (white dot), Byzantine period (green dot), Medieval period (violet dot) (bottom)
(drawings by P. Biagi and E. Starnini).
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Figure 3. Plot of all the calibrated dates from the Samarina highlands. Grey histograms: HC tree-pits,
red histograms: archaeological sites. The oblique green bars mark the discontinuity between different
periods. Calibrations according to OxCal 4.4 [26].
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During the last three decades, the territory around Samarina has been affected by the
development of tourist infrastructures, construction of new roads, hotels and ski resorts
mainly around Mount Vasilitsa, and a small dam near Polyneri, which heavily damaged
part of the landscape despite their location inside the North Pindus National Park, which
was established in 2005 [27].

In particular, the construction of many paved and unpaved roads triggered deep
erosion along hillslopes. In contrast, the building of some infrastructures has favoured the
discovery of archaeological finds. Moreover, the visibility of traces of past human activities
is enhanced by extensively deforested zones, which are at present exploited for pastoral
activities. Intensive grazing by flocks of sheep and goats produced patches of bare ground
that increase the visibility of archaeological materials otherwise buried under the sward.

2. The Pindus Mountain Landscape: Environment and Resources

2.1. Holocene Climate and Vegetation

The investigated area covers a territory of some 80 square kilometres, from the village
of Polyneri (ca. 1000 m a.s.l.) to the Mounts Bogdani-Gurguliu ridge (ca. 2000 m a.s.l.). The
sharp variability in exposure, steepness, hydrology and geological substratum is the key
natural control on the vegetation structure. Adding to these, diverse economic use of the
territory (forests, pastures) has played an important role in shaping the present landscape.

Out of 15 forest types of the whole North Pindus National Park, only five are more
extensively found today around Samarina. At lower altitudes up to 1200 m a.s.l., the
prevailing forest is formed by deciduous oaks (mostly Quercus frainetto), followed by the
black pine (Pinus nigra) and beech (Fagus sylvatica) with scattered stands of fir (Abies borisii-
regis). The Bosnian pine (Pinus heldreichii) forms the treeline up to 2000 m a.s.l. However, at
least 50% of the area is covered with pastures, opened in the past by Vlach transhumant
herders (seasonal transhumance with summer pastures in Samarina, winter pastures in
Thessaly) [17].

Dating this human-made landscape requires a better knowledge of Vlach history
in the past millennia and the local history of Holocene climate change. As for the first
point, reference can only be found either in the ethnographic reports from the few ancient
travellers who, for different reasons, crossed this remote land (mostly historians and
military topographers) or in the archaeological surveys [2,18,28,29].

For the reconstruction of the Holocene climate history, the following datasets are
available (1) a good series of recent dendroclimatological data, covering the last two
millennia; (2) a radiocarbon-dated pollen diagram, referring to a longer span of time, from
1340 BC to 700 AD; and (3) 20 radiocarbon-dated pieces of pine, juniper and beech charcoals
from three-pits and burning structures recovered from the Historical Camp (henceforth
HC) north-north-west of Samarina, spanning from 7934–7596 BC to 1443–1663 AD (Table 1).

Pinus heldreichii, the so far oldest European dendrochronologically dated tree [30], has
recently provided a unique opportunity to establish a proxy climate record back to the 6th
century BC. The studied cores were obtained from trees from Mount Smolikas and Valia
Kalda in Western Macedonia [31,32] and Mavrovouni (Metsovon) in Epirus [33]. Tree-ring
width climate signals detected in the longer core correlate to the climatic results obtained
with the densitometry approach from other Smolikas black pine samples [34].

These recent data show that a significant warm period occurred between 876–905
AD, followed by an exceptionally cold phase (997–1026 AD), not yet detected in Central
Europe curves, at the middle of the Medieval Warm Period. This was clearly warmer
than the following Little Ice Age. Tree ring densitometry points to the existence of severe
dry periods at 1350–1379 AD and 913–942 AD, and wetter phases at 862–891 AD and
1522–1551 AD [35]. For the BC periods, we have only one high-altitude pollen sequence in
the Smolikas area. It was obtained from a sediment core taken from Lake Gomara, a small
basin on the southern slopes of Mount Baltoumis (1749 m a.s.l.) [36] (Figure 4). Starting in
1340 BC, the pine forest was gradually replaced by beech after ca. 890 BC, perhaps through
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reduced disturbance and/or increased precipitation. A herbaceous pollen spike at ca. 80
BC followed the deposition of volcanic ash. Pinewood replaced beech forest at ca. 330 AD.

 

Figure 4. Lake Gomara, along the southern slope of Mount Baltoumis (top), and location of the
pre-core of Vikos “black chert” recovered from the surface ca. 200 m west of the small basin (red dot)
(bottom) (photographs by E. Starnini, 2022).

Two periods of accelerated erosion coincide with the pine wood phases and possibly
with anthropogenic burning and grazing (early Vlach presence?). They are separated by a
period of abandonment when the climate was probably wetter.
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The radiocarbon dates obtained from charcoal from the Samarina HC structures and
tree-pits (Figure 2) show the early presence (7934–7596 BC) of Salix sp., clearly pointing
to the presence of water (a warm and wet phase?). Towards the beginning of the 3rd
millennium BC the pine forest (mostly Pinus nigra, rarely P. heldreichii) permanently covered
the area with some occurrences of beech (Fagus sylvatica) during the Bronze Age and
Middle Ages. The Byzantine presence of juniper charcoal (from the seventh century up
to 1043–1220 AD) shows the local opening of the conifer forest, which may indicate a
pastoral economy.

Other interesting records come from the wider surveyed area. Charcoal of ash (Fraxinus
sp.) at Anitsa clearly shows the existence of a warm period during the Late Neolithic,
around 4325–4055 BC. Deciduous oak was frequent during the Bronze age along the lower
slopes and valley bottom between 1100–1300 m up to Mount Anitsa (1705 m a.s.l.).

2.2. Lithic Resources

In general, ophiolithic rocks predominate in the surveyed area (Mounts Smolikas,
Flampouro, Vasilitsa). The ophiolites consist mainly of peridotites and serpentinites accom-
panied by red cherts. In contrast, the southern and western parts of the Northern Pindus
National Park (Tymphi, Trapezitsa and Mitsikeli massifs) and some areas in the north-east
(Orliakas) are dominated by limestone [37,38]. One of the most important knappable lithic
resources is represented by dark grey-cream yellow siliceous limestone and chert in the
form of rounded nodules occurring in seams in the limestone formation around Samarina.
This raw material has been intensively exploited mainly by Middle Palaeolithic hunters [20],
more rarely in later periods.

The first chert outcrops were discovered during our survey along the Delichmét
ridge (Figure 1), between La Greklu saddle (1740 m a.s.l.) and Mount Kirkuri (1850 m
a.s.l.) in 1999. In 2011, more chert outcrops were recorded along the eastern part of the
same watershed. Smaller findspots were also recorded along the upper part of the left,
north-north-western slope of the upper Samariniòtikos River Valley, south of Delichmét.
Other occurrences were discovered in the south-western slopes of Mount Kirkuri, all along
smaller riverbeds, and in the deposits of two left tributaries of the Samariniòtikos River.
More chert deposits and large nodules were discontinuously recorded all along the Holy
Cross Church ridge (1662 m a.s.l.) and near the top of Mount Anitsa (1705 m a.s.l.). Two
chert samples, collected from the outcrops located close to Delichmét have been analysed
in thin section and SEM-EDS. They showed that they consist of a non-calcareous chert of
medium-quality from the point of view of its knapping properties [21].

However, despite its abundance, this raw material has been rarely employed for
knapping artefacts during the Holocene. In contrast, better quality, more vitreous cherts
were preferred, whose provenance remains to be identified in most cases. The data achieved
during our surveys show that the final Pleistocene and Holocene assemblages of the
Samarina highlands, were obtained almost exclusively from non-local, good-quality cherts
and flints whose chronological attribution is based almost exclusively on the techno-
typological characteristics of the lithic artefacts. In some cases, the presence of cortical parts
shows that they were collected as pebbles and nodules, perhaps from secondary deposits.

At present, we have just a few data regarding the presence of raw material chert out-
crops in Western Macedonia and their prehistoric exploitation. However, according to data
available from Dispilio, an important Late Neolithic–Bronze Age lake-dwelling settlement
excavated along the southern shore of Lake Orestiadas (Kastoria) [39,40], radiolarian and
other varieties of chert were widely utilised in the Neolithic, during which were exploited
local and regional raw materials available within a radius of ca. 50–60 km. From Dispilio,
O. Kakavakis reports the presence of fine-textured radiolarian chert, otherwise known as
chocolate flint, whose outcrops occur in the Pindus Range [41].

Moreover, “black chert” is known from the Vigla limestone outcropping in the Vikos
Gorge, near the village of Papingo in the Vikos-Aoos Geopark of the Tymphi Massif (Epirus),
in the north-western part of the Pindus Range [42]. Artefacts made from this raw material
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have been visually identified among the knapped stones recovered mainly from the Late
Neolithic–Bronze Age sites discovered around Samarina during our surveys. In particular,
the raw material employed for making several artefacts collected from the Mounts Anitsa,
Vasilitsa, Bogdani and other Late Neolithic-Bronze Age sites (Figures 5–7), is visually
identical to the sample named Vikos07 (see [43], Figure 10). It consists of a high-quality,
translucent “black chert” from the Vigla limestone, employed by the hunter-gatherers
who occupied the Boïla Rock-shelter in Epirus, which was in use at the very end of the
Pleistocene and the beginning of the Holocene [43]. Dark cherty flint has been recorded in
the sediments of the Voidomatis River in Epirus and was intensively used by Late Upper
Palaeolithic hunters on the slopes of Mount Tymphi [44,45].

 

Figure 5. Mount Anitsa: bifacial rough-out (NTS-77) and debitage microflakelets of the same variety
of non-local Vikos “black chert” (n. 1). The NTS lithic manufacturing spot has been radiocarbon dated
to 5356 ± 26 BP (GrM-28122: NTS-25) by one Fraxinus charcoal fragment. Geological samples of
Vikos “black chert” from the Vikos Gorge outcrops in Epirus (n. 2) (photographs by E. Starnini, 2022).
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Figure 6. Non-local artefacts made from Vikos “black chert” from different sites: GRG-125 (n. 1),
GRG-46 (n. 2), GRG-121 (n. 3), GRG-156 (n. 4), GRG-39 (n. 5), GRG-144 (n. 6), Anitsa-74 (n. 7:
microbladelet core), and VSL-305 (n. 10: microflakelet core or preform of a bifacial point), and blonde
non-local chert SMC-13 (n. 8: hafted, long-end scraper used for cutting vegetation (CV), VSL-263
(n. 9: straight perforator heavily worn and broken) (photographs by E. Starnini).
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Figure 7. Triangular, barbed-and-tanged arrowheads with flat invasive or covering bifacial retouch
from Kirkuri (KRK-28, n. 1), Sam-8 (n. 2), Mirminda Pass (VLC-1, n. 7); hollow-based arrowhead from
Kirkuri (KRK-118, n. 3); fragments of arrowheads from Kirkuri (KRK-14, n. 4; KRK-92, n. 6) and the
Mirminda Pass (VLC-10, n. 8); proximal fragment of dagger obtained by flat, covering bifacial retouch
from Sam-8 (n. 5) (photographs by E. Starnini; drawings by P. Biagi; inking by G. Almerigogna).
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The presence of chert types of different colours has been ascertained from other
localities of central and western Epirus (see [43]: Figure 7). Finally, red radiolarite suitable
for knapping occurs in the Avdella Mélange in the northern Pindus Range, ca. 14 km
south-east of Samarina [46]. However, red radiolarite boulders have been observed in the
diamicton along the slopes of Mount Vasilitsa, together with serpentinite blocks. Therefore,
this raw material can be considered of local occurrence. Several red radiolarite artefacts
were also recovered during the surveys, although, according to their techno-typological
features, most of them can be attributed to the Middle Palaeolithic.

Imports of far-distant raw materials are represented by two obsidian flakes. The first
Carpathian 1 specimen comes from Mount Vasilitsa Site 1 (VSL 1), along the northern
upper slopes of Mount Baltoumis (40◦04′12.7” N, 21◦04′20.5” E: VSL-139, 1771 m a.s.l.), the
second, a Melos piece, from the upper ridge of Mount Bogdani (GRG-19: 40◦07′20.21” N,
20◦58′21.15” E, 1960 m a.s.l.) (Figure 8). They were characterised by non-destructive XRF
and LA-ICP-MS at the CNRS-IRAMAT Laboratory, Orléans (F) by B. Gratuze.

Figure 8. Unretouched obsidian flakelets from Melos Demenegaki (GRG-19, n. 1) and Carpathian
1b, Cejkov (VSL-139, n. 2) (bottom), and locations of the two obsidian outcrops (Carpathian 1, n. 2;
Melos, n. 3). The green dot marks the location of the Vikos Gorge mentioned in the text; the white
dot shows the location of Samarina (top) (photographs by E. Starnini; drawings by P. Biagi; inking by
G. Almerigogna).

Finally, a few polished greenstone implements were recovered during our surveys.
Due to their shape and size, they can be interpreted as woodworking tools, unsuitable for
felling trees (Figure 9). They are represented by two chisels whose typology suggests a
Neolithic age. The detailed identification of the rocks employed in their manufacture needs
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a petrographic analysis, although geological formations bearing potential raw materials
suited for the production of polished stone tools are present in the region.

Figure 9. Polished greenstone chisels from Mount Vasilitsa (VSLA-61: n. 1) and Sam-8 (n. 2) (photographs
by E. Starnini).

3. Research Aims, Methods and Strategy

Mountain archaeology [47–49] is still an under-practiced field, partly because it
presents challenging environmental and logistical conditions and climate variability, which
make highland zones suitable for systematic archaeological work for only a few months
a year. It is a time-consuming and harsh fieldwork; high-altitude weather conditions can
change dramatically within a few minutes [50]. In many cases, archaeologists have to
move up- and downslope and walk for hours to operate in areas which are often difficult
or impossible to access with vehicles. There is little doubt, however, that the study of

237



Land 2023, 12, 96

human adaptation to highland environments is an important and promising avenue for
archaeological research [51]. With all of this in mind, our project started with the systematic
exploration of the highland zones around the small town of Samarina.

The Samarina archaeological surveys were conducted on foot by 3–5 people, walking
along watersheds, slopes and river valleys, 2–3 weeks per year. The first areas to be
explored were those around small lakes and watering holes close to passes and saddles
which, following the experience gathered during fifty years of fieldwork in the Italian
Alps [52,53], are the most suitable landscapes for the preservation of traces of past human
activity or seasonal occupations.

As shown by the Alpine case studies cited above, relict glacial landscapes represent
an ideal environment for the summer settling of Early Holocene hunter-gatherers who
moved from valley bottom base camps, up to alpine grasslands for purposes which are
still widely debated, one of which is hunting in the open landscape located just above the
upper tree-line [54,55].

The high-altitude Samarina stations were systematically revisited throughout a period
of more than twenty years. Following our experience, mountain surveys need to be repeated
many times with different weather and light conditions to retrieve fully reliable and detailed
results. Moreover, the sites can yield either many or no artefacts in an unpredictable
pattern [56]. This depends on many variables among which are the quantity of seasonal
rain/snow, the intensity of trampling by grazing flocks, depth of buried materials, and
soil cover characteristics and thickness. Therefore, it is necessary to re-visit the same
localities several times to confirm the presence/absence of archaeological sites/finds, and
to collect diagnostic artefacts to establish their chronology. During our surveys, every single
artefact, or findspot, has been located according to its coordinates taken with a Garmin-
GPS to build distribution maps with the help of Google Earth images, and databases “for
gaining information necessary to the analytic determination of what cultural items are, spatial and
temporally clustered one with another and with other artifactual material” ([57], p. 430).

One of the first targeted areas was a small glacial basin located at 1357 m a.s.l. just
above the Vlach village of Smixi (Smiksi). The lake is partly delimited by the lowermost
fringes of the impressive moraines that slope down from the northern flanks of Mount
Vasilitsa (Figure 10 top). The first visit to Smixi Lake in Autumn 1999 was highly productive
and a typical Middle Palaeolithic chert artefact was collected from the surface close to the
southern shore of the shallow basin (Figure 10 bottom). This encouraged us to continue the
research that year leading to the unexpected discovery of impressive good-quality chert
outcrops along the watershed between the saddle of La Greklu, in the west, and Kirkuri, in
the east [20]. Closer observations made in the following years showed that the chert seam
extends farther east and is marked by the presence of chert knapping areas and extractive
traces all along its development, most of which have been attributed to Middle Palaeolithic
exploitation [21].

The surveys were extended in subsequent years to an area of ca. 80 square km from
the saddle that separates Western Macedonia from Epirus, in the north-west (La Greklu:
1740 m a.s.l.), to the village of Filippei (ca. 1400 m a.s.l.), in the south-east. This territory is
delimited by the ridges of Mounts Bogdani, Gurguliu and Vasilitsa, in the west, and the
northern watershed that extends from La Greklu, across Delichmét, Kirkuri, Mount Anitsa,
the Mirminda Pass and farther south. During the first few years, test trenches (2 × 3 m
wide) were opened at five sites, which were considered to be particularly important due to
the presence of thin charcoal horizons along the profiles revealed by road constructions. The
scope of the excavation trenches was to check for the presence of archaeological horizons in
situ and establish their chronology by radiocarbon dating. A few valley-bottom sites were
briefly visited, among which is Agios Athanasios, along the right terrace of the Venetikos
River Valley (ca. 1120 m a.s.l.) (Figure 11). This locality yielded evidence of a late Bronze
Age village from which an oak charcoal lens was radiocarbon dated to 3095 ± 35 BP
(GrA-61779: AA-1).
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Figure 10. Distribution map of the prehistoric sites discovered in the Vasilitsa Pass (VSL 4 and VSL 5:
nn. 4 and 5), along the northern slope of Mount Baltoumis (VSL 1, VSL 2 and VSLA: nn. 1–3), and Lake
Smixi (nn. 6–8) (top). Lake Smixi location of the finds: refitting Levallois flakes (n. 1), Mousterian
discoid cores and pre-core (n. 2), Upper Palaeolithic retouched point (n. 4), early Bronze Age small
pit radiocarbon-dated to 3645 ± 35 BP (GrA-69503: SMX-1) from one pine charcoal fragment (n. 5)
(bottom). The white dots and the triangle refer to the Palaeolithic artefacts, the red dot to the Bronze
Age pit (drawing by P. Biagi).
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Figure 11. Agios Athanasios: Sampling charcoal from a profile exposed by erosional processes within
the Bronze Age site (AA) located on a terrace of the Venetikos River Valley, which yielded the result
of 3070 ± 40 BP (GrA-61779: AA-1) (photograph by P. Biagi, 2014).

Unexpectedly, the surveys yielded mostly traces of different types of Middle Palae-
olithic activities and settlements up to an altitude of ca. 1900 m a.s.l. along the upper ridges
of Mounts Gurguliu and Bogdani (Figure 12). However, material culture remains, and
radiocarbon results confirm that the earliest Holocene exploitation of the Samarina high-
lands took place during the Preboreal Mesolithic [23], continuing with several interruptions
up to the present. The Holocene human settlement of this landscape intensified mainly
between the Late Neolithic and the Late Bronze Age, most probably due to the growing
importance of pastoral activities. This observation is supported by several proxies, among
which are the recovery of characteristic archaeological finds, and a number of radiocarbon
dates, which help us to better understand why the exploitation of this territory intensified
again well after the end of the last glaciation (Table 1).

240



Land 2023, 12, 96

 

Figure 12. Distribution map of all the Palaeolithic and Holocene knapped stone artefacts collected in
2008 along the northern slopes and ridge of Mount Bogdani (yellow dots). The orange dot marks
the location of the Melos obsidian flakelet (GRG-19), the red dot the Late Neolithic fireplace BGD-1,
which was radiocarbon-dated to 5972 ± 27 BP (DEM-2585) (drawing by C. Franco and P. Biagi).

4. Glacial History of Greece—Overview

The mountains of Greece have been glaciated several times during the Quaternary,
with well-preserved evidence from multiple glacial cycles. Glaciers were extensive in
some mountain areas forming ice caps and ice fields with valley and cirque glaciers in
others [58–60].

The most extensive glaciers formed on the highest mountains, from Smolikas and
Tymphi in the northern Pindus [61,62] to the Peloponnese in the south and on Mount
Olympus in the north-east [63].

These glaciers had a major influence on rivers’ runoff and sediment supply to rivers [64]
and supplied water to areas far downstream, sometimes beyond glaciated catchments
through karstic drainages, such as at Lake Ioannina in Epirus [65,66].

Recent research has suggested that glaciers may have been even larger than previously
thought, and substantial glaciers also formed on the lower mountains of northern Greece
such as Mavrovouni [67] and also Vasilitsa [68].

These two mountains are similar in that they are formed in ophiolite rocks and
supported valley and cirque glaciers on their northern slopes. On Vasilitsa, three cirque
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basins are etched into the north-east-facing slopes and there is evidence of multiple phases
of glaciation in this area.

During the last glacial cycle, glaciers existed in the Greek mountains at a time when
anatomically modern humans (AMH) were present in Greece [69,70]. The presence of
stone tools from Middle Palaeolithic humans on moraines in Greece, such as at Vasilitsa, is
important not only for understanding human occupation of the mountains, but also for
providing additional independent age control on the glacial record.

For example, the oldest and most extensive glaciers in Greece are Middle Pleistocene in
age and pre-date the last glacial cycle [60,71]. The presence of Levallois Mousterian artefacts
on moraines, associated with Neanderthals pre-dating the AMHs who occupied the Pindus
Mountains in the last glacial cycle [21,22,72], is especially noteworthy. These artefacts
confirm that the oldest moraine surfaces are much older than the Last Glacial Maximum.

The fact that such artefacts are frequently found on moraines could suggest that these
landscapes were attractive as they provided open and elevated vantage points for humans.
The presence of moraine-dammed glacial lakes nearby, as is the case in Vasilitsa, would
have offered a reliable water supply.

5. Results: The Natural and Human Landscape

This section discusses the most important Holocene archaeological sites discovered in
the area, starting from Mount Vasilitsa (VSL and VSLA sites), moving north to the northern
Mount Bogdani watershed (GRG) and the La Greklu-Delichmét ridge (a few Sam sites),
Kirkuri (KRK), Anitsa (Anitsa and NTS sites), the Mirminda Pass and the watershed up to
Mount Anitsa (VLC) and, finally, the Historical Camp (HC), just to the north-north-west of
Samarina (Figure 1).

5.1. Evidence of Glaciers on Mount Vasilitsa

The glacial deposits on Mount Vasilitsa (2248 m a.s.l.) extend down to an elevation of
ca. 1320 m a.s.l., just above the village of Smixi on the north-eastern slopes [73].

Good exposures are present in several places where sections are cut by roads and
tracks, revealing a matrix-supported diamicton, and large perched rocks occur in many
areas on a series of undulating moraine ridges.

The moraines resemble the glacial deposits noted elsewhere in ophiolite terrains such
as those on Mount Smolikas [59,60] and Mavrovouni [67]. The lowest set of moraines on
Vasilitsa are named the Smixi Member (Figure 13).

Further up-valley, moraine ridges impound a small lake on the north-eastern slopes at
ca. 40◦03′16” N, 21◦05′23” E, 1750 m a.s.l. Two more ridges are present to the south-west of
the lake. These sediments and landforms are named the North Vasilitsa Member and are
interpreted as end and recessional moraine ridges formed in front of a former cirque glacier.

Moraine ridges also exist further south and impound a lake at ca. 40◦02′52” N,
21◦05′40” E, 1790 m a.s.l. (Figure 14). Here, at least three moraine ridge crests can be
defined. These landforms are identified as the Central Vasilitsa Member. Hummocky,
boulder-covered moraines are present up-valley of these ridges and probably formed
during glacier retreat. A boulder ridge is also evident in the shallow valley to the southeast
at ca. 1730 m a.s.l. and appears to represent the terminus of an off-shoot glacier which had
the same source as the glacier which produced the lake moraines described above.

In the highest cirques on Vasilitsa, arcuate boulder moraines dam another lake (prob-
ably ephemeral) at ca. 2000 m a.s.l. and this youngest moraine unit is identified as the
Vasilitsa Summit Member. These moraine ridges represent a discrete glacial advance during
a later glacial phase. East of the summit of Vasilitsa, moraine ridges also exist in a small
hollow at ca. 40◦02′20” N, 21◦05′50” E, 1730 m a.s.l. These deposits represent the East
Vasilitsa Member. As this is the sole unit, these deposits also represent the East Vasilitsa
Formation. Two main crests can be identified. No moraines were located down-valley,
although lower glacial deposits may have been eroded [68].
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Figure 13. Geomorphological map of the Mount Vasilitsa area. The stratigraphical units marked
(a–d) represent the Vasilitsa Formation: (a) Smixi Member, (b) North Vasilitsa Member, (c) Central
Vasilitsa Member, (d) Vasilitsa Summit Member. The stratigraphic unit marked (e) represents the East
Vasilitsa Member, the sole unit of the East Vasilitsa Formation (drawing by P. Hughes).

 

Figure 14. A section through the Smixi Member moraines at ca. 40◦03′10” N, 21◦05′50” E, 1690 m
a.s.l. Note the large boulders on the surface of the moraine, which are a common feature in this area
(left). A moraine impounding a lake to the east of Mount Vasilitsa at ca. 40◦02′52” N, 21◦05′40” E,
1790 m a.s.l. (right) (photographs by P. Hughes, May 2003).
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The stratigraphy of the glacial sequence on Vasilitsa is summarised in Table 2. The
lowest and most extensive moraines are Middle Pleistocene in age whilst only the highest
cirque moraines were formed by small glaciers during the Late Pleistocene (Last Glacial
Cycle). All of the chert artefacts reported in this paper have been found on the Middle
Pleistocene moraines.

Table 2. Chronostratigraphy and morpho-lithostratigraphy of the moraine sequence in the north-
eastern valley of Mount Vasilitsa. From Hughes (2004).

Chronostratigraphy/Age Morpho-Lithostratigraphy (Moraine Sequence)

Tymphian Stage, MIS 5d-2
110,000–11,700 Unit 3 Vasilitsa Summit Member

East Vasilitsa Member

VASILITSA & EAST
VASILITSA FORMATIONS

Vlasian Stage, MIS 6a
190,000–130,000 years ago Unit 2 North Vasilitsa Member

Central Vasilitsa Member

Skamnellian Stage, MIS 12
480,000–430,000 years ago Unit 1 Smixi Member

The lowest moraines of the Smixi Member formed during the Skamnellian Stage in
the Greek glacial chronostratigraphy, which is equivalent to Marine Isotope Stage (MIS) 12,
ca. 480–430,000 years ago [59].

The North and Central Vasilitsa Member moraines formed during the Vlasian Stage in
the Greek glacial chronostratigraphy, which is equivalent to MIS 6a, ca. 190–130,000 years ago.
The Vasilitsa Summit and East Vasilitsa Member cirque moraines belong to the Tym-
phian Stage in the Greek glacial chronostratigraphy, which is equivalent to MIS 5d-2, ca.
110,000–11,700 years ago.

In neighbouring mountains, the maximum extent of glaciers during this Last Glacial
Cycle occurred ca. 30–25,000 years ago [67,74] (Figure 14). However, glaciers were present
in the Pindus Mountains throughout the Last Glacial Cycle and oscillated in response to
dramatic millennial-scale climate change. Neanderthals and, later, anatomically modern
humans occupying the mountain early in the Last Glacial Cycle would have experienced
open mountain terrain, late-lying snow and small cirque glaciers.

This open alpine terrain would have been attractive for hunting mountain fauna such
as ibex and chamois [75]. For example, there is evidence from rock shelters on nearby
Mount Tymphi that AMHs used these sites as bases from which to hunt ibex and chamois
in the nearby open uplands [64,76,77]. Whilst the evidence from Mount Tymphi is of later
Upper Palaeolithic AMH activity, it is likely that Neanderthals in this region were also
hunting these animals on the glaciated landscapes on Vasilitsa and nearby glaciated areas
such as Samarina.

It is certainly worth noting that Yravedra and Cobo-Sánchez [78] reported the impor-
tance of ibex and chamois in both Neanderthal and Modern human hunting behaviour in
south-eastern Europe.

5.2. Vasilitsa Sites (VSL and VSLA)

Five sites in this area yielded artefacts attributable to different prehistoric periods.
They were discovered along the northern slopes of Mount Baltoumis (2027 m a.s.l.), a
secondary peak separated by Mount Vasilitsa by a wide saddle, and the Vasilitsa Pass itself
(Figure 10 top).

Only three of them can be attributed to the Late Neolithic or the Early Bronze Age
(VSL 1 and 2 and VSLA), although the assemblages show that the area was visited dur-
ing different Pleistocene periods mainly by Middle Palaeolithic hunters. The chronology
of the Vasilitsa Holocene sites is difficult to define due to the absence of radiocarbon
datable material. None of the sites has been excavated and all the artefacts come from
surface collections.
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Site VSL 1 yielded the most important assemblages. It is located on a terrace delimited
by a small pond, (Figure 10 top, n. 1; Figure 15 top). The site is located at 1770 m a.s.l. and
extends over a surface of ca. 2000 square metres. It consists of a large patch of bare ground
which is subjected to erosion due to summer grazing and human disturbance caused by
the presence of ski infrastructure. One Pinus nigra charcoal fragment collected from a small
fireplace discovered against a rock outcrop in the centre of the site gave a Late Byzantine
age (VSL-1, GrA-69566: 995 ± 30 BP).

 

Figure 15. Panoramic view of the archaeological sites discovered along the northern slopes of Mount
Baltoumis: VSL 1 (top), and VSL 2 with Mount Anitsa in the background (bottom) (photographs by
P. Biagi, 2019).
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The site yielded several Holocene knapped stone artefacts, most of which are made
from non-local, Epirotic chert, and one obsidian microflakelet which has been characterised
as coming from the Slovak Carpathian 1 source (Figure 8, n. 2). The colours of the chert
artefacts vary from black to blonde, brown, pinkish, light and dark grey. They consist of
bladelet cores, technical pieces (crested blades), prismatic bladelets, and long and short-end
scrapers (Figure 16, n. 3). Among the other tools are one straight perforator (Figure 6, n. 9),
side scrapers, sickle inserts with sickle gloss, and arrowheads with bifacial invasive or
covering flat-retouch (Figure 16, nn. 1, 2, 4 and 5; Figure 17, nn. 2 and 3), and other tools
with cut or scrape wood, and cut hide use wears (Figure 16, nn. 6 and 7).

 

Figure 16. Mount Vasilitsa: Holocene knapped stone artefacts made from non-local chert: Site VSL 1:
Flat-retouched side scraper (n. 1), bifacial arrowhead (n. 2), short end scraper (n. 3), flat-retouched
bladelet (n. 4), proximal fragment of flat-retouched, bifacial dagger (VSL-285, n. 5) and artefacts with
utilisation traces (VSL-190, cut hide (Chi), n. 6; and VSL-184, cut wood (CW), n. 7) (photographs by
E. Starnini).
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Figure 17. Sickle inserts from various localities: Mount Anitsa: hafted, snapped, abrupt-retouched
bladelet with opposed oblique sickle gloss (Si), of reddish-brown radiolarite (Anitsa-130, n. 1); Mount
Baltoumis: flat-retouched, bifacial insert of radiolarian chert (VSL-211, n. 2); Mount Baltoumis:
hafted, flat-retouched, bifacial sickle insert (Si) with notched, resharpened working edge, hafted and
reshaped, made of radiolarian chert (VSL-181, n. 3); Mirminda Pass, flat-retouched, bifacial insert
with sickle gloss (Si) (VLC-32, n. 4); fragment of bifacial dagger (Sam-33, n. 5); unretouched bladelet
with sickle gloss (Si) (Sam-23, n. 6) (photographs by E. Starnini; drawings by P. Biagi, inking by
G. Almerigogna).
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The assemblage includes two transverse arrowheads (Figure 18, n. 2), one of which
had been hafted and used for cutting hard material (Figure 18, n. 1), one lunate fragment
with impact traces (VSL-130). Green radiolarite was also utilised on a small scale, as well as
light green soapstone (steatite) for making beads (Figure 19, n. 4). Other tools show wear
traces of hafting and scraping wood and hide (Figure 19, nn. 2 and 3).

Figure 18. Different types of non-local chert geometric microliths from different sites: VSL-145 (n. 1:
Vikos “black chert”: wear traces: cut hard (CH), (a); hafting, (b), VSL-526a (n. 2: Vikos “black chert”),
VLC-93 (n. 3: Vikos “black chert”), Sam-23 (n. 4), NTSW-4 (n. 5), Sam-11 (n. 6), and KRK-88 (n. 7);
non-local chert arrowheads from Mount Anitsa northern upper slope (Anitsa-26: n. 8; Anitsa-111,
n. 9; Anitsa-207, n. 10) (photographs by E. Starnini; drawings by P. Biagi; inking by G. Almerigogna).
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Figure 19. Flat-retouched, unifacial point from Mount Baltoumis Site 3 (VSLA-48, n. 1) made from
non-local chert, hafted long-end scraper with scrape hides (Shi) traces of wear made from non-local
blonde flint (VSL-95, n. 2), hafted long-end scraper with scrape wood (SW) traces of wear made
from non-local blonde flint (VSL-162, n. 3), cylindrical soapstone bead with unfinished, bidirectional
perforations, broken, during manufacture, from Mount Baltoumis Site 1 (VSL-318, n. 4), and bifacial
artefact with scrape hard (SH) wear traces from Sam-8 (n. 5) (photographs by E. Starnini).

Site VSL 2 is located ca. 350 m south-east of Site 1, close to a small pond which
attracts grazing flocks for their daily watering (Figure 10 top, n. 2; Figure 15 bottom). The
assemblage was collected from a surface of ca. 1500 square metres. It consists of Middle
Palaeolithic and Holocene artefacts exhumed by erosion due to pastoral land use.

Site 3 (VSLA: Figure 10 top, n. 3) is a small findspot discovered along the eastern,
eroded and deeply incised slope of Mount Baltoumis, ca. 100 m north-east of Site 1. The
assemblage is represented almost exclusively by Middle Palaeolithic artefacts, although a
very few Late Neolithic tools were also found. The most representative is one greenstone
chisel (Figure 9, n. 1), which finds generic parallels with some types from Servia ([79]:
Plate 4.6), and one flat retouched point made from non-local pale red chert (Figure 19, n. 1).

5.3. The Smixi Moraine Ridges

One of the first areas targeted for our survey is a small glacial basin located at 1357
m a.s.l. just above the village of Smixi. A seasonal pond occupies a small depression in
the pasture, whose southern side is delimited by the lower moraine of the Smixi Member
which slopes down from the eastern flanks of Mount Vasilitsa. In some exceptionally wet
years, the shallow basin is also filled with water during the summer season. The lowermost
moraine ridge has been cut in several points by the road that connects the village of Smixi
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with the Vasilitsa Pass. Ground visibility is good, most of the area is deforested, and
intensive grazing has eroded the grass cover in many areas.

The surveys conducted around the lake and along the moraine ridges which border
it yielded some important traces of prehistoric activity mainly along the sections created
by constructions of the new asphalt road (Figure 10 bottom). They consist of three Middle
Palaeolithic refitting flakes (Figure 20, nn. 1–4), 2 Mousterian discoidal cores with cen-
tripetal detachments (Figure 20, nn. 5 and 6), and one pre-core (Figure 21, n. 1) made of
local whitish chert. All these artefacts are important for the definition of the chronology
of the lowermost moraines of Mount Vasilitsa (Figure 14). The three conjoining Levallois
flakes are very fresh, covered with a reddish patina, which shows that they were embedded
within the red clayey soil deposits of the moraine most probably since the Late Pleistocene.

Figure 20. Lake Smixi: Middle Palaeolithic, Levallois refitting flakes (nn. 1–4) and discoid cores made
from local chert (nn. 5 and 6) from the Smixi Member moraines south of the small basin (photographs
by E. Starnini).

250



Land 2023, 12, 96

Figure 21. Lake Smixi: Middle Palaeolithic pre-core (n. 1) and probable Upper Palaeolithic point on a
blade (n. 2) made from local chert (photographs by E. Starnini).

One unique Palaeolithic tool made of local chert was collected a few metres away from
the lake, along the slope down to the village of Smixi. It is a point made from a long blade
with a facetted butt and direct, bilateral retouch (Figure 21, n. 2). This tool has no parallel
with any Palaeolithic artefact retrieved from the surveyed Samarina region. Its cultural and
chronological attributions are difficult to define, although the technology of the laminar
blank would suggest an Upper Palaeolithic age.

A small pit discovered along the open profile of the southernmost ridge of the moraine
yielded a few ceramic potsherds and pine charcoal fragments (Figure 10 bottom, n. 5) The
latter were radiocarbon-dated to 3645 ± 35 BP (GrA-69503: SMX-1). The result shows that
the moraines that surround Smixi Lake were briefly visited also around the beginning of
the Bronze Age (see Table 1: SMX-1).
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5.4. La Greklu-Delichmét Watershed

The watershed that extends between La Greklu and Delichmét is marked by very im-
pressive chert outcrops. Two important sites were partly excavated: Sam-8 (40◦08′10.7” N,
20◦00′22.0” E: 1782 m a.s.l.) (Figure 1, n. 1) and Sam-5 (40◦08′14.4” N, 21◦00′53.5” E:
1778 m a.s.l.) (Figure 1, n. 2).

The 2 × 3 m. trench opened in 2003 in Sam-8, a site whose surface is gently inclined
towards north-west ca. 3–4◦, yielded evidence of a complex evolution of soil formations. It
showed that this part of the watershed was deforested during the Bronze and Iron Ages (see
Figure 3; Table 1). This led to the incision and disturbance of the lower-lying Pleistocene
deposit, characterised by polygonal patterns [24], which yielded a few Middle Palaeolithic
artefacts. Unique lithic tools were collected from the Holocene horizon, which was partly
damaged by the construction of a new road.

They include one greenstone chisel (Figure 9, n. 2), which finds some parallels in a
few Bronze Age specimens from Servia ([79], Figure 4.6) and one bifacial artefact made
from local chert (Figure 19, n. 5). One triangular, barbed-and-tanged, bifacial arrowhead
made from Vikos “black chert” (Figure 7, n. 2.) was recovered in situ along the profile of
the site which continues for ca. 20 m and is marked by a line of small charcoal pieces and
lithic artefacts.

Quite a different situation was recorded from Sam-5. One 2 × 3 m test trench was
opened in 2004 close to the limestone outcrop locally called Delichmét, and to the point
where a few Late Mesolithic artefacts were collected along both sides of the new road [23].
The excavation yielded only a few historic ceramic potsherds, among which is a double-
pierced handle, and a small fireplace, which was radiocarbon-dated to the Byzantine period
(DEM-1917/OxA-16222: 1129 ± 26 BP, and DEM-1918/OxA-16223: 1127 ± 25 BP). In a
profile cleaned in the Pleistocene deposit below the Historic occupation, evidence of buried
Middle Palaeolithic artefacts was observed. The trench did not yield any evidence of
Mesolithic occupation.

5.5. Kirkuri (KRK)

Kirkuri is a rounded peak (1855 m a.s.l.) with one wide area of bare ground on its
top (Figure 22) caused by overgrazing and the construction of transmission antennas. The
survey of this peak yielded various types of Palaeolithic and Holocene knapped stone
artefacts [22].

 

Figure 22. The top of Mount Kirkuri from the south, from which come lithic artefacts of different
cultural periods and Bronze Age arrowheads (photograph by E. Starnini, 2013).
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Among the latter, the area yielded four fragmented arrowheads made from non-local
chert, by bifacial, covering, flat retouch. They consist of one, almost complete, barbed-and-
tanged, triangular type (Figure 7, n. 1), two have a concave base (Figure 7, n. 3 and 4), and
one is too small a fragment to have an idea of its original shape (Figure 7, n. 6). From a techno-
typological point of view, all the Kirkuri arrowheads can be attributed to the Bronze Age.

5.6. Mount Anitsa (Anitsa and NTS)

Mount Anitsa has played an important role in the prehistory and recent history of
the Samarina region, for reasons that can be partly explained by the events that took place
during WWII [80]. The reasons why the conquest of Mount Anitsa was so important for the
end of the war are to be found in the strategic location and shape of the mountain, which
gives access to the Western Macedonian Plain, in the east, and offers good visibility from
which all the valleys around can be controlled. Given these features, it is not surprising
that a Middle/Late Bronze Age site (Sam-29) was established on its top (1705 m a.s.l.). The
2 × 3 m excavation trench opened in 2007 did not yield any evidence of archaeological
features. A few characteristic Bronze Age fine-ware shards were recovered [81], and a
few Quercus sp. charcoal pieces, one of which was radiocarbon-dated to 3095 ± 35 BP
(GrA-51015).

Important discoveries were also made on the upper slope of the same mountain, facing
south. Dozens of shatters and hyper-microflakelets knapped from Vikos “black chert” were
found scattered over a surface of ca. 5 square metres associated with a partly retouched large
flake of the same raw material, most probably the rough-out of an arrowhead (Figure 5, n. 1).
These finds suggest the presence of an in situ chert manufacturing area. A few tiny pieces
of Fraxinus sp. charcoal recovered from 25 cm of depth in association with Vikos “black
chert” artefacts, yielded an age of 5356 ± 26 BP (GrM-28122: NTS-25). The radiocarbon
date shows that the workshop was active during the Late Neolithic. The presence of one
microlithic isosceles trapeze obtained by two parallel, abrupt truncations from a bladelet
with trapezoidal cross-section supports this conclusion (Figure 18, n. 5).

All of the higher north-western flanks of Mount Anitsa sloping down to an unnamed
narrow valley, which separates Anitsa from the Skourdza peak (1799 m a.s.l.), yielded many
Middle Palaeolithic and Late Holocene artefacts scattered along the slope. Among the latter
are different types of non-local chert bifacial arrowheads (Figure 18, nn. 8–10), one end
scraper, a few bladelets with parallel sides, among which is a sickle insert with hafting
traces on a snapped, abrupt-retouched bladelet (Figure 17, n. 1), and a few unretouched
artefacts knapped from Vikos “black chert” (Figure 6, n. 7). Along the same slope, the site
called Sam-23 is located at ca. 1666 m a.s.l., close to a spring. The site has been attributed
to the Chalcolithic mainly due to a radiocarbon date obtained from a juniper charcoal
fragment (GrA-59661: 4005 ± 35 BP). The 2 × 3 m trench opened in 2004 did not yield
any archaeological features. Among the collected lithics are two significant artefacts made
from non-local chert. They consist of a sickle bladelet on a snapped, unretouched, blank
with a trapezoidal cross-section (Figure 17, n. 6), and one atypical, asymmetric geometric
armature obtained by two opposed marginal truncations (Figure 18, n. 4).

5.7. The Mirminda Pass (VLC)

Another watershed, which has yielded many artefacts of different ages, extends
between the Mirminda Pass (1556 m a.s.l.), in the south, and Mount Anitsa, in the north-
north-east (Figure 1). The Mirminda Pass must be crossed to reach the Samarina basin
moving from the Grevena lowland and the Aliakmon River. Due to its location, the pass
probably played a very important role in prehistory, because it separates two important
rivers, the first of which flows into the Ionian Sea, to the west, and the second into the
Aegean, to the east. Just north of the Mirminda Pass, a few important tools were recovered:
one triangular, tanged-and-barbed, flat-retouched, bifacial arrowhead made from patinated
dark bluish-grey chert (Figure 7, n. 7), and the tang of another arrowhead made by flat
unifacial retouch (Figure 7, n. 8). Other finds were collected along the watershed, though
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most of them come from a sheltered area close to Mount Anitsa. Among them is one insert
with sickle gloss (Figure 17, n. 4), and a few Vikos “black chert” artefacts, among which is
one truncation (Figure 18, n. 3). The assemblage includes also two quartzarenite pebbles,
which were most probably employed as hammerstones or fabricators.

5.8. The Historical Camp (HC)

The so-called Historical Camp (HC) is located just north-north-west of Samarina at
ca. 1530–1550 m a.s.l., east of a Middle Pleistocene moraine ridge that slopes down from
Mount Gurguliu. The area, from which come some 300 artefacts, many of which have
been attributed to the Middle Palaeolithic, though also to different Holocene periods, looks
almost flat, although it is incised by several gullies (Figure 23 top). A small pond marks the
northernmost edge of the HC (Figure 23 bottom).

 

Figure 23. Historical Camp (HC): views from the lower slopes on Mount Gurguliu. Note Mount
Kirkuri in the background and the location of the HC site excavation trench along the edge of the
erosion gully, in the centre of the top photograph. Mount Kirkuri is visible in the background
(photographs by P. Biagi, 2006).
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A 2 × 3 m test trench was opened close to the deepest gully (40◦06′41.3” N, 21◦00′33.9” E).
It yielded structures which were attributed to the historical campsite but it was devoid of
material culture remains. The structures consisted of two diverging postholes and two shallow
pits filled with juniper carbonised branches, one of which was radiocarbon-dated to the
Byzantine period (DEM-2586: 1414 ± 18 BP) (Figure 24).

 

Figure 24. Historical Camp (HC): excavations underway in the seventh-century AD site. The 2 × 3 m
test trench (a), inclined posthole (b), shallow burning pits or fireplaces with charcoals of small
juniper branches (c,d), the second of which has been radiocarbon-dated to 1414 ± 18 BP (DEM-2586)
(photographs by P. Biagi, 2006).

The same HC area yielded at least 80 “black spots”, buried by ca. 20 cm of colluvial
sediments, which were interpreted as remains of burnt tree-pits related to intentional
deforestation episodes [82]. The features show evidence of anthropogenic thermal impact
and contain a few charcoal pieces [25].

One was excavated (HC-5: Figure 25) and 18 were sampled for radiocarbon-dating.
The radiocarbon ages show that the deforestation of the territory took place in different
periods of the Holocene (see Figure 2 bottom and Table 1) and continued into the nineteenth
century ([2], see p. 45).
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Figure 25. Historical Camp (HC): the excavation carried out at pine tree-pit HC-5 which was
radiocarbon-dated to 2485 ± 30 BP (GrA-59654) (photographs by P. Biagi, 2010).

6. Discussion

The occurrence of high-altitude archaeological sites of the Late Holocene age has only
rarely been reported in the Balkan Peninsula [10]. The surveys made around Samarina
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have shed new light on the potential for discovering sites of this period at high elevations
and for establishing why and when these landscapes were visited or settled.

In our case, knapped stone artefacts play an important role because potsherds, bones
and other archaeological remains in most cases have been destroyed by the acidity of the
mountain soil [14,83]. A few important points can be noted about lithics in the Samarina
mountain zone. They show (1) the importance of non-local chert for understanding regional
connections and ancient pathways, and the geographic location and distance of the lithic
sources exploited during the Late Holocene; (2) the reason why a few types of knapped
stone artefacts repeatedly recur in some specific areas; (3) their significance, and the role
they played in the economic subsistence of the sites from which they have been retrieved;
and (4) the presence of artefacts made from exogenous materials probably transported from
very distant sources. We expand on each of these themes below.

(1) Almost all the lithic artefacts from the Holocene Samarina sites are made from non-
local, good-quality, knappable material. Apart from the Vikos “black chert”, other
non-local chert types were utilised, though their sources have not been yet identified.
One probable pre-core of Vikos “black chert” was collected from the surface ca. 1 km
west of the Vasilitsa Pass, close to the Gomara Lake (Figure 4 bottom). Artefacts and
debitage flakes made from this chert, whose outcrops are well-known in Epirus, ca.
25–30 km south-west of the study area, have been recovered from many sites of the
Samarina highlands (see for example Mounts Vasilitsa, Anitsa, the watersheds around
Delichmét and the Mirminda Pass and others). The Vikos “black chert” pre-core most
probably punctuates one of the routes which were followed to transport this raw
material and reinforces the impression that it was transported as blocks or rough-outs
and not as finished tools. This interpretation is confirmed by the Mount Anitsa NTS
debitage waste spot, which was radiocarbon-dated to the Late Neolithic (GrM-28122),
and the recovery of many debitage flakelets and a few cores from the Mount Baltoumis
site VSL 1. The triangular tanged-and-barbed arrowhead collected along the profile of
site Sam-8, which finds a close parallel from Dispilio ([84], Figure 7), was made from
this type of exogenous chert (Figure 7, n. 2);

(2) The knapped stone artefacts are represented mainly by long and short-end scrapers,
sickle inserts and flat-retouched arrowheads. Different types of sickle inserts were
recovered (Figure 17), two of which show the characteristic, shining, sickle gloss
(Figure 17, nn. 1 and 6). One specimen has been resharpened (Figure 17, n. 4), and
one has a notched working edge (Figure 17, n. 3). The typological variability of the
sickle inserts has been discussed in several papers and explained as being due to their
chronology, function, harvesting method and production technology [85–87].

(3) Other characteristic tools consist of arrowheads, all made from non-local chert. Un-
fortunately, we know very little about the techno-typology and chronology of the
flat-retouched arrowheads from Greece, mainly because, apart from a few exceptions,
they have never been studied in detail [88–90]. This contrasts with the evidence from
other parts of Europe, where these items and their variability have been studied in
detail to interpret the changes and complexity of societal structure mainly during the
Chalcolithic and Bronze Age periods [91,92].

(4) Arrowheads and daggers were utilised for different uses, one of which was undoubt-
edly hunting. They were recovered along most of the watersheds and some of the
highest and most strategic points. The presence of lithic arrowheads at high elevations
is not surprising, although the Samarina samples are the first ever published from the
Greek mountains. A large quantity of chert and obsidian arrowheads are attested in
the Aegean since the Neolithic. Many have been found in Thessaly and other regions
of northern Greece, although during the Bronze Age chert arrowheads were still used
in several parts of the Greek mainland and Crete [93].

(5) The artefacts from the Mount Baltoumis sites (VSL) show that different activities
were performed at high altitudes, including agriculture, hunting and woodworking.
Chert tools, and also prestige items were produced within Site 1. This is shown by
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the presence of exhausted cores, debitage pieces and one broken steatite bead with
unfinished perforations (Figure 19, n. 4). Some lithic artefacts were hafted (Figure 18,
n. 1) or used for cutting hide (Figure 16, n. 6), wood (Figure 16, n. 7) and piercing
(Figure 6, n. 9).

(6) As reported above, two obsidian flakes have been collected from site VSL 1 (VSL-139)
and the northern watershed of Mount Bogdani (GRG-19) (Figure 8). These undiag-
nostic finds, although their chrono-cultural attribution is difficult to define, reopen
the question of the distribution and spread of archaeological obsidian in continental
Greece. The first, which preserves part of the cortex on one side, comes from the
Island of Melos, and the second from the Slovak source Carpathian 1. Both finds
are very important because they were collected from territories located out of the
distribution limit currently known for both Melian and Carpathian 1 obsidian [94].
Quite unexpectedly, they show that the Samarina mountain sites were part of the long-
distance obsidian distribution network. Both are knapping by-products, which can be
considered proxies for the circulation of obsidian nodules rather than finished prod-
ucts. The occurrence of both Carpathian and Aegean obsidian in Western Macedonian
was previously known only from the sites of Mandalo and Dispilio [95–97].

7. Conclusions

The surveys conducted in the Samarina highlands during the last 20 years have led
to the discovery of many traces of human activities attributable to the Late Holocene [98],
more precisely to prehistoric periods between the Late Neolithic and the end of the Bronze
Age. However, recent discoveries have shown that groups of Epipalaeolithic and Early
Mesolithic hunter-gatherers were the first to move up to the north Pindus Range most
probably during the warm interstadials that characterise the end of the Pleistocene and also
around the beginning of the Holocene [22]. The Preboreal Mesolithic presence is confirmed
by the recovery of one characteristic microlithic point made from Vikos “black chert”, and
one radiocarbon date obtained from Salix charcoal recovered from two distinct, though
neighbouring points of the HC site (HC-CH20: GrM-25076). Moreover, the discovery of
a few Epipalaeolithic and Early Mesolithic artefacts would help confirm the suggested
hypothesis that north-western Greece and neighbouring Albania were “parts of a mobility
system of hunter-gatherer tied to the systemic habitat of prehistoric populations” ([99], p. 76).

Apart from the Early Holocene finds, which include also a few typical early Atlantic
Late Mesolithic artefacts [23], the Samarina highlands started to be more systematically
inhabited during the Late Neolithic. Two radiocarbon dates from charcoal pieces obtained
from a small fireplace discovered along the northern piedmont of Mount Bogdani (BGD-1:
DEM-2585), and from a thin charcoal horizon from one of the Mount Anitsa profiles (NTS-
25: GrM-28122), confirm this view. The results show that Late Neolithic farmers started to
move up to the north Pindus mountains during two different times in the sixth millennium
BP. The evidence provided by the two dates are reinforced (1) by the presence of a small
Vikos “black chert” knapping floor at ca. 1700 m a.s.l. (NTS), most probably for the
production of a flat, bifacial point, and (2) the recovery of a Carpathian 1 obsidian flakelet
ca. 300 m south-west of the BGD-1 fireplace, along a Mount Bogdani ridge that yielded
many other non-local Holocene chert artefacts.

These data show that Vikos “black chert” has been exploited here since the early
Holocene and transported to the Samarina highlands, a movement that continued and
increased throughout the entire Chalcolithic and the Bronze Age. Moreover, they show
the importance of the relationships that developed with the Epirus middle-altitude moun-
tain landscapes.

The discovery of a few Bronze Age high-altitude sites, structures (pits), and material
culture remains, among which are different types of lithic artefacts and ceramic potsherds,
is also important. According to the available radiocarbon chronology, the area started to be
seasonally (?) frequented during the early Bronze Age (SMX-1: GrA-69503), to continue
until the end of the same period. It is important to note the presence of one large valley
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bottom settlement at Agios Athanasios (ca. 1110 m a.s.l.), along the right terrace of the
Venetikos River. This discovery is important for several reasons. The Venetikos joins the
Aliakmon River ca. 50 km south-east of the site, to flow into the Aegean Sea. This means
that this river system has nothing in common with the Epirus Vikos chert supply zone,
and the route through which this important knappable source was transported. Moreover,
Agios Athanasios (AA) is the only Bronze Age valley bottom site known in the study area,
though it is likely that many others exist. In this regard, the discovery of a radiocarbon-
dated charcoal lens associated with a few potsherds, near Koutroulia, close to the village of
Filippei, at ca. 1330 m a.s.l. (KRN-45: GrM-25075), an area which again faces south-east, is
of great interest.

Despite the two middle-altitude occurrences, it is important to emphasise that most of
the Chalcolithic and Bronze Age sites have been found at high elevations. The settlement
that was partly excavated and located on the top of Mount Anitsa (Sam-29: GrA-59015)
is a typical observation point from which the entire surrounding region can be controlled.
More Bronze Age sites are well-known in other key areas, among which are La Greklu
and Mount Vasilitsa. The first, which is still undated, yielded a few potsherds, while the
chronology of Mount Baltoumis sites VSL-1 and VSL-2 is not well-defined. Some of the
lithic artefacts from these two sites are most probably attributable to this period (Figure 17,
nn. 2 and 3). One of the sickle inserts can be compared with very similar bifacial sickles
on flakes with a notched working edge from other early Bronze Age sites excavated in
Western Macedonia and in the Peloponnese [100].

The available evidence shows that the Bronze Age high-altitude sites were part of a
complex network, which involved movements from the valley bottoms and middle-altitude
territories of Western Macedonia and Epirus to the Samarina highlands. Moreover, the
recovery of many flat-retouched chert arrowheads along watersheds and their presence
within Bronze Age sites (Sam-8: Figure 7, n. 2), show that the footpaths on the Samarina
ridges were already opened, the visibility was good for hunting, and the entire area could
be easily crossed on foot at least by the beginning of the Bronze Age, most probably also
during the Chalcolithic. This is suggested by the presence of one site of this age along the
upper slopes of Mount Anitsa (Sam-23: GrA-59661), where hunting activities are evidenced
also by the presence of one lunate armature with impact fracture traces. Another point to
note is the systematic occurrence of Bronze Age findspots close to springs or water sources,
which are numerous all over the study region. A distinctive Bronze Age example is the
flat-retouched transversal arrowhead labelled Sam-11 (Figure 18, n. 6) recovered from an
area of springs, just south of La Greklu Pass, at ca. 1600 m a.s.l.

Figure 3 shows the results obtained from the archaeological sites and the Historical
Camp tree-pits, which mark the periods during which the deforestation of the HC area
took place. The calibration plot shows evident discontinuities between the most important
cultural periods, which are represented by gaps within both groups of dates, for example
between the Late Neolithic and the Bronze Age, and again between the Bronze, Iron and
Roman Ages. Though we know very little about the Iron Age, pit-graves of this period
containing different ceramic and bronze items were found at Spelaion (ca. 950 m a.s.l.),
some 25 km south-east of Samarina [101]. Regarding the Roman period, charcoal pieces
from a small Roman Age smelting kiln at 1939 m a.s.l. along the western upper slope of
Mount Gurguliu, yielded an age of 1755 ± 30 BP (GrA-59658). This evidence is intriguing,
despite our very limited knowledge of activities of this age in the study area that undoubt-
edly took place in the early Roman Imperial period, most probably due to the presence
of the important Egnatia Odos, which crossed this mountain region, and the recovery of
small metal slags along the slopes of the same mountains, though their age could not be
ascertained. The existence of Roman (?) smelting ore ([2], p. 177) and coinage mint are
reported to be practised until a few centuries ago at the edge of Valia Kalda along the
southern slopes of Mount Smolikas.

The discovery of Byzantine fireplaces at Delichmét (Sam-5: DEM-1918/OxA-16223
and DEM-1917/OxA-16222), VSL-1 (GrA-69566), and other places show that the Samarina
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highlands were also settled in this period, as they were during the Roman Imperial rule.
This evidence contrasts with the lack of radiocarbon results attributable to the Hellenistic
period, which is otherwise represented by two important middle-altitude settlements along
the Smixiotikos River, both known as Kastrì [102].

To sum up, the results obtained during this long-term research programme carried
out in the Samarina highlands have shown the great potential of such surveys to enhance
archaeological knowledge in unexplored mountain areas, and to help frame it within a
wider cultural network. It is important to state that the territory we have explored has been
exploited for centuries by seasonal Vlach transhumant shepherds, whose presence has led
to deforestation and grazing, and the consequent exposure of many open spaces, which
would otherwise be covered with thick forests and reduced visibility. In this respect, it is
important to point out that the investigated territory is not only unique, but also represents
an ideal landscape for conducting archaeological research. The amount of data collected so
far is very significant from this point of view.
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Abstract: The problems regarding hunter-gatherer/early farmer interactions are quite an important
topic in southeast European archaeology. According to the available data, the two economic sub-
sistence systems have coexisted for some 2000 years during the 6th–4th millennia cal BC (Telegin
1985; Lillie et al., 2001). In some areas, hunter-gatherer and early farmer sites are located just a few
kilometers apart. The Southern Buh River valley has yielded evidence of Linear Pottery culture,
early Trypillia and Trypillia B1 Neolithic settlements as well as hunter-gatherer sites with pottery at-
tributable to the so-called sub-Neolithic or para-Neolithic (Haskevych et al., 2019; Kiosak et al., 2021).
Trial-trenches have been opened within some of these sites, which have been radiocarbon-dated
from Bern University laboratory (LARA). Soil samples for micromorphological analysis have been
collected from these sites to interpret their paleogenetic formation. The soil development is attested
since, at least, the beginning of the 5th mill BC, followed by the developed of chernozem soils, which
was interrupted by an erosional episode in the end of 5th millennium BC. The available data show
that the soils of early farmers arable as are the present day ones. The early farmers were able to exploit
relatively heavy soils to cultivate wheat and barley as early as 5250–5050 cal BC. In contrast, the sites
of ceramic hunter-gatherers were often located on the soils which formed under wet conditions along
seasonally flooded riverbanks, which were almost unsuitable for agricultural practices.

Keywords: Neolithization of eastern Europe; Ukraine; radiocarbon dates; soil micromorphology;
paleopedogenesis

1. Introduction

Chernozem is a dominant type of soil in Ukraine nowadays. It covers more than
65 percent of the country’s arable land. This soil is extremely rich in nutrients and very
fertile [1]. That is why Neolithic farmers prefer it in many regions [2]. However, the
formation of chernozems is thought to result from direct or indirect anthropic influence on
ecosystems [3–6]. Thus, the first agriculturalists in this region could rely on other types of
soil, especially in the early phases of their arrival in a certain region [7,8]. The sedimentary
conditions of southern Ukraine, where high rates of accumulation sometimes enable partial
preservation of past Holocene soils under modern-day soils [9], permit us to estimate
directly the type of soils used by early farmers.

In Ukraine, the earliest evidence of agriculture was found in the sites of Linear Pottery
culture [10,11]. However, there was a complex situation in Ukraine during the second
half of the sixth–fifth millennia BC [12,13]. In the west, vast territories saw the arrival
of the first farmers (LPC, then Trypillia culture). During the same time period, sites of
hunter-gatherers equipped with pottery (attributed to numerous local cultural aspects)
flourished to the east of “agricultural frontier” [14,15]. Thus, in Ukraine there are many
regions where early farmers’ settlements neighbor sites of ceramic hunter-gatherers [16–18].
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This research was carried out in the Southern Buh catchment (SBC, Figure 1): the region
in southwest Ukraine that yielded sites of groups with the agriculture-based economy
(Linear Pottery culture, LPC, and Trypillian culture, [19,20]) as well as sites of mobile groups
with extractive economy equipped with pottery (Figure 2). Thus, their soil preferences can
be directly compared here. Previously, the pedological analysis had been implemented in
several hunter-gatherers’ sites in the SBC, with indecisive results: some sites contained
traces of buried chernozems (Dobrianka 1 and 3, [21]), while the sediments from other sites
(Gard and Lidyna Balka, [22]) were rather related to the floodplain pedogenesis. In the
Trypillian settlement of Sabatynivka 1, the soil sections revealed a buried soil of chernozem
type dating to the 5th mill. BC [23]. However, pedological research had been carried out
in an opportunistic way, reflecting the ongoing archaeological projects. Thus, the authors
propose a systematic program of pedological investigation in the SBC, encompassing both
recently excavated and historic sites. In this paper, the results of pedological analysis on
three settlements of the early farmers are compared with observations on two sites of the
ceramic hunter-gatherers.

Figure 1. The Southern Buh catchment (pink area) on the map of Europe. Topo—ESRI Terrain.
Elaboration—DK.
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Figure 2. (A): An example of modern soils cover in the middle Southern Buh. Diamonds—early
farming sites, circles—hunter-gatherers’ sites. Yellow areas—chernozems, reddish—forest soils,
purple—meadow soils, blue—sands. (B): The sites of hunter-gatherers (black dots) and early farmers
(red diamonds) in the Southern Buh catchment. 1—Dobrianka 1 and 3, 2—Haivoron-Polizhok,
3—Zavallia, 4—Zhakchyk, 5—Savran, 6—Melnychna Krucha, 7—Mykolyna Broiaka, 8—Gard and
Lidyna Balka, 9—Likareve, 10—Haivoron, 11—Kamyane-Zavallia 1, 12—Kamyane-Zavallia, 13—
Hnyla Skelia, 14—Mohylna 3, 15—Sabatynivka 1, 16—Nebelivka. A—area depicted in Figure 2A.
Topo—ESRI National Geographic. Elaboration—DK.
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2. Region

The region of study (Figure 1) is situated along the Southern Buh River and its tribu-
taries. The Southern Buh River is a natural connection between the hilly landscapes of the
Podillia and Dnieper uplands on the one hand and the much flatter terrain of the steppe
Black Sea lowland on the other hand. The region is characterized by the alteration of flood-
ing watersheds with deep (up to 80–90 m), sometimes canyon-like valleys of rivers and
gullies [24]. The slopes of gullies and rivers are often wooded. The river terraces are often
not visible along the Southern Buh River course, and there is only a single cliff between
a narrow strip of floodplain and a hilly loess plateau above [25]. The current vegetation
patterns of the region are classified as a broadleaf forest, meadow-steppe landscape, and
steppe when moving downstream [26].

The Southern Buh River is crossed in many places by rapids, mostly made of large
granite blocks. They formed favorable fishing locations since prehistory [27].

The underlying Quaternary bedrock is represented mainly by loess [9]. The loess soils,
preferred by early farmers of LPC in Central Europe [28], are so widespread here that it can
be challenging to search for patches free of them. Thus, “loess islands” as an explanatory
concept of LPC patchy character of settlement loses much of its heuristic value in Ukraine.

Nowadays, the soils of the SBC are mostly chernozems [25], Figure 2A. They are
classified into three broad groups: (1) typical, deep (80–120 cm of the profile), with a small
content of humus (4–6%), sometimes carbonized; (2) podzolized; (3) regraded. Podzolized
and regraded chernozems are soils formed under deciduous vegetation and cultivated only
relatively recently (since the 1950s). The region also has dark-grey and grey forest soils,
mostly preserved under modern-day forests and nearby [29]. They cluster together with
the two types of chernozem mentioned earlier (2 and 3).

The meadow soils (often meadow chernozems) were developed in the floodplains.
This process occurred mainly in the vast stretches of wet lowland formed by the conjunction
of the Southern Buh and its major tributaries (Savranka, Mohylianka). The sands and sandy
soils are presented in the region in several pockets. The largest pockets are along the
Savranka river and by the town of Haivoron [29].

Thus, the SBC exhibits a great variety of soils. Most soils are very fertile; however,
they require somewhat different agricultural treatments to be productive. The modern
dominance of chernozems is a relatively recent artifact of heavy cultivation [1].

In prehistory, humans settled in the region since the Paleolithic [30]. The Mesolithic
sites are known in the region [27,31,32]. However, their chronology and cultural attribution
are often uncertain. Later on, the region was occupied by groups of hunter-gatherers already
equipped with pottery with the mostly extractive economy (called sub-Neolithic [33] or
para-Neolithic [34]). The sub-Neolithic or para-Neolithic is defined by D.L. Haskevych
as “cultures situated east [outside—D.K.] of the agricultural frontier”, where “influence
of farming groups on their hunter-gatherer neighbours can be seen only in the sporadic
exchange of prestigious goods, as well as in attempts to imitate the decorations and forms
of pottery from the Criş Vinča, and Trypillia and some other Western cultures” [14]. The
chronology of these groups is yet to be clarified. There were foragers’ sites with ceramic
fragments by the second quarter of the sixth mill. BC [35] and some sites of this type existed
in the early fifth mill. BC [36].

3. State of the Art

The empirical archaeological data on the cultural landscape in the region is sparse.
The palaeobotanical analysis indicates that the alluvial deciduous forest composed of ash,
oak, and elm existed on the Southern Buh riverbank in the SBC by the late seventh mill.
BC and continued to exist well into LPC time, the last quarter of the sixth mill. BC [10].
At LPC Kamyane-Zavallia (Figure 2B: 12), Triticum cf. dicoccum, T. cf. monococcum, and
cf. Hordeum remains demonstrated cereal use onsite. Among the weed macro remains
identified at Kamyane-Zavallia, Chenopodium album type and Fallopia convolvulus can grow
in cereal plots and field edges, thus showing that arable fields had replaced some parts
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of the forest by this time [10]. Thus, the agricultural landscape appeared in the SBC by
5250–5050 BC. The extensive data came from the Trypillian mega-site of Nebelivka (early
fourth mill. BC) situated in the very north of the SBC [37–39]. Pollen analysis suggested a
prolonged agricultural usage of territory around the mega-site, starting in the late fifth mill.
BC [40].

No pollen cores covered the study period in the SBC. But, essential pollen cores 100 km
to the west (Dovjok) and 130 km to the southeast (Troitske) contained data on the floral
composition highly consistent with the paleobotanic observations [41,42].

The pedological analyses were carried out by Zh.M. Matviishyna and her students
at several sites [43]. They revealed that buried soils, when preserved, belonged to several
morphological types similar to those existing in the region today [21,22,44,45]. Shorter
profiles of the late 5th mill BC soils made them similar to the “chernozems of southern type”
developing under open grassland conditions. Thus, this observation probably reflects the
existence of deforested patches in the landscape by 4350–4200 BC [23].

4. Sites and Methods

In the Southern Buh catchment, early farming settlement is represented by the sites of
the Linear Pottery culture, early Trypillia, and Trypillia B1. The sections were studied on
sites of these successive cultural aspects: Kamyane-Zavallia (LPC), Mohylna 3 (Trypillia
A), and Kamyane-Zavallia 1 (Trypillia B1, Figure 2). The research was complemented by
an analysis of two sites of ceramic hunter-gatherers (Melnychna Krucha and Mykolyna
Broiaka, Figure 2: 6, 7). The sites were dated by radiocarbon method in the laboratory of
Bern University (LARA) employing the MICADAS equipment [46,47]. Collagen extraction
was performed according to Szidat et al. [47], which was extended with an additional
ultrafiltration step. The results were calibrated with OxCal software [48], Version 4.4.4,
based on the IntCal20 calibration curve [49].

Here and thereafter, we differentiate clearly between conventional radiocarbon ages
(cited “BP”), calibrated 14C dates (cited “calBC”) and estimates interpolated from 14C dates,
typological seriation and stratigraphies (cited “y. BC”).

The sections were studied by the micromorphological analysis in order to reconstruct
the processes of pedogenesis. Thin sections were prepared in the geochemistry of isotopes
laboratory of NASU by mechanical treatment without an application of HCl solution
till the samples were 0.02–0.03 mm thin. The polarization microscope Min-8 aided the
microscopic observation with a magnification of ×70. The details of the method employed
for identifying soil structure were elaborated on in the paper [50]. The content of organic
carbon was defined by the Tiurin method in modification of TSINAO [51]. Then, humus
content was calculated by an application of coefficient 1.724. Granulometric analysis was
performed using the Kachynskyi method [52]. Several cycles of soil development were
defined for the region in question in line with the palaeoclimatological approach of M.
Veklych [53]. The soil’s nomenclature corresponds to the WRB scheme [54]. At the same
time, local terms [29] are used when we cite the results of published research for clarification
(together with internationally recognized WRB terminology) and when the international
terms are not enough to describe the situation under discussion.

5. Results

5.1. Early Farming Sites
5.1.1. Kamyane-Zavallia

Kamyane-Zavallia (48◦10′51′′ N; 30◦0′25′′ E) is the easternmost excavated site of LPC.
It is situated on the right bank of the Southern Buh River in front of the town of Zavallia.
Excavations covered an area of 130 sq. meters in 2013–2016 and over 400 sq. meters in 2019.
Finds are numerous: over 2000 potsherds, some 5000 bone fragments, plant macro-remains
(charcoal, very few seeds), pieces of burnt clay, and over 500 lithics. Two radiocarbon dates
from pit 1 of Kamyane-Zavallia, fall within the last three centuries of the sixth millennium
BC, more precisely between 5300–5032 and 5210–4952 cal BC (6200 ± 40 BP, Poz-67121 and
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6130 ± 40 BP, Poz-67554, Table 1) [10,55]. Sections 1 and 2 were studied at the northern
edge of excavation pit 1 (2014–2016). Section 1 revealed sparse archaeological finds (small,
rounded potsherds); thus, it is situated in the site’s periphery. Section 2 cut a Neolithic
pit (pit 1, which was dated by radiocarbon analysis, see above). Sections 1 and 2 were
compared with the “natural” sections revealed in a cliff of the river-bank nearby as well
as in the walls of stone quarry. Sections revealed similar sequences (Figure 3), which is
characterized in Supplementary Table S1.

Figure 3. Kamyane-Zavallia. Soil-section 1. Captions: see Supplementary Table S1. Left column: soil
horizons’ indices; central column: schematic drawing; right column: photos of the actual soil textures
from the respective horizons of the section.

Table 1. Relevant radiocarbon dates.

Lab No. Site Material Context
Age_Uncal
(y BP)

±1s (y) Period/Culture CalBC (1 σ) CalBC (2 σ) Reference

BE-7636 MK-SU4 Animal bone Cultural layer 8368 23 Kukrek 7509–7379 7520–7357 Kiosak et al., 2021

BE-7635 MK-SU4 Animal bone Cultural layer 8311 24 Kukrek 7454–7345 7480–7315 Kiosak et al., 2021

BE-10309 MK-SU4 Animal bone Cultural layer 8344 23 Kukrek 7483–7362 7497–7347 Kiosak et al., 2021

Poz-67496 MK-SU3 Angiosperm Cultural layer 7520 50 Late Mesolithic 6448–6361 6461–6252 Kiosak, Salavert
2018

BE-7639 MK-SU3 Animal bone Under the
shell pile 7436 23 Late Mesolithic 6367–6256 6381–6241 Kiosak et al., 2021

BE-10308 MK-SU3 Animal bone Cultural layer 7404 23 Late Mesolithic 6352–6233 6365–6230 Kiosak et al., 2021

Poz-67497 MK-SU3 Ash charcoal Cultural layer 7380 40 Late Mesolithic 6356–6216 6380–6100 Kiosak, Salavert
2018

BE-7637 MK-SU2 Animal bone Bone scatter 6980 24 Para-Neolithic 5962–5815 5976–5787 Kiosak et al., 2021

BE-7641 MK-SU2 Antler Bone scatter 6986 24 Para-Neolithic 5966–5841 5977–5794 Kiosak et al., 2021

BE-7638 MK-SU2 Animal bone Bone scatter 6985 22 Para-Neolithic 5963–5841 5976–5798 Kiosak et al., 2021

BE-7640 MK-SU2 Antler Cultural layer 6812 24 Para-Neolithic 5722–5674 5736–5651 Kiosak et al., 2021
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Table 1. Cont.

Lab No. Site Material Context
Age_Uncal
(y BP)

±1s (y) Period/Culture CalBC (1 σ) CalBC (2 σ) Reference

Ki-14790 Gard Pottery
carbon Lower layer 6630 90 Para-Neolithic 5630–5490 5721–5385 Tovkailo 2014

Ki-14789 Gard Pottery
carbon Lower layer 6480 80 Para-Neolithic 5520–5360 5612–5310 Tovkailo 2014

Ki-14791 Gard Pottery
carbon Upper layer 6710 80 Para-Neolithic 5710–5560 5734–5489 Tovkailo 2014

Ki-14792 Gard Pottery
carbon Upper layer 6520 80 Para-Neolithic 5560–5370 5618–5338 Tovkailo 2014

Ki-14793 Gard Pottery
carbon Upper layer 6400 90 Para-Neolithic 5480–5310 5546–5210 Tovkailo 2014

BE-18269 MB Animal bone House 1, 280
cm deep 6762 27 Para-Neolithic 5708–5631 5719–5625 Kiosak et al. sbm

BE-18270 MB Animal bone sq. 2-E, 268
cm deep 5731 26 Para-Neolithic 4647–4505 4678–4493 Kiosak et al. sbm

Ki-9833 Dobrianka-1 Pottery
carbon Cultural layer 6530 140 Para-Neolithic 5616–5370 5714–5224 Zalizniak et al.,

2013

Ki-9834 Dobrianka-1 Pottery
carbon Cultural layer 6360 150 Para-Neolithic 5490–5080 5616–4991 Zalizniak et al.,

2013

OxA-17490 Dobrianka-3 Animal bone Cultural layer 9115 45 Mesolithic 8420–8272 8454–8252 Lillie et al., 2009

OxA-222-33 * Dobrianka-3 Human bone Burial 7227 40 Mesolithic 6202–6028 6210–6018 Lillie et al., 2009

Ki-11105 Dobrianka-3 Animal bone Cultural layer 7400 130 Para-Neolithic 6411–6106 6474–6016 Zalizniak et al.,
2013

Ki-11104 Dobrianka-3 Animal bone Cultural layer 7320 130 Para-Neolithic 6354–6058 6441–5933 Zalizniak et al.,
2013

Ki-11108 Dobrianka-3 Animal bone Cultural layer 7260 170 Para-Neolithic 6354–5987 6452–5808 Zalizniak et al.,
2013

Ki-11106 Dobrianka-3 Animal bone Cultural layer 7070 150 Para-Neolithic 6068–5777 6232–5642 Zalizniak et al.
2013

Ki-11107 Dobrianka-3 Animal bone Cultural layer 7050 160 Para-Neolithic 6056–5756 6232–5642 Zalizniak et al.,
2013

GrA-33115 Dobrianka-3 Animal bone Cultural layer 4400 35 Para-Neolithic 3088–2928 3308–2910 Biagi et al., 2007

GrA-33117 Dobrianka-3 Animal bone Cultural layer 3595 35 Para-Neolithic 2013–1902 2113–1831 Biagi et al., 2007

Poz-67121 KZ Bone Pit 1 6200 40 LPC 5207–5058 5212–5042 Kiosak 2017

Poz-67554 KZ Acer sp.
Charcoal Pit 1 6130 40 LPC 5287–5079 5296–5072 Kiosak 2017

BE-7649 MIII Bone Close to
Ploschadka 5712 22 Trypillia A3 4580–4501 4616–4466 Kiosak et al., 2021

BE-16908 MIII animal bone Soil-section 1 5699 26 Trypillia A3 4549–4459 4607–4453 Kiosak et al., sbm

BE-16909 MIII animal bone Soil-section 1 5679 27 Trypillia A3 4539–4458 4599–4447 Kiosak et al., sbm

BE-7652 KZ 1 Bone Inner ditch 5346 21 Trypillia B1 4252–4076 4315–4056 Kiosak et al., 2021

BE-7651 KZ 1 Bone Inner ditch 5424 21 Trypillia B1 4331–4263 4337–4251 Kiosak et al., 2021

MK—Melnychna Krucha, SU—stratigraphic unit, MB—Mykolyna Broiaka, MIII—Mohylna 3, KZ—Kamyane-
Zavallia. * Kyiv radiocarbon dates on the potsherds have shown a poor agreement with dates from other
laboratories and should be treated with extreme caution [14].

The modern soil observed in section 1 is characterized by a developed profile with well-
defined horizons, intense humification, a clear granular–blocky structure, and carbonates
in the lower horizons (Figures 3 and 4). These traits enable us to define this soil as typical
chernozem, accumulative, thick, made of light loam, formed on loess-like loams [9] of the
first river terrace of the Southern Buh.
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Figure 4. Kamyane-Zavallia. Soil micromorphology. Captions: see Supplementary Table S1. (a,b,e–
g,j,k,m–o,s,t)—PPL (plane-polarised light); (c,d,h,i,l,p–r,u–w)—XPL (cross-polarized light). Magnifi-
cation 1:70. Elaboration—ZM.

Section 2 revealed the same sequence but distorted by a pit of Neolithic (pit 1/9
of excavation trench 1). This pit and other pits in excavation trench 1 were traced from
−0.55 m–0.6 m depth from the lower part of the horizon Hp(k). The modeling of artifact
distribution in three dimensions confirms this observation [56]. The stone pavement of
Linear Pottery culture was found by pit 1. The foundations of stones stood at the same
depth [20]. In section 1, the sparse finds of Neolithic potsherds came from the same depth.
Thus, the horizon of Neolithic activity corresponds to the lower part of the horizon Hp(k).
So, the soil of LPC was reworked by further pedogenetic processes and the LPC remains
were covered by the younger soil. However, it left a visible trace: humus shells of mineral
grains were observed in thin sections of the sample coming from this layer. One of the
authors (Zh.M.) reconstructs the soil of the Neolithic period as chernozem with three
horizons H, Phk, Pk, 0.6–0.7 m thick. While the exact character of this soil is not yet
apparent, it is evident that it contained a high content of humus, being arable, at least as the
modern soil is. Moreover, considering that the analyzed sample comes from the horizon
covering the layer of Neolithic activity (0.65–0.75 m), these observations can also relate
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to younger phases of the Neolithic, which are consistent with the results obtained in the
nearby Trypillian settlement of Kamyane-Zavallia 1.

5.1.2. Mohylna 3

Mohylna 3 (48◦14′32′′ N; 30◦4′45′′ E) is a Trypillia A site situated on the eastern slope
of a no-name tributary of the Mohylianka river (left tributary of the Southern Buh River). It
is a large site with an area covering over 15 ha. Geomagnetic prospection covered seven
hectares of the site’s area in 1993 [57]. The extensive collections of pottery, chipped stone
artifacts, and figurines were gathered on the site’s surface and described on numerous
occasions. N.B. Burdo noted that Mohylna 3 could hold a recent relative position in the
typo-chronology of Early Trypillia [58]. The site’s small faunal collection mostly comprise
fragmented cattle bones (definition of O.P. Siekerska, [34]). The numerous remains of
cultivated plants were detected in imprints on potsherds and daub coming from the sites of
Trypillia A [14], also situated near Mohylna 3. Thus, the site’s inhabitants practiced farming
and herding.

Mohylna III is dated to 4616–4447 calBC (2σ) (BE-7649, 5712 ± 22 BP; BE-16908,
5699 ± 26 BP; BE-16909, 5679 ± 27 BP; Figure 2B: 14, Table 1). The latter two dates (BE-16908
and BE-16909) come from animal bones that were selected from the horizon 0.55–0.78 m
deep in soil-section 1.

Soil-section 1 was situated on the very northern edge of the Trypillian site, where
a deep gully created a cliff suitable for detailed examination. It was situated close to
robbers’ illegal excavation pit that destroyed a fired-clay dwelling (ploschadka) of Trypillia
A. Despite the absence of construction elements in the test trench, it is evident that most
artifacts should be linked with the dwelling. The “natural” section (soil-section 2) was
examined in the cliff of the upper terrace of the Mohylianka river, some 600 m upstream.
Both sections yielded comparable sequences.

Under the arable layer (Figure 5), there was the upper soils (0.0–0.57 m), transitional
horizon (0.75–0.80 m), the lower soil (0.8–1.7 m) with genetic horizons (H(p)k, Hpk, Phk,
Pk), and the mother-rock (Pk)—white pale loess (1.7–2.0 m and below). The soils are made
of terrace deposits of the Mohylna river valley. The soil profile is saturated by CaCO3
from the very surface to the bottom of the section in the shape of solved carbon and
many micellar carbonates. Humus distribution (Figure 6) and granulometric composition
(Figure 7) reflect several cycles of pedogenesis. The modern soil is gleyic chernozem, with
micellar carbonates and a deep humic horizon. The finds of Early Trypillian artefacts
were detected in the horizon 0.65–0.9 m deep. The same observation was made during
an extensive archaeological test-trenching [34]. Thus, Trypillian activity happened on the
surface of the lower soil. The process of soil formation can be reconstructed as follows
(from bottom to top):

1. Formation of pale white loess—cold periglacial steppe, likely of Buh phase.
2. Early Holocene deposits altered by further pedogenesis.
3. The lower soil, already well-developed by the foundation of the Early Trypillian

site, probably of chernozem type with brownish coloring and structural peculiarities
transitional to kastanozems formed under arid conditions.

4. Erosional event—carbonate-rich light horizon at 0.75–0.8 m.
5. At least two cycles of pedogenesis of modern-day gleyic chernozem.
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Figure 5. Mohylna 3. Soil-section 1. Captions: see Supplementary Table S2. Left column: soil
horizons’ indices, dotted lines indicate changes of horizons; central column: schematic drawing; right
column: photos of actual soil textures from respective horizons of the section, taken afield by gluing
a respective sample to a sheet of paper; Elaboration—ZM.

Figure 6. Humus content in the section 1 of Mohylna 3. Analysis by H.P. Zadverniuk. Elaboration—
DK.
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Figure 7. Granulometry of soils in the section 1 of Mohylna 3. Analysis by O.O. Halahan. Legend:
sizes of particles in mm. Elaboration—DK.

5.1.3. Kamyane-Zavallia 1

Kamyane-Zavallia 1 (48◦12′12′′ N; 30◦0′12′′ E, Figure 2B: 11) is a site of the first stage
of developed Trypillia (Trypillia B1). It is situated on a flat promontory of the first terrace
of the right bank of the Southern Buh River. The site yielded ceramic groups similar to
Trypillia A and small potsherds with painted decorations indicative of the Trypillia B1
(Cucuteni A3–4) stage. The lithic inventory comprise minor flat bifacial projectile points,
a characteristic of developed Trypillia. The site belongs to the same local group with the
nearby Trypillian sites excavated on the larger area: Sabatynivka 1 and Berezivska HES [59].
Both latter sites yielded abundant evidence of the agriculture: remains of domestic animals
and cultivated plants [14,23]. The site of Kamyane-Zavallia 1 consisted of the habitation
zone surrounded by two ditches [19]. Two animal bones from the inner ditch filling were
selected for radiocarbon analysis. They yielded dates of 4337–4056 calBC, 2σ (Table 1) [59].

The soil-section was studied in the test-trench 3, opened outside the Trypillian ditch
(Figure 8), thus in the archaeological site’s periphery. The “on-site” observations were
controlled by examination of the modern cliff of the Southern Buh river in the vicinity of
the site.

The soil profile with horizons H, Hp, Ph, P, and absence of carbonates are characteristic
of mollic fluvisols formed on the alluvial silty loam (Figures 8 and 9).

In this case, pedogenesis occurred in the high meadow plain on a sandy substrate. The
most intense humus horizon is not the upper layer here, but the horizon from 0.3–0.7 m
deep, especially the lower part of it (Figure 9, Supplementary Table S3). The available soil
profile can be explained if the late Atlantic period mollic fluvisol was a substrate for the
formation of modern soil and was only partially altered during this process. The artifacts
of the Trypillian period were primarily attested in the humus (upper) horizon of the late
Atlantic soil. The soil contained more humus than modern soil, so it was probably at least
as arable as modern soil. The soil is relatively light for working because it was formed on
the alluvial sands of the high meadow terrace. This sandy substrate is in clear contrast with
the mostly loess substrate of the soils, which LPC farmers selected.
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Figure 8. Kamyane-Zavallia 1. Soil-section 1. Captions: see Supplementary Table S3. Left column:
soil horizons’ indices, dotted lines indicate changes of horizons; central column: schematic drawing;
right column: photos of actual soil textures from respective horizons of the section, taken afield by
gluing a respective sample to a sheet of paper. Elaboration—ZM.

 

Figure 9. Kamyane-Zavallia 1. Soil micromorphology. (a,b,e,f,i,n–p)—PPL, (c,d,g,h,j–m)—XPL.
Magnification 1:70. Elaboration—ZM.

276



Land 2023, 12, 388

5.2. Sites of Hunter-Gatherers
5.2.1. Melnychna Krucha

Melnychna Krucha (48◦8′49′′ N; 30◦13′1′′ E, Figure 2B: 6) is a stratified site that yielded
finds dating from the Mesolithic till the Iron Age. It is situated on the left northern bank
of the Southern Buh River in the meadow plain. The site was discovered by S. I. Chub in
1930 and was excavated on several occasions from 1931 to 1949 [60]. The recent excavation
project (2012–2018, jointly with prof. N. Kotova, Institute of Archaeology, Kyiv; and prof.
W. Tinner, University of Bern) revealed a complex sequence with some stratigraphic units.

Stratigraphic unit (SU) 1a contained dispersed potsherds and bones of the late Bronze
Age and Iron Age, while SU1b yielded potsherds of the Eneolithic period (late fifth–early
fourth mill. BC, [61,62]).

SU2 consisted of a dense scatter of bones, debris of decortification of several concre-
tions of yellow-wax flint layer of lithics, and eight potsherds. This habitation belonged to
local pottery-bearing groups, with subsistence still primarily based on fishing, hunting, and
gathering. The recovered bones mostly belonged to red deer and wild boar (definition of
O.P. Siekerska [35]). The archaeobotanical analysis combined with flotation failed to recover
remains of cultivated plants coming from this unit [10]. Three very consistent radiocarbon
dates date it to 5966–5787 cal BC (BE-7641: 6986 ± 24 BP; BE-7638: 6985 ± 22 BP; BE-7637:
6980 ± 24 BP, Table 1), while a single determination is younger than the rest—5736–5651 cal
BC (BE-7640: 6812 ± 24 BP, [35]).

SU3 contained lithic artifacts, fragmented animal bones, turtle shell plates, avian bones,
fish vertebrae, and bones of small mammals. The lithic inventory is microlithic with some
microcores, end-scrapers on flakes, backed bladelets, and an isosceles trapeze [32]. Four
radiocarbon dates come from SU3, dating to the last half of the seventh mill. BC, namely
6461–6100 cal BC (Poz-67496: 7520 ± 50 BP, BE-7639: 7436 ± 23 BP, BE-10308: 7404 ± 23 BP,
Poz-67497: 7380 ± 40 BP, Table 1, [35]).

The lowermost layer (SU4) contained fragmented auroch bones and lithic implements.
The chipped stone inventory included:

• Conical cores for fine bladelets and microblades;
• Multiple burins on blade’s spalls;
• Blade fragments with ventral trimming and retouch (so-called Kukrek inserts, [27,63,64]);
• Points with partial abrupt retouch forming a distal acute tip and a notch on the

opposite end by a bulb [32].

Three dates come from this unit. They encompass 7520–7315 cal BC, (BE-7636:
8368 ± 23 BP, BE-10309: 8344 ± 23 BP, BE-7635: 8311 ± 24 BP, Table 1, [35]).

Thus, the Melnychna Krucha is a “long” sequence, covering the eighth–fifth/fourth
mill. BC.

Paleopedological analysis was carried out on the eastern wall of square 6 of the
excavation pit of Melnychna Krucha and on the nearby cliff of the Southern Buh Riverbank
outside the archaeological site. Both sections (“archaeological” and “natural”) yielded the
same sequence. The general depth of sediments is over 4 m. The rapid accumulation rates
led to the repeated burying of the ancient soils, avoiding their complete alteration in the
younger pedogenesis. There are three consecutive soils in the sequence (Figure 10).
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Figure 10. Melnychna Krucha. Soil-section 1. Captions: see Supplementary Table S4. Left column:
soil horizons’ indices, dotted lines indicate changes of horizons; central column: schematic drawing;
right column: photos of actual soil textures from respective horizons of the section, taken afield by
gluing a respective sample to a sheet of paper. Elaboration—ZM.

Sections revealed a complex soil sequence up to 4 m deep. There are three consecutive
pedogenesis cycles, reflected in respective soils with developed profiles. The upper soil
(0.0–0.85 m) comprises four genetic horizons (Supplementary Table S4, Figures 11–13) and
is clearly separated from the underlying sediments by a well-visible lighter horizon of light
dusty loam. The middle soil (0.85–1.7 m) is a light loam with upper horizons rich in humus
formed on the lower horizons of light yellow color and loess-like texture. In the excavation
pits the horizons corresponding to the middle soil contained artefacts of Eneolithic (the
late 5th–early 4th mill. BC, definition of N.S. Kotova [21]). The lower soil (1.7–1.9 m) is a
light sandy loam with humus-rich upper horizon—Hpk (gl)—1.7–1.9 m—humus horizon
with interchanging layers of grey and brownish-grey stripes 5–7 cm wide. The stripped
pattern indicates periodic flooding. In the vicinity of Melnychna Krucha, accumulative
processes shaped the formation of a high meadow plain from alluvial material with partial
redeposition of the latter under the subaerial conditions. It resulted in the development
of a soil sequence thicker than the soils of similar age in the higher river terraces and
watershed plateaus. The active deposition enabled us to define three soils separated by
illuvial carbonate horizons.
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Figure 11. Melnychna Krucha. Micromorphology of soils in the section 1. I—upper soil, (a,c,d,f)—
PPL; (b,e,g)—XPL. II—middle soil: Captions: see Supplementary Table S1. Left column: soil
horizons’ indices; central column: schematic drawing; right column: photos of the actual soil textures
from the respective horizons of the section. (a,b,e,f,i,j)—PPL, (c,d,g,h,k,l)—XPL. Magnification 1:70.
Elaboration—ZM.

279



Land 2023, 12, 388

Figure 12. Melnychna Krucha. Micromorphology. I—lower soil of the section 1, (a,b,f–h,k–m)—PPL;
(c–e,i,j,n–p)—XPL. II—soils of the section 2. Captions: see Supplementary Table S4. Left column:
soil horizons’ indices; central column: schematic drawing; right column: photos of the actual soil
textures from the respective horizons of the section. (a,b,e,f)—PPL, (c,d,g,h)—XPL. Magnification
1:70. Elaboration—ZM.
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Figure 13. Melnychna Krucha. Soil-section 2. Captions: see Supplementary Table S4. Left column:
soil horizons’ indices, dotted lines indicate changes of horizons; central column: schematic drawing;
right column: photos of actual soil textures from respective horizons of the section, taken afield by
gluing a respective sample to a sheet of paper. Elaboration—ZM.
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The upper and middle soils were formed under subaerial conditions, while the lower
soil developed in a very moist environment, which was probably periodically flooded. The
margin between the middle and lower soils is clear and likely represents an erosion event.
It also corresponds to an interruption of soil formation processes, when organic matter was
largely reduced, and instead, yellow dust and sand formed the lowermost horizon of the
middle soil. The upper and middle soils resemble calcaric fluvisols formed under steppe
vegetation on light clay loam of alluvial origin. In contrast, the lower soil is gleyic podzol
from a taxonomic point of view and was formed under hydromorphic conditions.

The SU2 (ceramic hunter-gatherers) remains are associated with the lowermost part of
the middle soil (horizons Pk and P(h)k), SU3 (the late Mesolithic) with the upper horizon
of the lower soil (horizon Hpk (gl)), while SU4 (the middle Mesolithic) was uncovered in
the lower horizons of the lower soil (Phkgl and Pkhorizons). Thus, both stratigraphic units
of Mesolithic age were developed under wet, periodically watered conditions, along the
river beach. The ceramic hunter-gatherers of SU2 settled on the hydromorphic soil barely
suitable for any meaningful agricultural activity.

5.2.2. Mykolyna Broiaka

Mykolyna Broiaka (48◦09′50′′ N 30◦53′02′′ E, Figure 2B: 7) is a site of ceramic hunter-
gatherers. It was found by local inhabitants and excavated by P. Kharlampovych in 1932 [65]
and by V. Danilenko and M. Shamglii in 1955 [27]. Both excavations revealed a complex
stratigraphy: two layers of ceramic hunter-gatherers material culture at a certain distance
from the riverbank in 1955 [27] or a probable Eneolithic horizon above the shell-midden
with hunter-gatherers potsherds and lithics in 1932 [66]. Two radiocarbon dates come from
this site: from the lower layer—5719–5625 cal BC (Be-18269, 6762 ± 27 BP), and from the
upper stratigraphic unit—4678–4493 cal BC (BE-18270, 5731 ± 26 BP, Table 1), probably
corresponding to the shell-midden in excavations of 1932.

There were two studied soil sections: section 1 by the site of an older excavation
of 1932 and section 2 in a natural context some 200 m downstream. Both sections cut a
cliff (0.7 m high) of a meadow terrace rising above the lower floodplain about 20 m wide.
Section 1 revealed a modern soil (0.0–0.5 m) of gleyic mollic fluvisol type. Underneath,
there was a sequence of dark loose horizons of clay loam (20–50 cm thick) separated by
white-yellow-grey dense horizons 5–10 cm thick, indicating events of prolonged flooding
(Figure 14). In general, the sequence was formed in hydromorphic regime. The section cut
the shell-midden at a depth of 1.8–1.9 m, which corresponds well with the depth reported
in the 1932 excavation. Thus, we can establish the stratigraphic position of the horizon
related to activity of ceramic hunter-gatherers in the section 1. It is embedded between
humic (Figure 15) sediments formed under hydromorphic regime, under conditions of
periodical flooding. The latter is clearly reflected in periodic changes in granulometry of
sediments (Figure 16).

Section 2, which was situated outside the archaeological site, confirmed this observa-
tion yielding a sequence of soils formed under conditions of periodic flooding, probably
corresponding to the upper six horizons observed in section 1 (See descriptions of sections,
Supplementary Table S5). Thus, the site of ceramic hunter-gatherers was situated on the
beach of the riverbank and was flooded periodically. They settled on the marshy alluvial
sediments barely suitable for arable agriculture.
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Figure 14. Mykolyna Broiaka. Soil-section 1. Captions: see Supplementary Table S5. Left column:
soil horizons’ indices, dotted lines indicate changes of horizons; central column: schematic drawing;
right column: photos of actual soil textures from respective horizons of the section, taken afield by
gluing a respective sample to a sheet of paper. Elaboration—ZM.

Figure 15. Mykolyna Broiaka. Organic carbon content in soil-section 1. Analysis by H.P. Zadverniuk.
Elaboration—DK.
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Figure 16. Mykolyna Broiaka. Granulometry in soil-section 1. Legend: sizes of particles, in mm.
Analysis by O.O. Halahan. Elaboration—DK.

6. Discussion

Neolithic farmers had certain patterns of soil exploitation, which were well established
in central and southern Europe [28,67,68]. However, the geographical correspondence
between Neolithic sites and the modern soil distribution can be misleading, because soils
underwent a prolonged evolution, which could have altered their character in some regions.
Particular sedimentary conditions exist at many Neolithic sites in the south of eastern
Europe. The archaeological remains are covered by a thick (sometimes over 1 m) layer of
later Holocene deposits. On the one hand, this situation makes any large-scale excavation
of these sites a complex enterprise [69]. On the other hand, it opens the possibility to study
the soil sequences looking for trends of pedogenesis during the Holocene [70].

The earliest agriculture in the Southern Buh catchment is attested by finds of archaeob-
otanical remains in the LPC settlement of Kamyane-Zavallia [10]. The pedological analysis
of the soil sections at this site revealed traces of a fertile, humic, short-profiled soil formed
on the loess. The modern soil at the site is fertile chernozem, morphologically light clay
loam. Micromorphological analysis indicates the feeble presence of buried soil at a depth
of the expected walking surface (−50–−85 cm). It is dark grey or blackish, loose with
evident blocky–granular, light clay loam. Under microscope, it is well visible that every
sand grain is surrounded by a humic–clayish cover, thus indicating fertility comparable
with the modern local soil. This arable soil existed during LPC time or slightly post-dated
the LPC habitation.

In the Mohylna 3 site, the Early Trypillian farmers exploited a fertile soil of chernozem
type transitional to kastanozems by its structural characteristics, indicating arid conditions
when it was formed. The buried soil is rich in humus and organic carbon.

The Trypillia B1 (4400–4200 BC) farmers built their settlements by mollic fluvisol
formed on sandy alluvial deposits (Kamyane-Zavallia 1, this work) or by chernozem
formed on alluvial silts (Sabatynivka 1, [23]). The buried soils contained humus horizons
25–30 cm thick, thus being fertile. The groups of later stages of Trypillia from the nearby
portions of the Dnieper River basin also exploited chernozem soils (Likareve, Trypillia
B2; [44,45,71]). In the site of Sabatynivka 1, the development of chernozem was stopped by
erosional event of the late fifth mill. BC [23]. Similar chronology maybe applicable also to
lower soils of Mohylna 3 and Kamyane-Zavallia 1.

Contrary to the above-described pattern, the ceramic hunter-gatherers settled on soils
of other types. Their remains were found in the erosional event layer above silty alluvial
deposits at Melnychna Krucha and inside marshy–fluvial layered sediments at Mykolyna
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Broiaka. Although the modern soils on both sites are arable and exploited for agriculture,
it seems that the soils available in sixth–fifth mill. BC were not suitable for agriculture,
and humans settled on the riverbanks pursuing other economic needs, probably fishing,
hunting, and gathering.

This observation can be checked by a reference to four other sites of local hunter-
gatherers studied by pedological approach. The sites of Dobrianka 1 and 3 [18,72] were
investigated in the valley of Velyka Vys river (a second-order tributary of Southern Buh).
They seem to contradict the observation under discussion, because Zh.M. Matviishyna
reconstructed chernozems as the buried soils corresponding to “Neolithic” period layers at
these sites [21]. However, we should consider the complexity of the taphonomic situation
on both sites [73]. The dating efforts yielded dates of the early Holocene [74], late seventh
mill. BC [18], as well as some Bronze Age dates [75] coming from the same depth (Table 1).
So, the chernozems could be formed later with the altered materials of the “Neolithic”
cultural layer.

The site of Gard yielded a sequence about 3 m deep. This site’s lower layer is a
para-Neolithic layer, rich in lithic implements and pottery with some imports of the late
Criş culture (5600–5400 BC) [76]. It is a H(p) horizon of mollic fluvisol. This soil formed
under wet conditions on alluvial sandy loam. The upper layer of Gard contained the “Late
Neolithic” layer, where hunter-gatherers’ ceramics and Trypillia A potsherds were found
in large quantities [16]. This soil is formed in subaerial conditions and is suitable for some
limited agriculture. In the Lidyna Balka site, the soil corresponding to the para-Neolithic
horizon is gleyic mollic fluvisol, also formed under quite wet conditions [22].

The local hunter-gatherer groups of the Southern Buh River valley were treated as
Neolithic when their culture was discovered [27,77]. R. Tringham suggested that they were
fishers, hunters, and gatherers acquainted with agriculture and herding [78]. Later on, this
model was elaborated by D. Telegin [36,79,80] and N. Kotova [15,81,82]. M. Zvelebil and
M. Lillie suggested they were hunters in the availability phase [83]. Recently, a growing
amount of data sheds doubt on the acquaintance of the indigenous groups of the Southern
Buh River with an agriculture-based economy. The imprints of domestic plant seeds and
pericarps in shards of para-Neolithic pottery were reexamined, and no compelling evidence
of domesticates was found [14,84]. The archeozoological collections contained either no
domestic animal bones or were mixed with later materials, thus casting doubt on the
evidence of herding [85]. The flotation efforts on the sites of ceramic hunter-gatherers failed
to produce the remains of domestic plants, despite good preservation of archaeobotanical
remains [10,86]. In the catchment of the Dnieper River, isotope studies on the human bones
demonstrated a late (fifth mill. BC) arrival of herding in the region [87]. The settlement
pattern studies have demonstrated that local hunter-gatherers tended to settle by the river
rapids in meadow plains and on river islands, where agriculture is impossible even today.
At the same time, early farming sites cluster on the first terraces by small streams and
gullies in places suitable for agriculture [88–90]. Thus, nowadays, it seems that, by the
arrival of LPC farmers, indigenous groups practiced an exclusively extractive economy in
southern Ukraine [11].

Our results on buried soils from hunter-gatherers’ sites reinforce this observation. In
four of seven reported cases, para-Neolithic remains were found to be associated with
soils formed under periodical flooding, barely suitable for agriculture. A single case
(upper horizon of Gard) yielded soil suitable for limited agricultural activities such as
gardening [22]. Moreover, two cases when chernozems were attested with artifacts of
ceramic hunter-gatherers can be effectively doubted on taphonomic grounds. It seems we
cannot be sure about the chronology of these soils. In contrast, every early farming site
under study yielded fertile soil: three cases of chernozems of different types and a single
case of mollic fluvisol, rich in humus with a developed profile.

The issue of hunter-gatherers/early farmers interaction is particularly vivid in the
south of eastern Europe. Here, two subsistence systems coexisted for millennia in six–
fourth mill. BC. Sometimes, in a single microregion, there are sites of hunter-gatherers, and
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those of early farmers separated just by a few kilometers of distance. This is the case in the
Southern Buh valley, where LPC sites of Kamyane-Zavallia and Hnyla Skelia stood less
than 4 km from hunter-gatherers sites of Zavallia and Zhakchyk, the Trypillia A settlement
of Haivoron stood near the hunter-gatherers’ site Haivoron-Polizhok, and Trypillia B1 sites
neighbored the hunter-gatherers’ sites of Melnychna Krucha and Savran. In the 1980s,
the issue of possible coexistence between hunter-gatherers and agrarian communities
was taken into account in relation to the first reliable absolute dates for the period in
question [36,80]. In recent years this topic definitely became part of the broader discussion
of the Neolithization of eastern Europe [33,63,90–92]. Significant new information also
playing a crucial role in these discussions comes from sites recently discovered particularly
in the Southern Buh catchment [20,38]. These discoveries, combined with the application of
fine-tuned radiocarbon dating and geoarchaeological studies, are now gradually widening
the gap between both societies in question.

The observation of the soil preferences enables us to argue that the early farmers (LPC
and Trypillia) and indigenous hunter-gatherers equipped with pottery had different spatial
organization; the former looked for arable fields while the latter for good fishing places.
These differences could be evidence of different mobility cycles within the same space,
utilized in different economic ways. Their economic needs intersected only partially, and
thus, there was limited competition for spatially distributed resources. Indeed, this model
is a simplification. The economic cycles of both cultures were quite complex and could
not have depended only on the exploitation of single locations. However, the tendency is
evident nowadays: the hunter-gatherers’ sites are often found on periodically flooded soils,
while early farmers often relied on chernozems.

7. Conclusions

In this work, we studied the geographical correspondence between sites of several
Neolithic cultures and the past soil distribution. In order to carry out the comparison, we
compiled the radiocarbon database (Table 1) and conducted paleopedological research on
three sites of early farmers and two sites of indigenous groups with an extractive economy.
The results indicate a variable pattern of soil exploitation.

The soil development has been attested since, at least, the beginning of the fifth
mill. BC, followed by the development of chernozem soils, which were interrupted by
an erosional episode at the end of fifth millennium cal BC. Paleopedological analysis
has shown that past soils can significantly differ from modern-day soils at the same site.
Sometimes, these discrepancies are crucial for our interpretation of an economic basis of
past societies (Melnychna Krucha being the most evident example).

The available data show that the soils of early farmers are arable as are the present-
day ones. The early farmers were able to exploit relatively heavy soils to cultivate wheat
and barley as early as 5250–5050 cal BC. Early farmers’ sites stood on chernozem soils
(three cases), or on chernozem-type soil (a single case) and on a mollic fluvisol (a single
case). There is no evidence to suggest that the chernozem soils were ploughed rather
than worked by sticks and hoes, nor did this paper aim to provide such an evidence. In
contrast, the sites of ceramic hunter-gatherers were often located on soils that formed under
wet conditions along seasonally-flooded riverbanks, which were almost unsuitable for
agricultural practices, namely on silty alluvial deposits (three cases), or on marshy–fluvial
layered sediments (a single case) or on a mollic fluvisol (a single case), while two cases
were dismissed as dubious from post-depositional perspective.

The database (twelve sites) is yet limited and the further research can change the
observed pattern. At the moment, we can suppose that early farmers and ceramic hunter-
gatherers had drastically different preferences in soil selection. Early farming sites were
often situated on arable soils, while hunter-gatherers paid little attention to fertility of
an underlying soil when choosing a location for a site. Surely, sites could have been
located at a certain distance from paleofields. However, combining different lines of
inquiry (archaeobotanical and paleozoological data, observations on sites’ topography),
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the presented data contradict the hypothetical model of limited agriculture practiced by
the ceramic hunter-gatherers in the Southern Buh river basin.
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2004.

82. Kotova, N.S. The Neolithization of Northern Black Sea Area in the Context of Climate Changes. Doc. Praehist. 2009, 36, 159–174.
[CrossRef]

83. Zvelebil, M.; Lillie, M. Transition to Agriculture in Eastern Europe. In The Europe’s First Farmers; Price, T.D., Ed.; Cambridge
University Press: Cambridge, UK, 2000; pp. 47–92.

84. Endo, E.; Nasu, H.; Gaskevic, D.; Videiko, M.; Yanevich, O. Re-Examination of Cereals in Ukraine during Neolithic to Eneolithic,
Using Replica-SEM Method (Preliminary Report). In Proceedings of the 32th Conference of the Japanese Association of Historical
Botany, Miyazaki, Japan, 3 December 2017; pp. 21–22. (In Japanese).

85. Benecke, N. Archeozoological Studies on the Transition from the Mesolithic to the Neolithic in the North Pontic Region.
Anthrpozoologica 1997, 25–26, 631–641.

86. Motuzaite-Matuzeviciute, G. The Adoption of Agriculture: In Prehistoric Ukraine; Potekhina, I.D., Lillie, M., Eds.; From the First
Hunters to the First Farmers; Oxbow Books: Oxford, UK, 2020; pp. 309–326. ISBN 978-1-78925-458-7.

87. Budd, C.; Potekhina, I.; Lillie, M. Continuation of Fishing Subsistence in the Ukrainian Neolithic: Diet Isotope Studies at
Yasinovatka, Dnieper Rapids. Archaeol. Anthropol. Sci. 2020, 12, 64. [CrossRef]

88. Dolukhanov, P.M. Ecology and Economy in Neolithic Eastern Europe; Duckworth: London, UK, 1979; p. 212.
89. Kiosak, D. Settlements and Indigenous Populations at the Easternmost Fringe of the Linear Pottery Culture. Eurasia Antiq. 2014,

20, 117–141.
90. Haskevych, D. Beside or by Turn? The Buh-Dnister Foragers and the Linear Band Pottery Farmers on the Southern Buh River

(Ukraine). SASprawozdanie Archeol. 2021, 73, 9–55. [CrossRef]
91. Kotova, N.; Demchenko, O.; Kiosak, D. Innovations of the Beginning of the Sixth Millennium BC in the Northern Pontic Steppe.

Open Archaeol. 2021, 7, 1529–1549. [CrossRef]
92. Kiosak, D.; Kotova, N.; Demchenko, O.; Bardec’kyi, A.; Werra, D.H. Verifying the Chronology of Ukrainian Neolithic. Praehist. Z.

2023; accepted to publication.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

290



Citation: Goguitchaichvili, A.;

Villapando, E.; Abrego, A.; Cejudo,

R.; Kravchinsky, V.; Bautista, F.;

García, K.F.; Morales, J.; Cervantes,

M. New Absolute Chronological

Constraints to La Playa (Sonoran

Desert) Archaeology between the

American Southwest and

Mesoamerica—From Long Period

Human Resilience to Apparent

Abandonment. Land 2023, 12, 560.

https://doi.org/10.3390/

land12030560

Academic Editors: Paolo Biagi and

Elisabetta Starnini

Received: 27 January 2023

Revised: 21 February 2023

Accepted: 21 February 2023

Published: 25 February 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

land

Article

New Absolute Chronological Constraints to La Playa (Sonoran
Desert) Archaeology between the American Southwest and
Mesoamerica—From Long Period Human Resilience to
Apparent Abandonment

Avto Goguitchaichvili 1,2,*, Elisa Villapando 3, Alejandra Abrego 3, Rubén Cejudo 1, Vadim Kravchinsky 2,

Francisco Bautista 4, Karla Flores García 1, Juan Morales 1 and Miguel Cervantes 1

1 National Archaeomagnetic Service, Institute of Geophysics Campus Morelia, UNAM,
Michoacán 58190, Mexico

2 Geophysics, Department of Physics, University of Alberta, Edmonton, AB T6G 2E1, Canada
3 National Institute of Anthropology and History, Centro INAH Sonora, Sonora 83080, Mexico
4 Laboratorio Universitario de Geofísica Ambiental, Centro de Investigaciones en Geografía Ambiental,

UNAM, Michoacán 58190, Mexico
* Correspondence: avto@igeofisica.unam.mx

Abstract: Sonoran Desert archaeological settlement is one of the most representative sites in North-
western Mexico/Southwestern United States of the Early Agriculture period because of various
cultural processes involved, such as the introduction of the first cultigens and the construction of Pit
Houses. These early desert village settlements used geomorphological features of the local landscape
to facilitate their sophisticated form of agriculture. Most of the features and artifacts at the site are
associated with the Early Agricultural period of 3150-1900 cal B.P., while most occupation dates are in
the Cienega phase (2800-1900 cal B.P.). Later stages are poorly documented because of the apparent
reduction in population, less marked archaeological features, and extreme erosion processes. Sys-
tematic archaeological excavation revealed evidence of completely burned Pit Houses. We analyzed
56 samples belonging to four Pit Houses and one different combustion feature (Kiln or Horno, as
they are locally known) in different areas of the settlement. The experimental procedure included
continuous susceptibility vs. temperature measurements and step-wise alternating field demagnetiza-
tions. Only 36 samples yielded technically acceptable determinations that allowed the determination
of archaeomagnetic directions. Statistically indistinguishable results were obtained from all five
studied features. This finding reinforces archaeological evidence of ritual-related paraphernalia
and/or apparent abandonment or, at least, migration.

Keywords: Early Agricultural Settlements; American Southwest; North America; Pit Houses;
Absolute Chronology; Archaeomagnetism; ritual closure; abandonment

1. Introduction

The Early Agricultural period in the Southwestern United Sites and Northwestern
Mexico is characterized by the first residential settlements and fast population growth [1–3].
Abundant precipitation and, apparently, lower temperatures around 5000 B.P. attracted
hunter-gatherers to the Sonoran Desert and allowed access to fertile floodplains [1,4–6].
Among scattered regional sites, La Playa is the largest archaeological landscape in northern
Sonora, northwest Mexico [7–9].

La Playa, located in the municipality of Trincheras, Sonora (Figure 1), is considered
one of the most representative sites in Northwestern Mexico/Southwestern United States
of the Early Agriculture period [2,8,10–12]. It is characterized by various cultural processes:
the introduction of the first cultigens in the region, the development of techniques for
irrigation canals, the technology of the projectile points, and the construction of Pit Houses.
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The latter is poorly represented in the archaeological record due to the strong erosion that
affects the site, making it a challenge to find the few specimens suitable for investigations.

Figure 1. La Playa archaeological site in the municipality of Trincheras, State of Sonora, Mexico
showing the locations of Pit Houses and Kiln (Horno). The data are obtained from INEGI (INSTITUTO
NACIONAL DE ESTADISITICA E GEOGRAFIA), while ArcMap was used to draw schematic maps.

La Playa site shows a complex stratigraphy and geomorphology, which has been
constantly altered by hydric and wind agents. While long-term environmental trends
promote stable adaptations, more rapid climate changes require human groups to use
more rapid resilience strategies. The first farmers in the Sonoran Desert employed the
construction of canals to transport water flows from low-intensity streams to irrigate their
crop fields ~3000 years ago. These early desert village settlements used geomorphological
features of the local landscape to facilitate their sophisticated form of agriculture.

The settlement is a multi-component site that contains evidence of occupation from the
Paleoindian and Middle Archaic periods, as well as continuous occupation from the Late
Archaic to the mid-20th century. Most of the features and artifacts at the site are associated
with the Early Agricultural period of 3150-1900 cal B.P., and most occupation dates are in
the Ciénega phase (2800-1900 cal B.P.). There is later evidence of sporadic occupation of
Trincheras from 150-1450 A.D. Maize is known to appear in the Southwest around 4100 cal
B.P. [13]. During the Early Agricultural period, farmers began to rely more significantly on
cultivated plants as an essential part of their diet.

Huckell [14] redefined the Early Agricultural period to distinguish agricultural use
from the earlier Late Archaic period. Under this definition, the Archaic period represents
the period from after the Paleo-Indian until the use of pottery. Still, the term also refers to
the widespread hunter-gatherer-forager subsistence economy. The term Early Agricultural
period is used to recognize the presence of domesticated crops in the diet. It is characterized
by a subsistence economy based on mixed feeding. The term Late Archaic is retained for
sites with contemporary dates that show evidence of a generalized hunting and gathering
economy [10,14,15].
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The Early Agricultural period, defined by the more intensive use of agriculture, in-
cludes new food production strategies and also signifies a change in the material culture,
the intensity of settlement occupation patterns, and land [14]. This does not necessarily
mean that the forage farming groups were dependent on agriculture for their subsistence,
nor were they completely sedentary. The transition from foraging to agriculture was not
immediate. Early Agricultural period sites vary in the degree of sedentarization and de-
pendence on agriculture. In general, the period is characterized by dwelling structures
of Pit Houses of various sizes, although they are generally a few meters in diameter; el-
ements in walls, stone ovens for firing, hearths, polished metate lithics, pestles, mortars,
diagnostic projectile points, stone trays, ornaments in seashells, and ceramic figurines are
all included [12,15]. Compared to the San Pedro phase, the Ciénega phase (2800-1800 cal
B.P.) sites indicate greater sedentarization and dependence on agriculture, showing more
formal structures, a greater diversity of artifacts, a greater number of storage pits, and
more storage capacity at the same time. Sometimes, they contain larger communal struc-
tures, possibly due to the increase in the population or their greater concentration due to
being more sedentary populations [15,16]. Extensive water canal use during the Ciénega
phase has been documented, which, in the Tucson Basin, has been dated to 3450-2450 cal
B.P. [17,18]. These irrigation canals made agriculture possible in more than one season and
possibly throughout the year, as well as the introduction of new crops, which may have
contributed to population growth [19]. Using magnetic gradiometry, Cajigas [20] detected
approximately 3 km of intact irrigation canals, almost 8700 m2 of agricultural fields, and
12 circular structures.

After almost two decades of investigating the site and not finding any element with
habitation characteristics, in 2010, a strip of sediment with high carbon content and as-
sociated artifacts was identified. Similarly, the nearby areas also record the presence of
fragments of burnt soil, charred material, and some artifacts. The excavation of these
structures revealed the existence of semi-complete and entirely burned Pit Houses, which
represent excellent archaeomagnetic targets and, thus, the possibility to date the last fir-
ing event. Beyond this main objective, we will try to estimate whether this apparently
intentional generalized firing episode at the end of the Ciénega phase (the period of major
settlement patterns) relates to ritual aspects or environmental changes.

2. Chronological Framework and Sample Provenance

Besides the series of evidence indicating that the La Playa site spans approximately
10,000 years of human presence, the major occupation can be restricted to a relatively short
interval [21]: the Late Archaic/Early Agriculture Period (1500-1200 B.C. to 150 A.D.). There
is now a general agreement among the archaeologists that the Early Agricultural period in
the Sonoran Desert is divided into the San Pedro and Cienega phases [3,5,21]. Mabry [6,12],
however, mentioned an unnamed phase (approximately 2100-1200 B.C.) preceding the San
Pedro phase (1200-800 B.C.). This author also proposed to divide the Ciénega phase into
Early (800-400 B.C.) and Late (400 B.C.-A.D. 40) phases [21]. Carpenter et al. [22] and
Martinez–Lira et al. [21], among others, argue that the population at La Playa was essen-
tially sedentary because of the recovery of multiple activity areas, the clear evidence of
maize farming, the numerous human burials, as well as the distribution and density of
archaeological artifacts [21,22]. Copeland et al. [7], in turn, support the idea that archae-
ological remains from the Ciénega phase (2800-1800 cal B.P.) identify increases in village
size and complexity, as well as more technologically complex artifacts [23]. In addition,
the archaeological record from the San Pedro phase (3600-2800 cal B.P.) includes large,
un-notched blades, various stone tools, and shell decorations [7,24].

The most common archaeological features at La Playa include Pit Houses (Figure 2a)
and burials, including human inhumation and cremation. Some pits and hornos (kilns) were
also discovered during the last decades. Pit Houses should be considered as particular
structures since they were found completely burned and, thus, were susceptible to carrying
thermoremanent magnetization acquired during the cooling from high temperatures. The
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same is true for the horno samples. There were four Pit Houses (Figure 2) and one Horno
(Figure 3) sampled under this investigation, while their excavation details may be described
as follows:

 

Figure 2. Reconstruction of Pit House, Illustration by Joyce Heuman Kramer; Crow Canyon Ar-
chaeological Center (Basketmaker II pithouse (https://www.crowcanyon.org/EducationProducts/
peoples_mesa_verde/basketmaker_II_housing.asp, accessed on 7 January 2023) (a) and burned
features discovered during the excavations (b–e), see text for more details.
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Figure 3. Remains of combustion feature (kiln or horno).

Feature 602 (30◦29′40.94′′ N, 111◦31′14.91′′ W—Pit House 1, Figure 2b) is located in
the vicinity of Viejo Campamento area, to the south of the road and to the west of structure
550. Before excavation, only a well-consolidated floor of approximately 4 cm was visible,
and only the western limit was observed. The excavation was carried out by metric levels
of 10 cm. During the excavation process, the sediment became more compact and darker.
No material was recovered from the levels above the floor. Sampled area is the one that
contained most of the burned soil observed in the profile, so this square was excavated until
reaching contact with the base approximately 30 cm below the surface. In the west profile
of the square, at a depth of 20 cm, a charcoal fragment was recovered with no association
to any other artifact.

Feature 604 (30◦29′40.32′′ N, 111◦31′14.79′′ W—Pit House 2, Figure 2c) is also located
in the Viejo Campamento area, south of element 602, in an erosion gully approximately 60 cm
wide, with an east–west orientation. In the southwest profile, the remains of another floor
were identified at a depth of 40 cm. The burned floor level was reached after 4 metric levels
of 10 cm, revealing an extremely compact surface with a semicircular limit of 95 cm wide by
43 cm long. No artifacts were recovered in contact with the ground and the walls. Again,
what was preserved of the structure was too little to be able to obtain the total dimensions
of this pit, since everything was located in the south part and had already eroded. Very few
materials were recovered from the excavation of this item: two complete chalcedony flakes
and a decorated Trincheras type sherd. The area was also scoured trying to locate artifacts
that may have eroded from the house; however, no material was recovered.

Feature 614 (30◦30′5.35′′ N, 111◦31′51.43′′ W—Pit House 4, Figure 2d) is located in
the north of the Los Entierros area in an erosion gully approximately 2 m wide. A partially
preserved burned floor was detected in the eastern profile under 60 cm of the surface.
Above the floor, there was a 7 cm layer of ash that covered it entirely. In the already eroded
area, there were many artifacts such as metate hands, bone fragments, and burned soil
that possibly belonged to the already eroded parts of this structure. This structure has an
irregular, 1.20 m diameter circular shape. The eastern part was totally eroded, and in the
rest of the element, it was not possible to differentiate the walls of the sediment in which
the element was excavated. Only one 16 cm diameter post hole was recognized, which
would be located to the east of the feature, very close to the eroded area. The ash layer was
detected at 60 cm deep. More materials were recovered from these levels than the elements
described above. Most were bone fragments and small coals. The 5 cm thick ash layer
had very low compaction. Mixed with the ash were fragments of burnt earth; however,
and unlike previous levels, no coal fragments were recovered. Below the ash was the floor,
which was burned and best preserved in the center of the excavated area. Once again, the

295



Land 2023, 12, 560

walls, to the south and to the north, were not delimited and a small elevation (border) was
barely visible, similar to that of Structure 602.

Feature 550 (30◦29′40.57′′ N, 111◦31′16.41′′ W—Pit House 3, Figure 2e) is particular
because its systematic excavation began in November 2010 when it was located in one of
the runoffs of the area called Viejo Campamento. It has been proposed that these areas are
associated with the settlements of the Early Agricultural Period (800 B.C. to A.D. 200) [25].
This completely charred house revealed a perfectly preserved floor covered by a thin
charcoal layer. About 3 to 4 cm post holes in the wall of the house were also detected.
This was interpreted as the ocotillo tree frame that makes up the architectural structure of
the pit house. The structure seems completely collapsed during the intense firing episode
and was what allowed its identification. After the first 30 cm excavated, the delimitation
of the house was very clear, marking a circumference that revealed the compacted walls.
Almost in contact with the floor of the house, we were able to locate several circular spots,
of between 2.5 and 3 cm, with fragments of coal inside. The characteristics of this evidence
allowed us to suppose that it was about the secondary posts of the structure that gave
shape and supported the walls of this house pi house.

Feature 619 (30◦29′45.85′′ N, 111◦31′29.64′′ W) Horno (Figure 3) is located in the Hornos
Alineados area, a few meters from the dirt road to El Ocuca village. On the surface, it was
observed as a concentration of rocks fragmented by fire, with some flakes and pieces of
polished lithic ground stone, with an approximate diameter of 1 m and a height of 30 cm.
At the base of the concentration of rocks, it was possible to appreciate a crust of burned
earth that delimited the wall of the structure formed by blocks. It has a maximum diameter
of 65 cm and a frustoconical shape.

Magnetically oriented hand samples leveled with plaster (Platre de Paris) were collected
from four burned soils belonging to Pit Houses and one Horno. Due to a relatively small
sampling area, two or three oriented monoliths were taken from each structure, while at
least eight 2 cm cubic specimens were cut from each hand sample.

3. Laboratory Techniques

Prior to magnetic treatments, we carried out susceptibility against temperature mea-
surements in a continuous way and aimed to reveal major magnetic carriers and estimate
their thermal stability. AGICO MFK1 susceptibility meter equipped with a furnace was
employed for such a purpose using crushed virgin specimens. They were heated (under
the air) until about 600 ◦C and cooled down to the room temperature using the rate of 20 ◦C
per minute rate. As natural remanent magnetization measurements are concerned, samples
were placed for 15 days in free magnetic fields of μ−metal shield in order to diminish the
effect of potential viscous remanent magnetization.

All remanences were recorded using JR6 AGICO spinner magnetometer at the fa-
cilities of National Archaeomagnetic Service of National University of Mexico. Due to
the fragility of the great majority of samples, we adopted alternating field treatment to
reveal primary, characteristic thermoremanent magnetization. For this purpose, an AGICO
LDA3 demagnetizer was used with maximum available peak alternating field of 90 mT.
The characteristic remanent magnetization (ChRM) of each specimen was calculated by
principal component analysis, based on at least five aligned points of the demagnetization
process [26]. The calculation of the mean directions, as well as their associated precision
parameters, was carried out following Fisher’s statistics [27].

4. Main Results

There are two types of behaviors that may be recognized on the analysis of continuous
thermomagnetic curves. The majority of samples exhibit evidence for two magnetic phases
during heating (Figure 4, samples SH02 and SH03). The low temperature phase is rather
well-defined, showing an important susceptibility drop between 340 and 415 ◦C, while the
second phase correspond to magnetite judging from its Curie temperature. This behavior
is commonly interpreted as the inversion of thermally unstable titanomaghemites into
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almost pure magnetite [28]. The particular case is reported for one sample from Pit House
4 (Figure 4, SH04). The low temperature phase is presented here as well, while heating at
higher temperatures produces an important neoformation of magnetite most probably from
the non-magnetic matrix. Due to the marked irreversibility and thermal instability observed
on continuous thermomagnetic curves, no paleointensity determination was intended.

Figure 4. Representative continuous thermomagnetic measurements for La Playa representative
samples. The Red (blue) branch corresponds to the heating (cooling) cycle.
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Characteristic remanent magnetization is obtained from 36 out of 59 analyzed samples
belonging to four Pit Houses and one Horno exhibiting very similar demagnetization
patterns (Figure 5). The major part of thermoremanence is removed when applying 80 mT
peak alternating field, while median destructive field values range between 25 and 35 mT.
These factors attest that the main magnetic carriers are ferrimagnetic grains, and hematite
contribution in total remanence is very limited. All individual paleodirection determina-
tions are based on at least five aligned demagnetization steps with the maximum angular
deviation (MAD) values within 2.4◦. The mean archaeomagnetic directions are reasonably
well-defined for all 5 cooling units (4 burned floors belonging to Pit Houses and 1 Horno)
for 4 out of 5 of the studied burned features (Figure 6) with a cone of confidence α95
between 2.2◦ and 7.2◦. Only Pit House 4 yielded higher α95 of 7.2◦, which attests rather
scattered archaeodirections (Figure 6).

 
Figure 5. Representative orthogonal diagrams of alternating field treatments for La Playa representa-
tive samples.

Statistically undistinguishable paleodirections were obtained from all five studied
features (Figure 6) with their α95 completely overlapping. Thus, it is evident that all four Pit
Houses and one Horno were burned within the same time interval. Mean paleodirections
obtained for Pit House 1 are Dec = 349.7◦, Inc = 52.2◦, α95 = 4.6◦, k = 145 determined on
8 out of 12 analyzed samples (Figure 6), Pit House 2 provided Dec =347.8◦, Inc = 50.8◦,
α95 = 2.2◦, k = 544, 9 out of 14 samples; Pit House 3—Dec = 352.0◦, Inc = 49.2◦, α95 = 3.6◦,
k = 277, 7 out of 12 samples; Pit House 4—Dec = 346.3◦, Inc = 49.9◦, α95 = 7.2◦, k = 114,
5 samples out of 9 analyzed. Horno yielded Dec = 348.7◦, Inc = 51.1◦, α95 = 4.2◦, k = 210,
7 out of 12 samples.
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Figure 6. Equal area projection of mean archaeomagnetic directions for four Pit Houses and one
kiln (horno).

5. Discussion and Concluding Remarks

The time interval 1000 BC and 500 AD was selected for archaeomagnetic dating
purposes based on available archaeological and relative chronological evidences. Unfortu-
nately, this interval is characterized by little available data on local paleosecular reference
curves [29,30] and, thus, cannot be correctly used for precise age determination. The
same is true for recent global geomagnetic models SHAWQ2K and SHAWQ-Iron Age with
additional inconvenient that they represent two different tome intervals [31,32]. Thus,
we still prefer to us the model SHADIF14k and MATLAB software from Pavón–Carrasco
et al. [33,34]. Dating details and probable intervals obtained at a 95% confidence level are
shown in Figures 7 and 8. As expected, the possible dating intervals are very similar (Pit
House 1—196 to 48 B.C.; Pit House 2—151 to 88 B.C.; Pit House 3—171 to 87 BC: Pit House
4—206 to 47 B.C.).; Horno—171 to 72 B.C.

Systematic archaeological surveys during the last decades have documented numerous
cultural features at La Playa, corresponding to the biggest Early Agricultural period regional
settlement [7–9].

Recently available, high standard radiocarbon ages from archaeological contexts at
La Playa show that it reached maximum occupancy during the Early Agricultural period,
especially during the Cienega phase, which ended roughly between (1 to AD 200) [7]. This
pattern is similarly observed at contemporaneous sites in southern Arizona, as Cienega
phase villages reach population maximums prior to shifting settlement patterns and the
beginning of the Hohokam cultural sequence (in Arizona) [7,35].
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Figure 7. Archaeomagnetic dating using SHA.dif.14k global geomagnetic model [33,34] for Pit House
1 and 2.
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Figure 8. Archaeomagnetic dating using SHA.dif.14k global geomagnetic model [33,34] for Pit House
3 and 4.
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Probably, the most interesting archaeological features at La Playa are semi-preserved
Pit Houses. Regarding the construction techniques with which the houses were built, up to
now, we can say that the walls were excavated with a circular cutting instrument—surely
some wooden stick, judging by the marks left. This instrument was one of the tools used in
the excavation of the area destined for the element where the marks of the “excavator stick”
are perceptible.

It is now known that residents of the Tucson Basin used wooden shovels and pottery
shards. These elements were apparently used to dig the floor to a depth of 50 or 60 cm from
the surrounding ground level. The technique used to build this type of house consisted,
once the required depth was achieved, of assembling the main structure with mesquite
or ironwood trunks that allowed the roof to be supported; between these main posts,
ocotillo rods were placed to shape the exterior walls of the house. It seems that the roof
was formed by reeds, or there was probably a kind loft inside the house. It is very possible
that, in the central part of the floor, there was a stove just aligned with the entrance of the
house; however, the erosion of almost half of the structure does not allow us to confirm the
above. It is evident that this house corresponds to the Ciénega—Late Phase of the Early
Agriculture Period due to the association with the four Ciénega Larga style points found,
which has been confirmed with radiometric dates (28 ± 14 AD). The age estimation was
carried at AMS facilities of Arizona University. Laboratory code—UA-AA93711, Material
dated—wood, uncalibrated 14C date—1900 ± 30 BP, 13C o/100–121, calibrated age interval
using OxCal 4.2–28 AD (95.4%) 215 AD.

If the house was preserved due to an unplanned fire or if there was a ritual closing of
this element, it is something that we will hardly be able to corroborate, although we are
inclined towards the latter due to the presence of the four Ciénega Larga style points placed
towards the north of the entrance of the house. What seems important to us to highlight
is that we do not believe that it was just any house but, rather, the place of residence
of a member of the community who had access to ritual-related paraphernalia. In any
case, simultaneous intentional burning of different Pit Houses revealed by the present
archaomagnetic survey reinforce the ritual closure hypothesis. Whether this event may be
considered as abandonment of site needs more precise analysis in order to make any firm
conclusions. Still, the poorly documented post Cienega phase seems to have significantly
reduced activities and far fewer archaeological features.
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Modern Era
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Abstract: The article introduces features of iron-working in the north-western Italian Alpine region
(specifically, the Valtellina side of the Bergamesque or Orobic Alps) during the Middle Ages by
comparing historical data and archaeological sources. This will help shed light on the organisation
of the production process, starting from iron ore mining, proceeding to examine the transformation
phases and culminating in the conversion of the ore into ingots or bars to produce tools for agricultural
or wood-cutting activities. The article follows two distinct paths, initially presenting the main stages
of iron-working in Valtellina until the second half of the eighteenth century, followed by an analysis
of the mining complex of Val Venina where an extremely important metal-working site is situated.
Two separate mining zones were identified, the first deep underground and the second an opencast
working site. Furthermore, a series of rooms made of dry-stone walling that provided accommodation
for the miners have been brought to light, as well as mineral deposits and stables for the animals
required to carry out the activities described by Melchiorre Gioia in his volume “Statistica del
Dipartimento dell’Adda” and indicated in the land registers of the Lombardy-Veneto regions carried
out in 1815 and 1863.

Keywords: metalworking; Italian Alpine areas; iron-working; mining complex; mineral deposits;
blacksmiths; windchests

1. Introduction: The Iron Mining Landscape in the Italian Alpine Areas

The history of mining and iron-working in the western Italian Alpine region during
the late Middle Ages and the early modern period, especially in areas of Lombardy, has
recently been the subject of numerous studies. On several specific points, this research
has added to the data from the work of Rolf Sprandel [1], focusing much more closely
than in previous studies on trading relationships and economic development. Since this
renewed interest can be combined with a careful re-reading of documents related to local
metal working and the results of new excavations and surveys, it is now possible to offer
an initial overview—albeit fraught with difficulties—of the economic importance of the
production, working and commercialisation of iron in Lombardy in the late Middle Ages
and the early modern period [2].

The decision to study the landscape of the Orobic Alps in Valtellina stems from
various considerations, beginning with an observation made by Massimo Zucconi. If
history involves the study of the origins, development and decline of civilisations, he
argues “[then] the forms and techniques of production offer the most interest way of
analysing the transformations that have taken place over the centuries” [3]. The areas
of Valtellina examined in this study have a fascinating and extremely important mining
tradition, which has affected life in the territory since the Middle Ages. The area has a
low settlement density and consists largely of woodland in which mining, agricultural,
woodland and pastoral resources have profoundly influenced the life of local communities
and where the landscape has undergone numerous transformations as a result of the
processes that made their usage possible [4]. The interpretation of mining landscapes and
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the phases of their exploitation vary but the geographical features of Valtellina and the
formation of the first urban settlements in the Middle Ages confirm the arguments put
forward by Ilaria Burzi: “[ . . . ] the theme of the areas of mining activities does not concern
the individual components, quarries and mines, but the entire context to which they belong
which explains the need to refer to “landscapes”. If a landscape can be considered the
physical expression of action during the existence of a society, its way of operating and
administering the territory, then mining landscapes represent a significant example of the
transformational processes carried out by humans–activities related to extraction–and by
nature” [5].

My main goal shall therefore be to analyse these distinctive landscapes without confin-
ing them to cognitive processes per se, but instead trying to preserve the ties to the territory
to which they belong and in which they are set, in order to treat them as landscapes that can
be understood and appreciated by everyone. This is because, if the landscape is considered
as the living space of its communities, shaped and constructed by them over the centuries,
these mining areas, which have now fallen into disuse, should be considered “[ . . . ] not just
a recoverable non-place but a total and practical opportunity for the redevelopment and
socio-economic rehabilitation of the whole territorial context in which they are situated”
([5], p. 11).

This article will explore several mining areas of Valtellina, currently reduced to ruined
stone structures (furnaces, dwellings, storerooms and stables), silent witnesses of the efforts
of the miners, mule drivers and workmen deemed to be magical places, containers of the
history, stories and working experiences of entire communities of the past. The preservation
of all these contexts, both the areas where the mining and extraction activities profoundly
affected the appearance of the natural landscape and the workshops in which the semi-
finished products took shape, represents the only way of attracting the attention and
interest of local institutions in order to encourage them to change their approach towards
the planning of a mining area that has the potential to become a tourist attraction and an
educational resource ([4], pp. 14–15).

2. Materials and Methods: Survey, Historical Cartography and GIS

The research activities of the Department of Historical Studies of the University of
Turin focused on the territory of the municipalities of Piateda and Fusine, in central
Lombardy (N Italy) (Figure 1), where an accurate graphic and photographic documentation
of what remains of this extraordinary remote past in Ambria in Val Venina (Piateda) and
in the Cervia and Madre (Fusine) valleys was carried out. The first phase of the research,
dedicated to reconnaissance and a preliminary consultation of sources, revealed the absence
of the investigated sites in contemporary cartography, which is why the working group’s
first objective was to survey and georeference the individual items of evidence.

The specific contexts did not provide fiducial or reference points through a common
indirect survey with a total station could be implemented: the results would have been
recorded but there would have been no possibility of contextualising them. The total station,
moreover, being composed of heavy elements and very sensitive to abrupt movements,
would not have been suitable for the type of route that had to be taken on foot, off-path, to
reach the places in question; the risk of surveying with an uncalibrated instrument would
have been too high.

Having assessed these impossibilities, the only way to carry out an indirect, geo-
referenced survey was to use a GPS (Navigation Satellites Timing and Ranging Global
Positioning System) satellite positioning system, which, through a dedicated network of
orbiting artificial satellites, provides a mobile terminal with information on its geographical
coordinates. The terminal is placed on the individual points to be surveyed, obtaining their
x-y-z coordinates; these data are then graphically transformed into points in space that
together delineate the morphology of the survey object. This proposal, too, encountered
an obstacle of no small magnitude at an early stage of analysis: the areas concerned are
completely lacking in GSM (Global System for Mobile Communications) coverage, a system
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that is used by the instrument to increase the accuracy of the satellite data received, in the
absence of which there can be a very high degree of reliability discrepancy. The solution
was found by opting for a type of GPS instrument that bridged the lack of GSM coverage
with the help of two receivers, called Base and Rover. Through this system it was possible to
proceed with an RTK (Real Time Kinematic mode)-type survey, determining and displaying
in real time and in rapid succession the x-y-z coordinates of many points (detailed survey).
The Rover station on a pole was placed on the points to be surveyed, connected to the
satellite system and linked via Bluetooth to the Base station; the latter, positioned on a point
of known coordinates (known point), refined the data from the same satellites. In this way,
accuracies of up to half a centimeter were achieved. The size of the constituent elements of
the GPS instrument made it possible to transport them easily and to survey all the evidence
found in both Fusine (Val Cervia-Val Madre) and Piateda (Ambria-Val Venina).

 

Figure 1. Map of the territory analysed in the study with specific reference to the extraction and
production sites (map by the Author).

The Vitalengo mine, in the locality of Flere (Val Cervia), was surveyed precisely along
its entire section, providing a graphic elaboration aimed at highlighting the relationship
between mining activity and the orography of the terrain. The careful survey made it
possible to geolocate and describe the remains of a masonry structure functional to the
mining area and two roasting ovens located in the area, providing archaeologists with
orthogonal projections and sections useful for analysis and comparison. A few hundred
metres from the Vitalengo context, the remains of partially collapsed buildings were
identified, which can be considered miners’ dwellings and/or the shelter of animals/work
tools, along with an additional roasting oven with adjacent masonry structures.

In Ambria, in the locality of Le Gere, at the foot of the Scale di Venina path, an oven was
identified that was reported on some historical maps, though its existence was unknown in
the present day. The structure, probably a roasting oven, was geolocated and only partially
surveyed due to the presence of invasive vegetation.

Subsequently, the known evidence forming part of the Val Venina mining site was
surveyed, in particular the imposing circular structure (a roasting oven) positioned at the
base of the production context, the mouth of an underground tunnel (with a masonry
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access corridor in front) and the remains of structures attributable to miners’ dwellings
and/or the shelter of animals/work tools (Figure 2).

 

Figure 2. Piateda (SONDRIO), mining site in Val Venina. Roasting furnace. Aerial photogrammetric
survey and three-dimensional restitution.
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It is necessary to point out that, given the particular context, the survey activities were
preceded by a careful reconnaissance campaign supported by multidisciplinary expertise
and geared towards the identification of the survey priorities. Data acquisition was com-
pleted by means of aerophotogrammetry, and the GPS tool was used to georeference the
drone footage during this phase as well. The first part of this operation was dedicated
to planning; the areas to be surveyed were identified, the drone’s take-off and landing
points were chosen (a not insignificant detail given the orography), the best positions of
the ground control stations were defined, and possible flight obstacles were identified.
Teamwork between the aerophotogrammetric survey operator, the survey architect and
the archaeologist was necessary to agree on the positioning of the GCPs (Ground Con-
trol Points), i.e., the points on the ground whose geographical coordinates were precisely
known and which were used to scale the aerophotogrammetric survey. These points, being
60 × 60 cm panels, are fundamental for the aerophotogrammetric survey operator but, if
located too close to the archaeological evidence, they risk interfering with the reading of
the structures, thereby undermining the purpose for which this operation is carried out.
The photographs were taken both with a nadiral camera (pointed towards the ground)
and with a camera oriented frontally or inclined with respect to the horizon, in order to
subsequently enable a three-dimensional rendering and thus to describe the relationship
of the structures with the landscape context (Figure 1). The meticulous fieldwork made
it possible to gather important and unpublished information on the state of the sites at
altitude, but it was essential to supplement this with precise cartographic research in order
to bring out the historical identity of the sites surveyed and the points of contact with the
historical-urban analysis of the centres in which the activity of the forges took place.

The study of historical cartography was undertaken on the basis of the work carried
out on the occasion of the exhibition held in Sondrio in 2006 [6] and Oscar Sceffer’s research,
aimed at outlining the cartographic landscape of Rhaetia between the 16th and 19th cen-
turies [7]. It is important to point out that map publishing developed as a consequence of
the start of printing between the end of the 15th century and the beginning of the following
century and that the first regional maps date back to the 16th century, a period to which the
maps of Valtellina can also be attributed.

In early 17th century cartographic documentation from the Graubünden period, it
was possible to find the location of Vitalengo and Venina in the “terzero di mezzo” and the
indication of the Alpine passes connecting Val Madre, Val Cervia and Val Venina with the
Valle Brembana in the Bergamo area [8]. The 19th century cartography identified the sites
of La Calera in Val Venina, the Forno di Vedello (whose structure was later incorporated
into a building, brought to light by the alluvial flood of the Caronno torrent in 1987) and,
as described above, the structure of initial material processing in Ambria, in the locality of
Le Gere. The research found elements for more in-depth analysis thanks to the study of
the 19th century Catasto Lombardo Veneto (Lombardy-Venetia land register), preserved
in the State Archives of Milan (first draft of 1815) and Sondrio (second draft of 1853 and
subsequent amendments). The collections consist of hundreds of watercolour cadastral
maps at a scale of 1:2000 of high formal quality: the “Book of Parcels”, the “Register of
Possessors”, the “Register of Map Numbers” and the “Description and Estimate Table”.
This census activity was undertaken in Valtellina in 1807; after the fall of Napoleon I, the
operations were continued by the succeeding Habsburg government and concluded in
1853. The Catasto Lombardo Veneto is of the geometric parcel type in that it subdivides
the territory into parcels defined on the map, classifying them according to pre-established
criteria that take into account the intended use, types of cultivation and the value of
land and buildings [9]. The study of this census tool made it possible to identify the
forges present in the 19th century in the territory of Fusine and Piateda, where iron was
transformed into finished products; by means of cartographic filtering operations with a
GIS software, again starting from the Catasto Lombardo Veneto, the study of the system of
irrigation ditches that supplied mechanical energy to the activities was further investigated.
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The analysis of the Registers of the Catasto Lombardo Veneto not only offered valuable
information on the owners of the forges, but also made it possible to study the urban
contexts graphically described on the maps within which these production sites were set
up. As was customary, in Fusine as in Piateda (locality Boffetto), the owners of the forges
also managed the adjacent buildings, which in most cases were used as residences and
sometimes registered as “mulino da grano ad acqua” (water-powered grain mills), the latter
identifiable on the maps because they were tangent to the water channels. Furthermore,
it was particularly interesting to find that in the 19th century the structures visible in
Val Venina in locality La Calera were larger in number than today; they were probably
intended to house workers or shelter equipment and their number confirms the significant
size of the mining site [10] (Figure 3). The data from the activities described, using the
GIS (Geographic Information System) tool, were merged with those that surfaced in the
historical research in order to make them easily implementable and ready for immediate
consultation and thus enable the study of the entire Orobic landscape.

 

Figure 3. Piateda (SONDRIO), mining site in Val Venina. Detail of the GIS processing with super-
imposition of the geo-referenced evidence on the Lombardo Veneto Cadastre of 1815 and on the
Regional Technical Map. Dotted line shows the present pathway, orange square shows the workers’
house and shelter, blue lozenge shows the roasting oven.

Using an Open-Source GIS software and the Regional Technical Map as a cartographic
basis, the evidence under study was positioned, appropriately differentiated according
to its identity (vector data), such as mines, roasting furnaces, and elevated and outcrop-
ping structures. By means of cartographic filtering, it was possible to trace the vectors
representing the historical routes and Alpine passes relevant to the iron industry; this will
make it possible, in the future, with a greater number of case studies, to carry out thematic
research and make the appropriate comparisons. It should be noted that, thanks to the
survey campaigns, each element was georeferenced and thus positioned on the GIS using
real coordinates (prior to this work, no structure had been mapped).

For each piece of evidence, moreover, a master data sheet was prepared, including
historical and photographic documentation, graphics and the three-dimensional model; for
access and consultation, simply select the symbol that identifies the object on the map and
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represents the type of evidence (Figure 4). The historical cartography has been included in
the system at full scale (raster data) and consequently the researcher can either compare
a given map with the current situation or compare two or more historical maps at the
same scale. Obviously, the vectors identifying the surveyed evidence can be superimposed
on the historical maps, providing interesting keys to interpretation. This work must be
considered a starting point in the graphic documentation and GIS processing of the data
regarding the archaeo-mineral landscape of the Orobic side of the Valtellina, but we are
equally convinced that the potential of these operations is high and spendable both in
research and in enhancement initiatives.

 

Figure 4. Piateda (SONDRIO), mining site in Val Venina. Roasting furnace. Detail of the data sheet of
the GIS processing.

3. History and Archaeology of Iron in the Alpine Areas

The practice of separating iron from its ore is attested in the European area from the
9th century BC. [11,12]. In the early Middle Ages, the transformation process took place in
a closed furnace where layers of ore and natural coal were arranged; the coal was ignited
while air was supplied by hand-operated bellows to fuel combustion. From the furnace,
bloom was extracted, a spongy material that, in addition to iron, contained fragments
of coal and ore and some pieces of steel, an iron alloy with a very low carbon content.
The bloom was worked by continuous heating and subsequent hammering until it was
transformed into an alloy of iron and steel. The spread of iron ore throughout all areas of
Europe, including Italy, coincided over a period of almost 1500 years with a large number
of processing sites and a considerable variety of smelting plants. All these apparatuses,
semi-underground or sleeve furnaces, with slag collection at the top or bottom, were of a
closed type and human presence was only required to check that combustion was taking
place in a regular manner [13,14].

In the course of the late medieval centuries, Italian and European iron manufacturing
experienced a new productive impulse thanks to the affirmation of new processes that
allowed for an extraordinary increase in the exploitation of the ore: furnaces and forges to
obtain iron and steel; furnaces for the production of raw iron (pig iron) and forges with open
hearths; ironworks with open hearths for iron processing. Three different methods that, in
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no casual relation to the respective contexts in which they developed, and which underwent
various improvements during the 17th and 19th centuries, always remained distinct from
each other. The European development of iron manufacturing, a direct consequence of the
application of the horizontal-axis water wheel first to the movement of hammers and then
to that of bellows, coincided with an extraordinary increase in production capacity and the
extraction of ore ([13], p. 200) [15].

In the early Middle Ages, written sources confirm that in the Alpine areas close to
Valtellina, Valcamonica (in the Brescia area), Valseriana and Valle Scalve (in the Bergamo
area), iron mining and metallurgy were already organised and operational to extract
and process raw ore. In the area of Bienno in Valcamonica, the excavation of the site
of Ponte Val Gabbia III has shown that workers capable of voluntarily decarburising
pig iron existed as early as the 5th–6th century, providing a fundamental impulse to the
technological perfection of iron metallurgy [16–18]. While the transition from the direct
to the indirect method represented a decisive technical innovation for the development
of the iron and steel industry, it was not until the 13th century that important economic,
political, administrative and legislative implications arose. The cognitive progression of
both civil and military engineering skills favoured the introduction of new ore mining and
metalworking techniques that would lead, especially in German areas, to the renewal and
strengthening of the entire metallurgical mining sector [19].

Medieval historical sources concerning the exploitation of iron mines in the Valtellina
territory do not attest to a uniform use of these resources, since the most significant mining
activities are documented, from the 13th century onwards, in the entire Bormiese area
(Alta Val Zebrù), in Valdidentro, in the Livigno valley and in Val Fraele [20]. The northern
Valtellina sector is in fact characterised by the presence of rich limonite deposits, with the
exception of Val Zebrù, where magnetite veins are found. Archaeological data show that
urban centres, including Sondrio, received substantial quantities of semi-finished products
to supply the workshops of local blacksmiths in the form of iron blocks, of standardised
weight, defined in documents known as “broza” in Bormio, “quadrones” or “regones” in the
lower Valtellina [21].

In 1325, Giacomo Capitanei ceded all his rights over the metalliferous veins in the
Zero valley (Val Cervia) to ser Amedeo del fu dominus Ardizzone de Vallevi. In November
1452, Giacomina Capitanei, of the same Sondrio family, with the consent of her husband
Antonio Beccaria, granted the brothers Donato and Biasino de Vallelevi the mountains of
the Val Madre and Val Cervia in perpetual lease, and specifically the possibility of digging
and owning all the existing iron veins, requiring them to pay, for the right acquired, an
annual fee in baked iron [22].

Sources also confirm significant excavation operations in the southern Valtellina region
from the 14th century onwards. In the first case (Val Tartano), we are referring to the
metalliferous veins located between the Valle dei Lupi and the Dordona pass, known in
the local toponymy as Caxirolo, where mining activities appear in certain deeds of Simone
della Porta, notary of Talamona. A first document of sale from 1344 concerns mining
activities carried out in Dordona with which “[...] Guarischi de Fondra qui stat in loco de
Talamona” sells to Vincenzo del fu Pietro “[...] de octo partibus una pars pro indiviso metali
unius a fero siti in loco et territorio de Talamona ubi dicitur in Dordona”, while a second notarial
deed of 1345 indicates a mining site identified as “vene de Caxirolo” [23]. For the second
area (Val Gerola) in the vicinity of Lake Inferno, just beyond the settlement centre of Gerola
at an altitude of between 2000 and 2143 m. a.s.l., both open-pit and tunnel cultivations of
hematite and siderite have been surveyed and studied, the mining of which can be dated to
between the 15th and 16th centuries. This is confirmed by a sub-vertical trench extending
over a length of 110 m, 8–10 m deep and approximately 1.85 m wide. In this mining
complex, a covered, dry-built gallery was documented, functioning as a connecting sleeve
to a stone structure, probably temporary accommodation for the workers who worked in
the excavation of the iron veins [24].
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4. Documentary Sources and Iron Metallurgy in the Orobic Alps: A New History

In the Orobic Valley in Valtellina, the memory of an important productive past linked
to iron-working emerges from the evidence of many historians of Lombardy, such as Carlo
Amoretti (1724), Francesco Saverio Quadrio (1755), Carlo Cantù (1829), Annibale Saluzzo
(1845) and Francesco Giordano (1864), even though only Amoretti, Quadrio and Cantù
attribute the most intensive period of mining to the historical phase that corresponds to the
period of rule by the Sforza, Dukes of Milan (1450–1499).

Enrico Besta, referring to one of these testimonies, that of Francesco Saverio Quadrio,
recalls that the metalliferous deposits in the Belvisio and Ambria valleys “from which much
iron was extracted [...] that had been famous under the Visconti” had by then been reduced,
in the first half of the 18th century, “[...] to large excavations full of water [...]” [25] ([20],
pp. 6–7).

Each circumstance that undergoes a phase of maximum growth always requires a
pre-existing substratum on which to deposit itself, grow and develop. The same can be said
for iron-working in this area because, even though the medieval period, beginning from the
second half of the thirteenth century, has always been considered to mark the beginning of
the phase of Alpine metalworking, several documents from the rectory (canonica) of Santa
Eufemia (Isola Comacina) dating to 999 and 1006 testify to the development of this activity
during a period over three centuries earlier. A notarial deed refers to the name of Iohannes
and identifies him as the ferarius (i.e., the smith), an inhabitant of the vicus of Cose, a village
situated at the foot of the Orobic Alps, close to Lake Como and Lake Valchiavenna, an early
indication of a profession linked to iron metalworking that was already underway and
thriving in the territory. The same is true for the area of the carbonaria, referred to in an
interesting document dating to 1085 that records the sale of a chestnut wood in Morbegno,
because it implies the presence of the production of charcoal, an essential fuel source for the
working of iron ore [26]. The result of this production platform is confirmed in 1276 when
the Bishop of Como granted Goffredo de Capitanei the right to exploit the metalliferous
deposits under the jurisdiction of the parish churches (pievi) of Berbenno and Sondrio, in
1378 with the promise of Oldarico to deliver Arrighino de Bordogna “[ . . . ] 250 centinaria feri
crudi boni neti puri de illo castro Ambrie [ . . . ]” and in 1382 with the presence of a production
site at Vedello (see infra) with facilities that ensured the indirect reduction process of iron
ore “[ . . . ] pro faciendo et colando venam faciendi ferum [ . . . ]” [27]. This timeframe leaves
no room for doubt about the territory’s capacity to pave the way and then, immediately
afterwards, to begin the cycle of Alpine ironworking, developing mining and smelting
activities both to the east of Piateda in the valleys of Belviso, Caronella, Bondone and
Arigna and to the west in the valleys of Livrio, Cervia, Madre, Ambria, Tartano and Gerola.

5. Mines and Roasting Ovens in the Orobic Alps

The first structure, identified as a roasting furnace, was identified along a mule track
that leads up from Ambria to the Venina Pass (2442 m. a.s.l. in the direction of Val
Brembana) and the Scoltador Pass (2454 m. a.s.l. towards the Livrio valley), in the Li gèeri
area, just before the point where the path begins the steep climb of the Scale di Venina.
Although the site has been largely destroyed and covered by thick invasive vegetation, it
was possible to identify the loading opening and a small opening at the base, preserved
partly by the dense vegetation: these are the distinctive features of a structure designed to
ensure the initial “roasting” of the iron ore (Figure 5). The regrana (furnace) is not mentioned
in local historical records. However, its presence at this point is mentioned both in the
land register of the Catasto Lombardo Veneto (1815) (Figure 6) where it is described in
detail, and by the placename Fornace, marked a few years later on military maps drawn by
Austro-Hungarian engineers (1818–1829) (Figure 7). Nevertheless, given the current state
of research, questions still remain about the provenance of the iron ore that was roasted in
this structure, since the distance between this site and the mine of Val Venina, equipped
with a structure capable of working significant amounts of iron ore, would appear to be too
long and therefore economically unfavourable in terms of the cost of transporting the raw
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material. It is therefore more likely that the furnace was supplied by one or more deposits
situated in the vicinity that have yet to be identified [28].

 

Figure 5. Piateda (SONDRIO), Località “Li gèeri”, roasting oven buried beneath invasive natural
vegetation: detail of the slag outlet at the base of the oven.

 

Figure 6. Extract from the cadastral map of the land registry (Catasto) of the kingdom of Lombardy-
Venetia (1815). Plan of the roasting oven in località “Li gèeri” (image by the Author).

The mining context of Val Venina is situated in the uplands at an altitude of 2207 m.
a.s.l., just beneath the head of the valley that separates the side facing the Orobic Alps from
the one facing the Bergamesque Alps. This is the spot where discoveries were made of
the remains of a productive complex consisting of several mines, structures for the initial
working of the iron ore and the ruins of cabins and huts used for housing workers, mule
drivers and animals. The structures were accurately mapped in the surveys conducted by
the Catasto Lombardo Veneto, both in the version drawn up in 1815 and in the one done in
1853 (with subsequent amendments), where the area is marked with the placename Frere,
an indication of the presence of iron mines [29].
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Two extraction areas, one an underground mine and the other an open-pit mine, were
identified during surveys carried out in situ. The first is situated in the westernmost part of
the area, a few metres away from the miners’ cabins and the blast furnace, access to which
was through a narrow entrance, preceded by a long corridor (17 m × 1 m) bordered on the
sides by dry-stone walls, which have now partly collapsed (Figure 8). It is probably the
nineteenth-century mine described by Melchiorre Gioia in the Statistica del Dipartimento
dell’Adda “[ . . . ] uno scavo interno al monte [ . . . ]” (an excavation within the mountain),
used already in antiquity and divided into several tunnels preceded by a large space [30].

 

Figure 7. Extract from the second military survey of the Hapsburg Empire (1818–1829) with an
indication on the map of the placename “Fornace” (image by the Author).

 

Figure 8. Piateda (SONDRIO), mining complex of Venina. View of the underground entrance to the
mine with the access corridor outside (image by the Author).

In the northernmost part of the site, there are four rooms made of dry-stone walling.
The roofs of the rooms no longer survive, but the elevations, arranged around the sides of a
large block of rock emerging from the ground, are partly preserved. The structures situated
to the left of the boulder, partly interconnected by means of openings, can be interpreted
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as the cabins of the miners, while the room located on the opposite side of the rock was
probably a charcoal shed or “coal house”; the building displays a fairly poor construction
technique and was probably less well insulated compared to the others, since the western
façade consisted only of the rockface. A fourth small room, conceivably a storeroom for
equipment, was built north-west of the boulder in the space created between the boulder
and the masonry structure that was built against it (Figure 9).

 

Figure 9. Piateda (SONDRIO), mining complex of Venina. 3D view of the buildings related to mining
activity (image by the Author).

Melchiorre Gioia’s book Filosofia della Statistica describes how a company working in
Val Venina consisted of 15–20 miners, called “frerini”, coordinated by a chief excavator
(“capo scavatore”); some of them were involved in mining activities, others were responsi-
ble for transporting the iron ore to the roasting furnaces, while others were in charge of
separating and cleaning the heated seams. The numbers were bolstered by mule drivers
who, during the summer months, transported the roasted iron ore to the smelting furnace
in Vedello ([30], p. 368). Apart from those involved in transporting the coal and the iron ore,
the workers were not local and mostly came from the Bergamasque department of Serio.
Mining work was generally carried out in the winter months when ice restricted the amount
of water leaking into the tunnels, causing hardship for the miners; the workers spent long
periods of isolation in the buildings adjoining the quarries and mines, equipped with
sufficient foodstuffs and wood for their needs. During the other months, they performed
other activities linked to the working and transformation of the raw material (selection,
crushing, roasting and seasoning) in order to organise the transport of the ore down into
the valley ([24], p. 47).

The second open-pit mine was identified in the easternmost part of the site on the
slope that separates the valley from Val Zappello, where the mine resembles a sub-vertical
trench just over 20 m long with an average width of 2 m. Holes (with a diameter of about
30 mm) were identified along the walls of the mine face and were used to insert explosives.
This work can be attributed to the final phase of mining operations when in 1939 the
“Società Anonima Stabilimenti Elettrosiderurgici Carlo Tassera (Breno, Italy)” asked the
town council of Piateda for authorisation to use explosives to loosen the rock [31].

316



Land 2023, 12, 1031

Lastly, the most easily recognisable structure at the site is the large roasting furnace
placed at the front of the entrance to the area, marked on the cadastral map of Lombardo
Veneto (1815) with a feature that clearly refers to the one preserved today. The structure
is made of dry-stone walling with dimensions that reach a maximum of about 4 m high
× 10 m wide; the eastern part of the construction appears to be built against a natural
knoll behind, upon which there is a large mound of abandoned iron ore (Figure 10). The
central part of the structure contains a large belly in the form of a shaft that tapers at the
base, with a circular mouth with a diameter of 4.5 m and an overall height that must have
corresponded to about 3 m, although the precise dimensions cannot be determined due to
the presence of debris and residual iron ore in the inner cavity. At the centre of the huge
façade there is a deep arched opening, in the lower part of which there is a second, smaller
quadrangular opening. Two dry-stone walls marked the limits of the flat area in front of
the furnace, although only a few courses of the walls are still preserved ([28], p. 232).

 

Figure 10. Piateda (SONDRIO), mining complex of Venina. View from the west of the open-pit mine
(photograph by Ilaria Sanmartino).

The structure was used to roast the iron ore, in other words to carry out an initial
“cooking” designed to eliminate most of the impurities that could be altered in the heat
within the excavated cavity. By the end of the process, the iron ore had lost roughly 25% of
its initial weight, facilitating the transport of the material to the reduction sites. The central
space of the furnace was filled with layers of charcoal and iron ore, eventually reaching
3/4 of the total volume; loading operations were facilitated by the large loading opening
of the furnace and by the ledge provided by the knoll situated behind it. The roasting
process took several hours until the charcoal had been used up, and the workers in charge
of the furnace had to monitor the opening at the base on a constant basis to ensure that the
fire did not go out or overheat. Once the combustion phase had ended, the iron ore was
deposited on the bottom and, once it had cooled, was extracted using shovels through a
small opening. The seam subsequently underwent a lengthy period of weathering in the
open air so that the elements removed the impurities still present in the ore, after which it
was crushed into small pieces and transported down into the valley, where it was reduced
in smelting furnaces. These operations were carried out in the area in front of the furnace,
where plentiful levels of small pieces of roasted iron ore are still scattered over the whole
area. These activities, like the ones that preceded the roasting phase (selection and initial
crushing of the seam), formed part of the tasks undertaken in the summer months close
to the mine. Even though the material structures used in the process have undergone
numerous technological transformations over the centuries, the methods for preparing the
iron ore remained largely unchanged [32].
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A second roasting furnace, which can be identified as a structure in the easternmost
sector of the site, situated a few metres away from the open-pit mine, has been largely
stripped (possibly due to the reuse of the stone employed in its construction) and obstructed
by debris and iron ore refuse. Nevertheless, a visible furnace remains, observable through
aerial photography, bearing a striking resemblance to the plan of the furnace described
above, albeit on a slightly smaller scale (9 m × 5 m). The structure is not included in the
cadastral map of the Catasto Lombardo Veneto (1815), so its use may date back to an earlier
phase. The furnace may well have been abandoned due to malfunctioning or abandoned
to construct the existing one, which was sufficient and more practical for the productive
needs of the site ([28], p. 234).

6. Iron Metallurgy in the Orobic Alps: The Vedello Blast Furnace

The settlement of Vedello (1032 m) is situated in the point in which Val d’Ambria
is divided between the branching of the Ambria and Venina rivers to the west and the
Caronno and Vedello rivers to the east, at the confluence between the Venina and Caronno
rivers. The construction of a smelting furnace at this point was strategically important
due to its proximity to the areas supplying the materials required: the iron ore and the
wood charcoal came from the mines and woodlands in the valleys above Vedello, where all
the routes (paths and mule tracks) used for transport converged, while the confluence of
Venina rivers in the Caronno river guaranteed the water capacity required to power the
bellows of the plant.

The first indirect reference to the furnace can be found in a document of 1212, where
Morescus Magani de Furnis de Vedello de Trisivio appears as a witness in the deed of the sale of
land between two inhabitants of Tresivio [33]. It is not until the end of the following century
that we have more detailed information about the structure and its location in the district
of Vedello, when the roasting furnace crops up in a series of notarial deeds regarding the
sale of the furnace itself or other adjoining property. The boundaries mentioned in a deed
of 1382 indicate that the structure was situated “a mane flumen Caronni, a meridie ser Taloli de
Ambria accessium mediantem mediante, a sero via communis et a nullaora suprascriptum flumen
Caronni in parte et in parte via communis”. In 1470, the furnace is mentioned in a notary
deed regarding the sale “de piazo uno in territorio de Trixiviomonte in contrada de Vedello prope
furnum cui coheret [ . . . ] et ab altera suprascriptum seu carbonile ipsius furni strata mediante” and
seven years later, in 1477, another document describes how “in valle de ambria in contrada
de vedello quibus omnibus coheret a mane communis vide licet plaza et carbonilia furni a ferro a
meridie assero strata et a nullaora flumen caroni” ([27], pp. 90–91).

The furnace therefore bordered the Caronno river to the east, the property of an
inhabitant of Ambria to the south, the municipal road to the west and the Caronno river
and part of the municipal road to the north. The position is the same as the one on which a
new furnace was built in 1803, as is indicated by the structure surveyed in the land register
compiled by the Catasto Lombardo Veneto (1815). It was in this spot, following heavy
flooding in 1987, beneath what corresponded to the “Privativa Tavelli”, that the Caronno
burst its banks, bringing to light ruins belonging to the nineteenth century structure,
subsequently incorporated into the retaining wall built to stop floodwater (Figure 11).

The information contained in late fourteenth-century documents shed light on the
technological features of iron working at the structure in Vedello. More specifically, the
reference pro faciendo et colando venam faciendi ferum indicates that the blast furnace was
capable of ensuring the indirect reduction of iron; the plant therefore had stable structures
that were fairly sizeable. This technological innovation, which originated in the valleys
near Brescia where the production and spontaneous decarburisation of pig iron had been
practised since the fifth/sixth century, became firmly established from the thirteenth century
onwards in the Lombard Alps before spreading to the rest of Italy and subsequently, when
the production process was at its height, to many areas in Europe [16].

In the territory of Valtellina, the first evidence for the adoption of this procedure dates
to 1269 in the area of Bormio (furnace at Semogo), and it subsequently spread throughout
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most of the Orobic valleys such as Val Gerola (furnace at Costa, 1294: furnaces in Cagamozio,
1326), in Val Tartano (1347, furnace at Consegio in Talamona, 1348), in Val Cervia (furnace
at Cedrasco, 1378) and in the same year in the nearby Livrio Valley ([30], p. 364) [34–37].
Using this procedure, it became possible to split the production process into two phases.
During the first phase of the production cycle, the skilled workforce used a blast furnace to
smelt the iron ore in order to obtain pig iron (known as ferrazzo, ferro grosso or ferrum crudum)
while, in a subsequent phase, they transformed it into iron (ferro cotto, ferrum coctum) or steel
through a process of decarburisation (i.e., a second “cooking”), which took place in refining
forges known as “fucine grosse”, where the iron was beaten with a drop hammer to create
semi-finished products of various types. By using the indirect smelting process, it became
possible to produce pig iron in a continuous cycle without the need to interrupt combustion,
as was the case for the traditional direct smelting process (bassofuoco), in order to obtain the
metal bloom and introduce fresh charcoal and iron ore. This procedure also enabled the
extraction of a greater percentage of iron from the ore, considerably reducing the amount
that was lost during the production process ([32], p. 101) [38–41] ([13], pp. 205–206).

 

Figure 11. Vedello (SONDRIO), Privativa Tavelli damaged by the flood of 1987. Beneath the structure
are the probable ruins of the smelting furnace which emerged during flooding when the Caronno
river burst its banks (photograph by Marino Amonini).

In 1584, the blast furnace at Vedello was operational, as is shown by the equipment
listed in the will of Castellino Beccaria (work tools, seven mules for transporting the iron
ore or the charcoal and fifteen carts loaded with hay to feed the pack animals); in the
following years it was predicted that the structure would operate at full capacity, thanks to
the capital—the princely sum of 2000 gold scudi—invested by the company set up by the
Beccaria and Morandi families to run it ([27], p. 83).

A document dating to 1591—in which the Beccaria brothers sold the blast furnace to
Alessandro Carcano—is the first source that provides a detailed description of the smelting
process. The building had a rectangular base and was arranged on two storeys: the lower
vaulted level measured about 10 m × 5.5 m, while the upper storey measured about 10 m
× 8 m; the roof was made of wooden planks. Entry to the furnace room was via a large
door with a chain and lock, while the upper floor, which also had an entrance, did not have
any specific security system. The inner part of the furnace contained the caneccio, the local
term for the reduction tower or stack in which the iron ore was reduced; the measurements
of the structure are not given, but the overall height reached the upper floor, where the
loading opening was located [42,43]. The actual smelting process was preceded by a phase
of heating the furnace during which the caneccio (stack), filled only with charcoal, was lit
for the whole day to eliminate damp within the structure. It was during this preparatory
period, which could last up to several weeks, that the ironmaster in charge of the furnace
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demonstrated his expertise. He was entrusted with the task of obviating or solving the
technical problems that might crop up during the smelting process because, once lit, the
furnace remained active for months at a time [44]. After the preliminary checks had been
carried out, the iron ore was loaded into the stack (caneccio), alternating with layers of
charcoal. Inside the furnace, the iron ore underwent a series of chemical and physical
reactions and processes according to the temperatures produced at the different heights
of the structure. The smelting point was reached in the zone of the presura, the lower part
of the furnace where air was pumped using bellows; at this point, the bosh narrowed
considerably in the lower part of the furnace and the iron ore, restricted by the bottleneck,
formed a sort of vault through which the slag (loppa) and the pig iron could be collected
and poured. Firstly, the slag floating on the crucible was poured off using special tools with
duck-billed spouts (raspirolle and lacciaroli) and the pig iron, dragged into a pool of running
water (pozzo), known as a rampino, was subsequently drained ([22], pp. 232–233).

The ironmaster’s tasks included the preparation of the iron ore for smelting, generally
from different seams, checking the exposure to the fire of the right quantity of ore and
regulating the constant flow of air into the furnace to ensure that the iron-making process
took place at a steady rate. At Vedello the ventilation system involved a pair of bellows
(mantici), described as new and equipped with all the mechanisms required for their efficient
functioning; the air was introduced into the furnace via a single tuyere (canna). The bellows
were activated by the force of running water, channelled from the Caronno river through a
system of canals (canali aquedutti). The air supplied by the bellows was regulated by the
flow of the water to the wheel (rota) fitted with a wooden shaft with an iron rim (arbore
con vere dieci di ferro) which transferred the movement to the drive shafts of the bellows
(braccioli). The furnace complex included other rooms, including a large storeroom used
to store the charcoal (carbonile) capable of containing from 400 to 500 sacks of fuel, and a
well-guarded room for storing iron ore (venaiola).

At Vedello, there was a fairly large complex equipped not only with the furnace and
the machinery required for it to function, but also permanent ancillary buildings, as well as
accommodation for the workers, even though this is not mentioned in the document. The
costs of running the furnace must have been high, including the sourcing of supplies (iron
ore and charcoal) with relative transport expenses, the payment of the workforce (employed
in all phases of the production process) and the frequent maintenance of the structures and
machinery of the caneccio. Unfortunately, the available documentation does not provide
precise indications about the names and origins of the workers who constructed the furnace,
or the number and tasks of the people who were in charge of its functioning; there is also
a lack of data about productive capacity, even for the years between the sale of 1591 and
1803, when it is known that a new furnace was constructed by the company directed by
Gaspare Sacchi, designed to exploit the mines in the territory of Piateda ([28], p. 244).

Moving westwards towards Piateda, the research focused on the territory of Fusine,
particularly on the uplands of Val Cervia where, at an altitude of over 2000 m above the
peak of Cima Vitalengo, a series of structures linked to mining and initial working of the
iron ore have been documented. The ruins of a siderite mine, probably the same one that
appears on an old map of the uplands of Val Cervia made in 1688, are visible on the eastern
slope in the district of Le Flerie [45] (Figure 12). It is a large open-pit mine covering an
overall area of over 115 m with a difference in height of about 80 m. The mine consists
of a large subvertical trench that corresponds to the layout and thickness of the seam,
with an average thickness of 2 metres and average depth of 5–7 metres, even though the
latter measurement cannot be calculated precisely due to the quantity of material that has
collapsed onto the mine floor [46] (Figure 13).

The siderite deposit, which almost certainly constituted the working face, is situated
in the highest part of the mine situated at an altitude of 2282 m. a.s.l. and is still clearly
visible. The technique employed appears to be cut-and-fill stoping (“gradini rovesciati”):
mining operations began on the lowest part and subsequently, sometimes using wooden
scaffolding, work proceeded by removing the upper part and leaving useless and waste

320



Land 2023, 12, 1031

rock on the floor. In order to avoid dangerous collapses, parts of the rock were often left
to act as supports between the faces of the mine; one of these is still present in the final
part of the mine at the point where the trench narrows significantly. As far as techniques
are concerned, it is reasonable to suppose that mining was conducted using pickaxes or
using the traditional system of pick and chisel because the mine faces are smooth, the rock
is not fragmented and there are no signs of holes. Besides this method, fire may have been
used to “cook” (roast) the rock and facilitate its removal. In the upper part of the mine, the
faces are irregular and extremely fragmented, probably due to the use of explosives and
therefore more recent mining operations compared to the extraction carried out below ([46],
p. 323).

 

Figure 12. Map of Val Cervia (1688); the Vitalengo mine is shown in red (image by the Author).

Figure 13. Fusine (SONDRIO), Val Cervia, the initial section of the Vitalengo mine.
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Once it had been extracted, the mined ore was probably left in the area in front of the
entrance to the mine, bordered by two dry-stone walls, which have been partly preserved.
Here, the iron ore underwent initial selection and crushing (using sharp tools), with the
aim of eliminating the largest possible amount of country rock surrounding the iron ore.
Before it was sorted, the mined ore could be left to season at the edges of the mine so
that weathering and frost shattering could act upon the interfaces between the ore and the
rock, leading to natural detachment. Like the situation encountered at Piateda, the iron
ore underwent an initial process of “roasting” in specially made shaft furnaces known as
reglane (the Bergamesque dialect term), carried out in the immediate vicinity of the mines
in order to facilitate the journeys made by porters and pack animals and, as a consequence,
to reduce transport costs as far as possible ([32], p. 101).

Two roasting furnaces were found close to the mine, just beyond the steep ravines that
border it to the north and the south. They are extremely similar in shape and size and both
have been partly damaged by collapses caused by landslides. The structures identified in
Val Cervia, which are fairly similar to each other, consist of a large chamber embedded
into the slope, with slightly splayed faces made of dry-stone walling and partly made by
exploiting the natural rock (now no longer visible due to earth and debris accumulated in
the chambers). The façade of the furnace is supported by a retaining wall, built both to
counteract the steep overlying slope and to improve the thermal insulation of the produc-
tion site; on the downstream side, and therefore in the direction of the mountainside most
exposed to air currents, it forms in both structures two massive projecting parts, slightly
diverging from each other, in which the slag outlet is located ([46], p. 324) (Figure 14).

 
Figure 14. Fusine (SONDRIO), Val Cervia, roasting furnace to the north of the mine.

The circular loading opening is free and facilitated the loading operation from the
upper side, exploiting the ledge provided by the foundation wall. The shaft has diameters
of 2.30 m and 2.50 m, while the overall height, as far as it is still visible, is over 2 m. In
the furnace to the north of the mine (2230 m), it is possible to identify the small slag outlet
placed at the base of the façade of the structure, quadrangular in shape and a few decimeters
wide (0.25 m × 0.30 m), through which the roasted material was unloaded (Figure 15).

In the second structure (2177 m), where the furnace chamber is easier to inspect, thanks
to the fact it is more deeply interred, there are visible traces of reddening and corrosion on
the inner walls of the belly, which formed as a result of the prolonged use of the structure
(Figure 16).

The two locations of the mining and roasting operations were connected by a mule
track that, in the steepest parts, is just a basic path but was carefully paved in the more
level parts; part of the paved track outside the furnace situated to the south of the mine is
still visible. The path that begins from the second furnace, situated further north, is also
clearly visible; with only a slight difference in height, the path rises, diagonally cutting
the slope of the mountainside until it reaches the crest that separates Val Cervia from Val
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Madre. Here, just below the peak of cima Vitalengo (2407 m a.s.l.), at an altitude of 2302 m,
are the ruins of the cabin used as accommodation by the miners and other workers.

The site, which occupies a surface area of about 1400 m2, is situated on a fairly
level saddle along the ridge separating the two valleys in a favourable position, which
could receive sunlight throughout the day, especially in winter, and was not exposed
to the dangers caused by avalanches and landslides, which were undoubtedly frequent
phenomena in this upland terrain (Figure 17). The context consists of five buildings of
which the only surviving features are parts of the perimeter walls that are made of dry-stone
walling and, in some cases, take advantage of the outcropping rock that acts as natural
walls. The cabins situated in the highest part (buildings 1 and 2), whose elevations are
the most clearly interpretable, were probably used as accommodation for the workers, a
hypothesis indicated by the dimensions of the two structures, larger than the others (about
6–7 m wide), and by the bonding of the masonry, which was carefully constructed with
regular courses. The inner southern façades of both buildings still preserve small niches
made in the masonry, possibly used for oil lamps to provide lighting for the rooms.

 
Figure 15. Fusine (SONDRIO), Val Cervia, roasting furnace to the north of the mine. Detail of the
façade of the combustion chamber of the furnace with a small opening at the centre for unloading the
iron ore.
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Figure 16. Fusine (SONDRIO), Val Cervia. roasting furnace to the south of the mine. Detail of the
combustion chamber which has partly collapsed and been filled with debris.
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Figure 17. Fusine (SONDRIO), general view from the south of the miners’ cabins on the watershed
dividing Val Madre (on the left) from Val Cervia (on the right).

The position of the structures offered a complete view of the area below, as well as
of the whole valley. The remains of two other buildings are visible at a distance of about
ten metres away from the ones described above: only the foundations of the easternmost
structure (building 3) are preserved, except for a few stretches of walls with a few courses
still intact, while the elevations of the perimeter walls (maximum height c. 1 m) of the
second structure (building 4), since it is partly incorporated within the bedrock, are still
partially visible. While the function of the former building is unclear, the long plan of
the second structure (c. 14 m × 7 m), divided into at least three rooms, subdivided by
partition walls, could indicate the presence of a storehouse, used to preserve provisions for
the workers or as a coal house or woodstore, as well as a place for keeping fodder for the
pack animals. Outside building 4 is a clearing where numerous small roasted fragments of
siderite were found. This was probably an area where the initial selection of the ore was
made, followed by manual crushing. These operations were carried out in the summer
months when, in most cases, mining work was unfeasible. Lastly, beyond the storehouse,
in the northernmost part of the area, is the last structure of the site (building 5), the walls
of which are also preserved to a maximum height of just over a metre. The building has a
less regular plan than the others, due to the outcropping rock, partly used as a support for
constructing the perimeter walls. This evidence, together with the construction technique
of the walls—much more irregular and slapdash than the other huts and therefore with a
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lower capacity for thermal insulation—suggests that the structure may have been used as
a shelter for pack animals or as a storeroom for work tools and a space for keeping and
repairing mining equipment.

Lastly, on the right slope of Val Madre, between Casera Vitalengo and the hut of
Vendullungo, another roasting furnace was discovered, with several adjoining structures
made of dry-stone walling (2156 m). The complex, which is fairly well preserved, displays
the same construction technique as the structures recorded in Val Cervia, although it is
larger. The shaft into which the iron ore was loaded, alternating with charcoal or wood
(unfortunately covered in debris), reaches a height of 3 metres, while the stack has a
maximum diameter of 4 metres. Traces of other buildings, of which very little of the
elevations is preserved, have been found on the outer side of the structure, probably used
for ancillary buildings for the furnace, such as storerooms for equipment and charcoal. It
is harder to establish from which deposit the raw material for the production site came
from. Although the most plausible hypothesis is that there was a mine in the immediate
vicinity of the complex (yet to be located), it cannot be excluded that the furnace, which is
likely to be more recent than the reglane described above, is related to a subsequent phase
of extraction from the mine in Val Cervia, related to the opening of the smelting furnace in
Val Madre that took place in the early eighteenth century [47].

7. Discussion: What Now Remains of Orobic Metallurgy

With regard to the areas of Valtellina in the late sixteenth century, the only relatively
precise evidence for reconstructing the type of furnace adopted for iron working comes
from a single complex (1591), situated at Vedello. On the basis of the available data, it would
appear that the facilities were contained within a single building, and therefore not in open
areas, and that the most commonly used early type of blast furnace was the cannecchio used
in the areas of Brescia and Bergamo, powered by hydraulic energy. The construction of
ironworking structures of this type required considerable technical expertise, significant
precision and care in the preparation of hydraulic infrastructure, channels and a wheel
for providing the power supply for the complex [48]. The documents reveal strict spatial
organisation limited by the position of the drive shafts of the hydraulic wheels.

The reconstruction of the technology used in the ironworking complexes in the Val-
tellina area and, more generally, the possibility of understanding the organisational and
management system of medieval metallurgy, has proved to be extremely difficult and
complex due to the lack of documentary evidence. Surveys carried out in the area suggest
the prolonged use of preserved production sites, while the destruction due to natural phe-
nomena of one of the oldest ironworks—the one at Verdello described in the documentary
sources—has significantly hindered attempts to provide precise dates for the production
sites, which consisted essentially of roasting furnaces situated at medium-to-high altitudes
in Alpine environments. The same observations hold true for the forges, considering that
in the specific case of Fusine, of all the ones listed in the sources, the only surviving forge
belonged to the Bazzi family.

It is also worth adding that when the identification of a mine is accompanied by a date
engraved close to its entrance and a direct relationship is plausible, the written sources
provide scant evidence about the exploitation of the seams of iron ore and it is unclear
whether the date given (1640 for the deposit in the Scigola Pass and 1657 for the Scaletta
Pass) refers to the initial or final phase of the mining operations. In the cases examined
here, it is extremely likely that the engravings were made with two stone hammers or with
an iron hammer and chisel. In the first case (Scigola Pass), the engravings are arranged in
two distinct panels alongside each other. The upper part of the first panel contains four
numerals “1 6 4 0” while the lower part has two traces with a curved profile followed by a
circular design next to a short perpendicular rod surmounted by a point in the form of a
“[c?]” or “I”. In the panel next to the previous one, it is possible to discern a circular design
beyond which is a Greek cross reinforced with two Latin crosses on the outer edges parallel
to the rockface “o †+†” (Figure 18).
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Figure 18. Scigola Pass (SONDRIO), graphic composition engraved with a time reference (Photograph
by Marino Amonini).

In the second case (Scaletta Pass), there is a single field divided into two parts: the
upper one has four numerals “1 6 5 7”, with curvilinear engraving, while the one below
features the letter J (?) followed by an E arranged parallel to the rockface and a Latin cross
grafted onto the shorter part of the vowel with two small cylinders inserted on the short
arm, accompanied by a P (Figure 19). The height and inaccessible nature of the two contexts
prevent the precise identification of the author, or authors, of these precious historical
sources. The altitudes of the engravings are beyond the limits of pasture for livestock in the
Orobic valley of Valtellina, generally between 1400 m and 2200 m, but it is equally true that
the two passes are the crossing points between two opposing Alpine mountainsides. This
suggests that the shepherds involved in transhumance or moving livestock between the
Orobic valley and the Bergamesque valley were responsible for the engravings, but it does
not shed light on their meaning, which remains incomprehensible.

If, on the other hand, the executors were the workers involved in extracting material
from the seams of iron ore, then it is possible that the first series of numerals corresponds
to “1640” and the second to “1657” and that they therefore represent the initial or final
dates of mining activity. The few signs that have been identified may be interpreted as
alphabetic letters and therefore constitute the initials of the name of a person, accompanied
by symbols related to identity or origin, so that the ownership of both mines—Melchiorre
Gioia alludes to the excellent quality of the iron ore and therefore to the greater economic
importance compared to other extraction sites—was visible; no one could consider them to
be abandoned and the owners were therefore easily identifiable ([28], pp. 227–229).

The hypothesis that the mining sites of Valtellina were exclusively for personal use,
a view that was widely shared until a few years ago, has been completely disproved.
Furthermore, the greater originality and effectiveness of our research can be recognised
through the capacity to extend the chronology, differentiating between eras and areas,
following a temporal transformation of the economic, social and technological aspects,
without which it would be impossible to recognise and understand the mining landscape
of Valtellina. Historians of mining and ores underestimate the importance of archaeological
evidence, while archaeologists frequently play down the significance of the written sources.
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Archival sources suggest the active presence of numerous players—with a key role played
by local aristocratic families (the Curtoni, Ruffoni, Quadrio, Beccaria and Capitanei families
during the Middle Ages)—and a surprising level of productive complexity within an
economic context mainly related to trade and the supply of production units situated
beyond the Orobic valley of Valtellina.

 

Figure 19. Scaletta Pass (SONDRIO), graphic composition engraved with a time reference (Photo-
graph by Marino Amonini).

It is worth underlining that the commercial importance of metalworking was not
confined to purely local productive decisions but was targeted at a much wider market
than hitherto believed. On the basis of the evidence of notarial deeds, it can be concluded
that the internal market was the main point of reference between the eleventh and sixteenth
centuries, although it was not the only one for ironworking artisans in the Valtellina area.
It was an extremely extensive commercial environment involving aristocratic families with
considerable purchasing power, a fairly sizeable population, numerous clerics and a steady
stream of merchants (mercatores) and pilgrims along the main Alpine routes. However,
the relative prosperity of the artisans (often owning a house and a vineyard) did not stem
from the success of their products but rather from the possibility of devoting themselves
to other activities, especially in the agricultural and woodland-cum-pastoral spheres [49].
This reflects the presence of a high degree of specialisation in conjunction with significant
capital investment in production by local aristocratic families or individual merchants
(mercatores) who realised that the possibility of selling raw or semi-finished material to
Milan or Bergamo could provide a much more reliable source of income and profit than
involvement in financial operations, from which they seem to have distanced themselves.

8. Conclusions: From Decommissioning to Optimal Use: A Long Process
of Transformation

Although the mining activities in this territory witnessed fluctuating levels of pro-
ductivity over the centuries, a transformation towards full-scale industrialisation never
took place, or at least the conditions never emerged whereby the mining resources could
become part of this kind of process. The rapid involution of a system that had functioned
satisfactorily for at least five centuries may have been caused by several factors that acted
as destabilising elements in the second half of the nineteenth century, leading to the aban-
donment of the production sites: the difficulty of obtaining raw material, due to the natural
localisation of the various mines; natural phenomena such as landslides at high altitude
involving roasting furnaces and river flooding, which devastated the smelting furnaces;
the reduction in the number of workers, mule-drivers and porters; the impossibility of
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adjusting the system to embrace the innovations brought about by the Industrial Revolu-
tion; the decision of communities to preserve the woodland areas that had been “used up”
over the centuries to provide fuel for activities regulated according to ancient principles
and methods; and lastly, in all likelihood, the exhaustion of the main seams for extracting
iron ores.

In the light of a seriously damaged mining landscape, the decision was taken to carry
out a detailed survey of the mining sites in the Alpine areas of the comuni of Piateda and
Fusine as part of the initial phase of a joint initiative organised by the Department of History
in conjunction with two local administrations in charge of preserving significant parts of
this ancient productive heritage. The landscape is of the utmost importance because the
analysis of the features of these “monuments to human labour” and the determination of
the different phases of ironworking to which they belong can transform them from being a
strategic resource, which they once were in antiquity, to being an asset that could be used
to enhance the landscape in which they are situated. These structures will no longer be
silent witnesses to the passing of time, subject to dilapidation, neglect and abandonment,
but key elements in a new relationship between the community and the environment: a
virtuous circle in which their enhancement may yield notable benefits, not just from an
economic standpoint but also from a moral and spiritual perspective, capable of making
new generations responsible for the traditions to which they belong and aware of the
sacrifices of those who preceded them, and therefore capable of constructing and creating
the present while also looking to the future.
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