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Preface

This Reprint of the second volume of the Land Special Issue “Archaeological Landscape and

Settlement” consists of eleven research papers providing landscape archaeology insights independently

of the geomorphological and altitude locations of a wide variety of sites, their characteristics, functions,

the construction methods of their structures, and their chronology in a global perspective.

The Reprint consists of multidisciplinary papers that present and discuss many different topics

related to prehistoric and historical archaeology in countries that range from Mediterranean Europe

to Africa, Central and Eastern Asia and South America, from the Middle Palaeolithic to Medieval

and subrecent times, and from seaside landscapes to the highland zones of Mongolian Central Asia

and the Andean chain, which were exploited for economic subsistence and defensive purposes.

Considering such a wide range of topics, the Reprint provides cases that show how landscape

archaeological methods have been employed by different authors to interpret different events that

took place throughout the world in a variety of highly different territories.

Paolo Biagi and Elisabetta Starnini

Guest Editors

ix





land

Article

Beyond Colonial Boundaries: Reimagining the Rozvi through
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Abstract: The land, ‘things’/objects, and memory in the form of narratives and metaphors are intri-
cately bound together. They all constitute the iconography of a shared set of ideas, beliefs, feelings,
values, practices, and performances that objectify collective identities. Respectively, these complex
entangled tangible and spiritual/invisible indices of identities situated in places deserve special
archaeological devotion. However, since African archaeology and history remains trapped in Euro-
centric colonial metanarratives, indigenous epistemologies and ontologies have somehow remained
on the margins of knowledge production processes. This deliberate erasure and silencing continues
to impede archaeology’s capacity to explore hidden meanings and values that people imbue to places
and landscapes through time. Owing to this setback, multiple precolonial group identities in parts
of Zimbabwe, South Africa, Botswana, and Mozambique such as Torwa, Twamamba, Rozvi, Singo,
and Venda, among others, remain vague and subjectively tied to the archaeology of Butua/Torwa
(AD 1400–1644) and Rozvi (AD 1685–1830) state systems. The failure to read the landscape as both a
repository of memory and an agent for collective identities continues to compound our archaeological
challenges. Against this background, Rozvi oral narratives and the Insiza cluster Khami-phase sites
in southwestern Zimbabwe are subjected to renewed scrutiny. Following a critical review of colonial
archives and Rozvi traditions, it turned out that instead of contradicting ‘science’, oral traditions
actually amplify our reading of the archaeological record, only if handled properly.

Keywords: land; landscapes; identities; metaphors; Rozvi; Khami phase

1. Introduction

The Rozvi, a dynamic historical political formation, first rose to prominence in north-
eastern Zimbabwe around the 1670s before migrating southwestwards to further consoli-
date their power under a major pre-colonial state system (1685–1830), variably called Rozvi,
Vurozvi, Ukalanga, Gore, or Goremukuru [1–3]. This development, coupled with other
incessant Rozvi dispersals stirred by internal succession disputes, further entangled their
past with a very wide landscape dotted by numerous Khami-phase sites. Through time,
extensive Rozvi movements, contact, and integration with other sociopolitical groupings,
as well as their adoption and use of several Khami-phase sites, has triggered immense
scholarly debate [1,2,4–14]. Their extensive spatial distribution through time has created a
complex cultural web that continues to cause archaeological interpretive challenges. At
one point, a prominent historian, ref. [1] was prompted to say:

“. . .the Rozvi even more than the rest of the Shona have acquired a historiography
without a history. . .”

Perhaps, the greatest challenge bedeviling the Rozvi past stems from the gross mis-
takes that were perpetuated by antiquarians during the colonial era. These were recklessly
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tolerated and reproduced in corpus literature until the Rozvi past was completely sub-
merged in multiple layers of myths [1]. These antiquarian misrepresentations, coupled with
the negative influence of Western discourse about Africans, typical of the era of colonialism
and imperialism, inflicted long-lasting damage on our ability to understand and interpret
this intriguing past. Amidst these colonial ideologies, Rozvi origins were externalized, their
cultural ingenuity and complexity denied, and their oral histories dismissed and ignored
as myth while their heritage and land were systematically seized and renamed.

Of course, it would be misleading to sorely blame antiquarians and colonial settlers for
Rozvi disconnections from their core state, land, and territories. Rather, owing to incessant
succession disputes that ravaged their system of governance, numerous Rozvi groups
had already started fragmenting from the core state as early as the 1690s [9,11,12]. In
addition, the Nguni-inspired incursions in southern Africa of the 1820s to 1860s, known as
the mfecane, further spurred more Rozvi dispersals before the colonial land seizures finally
forced the last remnants from core ancestral lands. Generally, Rozvi territories overlap with
numerous Khami-phase sites (see Figures 1–4 below), which are also politically connected
with the Torwa/Butua state (1400–1644). As such, the actual role of Rozvi dynasties in the
rise and spread of these settlements remains contested. Although there has been significant
progress in historicizing the Rozvi, accounting for their archeological footprints within
this massive landscape has remained quite problematic [8,10,13–15]. Rozvi identities have
largely remained somewhat rhetorical, well encapsulated by Rozvi and Shona descendants,
despite their evidently being subjects of scientific enquiry.

To this end, Shona oral traditions are quite emphatic and explicit that all madzimbahwe
(dry stone-walled monuments) of the Zimbabwe Culture were built and occupied by
the Rozvi. In fact, while the Rozvi have always argued that these sites and associated
landscapes directly belong to their former ruling ancestors, historians and archaeologists
have remained very skeptical of such claims. The archaeological record too, has also
been quite stubborn by either revealing very little or actually contradicting the Rozvi oral
traditions in certain ways [2]. Perhaps it is high time that we took heed of the advice never to
use archaeology as a counter-narrative to indigenous stories [16–21]. Therefore, this article
engages a constructive interaction process that is quite sensitive to indigenous metaphors
and historical identities. It does so by particularly drawing from Tilley’s [21] observation
that the invisible aspects of a thing are as essential to its meaning and significance as those
that are visible. Thus, Rozvi historical connections to Khami-phase sites and associated
landscapes are subjected to renewed scrutiny and interpretation under these premises.
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Figure 1. Locational map of Zimbabwe and associated Khami-phase sites.

2. The Colonial Archive: Metanarratives and the Construction of Dominant Memory

The world over, colonialism and imperialism ushered in a broad range of oppressive
scientific research practices that denigrated, marginalized, tamed, and silenced Africans
and the recognition of their indigenous narratives [22,23]. As a result, literature that
was generated back then is awash with layered ideologies, biases, and stereotypes about
Africans [24,25]. Additionally, it is imperative to note that most of these colonial distortions
were particularly aimed at dispossessing and claiming indigenous lands through misrep-
resentation, denying and rejecting their cultural ingenuity and complexity. By projecting
everything indigenous as backward, inferior, and uncivilized, colonial agents sought to
justify imperialism and pave the way for it. As such, the ‘colonial library’ crafted very
subjective portrayals of indigenous histories through the eyes of the West, which is prob-
lematic. For instance, Smith [23] argues that, from the perspective of the once-colonized
peoples across the world, the word ‘research’ remains one of the ‘dirtiest’ terms in their
vocabulary because it was inextricably bound with European imperialism and colonialism.
In this respect, most colonial archives should be treated with great caution. Although they
are products of their time and still form a large corpus of the historical literature today, they
must be subjected to critical review in order to avoid recycling inherent biases. Such an
approach effectively arms us to minimize those veiled distortions that were deliberately
perpetuated by antiquarians and their like-minded colleagues as we strive to objectively
reconstruct past realities. To this effect, research became a site of struggle between the
interests and ways of knowing of the West and the interests and ways of knowing of the
‘Other’ [23].

The colonial administration and its associates are also guilty of elevating their own
worldview by treating indigenous ways of knowing as unscientific, naïve, contradictory,
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illogical, and invalid [22,23,26]. Respectively, it is not surprising that when European
explorers toured indigenous lands across the world, they perceived them as undocumented,
untamed, available, and devoid of indigenous people’s memories and histories [23,27].
This was a deliberate way of denying the physical existence and validity of indigenous
people’s claims to their ancestral lands. As Dei [28] observes, indigenous or ‘heritage’
knowledge has always been characterized by the realities of the cosmos and the nexus of
nature, society, and culture. Thus, indigenous ways of knowing are holistic and expressed
through stories and practices tied to the land. Instead of investing time and effort to fully
understand these indigenous knowledge systems (IKS), most colonialists chose to ignore
and dismiss these as senseless ‘nativist’ discourse’ [23]. At least, we now know that, as
part of attempts to remove and dispossess indigenous people of their land and heritage,
colonialists resorted to denying all forms of local memory. Some natives were even labeled
as recent immigrants with tenuous claims to their land. According to Russell [27], this
‘lack of landscape connection’, or rather the lack of memory, or the disruption or deliberate
absenting of it was used to distance locals from their heritage. This way, they effectively
dispossessed them of their land and legitimized all forms of European land invasions.
Similar ‘dirty tactics’ were progressively used to externalize Rozvi origins and distance
their descendants from ancestral lands and heritage sites [2].

Closely aligned to these colonial prejudices was the promotion of binary oppositions,
dualisms, and hierarchical orderings of the world. More precisely, back then, Western
thought emphasized distinctions between the primitive and civilized, prehistoric and
historic, and literate and non-literate societies [24,29]. Schmidt and Pikirayi [30] further
note that numerous exclusionary and unnecessary arbitrary boundaries underwrite and
amplify colonial experiences. More bluntly, the collective memory of imperialism was
premised on the random collection, documentation, classification, and (mis)representation
of indigenous people to the West as a bunch of ignorant, lazy, hopeless, and culturally
frozen people. Oftentimes, antiquarians and their colonial counterparts expressed per-
sonal views, omissions, and commissions as official knowledge, yet these all strived to
dehumanize indigenous people through discourses of race and gender [23]. For decades, in-
digenous people and their histories were under siege, and most of these colonial distortions
went unchecked and continue to be accepted as gospel by a wide range of unsuspecting
readers/audiences. Once again, we note with deep regret that indigenous histories still
continue to be sidelined and ignored. Colonial historians, for example, alienated and
denigrated indigenous histories through Eurocentric historiographies, which encapsulated
problematic concepts such as prehistory. Today, prehistory continues to be uncritically
used, despite the implications for African history [30–32]. This way, African history has
extensively suffered because it was unjustly relegated to the margins of knowledge as
primitive knowledge that naturally ceased to exist at the onset of native people’s contact
with European civilization and modernity [23].

There is scholarly evidence that speaks to the view that indigenous communities never
lost their history and heritage; rather, they were simply projected in colonial archives as
people without a history. Even in historical archaeology, indigenous narratives were never
given as much value as documentary evidence [24]. It therefore goes without saying that
the bulk of research conducted under the banner of colonial ideology was prejudicial to
indigenous people and their cultures and dehumanized them [27,33]. In like manner, Rozvi
oral narratives were often ignored and dismissed in historical and archaeological writings
as mere myths. Despite numerous claims made by local people living near Khami-phase
sites that these settlements were indeed remnants of a glorious Rozvi past, such claims
only received piecemeal scholarly attention (Machiridza 2005; [13,34]). Unfortunately, these
kinds of publications now constitute the bulk of the academic literature and have kept
indigenous views on the Rozvi in perpetual obscurity. This challenge is certainly not unique
to the Rozvi past but affects several other indigenous histories in Zimbabwe and further
beyond. Thus, Smith [23] laments this ‘policing’ research practice in the following words:
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“Authorities and outside experts are often called to verify, comment upon, and
give judgement about the validity of indigenous claims to cultural beliefs, values,
ways of knowing and historical accounts. . . ”.

Apart from disrespecting and denying indigenous people’s claims to ingenuity and
complexity, white settlers also sought to portray indigenous people as very recent immi-
grants. This way associated ancient indigenous cultural heritage was purported to belong
to another ancient racial group that was distinctly different from the locals but racially
closer to the colonizers. This brazen lie was widely and extensively used to legitimize
all forms of colonial ideologies or efforts to repossess their so-called ‘lost ancestral inheri-
tance’ [16,30,35–37]. Naturally, archaeology and other related scientific disciplines of the
Western academy got entangled with these colonial paradigms and epistemologies, which
still continue to constrain our full appreciation of the dynamics of space, place, time, being,
and materiality in the African context [17,18]. In attempts to systematically counter these
hostile colonial practices, the succeeding section delves deep into contested conceptions of
the land, landscapes, placemaking, memory, metaphors, and identities.

Any attempt to challenge and eliminate grand colonial ideologies and epistemolo-
gies culminates in a number of exciting theoretical and methodological insights often
referred to as postcolonial theory, indigenous revisionist models, anti-colonialist practice,
decolonization, deconstructionist epistemologies, Afrocentricity, and post-modernist frame-
works [17,22]. These theoretical orientations have also inspired pluralistic approaches to
envisage the past using alternative historical sources, silenced voices, and the co-creation of
knowledge about space and time [18,19]. Closely tied to this are discourses on decoloniza-
tion that continue to trigger immense scholarly interest and debate. In brief, decolonization
is the process of unmasking all forms of colonial exploitation of the ‘Other’ while system-
atically re-centering or empowering the once marginalized worldviews, including local
ontologies, epistemologies, and axiologies [25,28,38]. For example, and as part of this
trend and paradigm shift, historical archaeology, and many other historical sub-disciplines,
have rapidly blossomed and adopted an amplified sense of history that emphasizes critical
reflection upon processes of continuity and change, history, ideology, naming, dwelling, sto-
rytelling and identity construction, negotiation, and maintenance. All this is aimed at fully
understanding and interpreting how people in the past and present experience landscapes.

3. A Landscape Approach

It is imperative, at this juncture, to examine the basic constituents of a landscape ap-
proach, which includes notions of the land, space, place, memory, identity, and metaphors.
Although several analyses of land, space, place, and time exist, there remains relative confu-
sion on their specific meanings and differences. Some scholars even go so far as using these
terms interchangeably. This is problematic. To start with, land is the physical backdrop of
all human action, it is the common base upon which people inscribe meanings so that, in a
way, it is the equivalent of space. According to Henry [39], space is generally conceived
of as the continuous extension in length, breadth, and width that can be mapped by the
three-dimensional coordinate system of rational geometry. While relevant and acceptable,
the challenge with this definition is that it overlaps with our understanding of place and
sites. Smith [23] robustly argues that space is often viewed as empty, static, or divorced
from time; it is something that can be well-defined, fixed, and devoid of politics. A key
takeaway from this definition is the idea of space as land devoid of politics. Anschuetz
et al. [40] also argues that space only gains importance through attachment of economic
values and its strategic use by actors. This profoundly implies that when land is devoid
of people and related sociocultural meanings, it remains as space. Thus, space only exists
as an empty expanse that transforms into something else when given meaning by human
beings. Again, this explains why imperialists and colonialists were bent on describing
indigenous or native land as untamed and undocumented space, meaning it was readily
available for their possession [23,27]. In this way, colonial agents notoriously justified colo-
nialism, invasion, and control of native lands by claiming that these were once open spaces

5



Land 2023, 12, 1625

devoid of indigenous people, memory, and history, which of course was not true. Once
in charge, they began to imbue their own meanings into these so-called spaces, thereby
transforming them into colonial places, which takes us to ‘place’, yet another complex term
worth unpacking.

Unlike space, place, which in essence is a ‘space of meeting’ is always in a state of
becoming, it is never bound, fixed, grounded, and stable [21]. This implies that place is
more abstract than space. It is best conceptualized as a spatial site, position, or social
unit that is either consciously or politically produced by people. In layman’s terms, when
land is politically charged or made to belong to a particular group of people, it becomes
place. For instance, Relph [41] proffers an interesting conceptualization of place in the
following manner:

“Each place is a territory of significance, distinguished from larger or smaller
areas by its name, by its particular environmental qualities, by the stories and
shared memories connected to it, and by the intensity of meanings people give to
or derive from it. . . ”.

It therefore follows that when land is imbued with a diverse range of meanings by a
particular group of people through various sociocultural processes in time, it transforms
into place. Once imbued with meanings, space becomes an active and powerful agent of
enforcing collective identities as a place. When this happens, the place itself may not even
change physically; rather, what alters are the attached social meanings, imaginations, and
invisible and spiritual attachments. In view of this, it is worth reiterating that at times
material forms may only offer us a brief snapshot into past realities; otherwise, much
deeper meanings always extend much further into the invisible realms/dimensions [21,42].
Sinamai [18] further cements this reasoning by arguing that archaeologists should now
wake up from their prolonged slumber by turning away from their sole obsession with
materiality/things and beginning to also pay much closer attention to attached intangible
meanings. This clarion call brings us to yet another interesting and complex concept that is
often confused with place, which is the landscape.

Just like place, landscape is a culturally fashioned creation that is imbued with diverse
meanings, hotly contested, and variably characterized as ‘text, artefact, and language’
itself [21,43]. In attempts to clarify the conceptual difference between place and landscape,
Tilley [21] avers that people in places, moving within and between these places, constitute
landscapes. He further adds that landscape is not defined by spaces but by places: it sits
within places, implying a network of places constitute landscape(s). On a related note,
Anschuetz et al. [40] adds that a combination of the physical environment, the character of
the people at a particular time, and associated meanings yields landscapes. This definition
is broad enough to draw our attention to the tangible/scientific dimensions as well as the
social/spiritual dimensions of landscapes. Owing to colonial ideologies and their pro-
jected monopoly over science and the benefits it brought forth by ignoring and distancing
the ‘Other’ from their science and lands, the historical approach to landscapes suffered
great neglect, particularly within Africa. In this regard, the politics of colonial research
silenced indigenous communities by invalidating their spiritual ways of interacting with
landscape. It is therefore crucial to note that through a diverse range of cultural processes,
landscapes became extensions of group identities. As different agents participated in place-
making through traditional practices and performances, naming processes, storytelling,
and dwelling, they activated landscapes as metaphors of cultural meaning [18,21,23,27,39].

Tilley [21] stresses that places and landscapes anchor memories because we do not
remember in a disembodied and placeless manner. Memory is hereby conceptualized as a
personal activity that is subject to biases, quirks, and rhythms of the individual mind; it is a
temporal matter of the past but its spatialization transforms it into something more stable
and durable [21,39,42]. When this happens, especially among indigenous communities,
memory becomes part of their history, but this is often misunderstood. Henry [39] further
explains the distinction between memory and history by stipulating that history is concep-
tualized as a factual record of a given past, an objectively recorded account of past realities;
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hence, it is often given authority over memory. Vansina [44] further informs us that remem-
bering differs from memory in the sense that remembering is action and its mechanisms
of cueing and scanning are meant to recall specific memories. This implies that among
indigenous communities that still rely on memory as part of recalling history, remembering
is often enhanced by attaching a cue to every item memorialized. This way, music, objects,
and landscapes then function as cues, labels, or mnemotechnic devises that help recall
specific memories (Vansina [44]). It is also interesting to note that what Jan Vansina calls
cues are in fact metaphors that manifest in multiple forms culturally. In this case, metaphors
are highly complex forms of communication that are used by people to achieve meaning
through association, analogy, and allegory (Sinamai [18]). Principally, metaphors usually
feature as part of language, naming patterns, stories, narratives, folklores, places, and
nature, just as long as they express some form of cultural communication.

On the whole, places and landscapes are pivotal in the creation and consolidation
of memories that foster identity sentiments. In fact, as people store their memories in
places, those places also become part of people’s memory [39]. Thus, as part of identity
politics, the land was systematically imbibed with a network of memories as an active
sociopolitical archive. Through repeated works termed placemaking, the social construction
of space or the development of sense of place, the land became an active extension of
people’s identities. Hence, there cannot be identity without the land because the land and
identities are inextricably bound [18,21,27,39]. Tilley [21] further argues that ideas and
feelings about identities are located in the specificities of places and landscapes. However,
most of such ‘specificities’ are metaphoric and invisible to archaeologists who largely
rely on what they can actually see, touch, measure, and verify. For this reason, tracing
identities and agency through the archaeological record alone has remained quite difficult
and problematic [2,6,8,18,42]. Consequently, it is high time that we adopted a landscape
approach that harmonizes both the spiritual and scientific dimensions of past realities.
Since the Rozvi were a product of complex historical processes, their identities were
self-proclaimed, imagined, worked/re-worked through time and subjectively linked to a
diverse range of ancestral and historical landscape symbols. All ideas, feelings, and values
that shaped and still shape Rozvi identities were situationally objectified through strategic
material references to the past. Thus, all fluid and spiritual indices of Rozvi identities were
systematically objectified through the landscape, including selected Khami-phase sites,
which are briefly and closely explored below.

4. Contextualizing the Archaeology and Metanarratives: The Khami Phase

Historically, the Khami phase encompasses the Torwa/Butua and Rozvi state sys-
tems as well as several other chiefdoms that occupied the northern fringes of South
Africa [2,45,46]. The archaeological term Khami-phase dating (1400–1830) derives from
the main site of Khami, a precolonial Torwa/Butua state capital situated in southwestern
Zimbabwe. Thus, all related sites with terraced monumental architecture, some of which
accommodated massive elite dhaka huts on top, decorated dry stone walls with checker,
herringbone, dentelle, cord, and chevron patterns, and ceramic wares with polychrome and
graphite burnishing designs typically belong to this phase. Unlike their Zimbabwe tradi-
tion counterparts, elites at Khami-phase sites publicly displayed their wealth by exposing
their massive huts at the apex of massive artificial platforms. Some scholars deliberately
overlooked these cultural differences in order to advance the failed argument that it was
dynastic migrations from either Great Zimbabwe or the Mutapa state that directly led to
Khami-phase site origins [2,8]. Recent empirical data is increasingly pointing towards the
independent development of the Khami phase [2,47]. Despite these research advances, we
however remain uncertain about the actual relationship between the Khami-phase sites and
earlier Leopard’s Kopje/Woolandale tradition sites [2]. Nonetheless, without digressing
much from the core research area, it suffices to briefly examine the broader context of
cultural complexity processes in southern Africa.
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Accordingly, the Khami phase is best understood and appreciated as a mere extension
of long-established processes of complexity development that were happening across
southern Africa [8,45,48]. In fact, the development of complexity in southern Africa goes as
far back as AD 800 and presents an unbroken cultural sequence right into the historical
period, generally accepted as the last 500 years. Although the broader southwestern regions
are hot, dry, and barren, certain localities within offered immense opportunities for cultural
progression. Typical examples include the Shashe-Limpopo confluence, the northeastern
Tati area of Botswana and the central watershed regions of Zimbabwe, territories coinciding
with the Butua/Guruuswa regions [2,14,48]. At certain times, associated strategic mineral
resources, fertile soils, and floral and faunal species in these localities immensely attracted
diverse communities. Spasms of favorable climatic conditions also brought forth immense
economic and sociocultural benefits. It was through such sporadic and spasmodic processes
that the Shashe-Limpopo basin eventually emerged as the first epicenter of precolonial
power in southern Africa. The earliest Zimbabwe Culture state systems of Mapela and
Mapungubwe evolved therein. In particular, these polities directly evolved from numerous
competing Leopard’s Kopje chiefdoms that systematically capitalized on the ideology
of sacred leadership and exploited long-distance trade networks and associated local
economic opportunities [47,48].

By taking full advantage of the ideology of sacred leadership, tribute and taxation,
hunting, local industries and crafts manufacture, iron, copper, and gold mining, crop and
livestock (particularly cattle) production, local and long-distance trade networks, and
numerous chiefdoms and states gradually evolved through time. The term Zimbabwe
Culture was thus adopted to broadly refer to numerous precolonial Shona states (900–1900)
that exhibit evidence of class distinction through prestigious dry stone walls, massive dhaka
huts, craft specialization, external trade, intensive cattle herding, and nucleation of activities
around elite centers [2,5,14,46,49]. Against this background, the first phase of the Zimbabwe
Culture comprises the competing polities of Mapela (1055–1400) and Mapungubwe (1220–
2290). This was followed by the Zimbabwe phase constituting Great Zimbabwe (1300–1550)
and the Mutapa state (1450–1900). Typically, Zimbabwe tradition sites are characterized
by both plain and decorated free-standing dry stone-walled enclosures that secluded
elites inside. These sites are widely spread across the Zimbabwean plateau and adjacent
regions where they significantly overlap with the Khami-phase sites (see Figure 2 below).
The extensive distribution of the Zimbabwe tradition sites and their overlap with both
the first and third phases of the Zimbabwe Culture has constantly attracted immense
scholarly attention. However, divergent theoretical orientations and emerging field data is
increasingly pointing towards a multilinear development trajectory.
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Figure 2. Geographical distribution of the Mapungubwe, Great Zimbabwe, and Khami phases [49].

Earlier on, the evolutionary model was widely popularized, thereby giving the im-
pression that there was a neat linear succession of state systems (Main and Huffman [48]).
Implicitly, when Mapungubwe was the center of power, all contemporary Zimbabwe
Culture settlements of varying sizes and distance from this center were perceived as mere
supporting administrative units [5,48,49]. This model further argues that the same structure
was systematically repeated when Great Zimbabwe, Torwa/Butua, and Mutapa states later
rose to prominence. However, in recent years this model has come under fire, particularly
owing to the lack of fit with new or emerging field evidence [2,14,47,49]. In line with this,
van Waarden [14] has also argued that before the fall of Mapungubwe, a Gumanye chief-
dom was already on the rise at Great Zimbabwe. Further afield, around the Tati cluster of
Botswana, numerous Zimbabwe tradition sites dating between the 10th and 11th centuries
were also thriving independently as polities [14]. This therefore implies that individual
agency was a key factor in the spontaneous development of multiple contemporaneous
and overlapping complex societies that extensively scarred landscapes coinciding with the
broader Guruuswa/Butua (see Figure 3) regions [2,49]. As already indicated above, the
Khami phase was already developing by the turn of the 15th century, but who exactly was
historically responsible for this extensive and complex cultural development?
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Figure 3. The highveld Butua/Guruuswa regions and associated Zimbabwe Culture states.

5. Early Dynastic History Mysteries’ and the Khami Phase

Although there is a shared belief that the Torwa were the first dynasties to emerge
and govern from Khami-phase sites, it remains quite difficult to tell whether they were
also the sole founders of these settlements. Until now, the Torwa origin and historical
identity remains a scholarly mystery [2,8]. More so, attributing all Khami-phase sites
in southern Africa to Torwa dynasties would be farfetched, especially considering the
extensive distribution of these sites. Respectively, the argument once advanced to challenge
the predominance of Mapungubwe during the 13th century also comes to the fore here [49].
It would have been very difficult if not impossible for a few ruling elites based at the Khami
capital to control such vast territories. Moreover, most of these Khami-phase sites are yet
to be fully investigated, so claims that rulers from the Torwa state capital presided over
the rest of the region are problematic. Be that as it may, one thing remains certain: before
the Rozvi migrated into southwestern Zimbabwe, the Torwa were the ones in charge. As
Randles [3] puts it, in 1512 Gaspar Veloso wrote a letter to the King of Portugal stating
the following:

“. . . between the land of the Monomotapa and Sofala all kings bore allegiance
to the Monomotapa, but further inland (still on the plateau, of course) there was
another king who had risen in revolt and with whom he was at war: the king of
Butua. The latter was as powerful as the Monomotapa and his country held great
reserves of gold”.

In a different but related Portuguese account written by João de Barros in 1552, the
Torwa regions were further described as follows:

“They have other mines in a region named Toroa, also called the Kingdom of
Butua, ruled by a prince [chief] named Burrom, a vassal of Benomotapa” [3].
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These accounts constitute the earliest documentary references to southwestern Zim-
babwe but they somehow mixed up the facts. Firstly, when the Portuguese arrived in
southern Africa, they were not really interested in local historical details but economic
trading opportunities. Hence, their references to local historical affairs should be consid-
ered as merely coincidental. Secondly, upon their arrival, they largely settled along the
Indian Ocean coast, using Swahili traders as middlemen before venturing closer to their
sources of ivory and gold around 1512 [1,3,50]. Therefore, their tendency to link everything
internal with the Mutapa state should be appreciated in the context of their vested economic
interests there. While it is true that the Butua state was a rival of the Mutapa state, it is
not necessarily correct that it directly evolved from that state. In fact, von Sicard (1948:13)
buttresses this point as follows:

They must have been connected in one way or another not only with the first
known Shangamire of the 15th century, but also with the south-western Butwa
Kingdom under Boroma, heard of by Fernandes in 1513 and mentioned again
by de Barros, in 1552. They were firmly established in Butwa Torwa long before
Mutapa conquered the Dema or Limi tribes in the north-east. . . When at the
beginning of the 18th century the great Shangamire conquered Butwa Torwa,
most of the Twamamba still moved further south, and about half a century later
they were more disintegrated by the advancing “Venda”.

Still describing the same regions and people, he further comments:

“There remains a last consideration with regards to the stone structures in the
Twamamba country, including Great Zimbabwe. It must be remembered that
Butwa Torwa is older than Monomotapa Kingdom in the north. Consequently,
it existed before 1460. . . There is no reason why we should combine the Mu-
tapa overthrow with the settlement of the Twamamba and kindred tribes in the
southern parts of Butwa Torwa. On the other side there are indications that the
Twamamba had occupied at least parts of it a long time before Mutapa estab-
lished his rule north of the Zambezi. It seems, therefore, advisable to re-examine
the whole question of the origin of our Rhodesian ruins. . . The material at my
disposal is not sufficient to arrive at any definite conclusions as to the Twamamba
building activities. But I should like to point out one special feature at several
ruins, where it is most probable that the Twamamba have been at work . . . proba-
bly a great number of our ruins are of Twamamba origin, since they are not built
by the 18th century Rozwi. . .” [51].

These extracts clearly show the current confusion surrounding the historical identity
of the Khami phase, especially when it comes to Torwa, Twamamba, Singo, and Rozvi
identities. While others credit the Torwa as the first builders, von Sicard [51] gives credit
to the Twamamba and disregards the Rozvi completely. However, Sicard [51] does not
clearly qualify the relationship between the Torwa, Twamamba, and Singo dynasties. This
prompts us to ask, were these the same people and, if not, how exactly were they different?
Perhaps we may never fully get to the bottom of all this, however, we take solace in the
fact that the Torwa/Butua state was quite peaceful right until AD 1644 when a civil war
broke out following a succession dispute between two brothers aspiring for the same
throne. Although this war did not mark the final end of the Torwa/Butua state, it severely
weakened it right until AD 1685 when the Rozvi eventually usurped power. Portuguese
meddling in the internal affairs of precolonial African states also continued right until the
Rozvi finally put an end to all this between AD 1684 and 1693 [2]. Therefore, the next
section shifts attention towards Rozvi origins and how they systematically naturalized their
association with Khami-phase sites in southwestern Zimbabwe and broader landscapes.
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6. The Power of Landscape Grammar: Rozvi Origins and Ethnicity

In terms of Rozvi origins, Mudenge [10] makes the following interesting comments:

“In short there is no evidence from Portuguese sources that the Rozvi as a nation
bearing the name ‘Rozvi’ existed before the advent of Dombo. Previous writers
have at times unfortunately used eighteenth-century Portuguese documents
clearly referring to Dombo (1684–95) as if they refer to the Changamire of c.1480–
c.1492. It is partly this error which has given the impression that there are
Portuguese documents which show the existence of the designation Rozvi prior
to Dombo’s advent. At present, however, we simply do not know of the existence
of such sources”.

Respectively, prior to Portuguese arrivals and the political turmoil that later ensued
within the Mutapa state from the 1650s to 1684, the name Rozvi and the people bearing
that name were simply non-existent. The earliest known and majority highveld plateau
inhabitants were simply called Karanga and Kalanga speakers, while other diverse minority
ethnic groupings were confined to the lowveld margins of the Zimbabwean plateau [1,2,12].
Thus, it was only after a series of historical events, particularly the Portuguese prazo system
(farmland grabbing in the Mutapa state), kuruva tax collection (meant to force Africans into
Portuguese farms and gold mines), and the numerous Portuguese political interferences
in African states that the Rozvi identity eventually emerged [2,8,52]. However, these
Portuguese interferences severely weakened the Mutapa state and inspired the rise of
numerous land barons that aggressively exploited the traditional Nyai clientele system
in order to build power [9]. As early as the 1670s, a wealthy provincial Mutapa cattle
baron called Changamire Dombolakonachimwango or Dombo for short was on the rise.
By the 1680s, he was well advanced, so he first rebelled against the Mutapa state in 1684
before launching other aggressive military campaigns between 1684 and 1693 [2,52]. His
impressive record at the battlefront eventually earned him and his immediate Karanga
followers the nickname Varozvi, which literary translates to ‘the destroyers’ [7].

Through space and time, the nickname Varozvi was systematically negotiated and
transformed from its military connotations into a ruling elite and fluid ‘imagined com-
munity’ simply identified as ‘Rozvi’ [2,7,33]. In this respect, naming was strategically
weaponized to produce and promote an ethnic community that resonated well with both
past and emerging networks of memory. Therefore, Changamire Dombo successfully max-
imized on naming patterns to create a strong sense of belonging and cultural continuity,
which challenged and changed old lines of memory and identity. Once the name Rozvi was
fully established, it extensively fluctuated in meaning through space and time [2,7,8]. For
some, Rozvi was just a name for Changamire Dombo and his immediate military followers,
while for others it meant anyone historically, politically, and territorially connected to this
Changamire and his state. Thus, Dionizio de Mello e Castro and Antonio Pinto de Miranda
had this to say:

While in charge of King Mucombue’s herds, Changamire was instructed to drive
them into the land of Orobze [Mello e Castro; Orobu in Pinto de Miranda]; there
he rose in rebellion against the king having gathered together a great army; in
consequence he is today the most powerful, the most dreaded and the most
respected of all the chiefs who refuse to obey the emperors of Monomotapa,
whom he has on several occasions defeated and routed in pitched battle. He is
the absolute ruler over Abutua. . . [3].

Randles [3] further cites another Portuguese source that describes this Changamire
rebel and his associated lands as follows:

“. . . Urobze lies a long way from Manica, it would take a month to reach it, it is
said to be nearer the Cape of Correntes. The Africans call it Goromucuro; it lies to
the west of Manica. The Kingdom abounds in the rolling veld plains [campinas
vistozas planices]. There are huge herds. . . There are many birds called ‘emas’
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[ostriches]. There are also very few trees, if at all, and firewood is replaced by
cow-dung dried in the sun. . .”.

Despite the variable spelling errors of Rozvi as Orobze, Orobu and Urobze, the
Portuguese still reasonably managed to trace Rozvi origins, territories and shifts in name
meanings. Most importantly, through the cultural practice of naming, Rozvi elites gradually
imbued their constructed or invented identities on all former Torwa territories until they
completely submerged them.

Therefore, Changamire Dombo and his immediate followers should be credited for
their wisdom to exploit ordinary names as metaphors for their new identity and to claim
space. Soon after their northeastern military campaigns around the Mutapa state, the
Rozvi quickly retreated southwestwards into Torwa territories, also called Abutua, Goro-
mucuro/Guruuswa, or Butua. The actual dates for their arrival and political takeover are
contested but they generally fall between AD 1685 and 1696 [1,2,52]. At least these dates
provide us rough estimates of the time period that Khami-phase sites became entangled
with the Rozvi. As shown in the Portuguese extracts highlighted above, once the Rozvi
overpowered the Torwa dynasties, everything associated with the former gradually became
Rozvi. In fact, whenever dominant groups choose to use their own toponyms as part of
new land claims, the histories of associated subordinate groups ultimately suffer. This is
because toponyms are notorious for melding history with geography and conflating place
with dominant group identity [53,54]. Thus, names are not just passive ‘artefacts’; rather,
they are active forces that shape processes of claiming and constructing landscape around
specific ideological versions of the past [53]. Yi [55] further elaborates that naming entails
taking possession, in fact, it is a cultural method of remapping indigenous geography.
Therefore, just by renaming themselves and associated places as ‘Rozvi’, their identities
simultaneously became part of the landscape. A detailed appreciation of this critical politi-
cal strategy enables us to meaningfully explain how Khami-phase sites suddenly became
Rozvi symbols even though the sites clearly predate and partly overlap with this historical
group’s political formation.

Apart from exploiting naming patterns to objectify their emerging identities, Rozvi
elites also simply chose to inherit and settle on the most prominent former Torwa capitals as
part of placemaking. This was a simple, wise, and powerful political strategy to historically
and materially transform Torwa places into Rozvi places. This strategic move has also been
theoretically termed Dasein, meaning (in the context of human beings as ‘there-beings’)
‘intense inhabitation’, while others simply call it ‘dwelling’ [21,39,43,56,57]. Through the
practice of building or merely caring for, cherishing, and even occupying dwellings already
built by others, the identities of the dominant newcomers are often easily imbued into
usurped places and landscapes. Henry [39] takes pains to clarify the complexity of this
powerful cultural practice by arguing:

“. . . we make space significant by ‘dwelling’, by building, by investing time in it,
so that it ceases to be space. Space is transformed into place by dwelling. Yet what
does dwelling entail? How do we dwell? I stress that dwelling can be nothing
but human social engagement, and as much as it evokes notions of ‘caring’ and
‘heeding’, such engagement or being-in-the-world inevitably generates situations
of social conflict in which tensions and contradictions of identity politics come to
the fore”.

Even Tilley [21] echoes similar sentiments by stipulating that domestic dwellings are
the material media through which relations between self and society are both objectified
and negotiated. A detailed appreciation of this logic or ‘invisible bonding with place’
certainly goes a long way in resolving the perennial challenge to archaeologically detecting
Rozvi signatures from related Khami-phase sites in southwestern Zimbabwe. Despite
having multiple forms of oral traditions and historical text affirming that Khami-phase
sites, especially those in the Insiza district, are part of the Rozvi past, it has been quite
difficult to articulate how the historical Rozvi actually relate to and claim ownership
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of these ancient monuments [1,8,10,13–15]. This is the same challenge that prompted
the renewed excavation of three former Rozvi capitals, namely, Danamombe (Figure 4),
Naletale (Figure 5), and Zinjanja (Figure 6), illustrated on Figure 1 above.

 

Figure 4. Site of Danamombe (Source: Authors).

 

Figure 5. Site of Naletale (Source: Authors).
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Figure 6. Site of Zinjanja (Source: Authors).

In brief, excavations conducted around these settlements [2,8], particularly sought
to retrieve well-stratified radiocarbon dates and material culture that could be used to
glean information on both Torwa and Rozvi cultural strata. Although certain radiocarbon
dates retrieved from the selected research sites closely coincided with the Rozvi era of
governance, AD 1685–1830 (see Tables S1 and S2), it was quite difficult, if not impossible, to
pinpoint other symbolic Rozvi ‘finds/things’ because the associated archaeological record
largely remained homogenous [8,15]. However, excavation data clearly indicated that all
the three research site foundations significantly predated Rozvi origins, meaning the initial
builders were certainly not Rozvi by identity. Since the material record largely remained
unchanged, the noted slight material culture variations are better explained in terms of
shifts in trade and other design preferences. However, considering the power of dwelling
as part of placemaking processes, we might as well confidently account for Rozvi ethnicity
in this manner. Mere site dwelling was powerful enough for Rozvi elites to politically lay
claim to all prestigious monumental architecture, thereby conflating their identities with
these places. The Rozvi further consolidated their territorial influence by exploiting the
power of storytelling, which significantly asserted their identities in public spaces, places,
and memory.

As Palone [43] observes, since there is more than one dimension to storytelling, any
failure to critically read, write, and understand all stories of the land is suicidal on our part.
Through storytelling involving the use of diverse narratives, allegories, tales, folklores,
legends, myths, and taboos, among others, the Rozvi systematically managed to inscribe
their identities on the landscape. Hodza and Fortune [58] highlights some of the prominent
Rozvi tales:

“The Rozvi, like many other groups, say that they came from a land called
Guruuswa and from a place in that land called Manyanga. . . Their traditions
tell us that they were accompanied on their travels by a voice which they called
Tovela which led them on their way, keeping them safe from dangerous places.
The voice could speak from any object it chose and we are told that it spoke
through grass or trees or through a little child, unable as yet to speak for itself.
The voice of a presence whom some say was that of the first Rozvi ever created,
the founding father of the clan. Others say he was the first person ever to be
created and that after his death his spirit accompanied the different groups from
Guruuswa to the countries they chose. Tovela not only protected his people on
their travels but gave them food as well. When they clapped in homage and
supplication to him at a tree, portions of porridge, pots of milk, and combs of
honey would come out of the ground. He also gave them medicines to become
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invincible but not inaudible to their foes and to be long-lived. Tovela came to be
called by other names by different groups such as Mwari. . .”.

These narratives vividly connected their past with the broad Guruuswa landscape,
the natural environment, and associated monumental settlements. Interestingly, the last
Rozvi state king, called Chirisamhuru, ruled from the Khami-phase site of Manyanga,
which is widely cited in numerous Rozvi oral traditions. Even today, a few spiritual
Rozvi descendants still stay at Manyanga while others frequently visit it for their sacred
rituals. Most importantly, several Zimbabwe Culture sites, (madzimbahwe) including Great
Zimbabwe, sacred landscapes such as the Matobo hills, and various other mountains
scattered across the Zimbabwean plateau are widely remembered in oral traditions and
histories as Rozvi places [2,6]. Thus, through mere storytelling, the Rozvi managed to
extensively claim much wider landscapes and places across the Zimbabwean plateau and
beyond (see Figure 7 below). Hodza and Fortune [58] also highlight other oral histories
that were collected from several Rozvi chiefs in the following manner:

“. . .When the Rozvi reached this country, they found Munhumutapa ruling it.
They attacked him and drove him away. This was the first fight in which they
had ever engaged. After Munhumutapa’s flight, they subdued all the chiefs
who had been subject to him. They are said first to have gone north, to Pfura,
then east, to Nyanga, then south to Manyika and Bikita, and finally west to
Mberengwa (Belingwe). Tradition explains that the name Rozvi was given to
them because they disturbed the lives of everyone, man and beast alike. All this
is said to have happened under the rule of the first chief whom they remember,
called Changamire. . .”.

Another tradition collected from Mbava, a Rozvi chief well advanced in age goes as
follows:

“The Warozwi came with a great army and conquered all the country. King
Chiduku of the Warozwi ruled over the country of the Mawungwe, the Manyika,
the Mabocha, the Wanyashanu, the Makombe and the Mazezuru. After this
the Warozwi were the over-lords of the whole country, and chose all the new
chiefs. If any chief died, his successor had to be confirmed by the Warozwi. If
the people chose a new chief without consulting their over-lord, it was said in
common parlance that they had no chief, but the one selected or approved by the
Warozwi was considered to be a true chief. . . When a chief died the people went
and announced it to the Warozwi, and the Warozwi sent heralds with black and
white calico and the skin of a sheep. When the heralds arrived, they anointed
the new chief, probably the one chosen by the people. They anointed him with
oil and clothed him with the black and white calico. . . I remembered that when
Mbava was born the Portuguese had been in the country for a long time, and so
the king of the Warozwi used to send his servants with elephants’ tusks to buy
calico for the robing of new chiefs. . . The place called Zimbabgwe is a holy place.
Mbava says that in the old days only chosen people were allowed to enter it and
they only entered once to offer sacrifice. All the common people stayed at the
foot of the mount. . . sacrifice of three or four black hornless cattle and elephants’
tusks and gold and black and white calico” [59].

Such stories asserted complex Rozvi identity construction processes by emphasizing
their spiritual dexterity, power over the landscape and its people, prolonged governance,
and supreme control over all chiefs through space and time. Stories highlight what com-
munities value in the landscape, they project the intimate relationship between people and
places, and above all help generations to remember their ancestral places and landscapes.
Hence, Palone [43] draws our attention to the fact that placeless stories lack power and
meaning, leaving readers with little space to imagine themselves. In this respect, place
and landscape act as some kind of historical text or grids upon which narrative memories
are anchored, they help people to remember and they foster in people a deep sense of
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identification with and belonging to a group [21,39]. Above all, and for purposes of this
paper, stories particularly help us to find that which we cannot find through conventional
methods in archaeology [18]. Put differently, stories constitute the invisible bond between
people, places, and landscapes; they cement or capture the landscape in a much more
robust and intimate manner. Henceforth, indigenous stories, the land, material culture,
and people are always bound; any isolated approach towards any of these social and
physical elements is tragically destined to fail, become frustrating, misleading, and totally
confusing [21,43,54,55].

 

Figure 7. Map showing the core and broader landscapes associated with Rozvi identities.

7. Conclusions

As the post-colonial mindset and methodologies continue to shape archaeological
thinking today, novel frameworks to free and untangle African historiography from colonial
rhetoric are increasingly emerging and gaining momentum. For instance, calls to re-imagine
precolonial sociopolitical landscapes in Africa using indigenous epistemic perspectives
are a welcome development. While colonialism undoubtedly denigrated and perpetuated
calculated racial scholarship and biases against colonized societies, it is important to also
acknowledge it. It is worth noting that aligning with post-colonial or indigenous paradigm
shifts is not to take away from the efforts of earlier scholars. They were children of their
times, informed by the dominant theoretical and methodological environments existing
then. Though disagreeing with our present sensibilities, some of the colonial perspectives
explored above were indeed the prevailing academic norms less than a century ago.
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Therefore, despite the initial ‘aggressive tone’ set out in this article, we acknowledge
that not all aspects of Western colonial scholarship were mischievous, disrespectful, and
hateful to African people and their histories. On the contrary, and again using archaeologi-
cal science as a lens, scientific insights into the past have enabled us to examine ancient
African societies that would have otherwise remained inaccessible or nearly impossible to
explore beyond contemporary memory. Given the myriad biases and distortions typical of
oral traditions, we cannot dare imagine how complicated it would have been for historians
and archaeologists alike to comprehend diverse and conflicting narratives emanating from
adamant indigenous communities seeking to legitimize their biased claims for land, iden-
tity, power, and cultural achievements among other things. With that in mind, we however
remain unapologetic about the urgent need to push some of our ‘prehistory archaeology’
colleagues out of their false comfort zones so as to draw them much closer to indigenous
communities’ past realities. Material culture, even when put under advanced microscopes,
is not enough to inform us about dynamic processes in the past. Hence, there is need for us
to reinvest more towards exploring the invisible, spiritual, and intangible dimensions of
past societies.

This paper underscores the need for archaeologists to closely engage with indigenous
epistemologies and ontologies when examining processes from the past that situationally
produced identities, objects, and landscapes. No matter how rigorous archaeological
scientific methods become, our reading of material culture and landscapes is never complete
without alternative histories that provide invaluable contextual meanings. In fact, a strict
‘scientific’ or material-based approach to the past largely obscures ideological meanings
that relate to those ‘things’ we see, touch, and verify [18,21,42]. This growing realization
is prompting the prioritization of metaphors as part of attempts to centralize ‘people’
instead of ‘objects/things’ as well as the ‘how?’ instead of the ‘what?’ questions [18,20,21].
Metaphors particularly open up new ways of thinking and talking about ‘things’ (material
culture] and they help us explore those processes and practices that ultimately produced the
stable entities at our disposal. More precisely, metaphors significantly enrich our accounts
of the past by bringing to light those processes and historical contexts that produced fluid
identities, societies, landscapes, and meanings of material culture [20]. This approach also
helps us move away from the traditional inherited frameworks that encourage essentialism
and a static view of the past towards social memory, identities, and agency [16,19,60]. In this
context, the social and ideological dimensions of landscapes come to the fore as landscapes
become ‘houses’ of myths, legends, folklores, narratives, tales, and local stories [17,18].
For too long, these crucial and complex indigenous discourses have been marginalized,
dismissed, and ignored in archaeological knowledge production processes, yet they provide
some of the deepest and best insights into the intimate relationship between people, places,
and landscapes.

This submission has also advocated for the prioritization of vernacular languages and
associated meanings in archaeological and heritage research endeavors [18–20,47]. Firstly,
this paves way for multivocality by giving space to the once-silenced voices whose past
we seek to study and understand. Secondly, indigenous community views enable us to
systematically counter the colonial library by creating alternative lines of thinking. Last but
not least, indigenous language proficiency always gives external researchers direct access to
‘closely guarded community secrets’ often embedded in complex myths, legends, proverbs,
and riddles. As Shennan [61] observes, who we are affects how we perceive the world, so
once we are able to unlock indigenous language barriers, we gain access into the ‘Other’s
worldview’, which naturally refreshes our traditional professional biases. Smith [23] further
adds that indigenous languages are central to research inquiries because they carry a lot of
complex meanings, realities, and histories of people, places, and events through cultural
systems such as naming patterns. In support, Palone [43] argues that interactions between
culture, language, and landscape naturally form the basis of all human stories. Since we
are particularly keen on gathering and generating new stories, it is key to always bear
in mind that our reading and understanding of the landscape is never complete enough
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without a full appreciation of the associated indigenous community perceptions of the
same landscape. This is the kind of thinking that should now guide our interrogation
and interpretation of landscapes, including the Rozvi archaeological past in southwestern
Zimbabwe. An approach of this nature will certainly go a long way in addressing the
notorious absence of fit between oral traditions and the archaeological record.

To crown it all, contested meanings such as Rozvi claims to all madzimbabwe (ar-
chaeological monuments) and the disparities noted between their origins and related site
chronologies can now be meaningfully explained. By considering the Rozvi as a very
fluid, dynamic, and imagined community, rather than a static, frozen, and bound social
entity in which to root essentialized identities, we create room to informatively account for
their complex archaeological past. Thus, through simply exploiting the power of naming,
storytelling, and dwelling as part of their ethnic identity construction and placemaking
processes, the Rozvi systematically and ideologically laid claim to vast territories and
associated prestigious material culture. Their intimate connection with objects, places,
and landscapes was premised on a wealth of IKS that are ‘archaeologically invisible’ but
‘epistemologically accessible’. Therefore, in order to effectively denote Rozvi archaeological
signatures, one needs to closely engage an interdisciplinary framework such as historical
archaeology. Fortunately, historical archaeology has already made its mark by becoming
sensitive to local needs, sensibilities, and structures. Most importantly, it recognizes that
oral histories can sometimes differ from archaeological narratives, which is quite positive
and realistic [17,18,62]. Tilley [21] further reinforces that while imaginations of identities
constantly change, associated material symbolism may remain fixed through time. Hence,
symbols of identities such as the land, objects, monuments, and landscapes, among other
things, may remain fixed, while related ideas, beliefs, emotions, values, and memories con-
stantly change. Simply put, objects, monuments, the land, and landscapes are active agents
of identities, but they also double-up as ever-evolving indigenous archives, repositories of
social memory, and mnemonic devices [21,43,44,55].

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/land12081625/s1, Table S1: Detailed summary of samples sub-
mitted for radiocarbon dating and calibrated dates from the three research sites [8]; Table S2: Summary
of additional samples from Danamombe submitted for radiocarbon dating and calibrated dates [8].
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Abstract: This study examines the intersection of archaeological data and community narratives
in interpreting the Ifugao Rice Terraces in the Philippines, a UNESCO World Heritage Site. Long
regarded as 2000-year-old symbols of an uncolonized cultural past, recent research challenges
this view, suggesting a 16th-century origin coinciding with Spanish contact. The longstanding
characterization of the Ifugao Rice Terraces as 2000-year-old monuments cemented a perception of
Ifugao culture as static and unchanging, overshadowing the dynamic cultural practices that have
persisted and evolved over the centuries. It is crucial to recognize that these terraces are not frozen
in time but are active representations of Ifugao’s living culture, which has continually adapted to
social, environmental, and historical changes while maintaining its distinct identity. This paradigm
shift, supported by radiocarbon dating and ethnohistorical analysis, aligns more closely with local
oral histories and portrays the Ifugao not as passive inheritors of tradition but as active participants
in their history. We argue for the integration of scientific data with community stories, presenting
a holistic understanding of the terraces as dynamic elements of Ifugao resilience and identity. The
findings advocate a move away from romanticized historical interpretations toward a narrative that
respects the complexity and adaptability of Indigenous cultural landscapes.

Keywords: decolonizing archaeology; community engagement; Ifugao; Philippines; rice terraces

1. Introduction

The discipline of archaeology often finds itself at the crossroads of past and present,
where the narratives of history meet the interpretations of the modern era. This intersection
is fraught with challenges, particularly the tendency to romanticize the past, leading
to a skewed understanding that often intertwines with national consciousness. Such
romanticized views are not merely academic indulgences; they shape identities, policies,
and perspectives of entire communities. A striking example of this phenomenon is the
Ifugao Rice Terraces in the Philippines, a UNESCO World Heritage Site (Figure 1). These
terraces are not just remarkable feats of agricultural engineering but also a palimpsest onto
which various narratives of history, identity, and culture have been projected (Figure 2).

We underscore the deeply ingrained controversy centered around the ethnohistory of
the rice terraces and propose a pathway to resolution that involves collaboration between
archaeologists and the Ifugao community. It foregrounds the notion that the traditional
archaeological narrative, heavily influenced by early 20th-century anthropologists like Roy
Franklin Barton [1] and Henry Otley Beyer [2], has promulgated a view of the Ifugao and their
terraces as static relics of a distant past. This perspective, entangled with nationalist pride,
asserts the terraces’ antiquity as a symbol of uncolonized purity and cultural identity. The
terraces are reflective of cultural and historical dynamism of the Ifugao, but the 2000-year old
origin argument appears to make these terraces static.

This paper aims to demystify, and in the process, decolonize, archaeological and
historical narratives developed in the early 1900s by pioneer anthropologists who worked
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in the Cordillera region of the Philippines. In addition, the dating of the Ifugao Rice
Terraces has been part of the nationalist discussions that older is better, but at the same
time, relegating the Ifugao to the sidelines of history. This can be achieved by actively
engaging stakeholder and descendant communities, as exemplified by our work.

Figure 1. Ifugao Province, with approximate locations of major sites mentioned in the text. The
municipality of Asipulo includes Tokak and Amduntog; Cambulo is adjacent to Batad; and Old
Kiyyangan Village is adjacent to Nagacadan (Map by NJ Roxas and the IAP).

For decades, the dominant narrative, championed by early anthropologists such as Roy
Franklin Barton [1] and Henry Otley Beyer [2], posited that the Ifugao Rice Terraces were over
2000 years old. This narrative was more than just a chronological assertion; it was a statement
of cultural identity. It presented the Ifugao as custodians of an ancient, unchanging tradition,
existing in isolation from the influences and tumults that shaped the rest of the archipelago.
In this view, the terraces were not only an agricultural wonder but also a symbol of a pure,
uncolonized past. This interpretation has been echoed in academic circles, popular media,
and even in the descriptions of the terraces in UNESCO documents, reinforcing the image of
the Ifugao as a timeless entity, disconnected from the currents of history.

While only two published materials purports to argue for the 2000-year origin of the
terraces, this has become entrenched in the Philippine historical narratives because of the
inclusion of the dating on Philippine curricula. As such, our approach challenges this
long-standing narrative by actively involving the Ifugao community in the research process.
By doing so, we uncover a more nuanced and historically grounded understanding of the
Ifugao Rice Terraces and the people who have shaped their history over generations.

Recent archaeological findings have challenged this long-standing belief [3–7]. Utiliz-
ing a combination of radiocarbon dating, archaeobotanical analysis, and ethnohistorical
research, these studies suggest a much later inception of the terraces, likely around the
period of Spanish colonization in the 16th century. This revelation is not just a mere ad-
justment of dates; it represents a paradigm shift in how the history of the Ifugao and their
iconic terraces is understood. It suggests that rather than being a relic of a distant past, the
terraces are a dynamic, living testament to the Ifugao’s resilience and adaptability in the
face of external influences.
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Figure 2. The Mayoyao Rice Terraces, one of the five terrace clusters listed on the UNESCO Cultural
Landscapes World Heritage Sites (Photo by Bhong Tawana and the IAP).

The Implications of this new interpretation force the rethinking of dominant historical
narratives. For one, it challenges the narrative of the Ifugao and their terraces as isolated
and unchanging. It paints a picture of a people who are not mere passive recipients
of history but active agents who have continuously adapted and evolved in response to
changing circumstances. This view aligns more closely with the oral histories and narratives
of the Ifugao community, which have often been sidelined in academic discourse in favor
of more ‘scientific’ interpretations.

Community stories and oral histories are invaluable in this recontextualization, pro-
viding a complementary, as well as supplementary, narrative to the archaeological data.
In Ifugao, these oral traditions serve as living records chronicling the collective memory
and societal changes over generations. They provide insight into the cultural significance
of the terraces, detailing the struggles and achievements of the Ifugao people that are not
always visible in the archaeological record. These narratives often highlight the terraces as
symbols of identity and self-determination, countering the narratives of isolation and stasis
with tales of dynamism, community cohesion, and resistance to colonial pressures.

These oral traditions offer a nuanced understanding that can challenge and refine
archaeological interpretations. They can affirm dates and events, suggest alternative read-
ings of material culture, and illuminate the sociopolitical structures that facilitated the
construction and maintenance of the terraces. For example, the community’s recounting of
the forced relocations and the strategic establishment of settlements away from Spanish in-
cursions provides context to the changes in settlement patterns inferred from archaeological
digs. Moreover, the oral histories of agricultural practices, rituals, and social organization
offer a vivid picture of the day-to-day life that shaped the terraces’ landscape. When
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oral histories are integrated into the archaeological discourse, they enrich the narrative,
allowing a more holistic reconstruction of the past that acknowledges the active role of the
Ifugao in shaping their history and landscape.

Our archaeological work in Ifugao represents a movement towards the decolonization
of archaeology. In our work, we define decolonization as the process of re-evaluating
and transforming practices to remove colonial biases and structures. It seeks to decenter
Western epistemologies, prioritize Indigenous perspectives, and value local knowledge
systems on par with scientific methods. This means recognizing and rectifying the historical
power imbalances in the interpretation, narration, and stewardship of cultural heritage
i.e., [8–10]. Decolonizing archaeology entails actively involving descendant communities in
the research process, respecting their oral traditions, and acknowledging their sovereignty
over their cultural narratives and material past [11–13].

1.1. Changing the Narrative

The 2000-year dating of the Ifugao Rice Terraces has played a pivotal role in shaping
perceptions of Ifugao culture as static and unchanging through millennia. The assertion
of such antiquity has been intertwined with the narrative of an unchanging culture, one
that has ostensibly remained isolated and untouched by the broader historical and cultural
dynamics that have swept through the rest of the Philippines and Southeast Asia.

The 2000-year-old construction dating assumes static culture since archaeological
models strongly argue that if intensive agriculture has been documented, then we expect to
see developments in other aspects of culture. It is then assumed that the Ifugao did not do
anything else but plant rice for two millennia. This perspective also suggests that the Ifugao
people have managed to preserve their way of life, with little to no external influence,
maintaining the same techniques of rice cultivation and terrace construction passed down
through generations. It romanticizes the Ifugao as custodians of an ancient tradition, living
relics of a precolonial past. This narrative has been appealing because it offers a sense of
timelessness and purity, resonating with nationalist sentiments that valorize Indigenous
cultures as symbols of national identity and resistance to colonial forces.

1.1.1. The Notion of Isolation

Closely related to the idea of an unchanging culture is the notion of isolation. The
dating implies that the Ifugao Rice Terraces—and by extension, the Ifugao people—have
existed in a bubble of isolation, shielded from the transformative influences of trade,
colonialism, and cultural exchange that have characterized the history of the region. This
perception of isolation has been used to support the argument that the terraces are a
testament to Indigenous ingenuity and resilience, constructed and maintained without
external influence.

However, this view oversimplifies the complex historical and cultural dynamics that
have shaped the Ifugao region. It overlooks evidence of trade, interaction, and conflict
with neighboring groups and colonial powers, which have undoubtedly influenced Ifugao
society. Moreover, it disregards the adaptability and agency of the Ifugao people, who
have navigated the challenges posed by external pressures and internal developments
over centuries.

1.1.2. Critique and Reevaluation

Recent archaeological findings and ethnohistorical research challenge the narrative of
an unchanging, isolated culture. Studies suggesting a much later inception of the terraces,
around the time of Spanish colonization in the 16th century, highlight the dynamic nature
of Ifugao society. This evidence indicates that the terraces are not relics of a static past but
rather the outcome of a society’s adaptive strategies in response to social, environmental,
and political pressures.

The reconsideration of the terraces’ dating prompts a broader reflection in how cul-
tures are perceived and represented in historical narratives. It underscores the need to
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move beyond simplistic notions of timelessness and isolation, recognizing the fluidity
and interconnectedness of human societies. Acknowledging the terraces as a product of
historical contingencies rather than a symbol of unchanging tradition allows for a more
nuanced understanding of the Ifugao’s cultural resilience and ingenuity.

Emerging archaeological and ethnohistorical evidence challenges notions of an un-
changing and isolated culture, highlighting the dynamic and interconnected nature of
Ifugao history. This reevaluation not only enriches our understanding of the Ifugao but
also contributes to broader discussions about the representation and interpretation of
Indigenous cultures in historical narratives.

1.2. Decolonizing Archaeology

In the context of the Ifugao Rice Terraces, the process of decolonizing archaeology
entails a shift away from a Western-centric interpretation that idealizes and freezes the
Ifugao people in a fixed moment in time. Instead, an inclusive historiography seeks
to acknowledge their dynamic history characterized by resilience and adaptation. By
incorporating the generational timekeeping practices of Ifugao society and showing respect
for their oral histories, we can validate the lived experiences of the community that have
historically been marginalized in academic discourse.

This shift not only results in a more accurate representation of the history of the
terraces but also restores agency to the Ifugao people, allowing them to define their own
identity and history on their own terms. Co-author Martin, an Ifugao himself, emphasizes
the importance of approaching the Ifugao and their terraces from the perspective of the
Ifugao people themselves. He points out that, “We, the Ifugao, have always had a deep
understanding of our past and our world. However, it was the imposition and arrogance
of academic scientists and the so-called educated world that led us away from our own
knowledge systems.” Martin, being an Ifugao, possesses a unique ability to contextualize
oral historical accounts within the cultural nuances of the Ifugao community. This expertise
allows him to convey insights that may be challenging for non-Ifugao individuals to
discern.

For the Ifugao, the terraces are more than just an agricultural innovation; they are a liv-
ing legacy, deeply intertwined with their cultural identity, spirituality, and community life.
The traditional Ifugao knowledge systems, which include intricate agricultural practices,
rituals, and social structures, have been maintained and passed down through generations.

The academic scientists often approached the Ifugao and their terraces through a
lens of romanticism or exoticism, at times casting them as passive relics of a bygone era
rather than as active, adaptive agents of their own history. This distortion stemmed from a
combination of colonialist attitudes and a lack of engagement with the community’s oral
histories, which offer a rich, nuanced perspective on the evolution of the terraces and the
people who created and maintained them.

The imposition of these external narratives has had profound implications for the
Ifugao. It has led to a disconnect between the Ifugao’s self-perception and the way their
history is portrayed to the world. The academic community’s oversight or dismissal of
Indigenous knowledge systems has not only misrepresented the terraces’ history but has
also undermined the Ifugao’s agency in their own cultural heritage.

In recent years, there has been a growing recognition of the need to decolonize ar-
chaeology and to recenter Indigenous perspectives. This involves a conscious effort to
understand the Ifugao and their terraces from the viewpoint of the Ifugao themselves. It
calls for a collaborative approach that respects and incorporates Ifugao oral traditions and
knowledge systems into the historical narrative. Such an approach not only corrects the
historical record but also empowers the Ifugao community, allowing them to reclaim their
narrative and affirm their identity on the global stage.

By valuing the Ifugao’s own knowledge systems and perspectives, we can encourage
a more authentic and respectful understanding of their history. This shift is crucial not
only for the academic integrity of historical research but also for supporting the Ifugao
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in preserving their cultural heritage for future generations. The Ifugao experience thus
becomes a powerful example of how Indigenous knowledge can illuminate and enrich our
understanding of the past, challenging us to rethink the way we engage with and represent
the histories of Indigenous peoples.

Our work actively resists the exoticization of the Ifugao by reframing the terraces as
active cultural landscapes rather than static monuments. The inclusion of local narratives
in archaeological interpretation not only enriches our understanding of the past but also
supports the Ifugao in safeguarding their intangible heritage. It is a reciprocal process
where archaeological practice benefits from the depth of knowledge held within community
stories, and the inclusion and synthesis of these stories gain visibility and validation in
archaeological narratives.

This decolonized approach is evident in the way the Ifugao community has been
integral to the archaeological process, from hypothesis formation to fieldwork and interpre-
tation. Community members are not mere informants; they are collaborators with voices
as authoritative as archaeologists. Their involvement in the Ifugao Archaeological Project
has led to the creation of the Ifugao Community Heritage Galleries and the Indigenous
Peoples Education Center, which are not only resources for cultural education but also
embodiments of the community’s ongoing engagement with their heritage.

The decolonization of archaeology is an ongoing and evolving practice, one that
demands reflexivity, openness to change, and a commitment to justice and equity. In
Ifugao, it is a conscious effort to dismantle the colonial legacy that has long influenced
the interpretation of the terraces and to replace it with a collaborative, multidisciplinary
approach that honors the sovereignty of the Ifugao over their cultural heritage. This
method serves as a model for how archaeologists can and should move forward globally,
advocating for a discipline that is inclusive, respectful, and supportive of the communities
whose past we seek to understand.

This synergy between archaeological evidence and oral histories is crucial for a more
inclusive and accurate portrayal of the past. It emphasizes the need to preserve these oral
traditions as integral components of cultural heritage, just as vital as the physical structures
themselves. Furthermore, it provides a model for other archaeological endeavors world-
wide, advocating for a collaborative approach that respects and utilizes the knowledge
embedded within local communities. As a result, such a confluence of perspectives not
only deepens historical understanding but also empowers the descendant communities by
centering their voices in the narratives of their own past [6,14].

1.3. Ethnographic Accounts and Community Stories

We approached ethnographic accounts in Ifugao with a strong focus on cultural
sensitivity and ethical considerations. We particularly underscored the respect and the
amplification of the voices and perspectives of the Ifugao community while conducting
research and interpreting ethnographic accounts. We understand that the Western-centric
interpretation of the terraces have long romanticized and frozen the Ifugao in time, obscur-
ing their dynamic history of resilience and adaptation. Ethical considerations guided every
step of our research and actively engaged with the Ifugao community, forging partnerships
that prioritized the community’s interests and autonomy.

For instance, understanding the passage of time through generational reckoning and
genealogical continuity is important in comprehending Ifugao history and culture. In
Ifugao society, time is traditionally measured not in years, as per the Gregorian calendar,
but in generations. This method of timekeeping is central to their collective memory and is
exemplified in narratives concerning the origins of significant landmarks such as the Batad
Rice Terraces—one of the five clusters recognized by UNESCO—the extensive terraces in
Asipulo, and the community history of Tokak Village in Namal, Asipulo.

The oral histories of the Ifugao provide a glimpse into the chronology of their land-
scape and culture, particularly through the narratives surrounding the Batad and Asipulo
terraces. Local lore, rich in detail and passed down through generations, tells the story of
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two brothers from Cambulo, a village near Batad. Their discovery of the Batad hillside led
to the establishment of a swidden field, marking the beginnings of what would become
a significant agricultural and cultural site. Subsequently, one brother brought his family
to settle in the area, and together they constructed the terraces that have since become
emblematic of Ifugao’s rich tradition of rice cultivation. This story, believed to have taken
place within the last six generations, illustrates a living history that is intrinsically linked to
the land and the community’s ancestral lineage.

In a similar vein, the Asipulo terraces, as recounted in the oral history of the Tokak
community, were constructed within the past five generations. These narratives underscore
a relatively recent and rapid development of terrace farming in these regions, contrasting
with the often static and ancient depictions found in external historical accounts.

The story of the Tokak village exemplifies the impact of Spanish colonial expeditions
on the Ifugao’s settlement patterns. Village elders recount how their great grandparents,
seeking to maintain autonomy and protect their way of life, were compelled to leave
Amduntog—a village closer to colonial centers—and resettle in the more secluded village
of Tokak. This strategic relocation allowed the Ifugao to evade direct colonial control and
preserve their cultural practices, including rice terrace farming, which has been central to
their identity and sustenance.

The return of their descendants to Amduntog, following the departure of the Spaniards,
signifies not just a physical return to ancestral lands but also a cultural reclamation. It
underscores the Ifugao’s enduring connection to their territory and the resilience of their
sociocultural systems amid colonial disruptions. These community stories, passed down
through generations, are critical to understanding the nuanced history of the Ifugao. They
provide context to the archaeological evidence, enriching our perception of the past and
offering a more holistic view that honors the lived experiences and agency of the Ifugao in
shaping their history.

The generational approach to history allows for a fluid and evolving understanding of
the past, one that is directly connected to the memories and experiences of the community.
Such oral traditions not only serve as historical records but also as affirmations of the
community’s enduring connection to their environment and their continuous adaptation to
it. Through these stories, the people of Ifugao maintain a vibrant and ongoing relationship
with their history, one that is characterized by resilience, familial bonds, and a deep respect
for the terraced landscapes that have sustained them.

Dismissing these oral histories undermines the validity of ethnographic methods
and shows disrespect to the Ifugao’s worldview, as articulated through their community
stories. These narratives align closely with the broader Philippine history, as recorded in
both archival documents and contemporary scholarship. They are not merely stories; they
encapsulate the lived experiences of the Ifugao.

Contrary to the notion that the Ifugao rice terraces are 2000 years old—an assumption
unsupported by any archaeological evidence—recent archaeological and ethnographic
data from five major sites including Old Kiyyangan Village, Hapao, Nagacadan, Batad,
and Banaue suggest a much shorter history. In addition, Maher’s decade-long work in
the region (with at least seven sites dated) does not provide any support for the 2000-year
origin of the terraces. The absence of evidence should not be mistaken for evidence of
absence; yet the lack of archaeological support for the terraces’ ancient origins cannot
be ignored.

The primary objective of our research in Ifugao goes beyond merely dating the terraces.
The terraces exemplify humanity’s ability to negotiate environmental constraints and adapt
to changing needs, as wet-rice cultivation is integral to Ifugao culture. These terraces
represent not just a triumph over environmental challenges but also the aspirations and
identities of the Ifugao. It is essential that collective consciousness moves in the direction
of fostering an appreciation for the terraces not as static relics of the past but as living
landscapes reflecting the ingenuity and resilience of their builders.
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The convergence of archaeology with community narratives sheds light on the shared
history of human societies and their environments. Archaeological evidence provides
tangible proof of past human interactions with landscapes, while community stories offer
nuanced insights into these interactions. The Ifugao Archaeological Project corroborates
and enriches community narratives, offering a depth of temporal understanding that
enhances our appreciation of cultural practices and ecological wisdom.

In the context of climate change, this synergy becomes a valuable resource. Insights
from archaeology combined with community stories offer a comprehensive view of his-
torical climate patterns, adaptive strategies, and resilience. This knowledge is crucial for
creating climate adaptation and mitigation strategies that are both scientifically sound
and culturally sensitive. Understanding how communities have historically navigated
environmental challenges provides invaluable lessons for today’s climate action.

The integration of archaeological findings and Indigenous narratives particularly
shines in the Ifugao Rice Terraces’ context. It reveals a dynamic history of sustainable
adaptation to climatic challenges, with Indigenous knowledge guiding effective water and
soil management techniques. This Indigenous wisdom, embedded in local stories and
integrated with the landscape’s history, lays a robust foundation for climate-resilient agri-
cultural practices. Moreover, this collaboration extends to natural resource management,
evident in the Ifugao’s muyung traditional forestry system [15,16].

Archaeology paired with Indigenous narratives offers insight into historical forestry
practices, sustainable resource extraction methods, and community-led conservation efforts.
This holistic approach recognizes the ecological wisdom encoded in Indigenous knowledge,
offering vital lessons for contemporary climate adaptation.

Embracing Indigenous knowledge in climate adaptation strategies acknowledges its
role as a repository of strategies finely attuned to environmental nuances. The collaborative
efforts of archaeology and Indigenous knowledge bridge historical resilience with modern
scientific insights, fostering a culturally attuned, sustainable, and wisdom-rooted climate
adaptation paradigm.

Finally, revising the narrative to reflect the recent origins of the terraces empowers
Ifugao communities, dispelling colonial myths and promoting heritage conservation pro-
grams developed and implemented by the communities themselves. Debates over the
dating of the terraces risk exoticizing the Ifugao and romanticizing the past. While dating
is essential, it should be secondary to understanding the terraces’ cultural context.

1.4. Nature of Archaeology: Hypothesis Testing

The importance of two specifically dated sites in rethinking the dating of the Ifugao
Rice Terraces underscores the hypothesis-testing nature of archaeology, a discipline that
relies on empirical evidence to challenge, refine, or confirm existing theories. In the context
of the Ifugao Rice Terraces, the traditional narrative supported by early 20th-century
anthropologists posited that these terraces were over 2000 years old, a claim that has
profound implications for understanding the cultural and historical landscape of the Ifugao
region. The discovery and subsequent dating of two key sites have been instrumental
in challenging this long-held belief, demonstrating the dynamic and evolving practice of
archaeology as a field that continuously tests hypotheses against emerging data.

Archaeology, at its core, is an empirical science that constructs narratives about the
past based on material evidence. Hypotheses about human behavior, cultural practices, and
historical timelines are formulated based on available data, which are then tested through
further excavation, analysis, and interdisciplinary research. The process is iterative: new
findings can corroborate, refine, or completely overturn existing theories, leading to a more
nuanced understanding of the past.

Archaeology, often misconstrued as a quest for definitive truths about our past, is
fundamentally a discipline grounded in the formulation and testing of hypotheses. Rather
than seeking irrefutable facts, archaeologists engage in a dynamic process of hypothesizing,
gathering evidence, and revising understandings based on new findings. This approach is
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illustrated in the recent archaeological work on the Ifugao Rice Terraces in the Philippines,
which has led to a significant re-evaluation of their age and origins. For detail on the work
of the IAP, please visit www.ifugao-archaeological-project.org.

For many years, the prevailing belief, supported by early anthropological studies,
was that the Ifugao Rice Terraces were over 2000 years old. This supposition was not
only an academic conjecture but also a part of the national and cultural identity of the
Philippines. However, the essence of archaeological inquiry is not to cement such narratives
as absolute truths but to continuously test and reevaluate them in light of new evidence
and methodologies.

Acabado’s research, a continuation of his graduate work [3,15–17], presented a con-
trasting hypothesis: the terraces were built much later, possibly as a response to Spanish
colonization in the 16th century. This proposal was not an attempt to uncover a ‘final truth’
but rather to challenge the existing narrative based on emerging data and perspectives. The
hypothesis was tested through various methods, including radiocarbon dating, archaeob-
otanical analysis, and ethnohistorical research, all standard tools in the archaeologist’s kit
for hypothesis testing.

The Ifugao Archaeological Project focused its investigations on the Old Kiyyangan
Village (OKV), a site integral to Ifugao history and mythology. The scientific approach
taken by the IAP was methodical and evidence based. They uncovered artifacts, such as
locally produced and imported beads, a crocodile tooth, and infant burials, which provided
insights into the Ifugao’s interactions and adaptations over time. These findings were
crucial in testing the new hypothesis about the timing and nature of terrace construction.

To test this hypothesis, the team employed a range of methods. Radiocarbon dating of
charcoal samples, analysis of pollen and phytoliths, and careful stratigraphic excavation
provided data points. Each method offered a piece of the temporal puzzle, contributing to
a body of evidence that was then evaluated against the hypothesis.

The results of these tests were surprising. Instead of supporting the millennia-old
narrative, the evidence pointed to a much more recent construction, aligning with the
period of Spanish contact. This finding challenged the traditional view but was consistent
with the nature of scientific inquiry, which is characterized by its openness to change when
faced with new, robust evidence.

The shift in understanding about the age of the Ifugao rice terraces underscores a
fundamental aspect of archaeology: it is a discipline more about asking the right questions
and less about finding definitive answers. Archaeology does not deal in absolutes; rather,
it embraces uncertainty and change as integral parts of understanding the past. Each new
piece of evidence can redefine existing narratives, demonstrating that our understanding
of history is fluid and subject to revision.

This perspective is crucial to considering the role of archaeology in society. By not
positioning itself as a seeker of absolute truth, archaeology allows for multiple narratives
and interpretations to coexist. This approach is particularly important in areas like the
Ifugao province, where cultural identity and historical narratives are deeply intertwined.
The re-evaluation of the terraces’ age does not diminish their cultural and historical signifi-
cance; instead, it enriches our understanding of the Ifugao people’s resilience, adaptability,
and agency.

Moreover, the case of the Ifugao Rice Terraces highlights the importance of integrat-
ing scientific inquiry with local knowledge and oral histories. The Ifugao community’s
narratives and memories played a crucial role in shaping the hypothesis and guiding the
archaeological investigation. This integration underscores the importance of a holistic
approach in archaeology, one that respects and incorporates various sources of knowledge.

The evolving understanding of the Ifugao rice terraces’ history exemplifies the nature
of archaeology as a discipline focused on testing hypotheses rather than seeking immutable
truths. This case study demonstrates how archaeology is a dynamic and iterative process,
one that adapts and advances as new evidence emerges. It reminds us that our grasp of the
past is always provisional, and that openness to re-evaluation and revision is essential in
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the pursuit of knowledge. In this way, archaeology not only helps us to understand our
history but also teaches us about the complexity and fluidity of the human experience.

The Ifugao case exemplifies the iterative nature of archaeological research. Hypotheses
are constructed based on the best available information, then tested against empirical data.
If the data align, the hypothesis is strengthened; if not, it must be revised or discarded.
This process is not unique to archaeology but is the hallmark of the scientific approach
across disciplines.

Through this example, we see that archaeology, like all science, is a dynamic process.
It is a discipline that evolves with each new discovery, where hypotheses are continuously
refined to enhance our understanding of the human past. Far from seeking immutable
truths, archaeology embraces the complexity and variability of human history, offering
insights that are as provisional as they are profound.

2. Materials and Methods

The recent archaeological work in Ifugao, Philippines, continues and expands upon
Stephen Acabado’s prior research [3,10,15–18], suggesting the iconic Ifugao rice terraces
were constructed in response to Spanish colonization. This challenges the older belief
that the terraces are millennia old and reshapes the understanding of the region’s history
and the Indigenous Ifugao people. The AMS determinations and spatial analyses are also
supported by archaeobotanical datasets. There is a total absence of any evidence of wet-rice
cultivation in the region that predates the 1600s.

The Ifugao Archaeological Project’s (IAP) focus on the Old Kiyyangan Village (OKV)
has been pivotal in uncovering the area’s past. Fray Molano, in a Spanish document from
1801, described OKV as a large settlement—a contrast to its portrayal as isolated and
unchanging. Robert Maher’s [19] initial research at OKV provided important chronolog-
ical data, indicating the site was much older than previously understood, with findings
suggesting Ifugao ancestors settled there.

The selection of OKV for archaeological exploration was driven by the community’s
desire to investigate their origins. Despite its transformation into paddy fields, historical
records from the American colonial period mention the Village of Otbobon, another name
for OKV, suggesting a relocation by 1869 [20]. The modern town of Kiangan’s proximity to
the original OKV site highlights shifts in settlement patterns.

Robert Maher’s [19] initial investigations into OKV, now a rice field believed to have
been transformed into a paddy field just before World War II, provided important chrono-
logical data. Maher’s excavation yielded two thermoluminescence (TL) dates, ranging
between 1130 CE and 1230 CE, indicating a much earlier occupation of the site than pre-
viously understood (Table 1). This finding is crucial, as OKV is deeply ingrained in the
cultural and mythical history of the Ifugao. According to local myths, Old Kiyyangan was
the village where the first Ifugao ancestors settled and where they received divine knowl-
edge of wet-rice cultivation. These narratives also suggest that prior to the development of
the terraces, taro was the primary crop cultivated by the Ifugao. Maher’s research in the
region set out to provide archaeological evidence for the origins of the Ifugao and their rice
terraces [21–24], which provided the initial radiocarbon dates (Table 2).

Table 1. Maher’s TL dates in the OKV Site and adjacent Bintacan Cave.

Site Level Info TL Dates Reported by

Bintacan Cave Level F 1620 BP Alpha 476 [24]

Bintacan Cave Level E 1420 BP (±20%)
Alpha 480 [24]

Bintacan Cave Level C 760 BP (±20%)
Alpha 479 [24]

Old Kiyyangan Village No data presented 820 BP Alpha 566 [20]
Old Kiyyangan Village No data presented 720 BP Alpha 671 [20]
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Table 2. Radiocarbon determinations from Banaue Ifugao, obtained by Maher [21,22] and Harold
Conklin [25]. While some of these radiocarbon determinations show older (>500 years), these samples
are not contextualized and may not be associated with the archaeological event in question. For more
discussion, refer to Acabado and colleagues’ discussions [3,5].

Site/Locality Depth (cm) Lab # Material 14C BP
Cal. CE (2 σ–95%)

(Recalibrated Using
IntCal13)

14C Sample
Context

Reported by

If1-Nabyun 91 GX0668 M. sinensis 205 ± 100 1493-postbomb Pond-field [21]

If2-Nabyun 91 GX1900 No data 325 ± 110 1408-postbomb House
Platform [21]

If2-Nabyun 90 GX1901 No data 695 ± 100 1052–1435 Midden [21]
If2-Nabyun 90 BX2184 No data 735 ± 105 1043–1413 Midden [21]

If3-Banaue 4.4 GX2183 No data 2950 ± 250 1867-540BCE House
Platform [21]

Gawwa, Poitan 5 GX3138 No data 530 ± 140 1192–1792 Underground
chamber [21]

Gawwa, Poitan 5 GaK5238 No data 530 ± 100 1273–1631 Underground
chamber [21]

Lugu No data UGA2515 No data 395 ± 60 1430–1639
Terrace

embankment
post

[25]

If20-Banghallan 50 GaK6442 No data 890 ± 310 434–1647 Village edge [22]
If20-Banghallan 60 UGA1541 No data 1340 ± 375 176BCE-1388CE Village edge [21]

Between 2012 and 2016, the IAP executed twenty excavation units at OKV. The findings
from these excavations have been revealing, indicating that the arrival of the Spanish in
the region was a catalyst for significant changes in the village. Most notably, the shift
to wet-rice cultivation seems to have occurred concurrently with the Spanish influence,
supported by AMS dates. The excavations in OKV unearthed a variety of artifacts, including
locally produced and imported beads, a crocodile tooth, imported metal adornments,
and infant burials [26–31]. These discoveries are indicative of the active role the Ifugao
community played in broader pre-colonial and colonial interactions within the Philippines,
challenging the notion of their cultural and economic isolation. The initial phase yielded
seven radiocarbon dates from the terraced fields of Banaue (Table 3), and subsequent
excavations at the Old Kiyyangan Village (OKV) added nineteen more dates (Table 4). These
were complemented by extensive analyses, including sherd residue [29], wood charcoal,
and microfossil studies, to determine the advent of wet-rice agriculture in the region.

Table 3. AMS dates from Bocos rice terraces, Banaue, Ifugao [3].

Lab. No. Unit DBS Layer CRA 13C
Cal AD
(BCal)

Post-AD 1585
Probability *

AA78973 Mamag 0.855 II 119 ± 38 25.2 1687–1862 74.6%

AA78974 Mamag 1.3 m III 485 ± 39 −27.5 1325–1460 74.6%

AA78971 Rasa 0.35 m II 313 ± 38 −24.4 1620–1800 98.5%

AA78972 Rasa 0.52 m III 164 ± 38 −26.0 1527–1757 98.5%

AA78969 Linagbu 0.55 m II 180 ± 38 −26.5 1736–1867 99.9%

AA78970 Linagbu 0.75 m III 131 ± 38 −29.3 1663–1753 99.9%

AA78975 Achao 0.075 m II 193 ± 38 −25.0 1646–1809 N/A

* Probability analyses (Bayesian modeling) of pre-Spanish or post-Spanish construction of the Bocos rice terraces
walls in Banaue, Ifugao [3].

Excavations at OKV over several field seasons resulted in the opening of 21 trenches
and 10 shovel test probes, uncovering over 20,000 artifacts, predominantly earthenware
ceramics, as well as faunal, archaeobotanical samples, and human remains, mostly infant
burials. Radiocarbon dating at OKV employed diverse materials—bulk soil, wood charcoal,
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bone collagens, and sherd residue—all showing a consistent stratigraphy. The alignment
of bulk soil dates within situ radiocarbon dates, despite potential contamination risks,
suggests rapid deposition within a short timeframe.

Table 4. Radiocarbon determinations recovered from Ifugao between 2012 and 2016 [5].

Depth (cm) Lab Number Location Material/Trench 14C BP Cal. BP (2 σ) Cal. CE (2 σ) Context

30–40 Beta-356307 OKV organic
sediment/8 190 ± 30 260–200 1640-post-1950 Rice field

50–60 UCIAMS-183276 OKV Wood charcoal
(P. insularis)/14 415 ± 15 510–469 1440–1480 Rice field

55–73 Beta-394185 OKV bone
collagen/8 410 ± 30 530–470 1405–1445 Mortuary

60–70 UCIAMS-183272 OKV Wood charcoal
(P. insularis)/14 345 ± 15 477–317 1470–1633 Rice field

65–70 Beta-356306 OKV organic
sediment/8 620 ± 30 680–620 1280–1390 Rice field

80–90 UCIAMS-183273 OKV Wood charcoal
(P. insularis)/14 570 ± 15 634–537 1315–1415 Rice field

80–90 Beta-394182 OKV bone
collagen/8 600 ± 30 730–670 1265–1380 Mortuary

90–100 CIAMS-183274 OKV Wood charcoal
(P. insularis)/14 665 ± 15 669–564 1280–1385 Rice field

90–100 Beta-421036 OKV charcoal/14
(P. insularis) 660 ± 30 690–630 1280–1390 Rice field

90–100 Beta-421037 OKV potsherd
residue/14 590 ± 30 610–550 1300–1415 Rice field

90–100 D-AMS 003446 OKV Organic
sediment/9 861 ± 25 899–700 1052–1250 Rice field

100–110 D-AMS 003447 OKV
Organic

sediment/10
(fill)

1252 ±37 1279–1075 672–876 Rice field

100–110 D-AMS 003448 OKV

Organic
sediment/10

(dark
midden soil)

292 ±27 456–291 1495–1660 Rice field

100–110 Beta-356305 OKV organic
sediment/8 720 ± 30 810–750 1220–1280 Rice field

110–120 D-AMS 003445 OKV Organic
sediment/9 672 ± 28 676–561 1274–1390 Rice field

110–120 Beta-32953 OKV organic
sediment/3 780 ± 30 741–669 1160–1260 Rice field

120–144 Beta-394184 OKV bone
collagen/9 800 ± 30 767–675 1045–1220 Mortuary

130–140 Beta-329552 OKV organic
sediment/3 770 ± 30 734–668 1050–1240 Rice field

150–160 Beta-329551 OKV organic
sediment/3 1000 ± 30 967–799 900–1020 Rice field

Paleoethnobotanical analysis indicated a potential presence of wet-rice cultivation
dating back to 675 years before present (BP), but low counts of rice phytoliths suggested
possible displacement within the soil column due to water seepage [32,33], casting doubt on
earlier cultivation theories. Residue analysis from pottery did not indicate rice production,
but instead showed evidence of taro consumption, further supporting the argument for the
later emergence of wet-rice agriculture in Ifugao.

Analyses of bulk soil, charred residues, and botanical data from three excavation
trenches suggest that the predominant crop in the OKV prior to 1650 CE was not wet rice,
as previously believed, but taro (Colocasia esculenta). The absence of wet-rice cultivation
before the mid-17th century was corroborated by pollen, phytolith, and starch analyses
performed on sherd residues from these trenches, further dismantling the theory of an
ancient origin for rice agriculture in the region. Details on the microbotanical analyses from
soils obtained in the OKV site are provided by Horrocks et al. [34] report and Acabado’s
preliminary hypothesis [35,36].
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Additionally, the stratigraphy of the site revealed a significant increase in wood
charcoal within Layer 2, dated to around the 1600s (Figure 3). This finding could indicate a
heightened demand for wood or point to deforestation, reflecting a change in landscape
management or environmental conditions. Crucially, no rice or rice-associated weeds
were detected in any soil or charred residue samples predating 1650 CE, supporting the
hypothesis of a post-contact introduction of wet-rice agriculture.

Figure 3. (A) The densities of wood charcoal (grams per liter) recovered in deposits from Trench 14,
where the level (i.e., depth in 10 cm increments) is represented on the vertical axis, and the density is
represented on the horizontal axis. The gray dots illustrate the values in individual samples, and
the black dots are the bootstrapped mean densities of each level with 95% confidence intervals (the
black line within a level). The line between levels connects the means of each level. (B,C) are the
transverse (cross) sections of identified wood charcoal, where (B) is identified as Benguet pine with
a resin canal highlighted from Trench 14, level 8, and (C) is a specimen from the palm family from
Trench 16, level 2 [5]. Figure provided by A. Farahani.

The environmental transformation indicated by the archaeological record was also
marked by a notable influx of imported goods, a surge in the remnants of animals used
in rituals, and the adoption of wet-rice farming practices. These shifts signal a broader
change in the Ifugao way of life, aligning with the period of increased external contact
and trade [36].

This multi-evidentiary approach has been crucial in constructing a robust chronologi-
cal model for the inception and expansion of the Ifugao terracing systems. Ethnographic
comparisons highlight that wet-rice cultivation necessitates complex social structures.
These findings support the hypothesis that the Ifugao terraces, as seen today, were con-
structed within a 200- to 300-year period, a rapid development indicating advanced so-
ciopolitical organization suitable for intensive wet-rice farming.
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3. Results

The lack of evidence for the 2000-year-old origin of the terraces across five major
Ifugao sites has led to the discrediting of this long-held belief, with recent archaeological
and ethnographic data suggesting a much shorter history. The significance of local time
reckoning in Ifugao, which relies on generational memory rather than calendar years, has
been crucial in contextualizing this narrative shift. Community stories from the Batad Rice
Terraces, Asipulo terrace system, and Tokak Village provide a vivid account of the terraces’
origins tied closely to the Ifugao’s response to Spanish colonialism, rather than a distant,
pre-colonial past.

Archaeobotanical and pottery residue data have revealed the continuation of taro as a
staple carbohydrate, even after the Spanish arrival in the adjacent lowlands of the Magat
Valley. The maintenance of traditional burial practices and dietary habits through faunal
isotopic signatures indicates that the Ifugao retained their way of life despite the external
pressures of colonialism.

These datasets collectively suggest that the Ifugao responded rapidly and adaptively
to Spanish incursion, upholding their group identity and cohesion through ritual and house-
hold practices. The AMS determinations and spatial analyses of the terraces, alongside
archaeobotanical datasets, point to an absence of pre-1600s wet-rice cultivation, challenging
the narrative of an ancient terracing tradition.

The Ifugao terraces stand not only as a testament to humanity’s ability to adapt to
environmental constraints but also as a reflection of the Ifugao’s identity and resistance
against colonial forces. The implications of these findings are not limited to local history
but contribute to broader discussions on agricultural systems’ archaeology, requiring a
comprehensive approach that encompasses local knowledge and generational narratives.

Spanish colonial documents recorded active irrigation systems in only two regions
of the Philippines during the early years of conquest: Bicol and the Magat Valley. No
other archaeological or historical investigations have documented subsistence patterns
before and after the Spanish conquest. Therefore, while dating the terraces is crucial,
it is secondary to the broader aim of understanding the terraces’ role in Ifugao culture
and heritage.

In the neighboring region of Bontoc, Bodner’s [37] work has provided compelling
evidence for the later inception of wet-rice cultivation, postdating 1600 CE. This assertion
is grounded in the notable absence of archaeobotanical data indicative of wet rice prior
to the 1600s. Supporting this perspective, an accumulation of data from various schol-
arly pursuits—including Maher’s investigations, Bodner’s own dissertation, Conklin’s
landscape research, and the ongoing Ifugao Archaeological Project—converge to suggest a
significant shift in agricultural practices to wet-rice cultivation occurring relatively recently.

Further strengthening this argument, a genomic study of rice varieties in the Cordillera,
including the Ifugao’s revered tinawon rice, has shed light on the crop’s lineage. According
to Alam et al. [38], the highland rice varieties can trace their ancestry to Indonesian strains,
suggesting a southern origin and diffusion into the highlands. This genomic lineage contra-
dicts the theory of an ancient, Indigenous development of wet-rice cultivation in the Ifugao
region, instead pointing to a more recent introduction and adaptation of these rice varieties.
Together, these interdisciplinary research efforts paint a picture of dynamic agricultural
evolution in the Cordillera, characterized by later adoption and continuous innovation.

This body of work underscores the need for data-driven discussions about the dating
of the Ifugao terracing tradition, advocating for a narrative that recognizes the terraces
as a dynamic cultural landscape shaped by historical contingencies and the Ifugao’s re-
silient spirit.

4. Discussion: Archaeology and Community

Comprehensive archaeological investigations spearheaded since 2007 have signifi-
cantly reshaped the narrative of the Ifugao Rice Terraces. This intensive research, however,
is more than a mere quest for chronological accuracy; it is an exploration into the lived
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experiences of the Ifugao people, as evidenced by both material culture and enduring oral
traditions. The integration of archaeological findings with local narratives has revealed a
history marked not by stasis and isolation but by dynamism, resilience, and adaptation.

The ethnographic accounts and community stories of the Ifugao stand as testaments
to the society’s active participation in their history. These narratives, passed down through
generations, serve not only as historical records but also as expressions of the Ifugao’s iden-
tity and response to external pressures, particularly Spanish colonization. The recollections
of the origins of landmarks such as the Batad Rice Terraces and the Asipulo terrace system
underscore a temporal understanding deeply ingrained in Ifugao culture. Moreover, the
tales of strategic relocations during colonial times, such as those from Amduntog to the
more remote Tokak, illustrate the Ifugao’s agency in preserving their way of life.

The archaeological record, bolstered by radiocarbon dating and analyses of pottery
residue and paleoethnobotanical samples, has supported the contention that the terraces
are of more recent origin than previously thought. These data have challenged the long-
held belief that the terraces are over two millennia old, a belief unsupported by evidence
from significant sites within the region. The findings suggest a rapid socioeconomic
transformation in Ifugao society, coinciding with the emergence of wet-rice agriculture
and the introduction of new goods and practices, indicating an era of significant change
catalyzed by, but not succumbing to, colonial influence.

This cultural chronology is pivotal in understanding the terraces not as static monu-
ments but as vibrant landscapes that encapsulate humanity’s enduring adaptability. The
terraces are symbols of the Ifugao’s triumph over environmental and political challenges,
embodying the aspirations and ingenuity of their creators. Recognizing the terraces as part
of a living culture is essential for fostering respect for Ifugao heritage and for ensuring the
terraces’ preservation for future generations.

The role of Indigenous knowledge, particularly the muyung traditional forestry system,
further exemplifies the Ifugao’s sustainable management of natural resources [15,16]. The
confluence of archaeological evidence with this Indigenous wisdom offers insights into
historical practices that can inform contemporary climate adaptation strategies. Embracing
this knowledge is crucial for crafting solutions that are not only effective but also respectful
of cultural traditions.

Moreover, by integrating community narratives with archaeological research, a more
nuanced picture of the Ifugao’s past emerges. These stories provide context and color to
the archaeological canvas, enriching our understanding of the terraces and the people who
built and maintained them. The Ifugao Archaeological Project has shown that the terraces’
recent origins do not diminish their value; rather, they highlight the Ifugao’s remarkable
adaptability and the terraces’ ongoing significance as cultural and ecological marvels.

As global discussions on climate action and cultural conservation continue, the insights
gleaned from the Ifugao terraces serve as a valuable resource. The Ifugao’s historical
experiences, coupled with archaeological data, provide a model for understanding how
societies can navigate environmental challenges while maintaining their cultural integrity.

The narrative of the Ifugao rice terraces is being rewritten. It is a narrative that respects
the intersection of archaeology and oral history, acknowledges the complex interplay
between the Ifugao and their environment, and recognizes the terraces as a symbol of
cultural resilience. This narrative shift has profound implications for heritage conservation,
climate action, and our understanding of humanity’s relationship with the land. As we
move forward, it is essential to continue valuing and incorporating the voices of the Ifugao
community, ensuring that their history is told with accuracy and respect, and that their
wisdom is heeded in the face of contemporary challenges.

5. Conclusions: Changing the Narrative, Empowering Descendant Communities

The Ifugao Archaeological Project demonstrates a successful integration of community
perspectives with archaeological data, a practice that has been pivotal in reshaping the
narrative of the Ifugao Rice Terraces. By engaging local narratives and participation, this
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project has moved beyond the confines of traditional, colonial methodologies that often
perpetuate a romanticized and static view of Indigenous communities. Instead, it has
revealed the terraces as living emblems of the Ifugao’s resistance and adaptability through
centuries of sociocultural transformations. An example of this knowledge co-production is
highlighted by this video link: The Old Kiyyangan Village Story.

This project has catalyzed a re-evaluation of the terraces’ history, aligning archaeo-
logical findings with the oral histories of the Ifugao. This has disrupted the academic and
popular portrayal of the terraces as ancient and untouched by historical events, instead
highlighting the Ifugao’s active role in their evolution. The Ifugao’s own generational
timekeeping and narratives offer an invaluable insight into the cultural significance of
the terraces, detailing a history of dynamism, community cohesion, and resilience against
colonial pressures [39,40].

Furthermore, the IAP’s collaborative approach has empowered the Ifugao commu-
nity, allowing them to reclaim their narrative and cultural heritage. The development of
the Ifugao Community Heritage Galleries and the Indigenous Peoples Education Center
(Figure 4) exemplifies the tangible benefits of this inclusive practice. These centers not only
serve as repositories of Ifugao material culture but also as educational resources that enable
the development of local history curricula, thereby preserving Indigenous knowledge for
future generations.

Figure 4. The weaving exhibit at the Ifugao Community Heritage Galleries, which now serve as the
Ifugao Indigenous Peoples Education Center.

Such practices exemplify the decolonization of archaeology, defined as the process
of re-evaluating and transforming practices to remove colonial biases and structures. De-
colonization in archaeology prioritizes Indigenous perspectives and knowledge systems,
seeking to correct historical power imbalances in the interpretation and stewardship of
cultural heritage. This approach emphasizes the need for descendant communities to
be actively involved in research processes, ensuring their oral traditions and sovereignty
over their cultural narratives and material past are respected and integrated into the
historical narrative.

The Ifugao experience showcases how the integration of community voices with ar-
chaeological research can lead to a more accurate and respectful understanding of the past.
It demonstrates that the decolonization of archaeology is not only possible but necessary
for the discipline to evolve in a way that is inclusive, equitable, and just. The IAP exem-
plifies the paradigm of community archaeology, where local narratives and participation
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fundamentally reshape the interpretation and conservation of cultural heritage. This inclu-
sive approach has illuminated the Ifugao rice terraces not merely as UNESCO-recognized
aesthetic monuments but as living emblems of resistance against colonial imperialism—a
legacy enduring through centuries of sociocultural transformations.

Community archaeology in Ifugao is not an isolated phenomenon. Around the world,
similar movements have been gaining momentum, recognizing the value of incorporating
local voices into archaeological narratives. In Australia, Indigenous archaeology has
become a vital practice, with Indigenous Australian communities working alongside
archaeologists to protect and interpret their ancestral lands [41–43]. This collaboration has
enabled a deeper understanding of the Indigenous Australian history and culture, which
spans tens of thousands of years.

Moreover, in northern Africa, community archaeology projects have engaged with
local communities to explore pre-colonial history, often overshadowed by the focus on
ancient monuments like the pyramids of Egypt e.g., [44,45]. These projects not only uncover
rich local histories but also empower communities by involving them in the preservation
and interpretation of their heritage.

The significance of community participation in archaeology is multifaceted. It democ-
ratizes the process of historical inquiry, acknowledges the enduring presence of Indigenous
cultures, and ensures that heritage conservation is not just an academic exercise but a
communal endeavor. By combining traditional knowledge with archaeological findings,
communities gain a voice in telling their own stories—a process that validates their history
and identity.

The IAP’s community-based approach also has broader implications for global her-
itage conservation. By demonstrating the tangible benefits of inclusive practices, it sets
a precedent for similar initiatives worldwide. It underscores the importance of local en-
gagement in preserving not only the physical remnants of the past but also the intangible
aspects of culture that give meaning to these relics.

In the Ifugao case, the terraces are more than agricultural feats; they are a testament to a
people’s ingenuity and resilience. The community’s involvement in the IAP has revitalized
interest among the younger generation, inspiring them to delve into their history and
to value the disciplines of anthropology and archaeology. This renewed interest has the
potential to create a cadre of young Ifugao who are not only aware of their cultural heritage
but are also equipped to preserve and promote it.

The integration of community voices with archaeological expertise in Ifugao provides
a model for how heritage sites around the world can be managed and interpreted. It shows
how the past can be a source of pride and identity for contemporary communities and
how archaeology can serve as a bridge between the past and the present. This collabo-
rative model can inspire similar efforts globally, where local communities become active
participants in the conservation and interpretation of their cultural heritage.

Inclusive National Identity

Our approach to the archaeological practice in Ifugao offers a compelling example of
decolonizing methodology that aligns with Indigenous movements in the Philippines. Our
work challenges the traditional colonial narratives that have often defined the history and
significance of sites like the Ifugao Rice Terraces, providing a framework for understanding
these landscapes that is rooted in the community’s own history and knowledge systems.

We emphasize the importance of community engagement in archaeological research.
This involves integrating Indigenous knowledge and oral histories with archaeological
methods to construct a more holistic understanding of the past. By doing so, we not only
question the colonial underpinnings of historical narratives but also elevate the role of the
Ifugao people as custodians of their own history.

The decolonial perspective offered by our work engages with earlier discourses on
Indigenous peoples’ movements in the Philippines by validating their narratives and
recognizing their agency. Instead of treating Indigenous communities as mere subjects of
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research, our approach involves them as active partners, thereby disrupting the power
dynamics that have traditionally characterized archaeological practice.

Furthermore, our work does not shy away from the theoretical or political implications
of decolonization. While it is deeply embedded in the practical aspects of archaeological
work, such as site excavation and material analysis, it also confronts the theoretical frame-
works that have historically marginalized Indigenous perspectives. By advocating for a
participatory approach to archaeology, we implicitly critique the political structures that
have perpetuated colonial attitudes in the discipline.

In terms of engaging with broader movements for Indigenous rights in the Philippines,
our decolonial approach reinforces the political aims of these movements. It recognizes the
sovereignty of Indigenous peoples over their cultural heritage and supports their struggle
for self-determination. The emphasis on community collaboration ensures that the fruits of
archaeological research benefit the Indigenous communities themselves, whether through
education, tourism, or reinforcing land claims.

Our decolonial methodology in archaeological practice is not merely an academic
exercise. It is a form of activism that supports the broader goals of Indigenous peoples’
movements in the Philippines. By engaging with the community and placing their knowl-
edge at the forefront, our work exemplifies how decolonization can be both a practical and
a political act, addressing the call for a more inclusive and just representation of the past.

The Ifugao case has shown that community archaeology, though not perfect and not an
answer to all problems, promises to minimize conflict between heritage stakeholders. The
practice of community archaeology also intensifies conversations between archaeologists
and descendant communities. None of this is to suggest that community archaeology solves
all of the complicated problems and compromises of archaeology and of interactions with
communities with their own local, regional, and national entities. The success of any heritage
management program rests on the engagement of many segments of the community.
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Abstract: While some Inka structures and motifs align with astronomical and horizon markers,
a significant portion of their constructions exhibit different patterns. We examined the potential
correlation between the orientation patterns of the Inka walls and Andean geomorphology, aiming
to uncover the extent to which the physical landscape guided these ancient architectural design
methodologies. Using geospatial technology and specially developed peak detection and recognition
software, we extensively and meticulously analyzed over 40,000 m of surveyed Inka walls and
20,000 mountain peaks across 11 distinct geographical areas. The analysis revealed a significant
correlation between key wall orientations and the parallel peak alignment of the Andean Mountain
Range. This suggests a purposeful encoding of landscape orientations into Inka architecture. These
findings propose a novel perspective on the intricate relationship between Inka culture and the
Andean highlands’ topography. Furthermore, this research introduces a distinctive methodological
approach to exploring the impact of natural landscapes on architectural planning, establishing a
foundation for comparative studies among other ancient civilizations.

Keywords: Inka architecture; geospatial analysis; Andean geomorphology; mountain-peak alignment

1. Introduction

The Andean region, stretching from Colombia to Chile, is an emblematic testament to
the indomitable spirit and adaptability of the Inka civilization. Among South America’s
most distinguished pre-Columbian cultures, the Inkas forged an empire that, in terms
of architectural grandeur and geographical dominance, remains unparalleled. Their con-
structions, originating from the first half of the 13th century during the dawn of the Inka
empire, were born out of a confluence of engineering knowledge, settlement planning, and
a respect for nature [1,2].

The hallmark of Inka architecture is its amazing precision in stone wall masonry. This
precision, coupled with their ability to sculpt structures that seamlessly merged with the
mountainous topography, symbolized their advanced knowledge. Their constructions were
not just functional or ornamental but were also calibrated, often aligned with astronomical
and geographical elements, and showcased their holistic understanding of the cosmos [3,4].

The Inka architectural repertoire was diverse. Temples, shrines, tambos, kanchas,
kallankas, and an extensive road network—the qhapaq ñan—depict a highly organized
society [5]. Each of these structures, despite serving similar utilitarian purposes, exhibited
a distinctive Inka blueprint. In contrast to the repetitive motifs prevalent in European
architectural paradigms, Inka constructions exhibit a variety of layout configurations while
maintaining distinct characteristic elements [6].
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Past research narratives have primarily painted the Inka empire’s expansion as a
military endeavor, emphasizing conquests and territorial annexations [7]. However, a
deeper view of archaeological findings and ethnohistorical accounts reveals a broader
context, one where spirituality, geography, and architecture converge cohesively [8,9].

The Andes highland territory, a geological marvel spanning seven countries from
Venezuela to Chile, offered more than just a backdrop to the Inka civilization. This mountain
range, with its sedimentary, igneous, and metamorphic rocks, is a window into Earth’s
diverse geological history [10]. The Andes’ fractal nature, a result of repetitive structures
within the Earth’s crust, offers a fascinating perspective on the potential inspirations behind
Inka architectural designs [11,12]. This fractal characteristic, observable in the spatial
organization of mountain peak location as well as in coastlines and valleys, underscores the
recurrent patterns inherent in natural formations. Intriguingly, fractal designs and repetitive
patterns were also widely utilized and depicted across various ancient civilizations.

The historical evidence suggests a deliberate intent by ancient cultures around the world
to mirror the recurring natural fractal motifs in their architectural endeavors, embedding them
into their architecture and meticulous urban layouts [13,14]. Moreover, numerous studies
have explored the intricate relationship between geomorphology, astronomical orientation,
and settlement planning, recognizing the relevance of natural landforms in the development
and structure of urban spaces by ancient and modern cultures [4,15–17].

The Inkas perceived mountains not just as geological formations, but as living entities.
They believed in animism, in which natural objects possessed souls [18]. This reverence
was likely complemented by their advanced understanding of the physical properties of
these mountains, given their extensive mining expeditions [19,20]. Their sanctification of
the peaks of the Andean Mountains, especially the highest ones, was multifaceted. The
snow-capped summits, melting into rivers and glaciers, were life-sustaining. Spiritually,
these mountain peaks were home to the Apus, revered mountain deities believed to control
elemental forces [21,22].

This study explores the relationship between highland morphology and Inka wall
patterns, aiming to ascertain the extent to which the geomorphological orientations of
the Andes shaped Inka architecture. With an emphasis on the azimuthal directions, this
exploratory study sought to unearth the possible relationships between the orientations
of the straight walls and terraces constructed by the Inka and the patterns of mountain
peak alignments [23]. Our results suggest a complex relationship between the Inka civiliza-
tion and its geographical setting, contributing to a more detailed comprehension of their
architectural methodologies, cultural beliefs, and legacy.

2. Materials and Methods

2.1. Inka Site Selection

Inka sites spanning the diverse regions of the Inka empire, known as Tawantinsuyu,
were carefully chosen under a well-defined set of selection criteria. The following list of
selection criteria was used to choose the sites:

• Geographic Distribution across Tawantinsuyu: We sought to include sites from across
the vast expanse of the Inka empire, spread over various South American countries.

• Reported Site Function: Sites were chosen to represent all types of Inka
constructions—religious, residential, administrative, and agricultural. This diver-
sity allows for a multifaceted view of Inka society and its various functional spaces.

• Evidence from Prior Archaeological Studies: We selected sites with confirmed Inka
origins, based on previous archaeological research. This criterion lends historical
accuracy and validation to the selected Inka architecture.

• State of Preservation: The preservation state of each site was considered, preferring
sites with well-preserved features as they provide more reliable data and insights into
original Inka architecture.

• Availability of Photogrammetric Survey Data or High-Quality Orthorectified Satellite
Imagery: The presence of detailed survey data or clear satellite images is crucial
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for accurate remote assessments of the sites and a detailed analysis of their walls.
Good orthorectification ensures correctly aligned images representing the true surface
geometry, which is necessary for correct measurements and analyses.

• Absence of Obstructive Vegetation: Sites with less vegetation cover offer unobstructed
views, which are crucial for the architectural study.

In Cusco, Peru, known for its intricate and well-preserved Inka architecture, we limited
our selection to four key sites to ensure that our study focused on the most representative
and information-rich locations.

Additionally, we sought sites showcasing Inka architecture within diverse geological
and altitudinal contexts, thus providing a deeper understanding of how they adapted their
building techniques to different environments. After this selection process, we finalized a
list of 20 Inka sites (Figure 1 and Table S1).

Hence, we aimed for an arbitrary, yet structured, selection representing a broader
sample of all possible Inka archaeological sites to create a small representative database for
the orientations and lengths of the walls and straight terraces.

2.2. Inka Architecture Analysis

The length of walls and azimuths (angular deviation, 1–180◦) were studied and calculated
using the Geographic Information System platform (ArcGIS Pro 3.0.3). The architecture of each
site, specifically the walls and straight terraces, was analyzed using satellite imagery (Google
Satellite, [GS]) and georeferenced orthomosaics obtained by performing photogrammetry
with Agisoft Metashape Professional 1.6.1 (Agisoft LLC). Aerial photographs for generating
orthomosaics were captured using DJI Mavic 2 Pro drones with a Hasselblad Sensor 1” CMOS
20 MP camera during survey campaigns conducted by the Código Andino Foundation (CA).
Drone flights were planned and executed using Map Pilot from www.mapsmadeeasy.com/
map_pilot (accessed on 2 February 2023), ensuring an 80% overlap of images both along and
across flight tracks. Only nadir images were acquired with constant low speed flights of 2 m/s
and constant altitude of 60 m or more from the ground. Photogrammetric reports with all
parameters used for each site surveyed by CA are freely available at www.codigoandino.org
(accessed on 21 March 2023) and upon request. Other orthomosaics were downloaded through
Open Heritage 3D (openheritage3d.org, accessed on 3 April 2023) or provided by the National
Museum of Natural History of Chile (MNHN, with permission from Francisco Garrido). The
references were appropriate in each case.

2.3. Mountain-Peak Detection and Filtering

Our in-house software, Peak Mapper 3.0, extracts mountain-peak data objectively
from Digital Elevation Models (DEMs). It computes the isolated heights of peaks based on
their prominence and dominance, ranging from those with low-elevation peaks in areas
of gentle relief to the most prominent ones in rugged terrain. Peak Mapper conducts an
automated geomorphometric analysis of the landscape to systematically extract terrain
features, culminating in the precise identification of peak locations within a specified
territory (Figure S1). The objectivity of this method substantiates any visual interpretations
of further peak alignments, offering a reliable means of validation.

The DEMs used for the systematic search of peaks were the Global Multiresolution
Terrain Elevation Data 2010 (GMTED2010), a global elevation model with a spatial reso-
lution of 7.5 arc second (around 250 m) freely available from the earthexplorer.usgs.gov
website (accessed on 7 November 2020). From these DEMs, 11 geographical zones of
approximately 185,000 km2 each were selected and analyzed in the Cassini map projection
for our cartometric needs. Using relatively high-resolution DEMs for the large area of the
entire Inka territory, an optimized algorithm was developed based on a combination of
Python and PostGIS procedures as part of Peak Mapper. A complete dataset of all identified
peaks across various filtering levels is available at the Código Andino Foundation GitHub
repository [24].
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Figure 1. Map of selected sites. Map of the Andes Mountain Range in South America, indicating
the extent of Tawantinsuyu in yellow. Red circles indicate the location of the selected Inka sites.
1. Ingapirca; 2. Aypate; 3. Pariachuco; 4. Incahuasi; 5. Tambo Colorado; 6. Choquequirao;
7. Machu Picchu; 8. Ollantaytambo; 9. Tipón; 10. Raqchi; 11. Incallajta; 12. Samaipata; 13. Caspana;
14. Licancabur; 15. Shincal; 16. Punta Brava; 17. P. Incaico de la Puerta; 18. Viña del Cerro;
19. Huaca de Chena; 20. Cerro Grande de la Compañía. Blue circle indicates the location of the
selected unexplored site for verification: V1. Volcán Maipo.
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2.4. Mountain-Peak Alignments

We developed a mountain-peak-alignment score as a metric to quantify the degree
of spatial alignment among multiple mountain peaks within a specified geographic area.
It is calculated by an algorithm that evaluates both the azimuthal orientation within a
specified search bin and the location and elevation of each peak. For this study, the
algorithm spatially analyzed azimuths ranging from 1◦ to 180◦, in steps of one degree,
which segmented the analysis area into multiple parallel bins, with this study utilizing 5
km wide bins.

An alignment score is conferred to each bin, contingent on the peak count within
it and the assigned elevation weights of those peaks. A bin receives an alignment score
only if it contains two or more peaks; bins with fewer than two peaks are assigned a score
of zero. Subsequently, the scores of all parallel bins are summed to calculate the final
peak-alignment score for the entire area at each specified azimuth. This comprehensive
process yields a table of peak-alignment scores ranging from 1◦ to 180◦.

The elevation of each peak is factored into the score; peaks with higher elevations are
given a greater weight, thereby exerting more influence on the score. The weight assigned
to peaks increases with elevation as follows: peaks below 3500 m above sea level (masl)
have a weight of zero; 3500–4000 masl, a weight of 1; 4000–4500 masl, 2; 4500–5000 masl, 3;
5000–5500 masl, 4; 5500–6000 masl, 5; 6000–6500 masl, 6; and peaks above 6500 masl have
the greatest weight of 7. The peak-alignment score of a bin increases with the presence of
more peaks, especially those at higher elevations. The processing for all geographical zones
was performed with a Mercator map projection. The mountain-peak alignment module
and code is available at the Código Andino Foundation GitHub repository [24].

2.5. Statistical Analysis

For the statistical analysis, the data procured through GIS and the alignment scores
of peaks were analyzed using SigmaPlot 10.0 (Grafiti, Palo Alto, CA, USA). We employed
histogram and column plots to depict the frequency or lengths of walls across various
azimuth degrees. Regarding the peaks, we created plots that graphically represent peak-
alignment scores as a function of an azimuth. Additionally, we performed correlation
analyses to examine the relationship between the peak-alignment scores and azimuth
orientations of walls and terraces.

3. Results

3.1. Inka Site Selection and Wall-Orientation Analysis

To explore the potential relationship between Inka architecture and Andean geomor-
phology, we first selected various Inka sites spread across the expanse of the Tawantinsuyu
(Figure 1) based on a defined set of criteria (detailed in Section 2).

A brief overview of the twenty selected Inka sites, including hallmark characteristics
and distinctive features inherent to the Inka architecture, is provided in Appendix A.
According to archaeological and anthropological studies [25–42], all twenty sites present
evidence of Inka origin or occupation.

Geospatial tools and software were employed to analyze and map the straight walls
and terraces within the architectural layout of the sites. This step determines the approxi-
mate length of each wall and terrace, as well as its angular orientation (Eazimuth). Table S1
provides a list of the sites with their names, coordinates, elevation, site type, and the image
source used for the layout analysis. Site V1 was selected for validation as an uncategorized,
possible Inka site.

The floor plans of each Inka site were generated based on the surveyed layouts of their
walls (Figure 2). Additionally, an azimuth frequency histogram (Figure 3) and wall-length
bar graphs (Figure 4) were generated for each site. A color palette was designated for
intervals of 10◦, ranging from 1◦ to 90◦. This color palette was then replicated for the range
of 91◦ to 180◦ to enhance the visualization of azimuth pairs with a 90◦ difference. For
each site, the two to three most predominant and preferred azimuths were highlighted
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(Figure 3 and Table 1). In many instances, pairs of azimuths, approximately 90◦ apart,
dominated the tendencies at each site, as expected from the rectangular layout of most Inka
buildings. Regarding wall length, over half of the sites display a distinct azimuth based on
the orientation of their longest wall (Figure 4). Numerous sites feature walls that extend
beyond 100 m in length, and the longest wall is usually not part of a building enclosure.

Table 1. Analysis of Inka wall lengths and preferential site azimuths. V1, uncategorized site for
validation.

Site # Name Number of
Walls

Min. Length
(m)

Max. Length
(m)

Sum of
Lengths (m)

Pref.
Azimuth (◦)

Longest Wall
Azimuth (◦)

1 Ingapirca 110 2.8 90.4 1486 12; 102; 112 144
2 Aypate 95 1.5 115 1285 59; 144 144
3 Pariachuco 32 3.3 58 468 69; 158 157
4 Incahuasi 523 1.4 116 8386 69; 157; 166 156
5 Tambo Colorado 140 2.8 139 2230 75; 166 135
6 Choquequirao 147 2.4 109.6 2281 20; 108 29
7 Machu Pichu 592 1.7 71 3871 65; 157 19
8 Ollantaytambo 132 3.1 335 4691 19; 135 135
9 Tipón 210 1.9 89.6 3644 41; 135;166 134
10 Raqchi 346 1.2 162 4528 20;111 173
11 Incallajta 136 1.5 150 2470 112; 128 125
12 Samaipata 193 1 73 1494 3; 93 93
13 Caspana 15 2.7 58 202 14; 105 14
14 Licancabur 46 2 39 374 132; 149 54
15 Shinkal 35 4.8 202 1368 3; 93 3
16 Punta Brava 49 1.4 16 219 14; 144 144
17 P. Incaico de la P. 39 2.6 34 408 3; 103 104
18 Viña del Cerro 54 1.4 58 562 60; 145 157
19 Huaca de Chena 26 1.7 60 251 8; 85 173
20 La Compañía 38 1.3 69 450 20; 112 21
V1 Volcán Maipo 48 2.7 58 471 122; 166 134

We aggregated data from all twenty sites, documenting both the wall lengths and their
corresponding azimuths. This comprehensive database was then prepared for an in-depth
analysis, ensuring a structured approach to understanding the patterns and insights from
these measurements.

3.2. Inka Wall Database Analysis

A summary is presented in Table 1 with the parameters of the analyzed walls and
terraces in each site, along with the preferred azimuths (two–three most frequent) of the
site and the azimuth of the wall or terrace with the greatest length in the entire site. Certain
preferred azimuths were repeated across different sites. A total of 40,671 m of walls and
terraces was analyzed. Subsequently, a generalized analysis incorporated all the azimuth
data obtained from the walls into a count histogram (Figure 5A), revealing a non-uniform
distribution with clear count spikes regardless of site localization. To clearly visualize
the data of the main and most prominent architectural features, we reselected walls and
terraces greater than 5 m (Figure 5B) and greater than 40 m (Figure 5C) in length. Finally,
the wall lengths were summed for each azimuth degree, and a bar graph was plotted to
display the sum of the wall lengths versus azimuth (Figure 5D).

Across all the evaluated sites, the most frequent wall azimuth (±1◦) was 20◦, with
subsequent spikes observed at 111◦, 166◦, 68◦, 157◦, and 135◦ (Figure 5A). When examining
the most extended wall at each site, the most commonly identified azimuth (±1◦) was 135◦,
which was repeated in four sites. In addition, 144◦ and 157◦ were present at three sites
(Table 1). The longest terrace was found in Ollantaytambo with a length of 335 m and azimuth
at 135◦, followed by walls in Shincal and Raqchi, with lengths of 202 and 162 m and azimuths
at 94◦ and 174◦, respectively. Regardless of the site’s location, walls exceeding a length of 100
m exhibit azimuths at 3◦, 20◦, 29◦, 78◦, 125◦, 135◦, 144◦, 156◦, and 174◦ (Figure 5B,C).
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Figure 2. Planimetric survey of Inka sites. Maps of selected Inka sites with straight walls and terraces
marked in red. High-definition maps are provided in the Supplementary Materials.

48



Land 2024, 13, 463

Figure 3. Frequency analysis of Inka wall orientation. Histograms from wall azimuths calculated for
each Inka site. Numbers in degrees denote preferential azimuths. A color palette was designated for
intervals of 10◦, ranging from 0◦ to 90◦, and replicated for 90◦ to 180◦.
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Figure 4. Distribution of Inka wall lengths. Bar graphs show the distribution of wall lengths by
azimuths obtained for each Inka site. The azimuth of the longest wall is indicated with numbers in
degrees. A color palette was designated for intervals of 10◦, ranging from 0◦ to 90◦, and replicated
for 90◦ to 180◦.
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Figure 5. Integrated analysis of all Inka walls for all twenty sites. (A) Histograms of wall count vs.
azimuths. (B,C) Bar graphs show the distribution of wall lengths above 5 m (B) and 40 m (C). (D) Bar
graphs of the sum of all wall lengths grouped by azimuth from all twenty sites. A color palette was
designated for intervals of 10◦, ranging from 0◦ to 90◦, and replicated for 90◦ to 180◦.

Analyzing the cumulative lengths of all walls, the greatest summed length was ori-
ented at the 135◦, followed, in descending order, by azimuths at 20◦, 111◦, 68◦, 156◦, 78◦,
and 166◦ (Figure 5D). Undoubtedly, many of these preferred azimuths are differentiated by
roughly 90◦, reflecting the most frequent angle found between the rectangular enclosures
of Inka buildings, e.g., 20–111◦, 29–125◦, 68–157◦, and 78–166◦.

3.3. Geomorphological Analysis of Andes Mountain Range

The orientation patterns of Inka walls in relation to the surrounding Andes topography
could offer compelling insights. To unveil these intricate relationships, we employed
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modern computational methods, specifically leveraging an algorithmic approach to dissect
the geomorphological complexities of the Andes.

Utilizing our proprietary algorithm and software, Peak Mapper (Figure S1), we com-
prehensively mapped and selected mountain peaks across the Andes Mountain Range from
Colombia to central Chile (Figures 6 and S2). The detection of prominent (topographical,
visual, and even social attributes of mountain peaks according to their neighborhood) and
dominant (their independence according to their neighborhood) mountain peaks and anal-
ysis of their azimuthal alignment were executed through a specially designed algorithm
rooted in the DEM.

The detection algorithm identifies peaks based on both geomorphological and topo-
graphic parameters [43]. These peaks are characterized by slopes identified through grid
analyses, such as differences from mean values in a circular kernel of various sizes, apply-
ing a certain threshold to select peaks in non-flat areas. We ensured a minimum distance
between identified peaks, which in our analysis, ranged from 10 to 35 km. Furthermore,
the relative elevation of a peak was defined as the vertical distance between the peak itself
and its nearest saddle point, with a benchmark of 250 m in our study.

Adopting a multi-scale approach, we analyzed the data using three distinct spatial
resolutions of the DEM: 500, 1000, and 2000 m. At a 500 m resolution, the initial calculation
of local peaks yielded 1,393,498 peaks, serving as the positional reference for the peaks
across all resolutions. The calculation of peak selection was segmented into three sub-
algorithms (steps 1, 2, and 3; Figure S1): the first emphasizes geomorphologic parameters,
the second introduces the criteria of inter-peak distance, and the third adds topographic
vertical distance criteria. For each resolution, the peaks were calculated considering only
the third criterion, the first and third criteria, or all three criteria, resulting in nine different
sets of peaks.

After this, the nine sets of peaks underwent rasterization at a 250 m resolution. They
were given equal weights, creating a grid with values ranging from 1 to 9 based on the
peak frequency. The peaks were also weighted according to their absolute elevation and
categorized into four segments ranging from 0 to 6880 m. This signifies that the peaks with
higher elevation carried a larger weight compared to their lower counterparts, resulting
in final filtering values spanning between 1 and 13. For this study, we used peak datasets
filtered at peak levels 5 and 8 (F5 and F8), plus the raw dataset without filtering (F1). The
total number of peaks was 44,669 for level 1 (F1) and 18 for level 13 (F13), which delineates
their prominence and dominance, such that the peaks of level 1 are only prominent, and
the peaks of level 13 are also remarkably dominant over the others (Figure S2).

To study the Andes’ geomorphology and determine the parallel orientations of moun-
tain peak alignments in different geographical regions, 11 areas of analysis, of approx-
imately 185,000 km2 each, were selected, covering more than 85% of the Inka Empire
territory, which is approx. 2,500,000 km2 (Figure 6).

A total of 20,794 (F1), 6494 (F5), and 1524 (F8) mountain peaks were included in these
areas of analysis (Figure 6 and Table 2). Then, for each of these areas, mountain peaks were
analyzed with our own peak-alignment algorithm to determine an alignment score for
each azimuth degree and estimate the pattern orientation of the geomorphology (Figure 7).
We implemented an alignment algorithm beginning with the calculation of a “circular
bounding box”, a technique adapted from Ritter [44], to encompass all relevant data points
within a defined two-dimensional space. This bounding circle set the stage for further
segmentation along the x-axis, in which, we divided the space into “bins” or sectors, aiding
in the systematic categorization of the spatial data.
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Figure 6. Map of detected mountain peaks and geographical zones of study. (A) Detected peaks are
shown in blue, green, and red dots representing filtering values of levels F1, F5, and F8, respectively.
The inset displays an area approximate to area #5 Cusco shown in B. (B) Areas of analysis are
indicated by squares and numbered from 1 to 11. The total number of peaks per zone filtered at F5 is
indicated in blue. Each area includes a smaller sub-area of study. (C) Detected mountain peaks on
same area shown on inset in A at different peak filtering levels from F1–F12. Graticule numbers are
in km. Peak Level 13 is not shown because, in this selected area, only one peak is left. Peak levels
(1–3) are categorized as local, merely prominent; (4–10) as regional, dominant and prominent; and
(11–13) global, remarkably dominant over the others. The positional resolution of these peaks is set at
250 m, consistent with that of the GMTED DEM, in the Cassini map projection.
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Table 2. Geographical areas and sub-areas of analysis and number of peaks detected. Coordinates
are in Mercator projection in meters.

Area # Name Upper
Right x

Upper
Right y

Lower
Left y

Lower
Left y

Min–Max
Elev.

# Peaks
(F1)

# Peaks
(F5)

# Peaks
(F8)

Highest
Align.
Azimuth

1 Quito −8403033 286740 −8833084 −129744 743–5862 1552 374 81 33◦
s1 Quito −8534724 134229 −8646157 26254 869–4176 179 47 9 46◦
2 Cuenca −8545303 −153031 −8975354 −569524 720–6239 1716 398 77 13◦
s2 Cuenca −8745950 −245057 −8857382 −353032 981–4471 184 54 10 96◦
3 Cajamarca −8352630 −622010 −8782681 −1038541 754–6525 2562 692 133 157◦
s3 Cajamarca −8395975 −897819 −8507408 −1005794 816–2499 147 22 1 158◦
4 Huancayo −8124806 −1057264 −8554857 −1473856 757–5803 2470 722 124 142◦
s4 Huancayo −8256265 −1250819 −8367698 −1358794 943–5448 299 105 21 134◦
5 Cusco −7757108 −1403640 −8187159 −1820305 792–6407 2297 731 173 105◦
s5 Cusco −7827370 −1489011 −7938803 −1596986 998–6275 195 89 17 121◦
6 Titicaca −7282930 −1542982 −7712981 −1959688 794–6325 1895 522 93 134◦
s6 Titicaca −7537615 −1750833 −7649047 −1858808 1237–6275 235 97 24 136◦
7 Uyuni −7319541 −1962979 −7749592 −2379788 1035–6524 1397 475 127 166◦
s7 Uyuni −7634115 −2014900 −7745548 −2122875 3274–6524 125 61 19 29◦
8 Atacama −6983905 −2384989 −7413956 −2801892 1121–6184 1504 643 218 165◦
s8 Atacama −7525474 −2421368 −7636906 −2529343 3201–6082 142 100 36 136◦
9 Copiapo −7403977 −2898592 −7834028 −3315652 894–6870 1924 764 222 31◦
s9 Copiapo −7430858 −2952249 −7542290 −3060224 3244–5964 113 48 14 14◦
10 Los Andes −7504407 −3496853 −7934458 −3914109 676–6880 1978 735 168 174◦
s10 Los Andes −7759889 −3649963 −7871321 −3757938 1771–6635 260 114 35 165◦
11 Rancagua −7542634 −3933173 −7972685 −4350576 613–6049 1499 438 108 19◦
s11 Rancagua −7754822 −4022352 −7866255 −4130327 1001–5228 258 94 28 14◦

Figure 7. Illustration of peak-alignment score calculation. From left to right: selection of area of analy-
sis with detected peaks (green dots); selection of bin width, usually between 1 and 10 km; calculation
of alignment score for each bin by adding the number of peaks within the bin, while each peak value
is weighted by elevation with a factor of 0, 1, 2, 3, 4, 5, 6, and 7 for peaks with elevation of <3500,
3500–4000, 4000–4500, 4500–5000, 5000–5500, 5500–6000, 6000–6500, and >6500 masl, respectively;
repeat for each degree from 1◦ to 180◦ and plot the alignment score for each degree and find the
maximum score for the area.

Upon establishing a bin width, we utilized a specific template to identify and quantify
intersections between our sample peak data and the individual bins. A weight value
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for peak elevation was also included in the quantification. This intersection analysis
was pivotal, allowing for a detailed enumeration of the samples within each sector, and
preparing the data for the next phase of analysis. A score for peak alignment at each specific
azimuth degree was produced and noted (Figure 7).

We then engaged in a rotational analysis, methodically turning the circular bounding
box from its central axis and hence, reorienting the bins for the next peak-alignment score
quantification. By maintaining consistent rotation increments of one degree, we could
scrutinize the data from various iterative alignment scores from 1◦ to 180◦ (Figure 7). This
methodical combination of spatial segmentation and rotational analysis allowed for an
in-depth, yet efficient, exploration of parallel orientations of peak alignments over the area
of analysis.

To find a good set of parameters and sharp tendencies for the peak-alignment scores,
we first tested different values for peak filtering (F1, F5, and F8) and bin width (1, 5, and
10 km) in area #1 (Quito) (Figure S3). A bin width of 5 km and F5 reasonably distributed
the peak-alignment score. Therefore, we used this set of parameters to completely analyze
all selected areas (Figure 8). Each graph was fitted to a Gaussian or Lorentzian curve to
find the maximum peak-alignment value of the area (Figure 8 and Table 2).

We further refined the scope of the investigation by designating smaller sub-areas,
each encompassing roughly 12,000 km2, within the broader regions under analysis. This
step was undertaken to meticulously evaluate the peak-alignment values in different sub-
areas (Figures S4–S6). We strategically selected these sub-areas based on their distinctive
geomorphological characteristics, which are representative of their larger regions. The
primary aim was to elucidate the variability in peak-alignment scores across different
landscapes and to test the robustness of our analytical methods on multiple scales.

Intriguingly, our findings revealed considerable heterogeneity in the alignment pat-
terns among these sub-regions. For instance, both area and sub-area #6 (Titicaca) exhibited
a pronounced propensity for a singular preferential peak-alignment azimuth at 135◦ (±1◦),
which corresponds with the most commonly identified azimuth in the longest walls and
terraces in Inka architecture (Table 1). Conversely, sub-area #3 (Cajamarca) presented
several azimuths, in which, the peak-alignment scores revealed consistent spikes, recurring
at intervals of approximately 10–13◦ (Figure S7).

3.4. Correlation Analysis between Inka Wall Orientations and Mountain-Peak Alignments

Considering the count frequency, preferential orientations, and longest wall azimuth,
the most representative azimuths found in Inka architecture (±1◦) were 4◦, 14◦, 20◦, 29◦,
41◦, 68◦, 78◦, 93◦, 111◦, 122◦, 135◦, 144◦, 156◦, 166◦, and 174◦ (Figure 5). On the other
hand, the prominent geomorphological axes in the Andes obtained from the regional
peak-alignment score on different geographical areas (±1◦) were 14◦, 20◦, 31◦, 105◦, 134◦,
142◦, 157◦, 166◦, and 174◦ (Figure 8). In addition to these peak-alignment orientations from
large areas, the sub-areas displayed additional azimuths at 4◦, 46◦, 95◦, 112◦, and 121◦
(Figure S6).

Representing these geomorphological orientations on a radial graph showcased an
interesting pattern; they appeared to be separated by intervals of approximately 10◦ to 13◦
(Figure 9A). Remarkably, when the corresponding geomorphological axes were rotated by
90◦, most offset orientations coincided with the azimuth found on Inka walls. This observa-
tion suggests that the most preferred Inka wall azimuth covers 180◦ in approximately 10◦ to
13◦ intervals, reflecting the geomorphological orientations of the Andes peak alignments.
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Figure 8. Regional mountain-peak-alignment score distribution. The black line displays a Gaussian
or Lorentzian regression of four variables with the highest alignment score marked with its corre-
sponding regional peak alignment azimuth in colored numbers. All areas were analyzed at a bin
width of 5000 m and peak level of F5. A color palette was designated for intervals of 10◦, ranging
from 0◦ to 90◦, and replicated for 90◦ to 180◦.
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Figure 9. Radial distribution of preferred Inka wall and regional peak-alignment azimuths.
(A) Representation of all prominent geomorphological peak alignments and preferred Inka wall
azimuths (±1◦) on a polar graph. Colors were designated for each azimuth within a 10◦ range
from 0◦ to 90◦, and replicated for 90◦ to 180◦. Colored numbers show the specific azimuth for each
preferred Inka wall and/or regional peak-alignment orientation. Grey half of the chart highlights the
0◦ to 180◦ range. (B) Correlation analysis between regional peak alignments and preferred Inka wall
azimuth. Correlation coefficient (R); 95% confidence band (red).

The results obtained from both analyses were statistically compared using a correlation
analysis (Figure 9B), revealing a correspondence between the azimuth of Inka walls and
peak-alignment scores in the Andes Mountain Range. The achieved correlation coefficient
was 0.98.

In summary, thirteen orientations were found for preferred peak alignments in the
Andes Mountain Range. These orientations were also found in Inka wall azimuths (±1◦).
Thus, these results strongly support the notion that the Inkas integrated the orientations of
Andean geomorphology into their architectural designs.

3.5. Employing Azimuth Analysis to Determine Potential Inka Heritage

Our research findings provide the foundation for a non-invasive method to infer the
potential Inka origin of unexplored archaeological structures based on the predominant
azimuth of straight walls. To test this predictive method, we analyzed the wall layout of a
recently uncovered archaeological site (V1) situated on the foothills of the Maipo Volcano,
near the border between Chile and Argentina (Figures 1 and 10). This significant site,
nestled at an elevation of roughly 3500 masl within the Laguna Diamante National Reserve,
lies within the Caldera Diamante—a prominent geomorphological feature of the Andes
Mountain Range. First discovered in 2021 by Andrés Pérez, this site has been the subject of
archaeological investigations since 2022.

Our wall azimuth analysis revealed that the dominant direction at this site is 165◦,
followed by azimuths of 122◦ and 76◦. The longest feature is oriented at 134◦, with
subsequent orientations noted at 165◦ and 122◦ (Figure 10 and Table 1). Given that the wall
orientations at this site coincide with several primary azimuths identified in our Inka wall
analysis, there is compelling evidence to suggest that these structures are of Inka origin.
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Moreover, its strategic placement suggests it served as a significant Inka shrine venerating
the Maipo Volcano.

Figure 10. Wall azimuth analysis of possible Inka shrine at Maipo Volcano. (A) a map of the Volcán
Maipo archaeological site and its analyzed walls in red. (B) count histogram for wall azimuth from A.
(C) distribution of wall lengths with respect to their azimuth from A.

4. Discussion

Our investigation into the potential interplay between Inka architecture and the geo-
morphological patterns found in the Andean highlands has uncovered a promising avenue
for expanding our comprehension of ancient building philosophies. Although the results
of our exploratory data analysis are preliminary and await confirmation through cross-
validation with an independent dataset, they indicate a discernible systematic relationship
between the geomorphological context and the building patterns of the Inka. By delineat-
ing this relationship, we introduced a conceptual model that establishes a foundation for
further inquiry, inviting rigorous examination and empirical validation in future studies.

Rock structures, from the tiniest grains to vast landscapes, showcase complex ge-
ometric patterns and, in some scenarios, specific crystal arrangements. These patterns
can span from the microscale observable under a microscope, to a macroscale of entire
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mountain ranges. Repetitive features like rock layers, fractures, and mineral lineations
visually represent some of these fractal patterns [45]. The information hidden within these
geometric shapes provides valuable insight into the Earth’s past and the processes that
have shaped it. In fact, the anisotropic patterns we observe on a large scale, such as the
parallel orientation of peak alignment, might also be mirrored on a much smaller scale [45].
This suggests that the examination of rock structures during mining could unveil repetitive
lineation patterns consistent with those found in broader geomorphology.

The Inkas’ rich history of mining suggest an intimate knowledge of the land’s geologi-
cal features, such as fault lines, mineral lineations, and mountain range orientations [19,20].
Building on the premise that the Inkas identified repetitive patterns in the natural fractures
and mineral lineations of rocky landscapes, we hypothesize that they could correlate this
knowledge with the shape and positioning of the surrounding geography. These insights
would have not only streamlined their rock extraction processes but also informed their
building practices. Within this context, rocks became more than simple construction mate-
rials for the Inkas. They represented a sacred connection, a bridge between their cosmology
and the tangible, intrinsic world order around them.

The unique nature of our study is highlighted not only by its perspective on Inka
architecture but also by its novel methodological approach. We have investigated the
parallel orientation of peak alignments in the Andes, presenting a new avenue for analyzing
the inherent fractality of continental rock in mountainous regions. While this methodology
was developed within the context of this Inka research, it holds significant potential for
exploring other mountain-dwelling cultures around the world. Additionally, our findings
suggest that the positioning of the Andes mountain peaks does not occur randomly across
the geographical area. Instead, they follow fractal patterns of repetitive parallel orientations
that deviate by roughly 10 to 13 degrees. This insight provides a clue about the potential
internal lattice of crystal arrangements within the continental crust from which the Andes
highlands emerged.

Moreover, by analyzing wall azimuths on architectural layouts, we can employ this
non-invasive approach to determine the possible origins of yet-unidentified archaeological
structures. We have applied this azimuth analysis at an important uncovered archaeolog-
ical site near Maipo Volcano to identify its possible Inka origin (Figure 10). It also offers
an avenue to unearth potential Inka influences or origins in previously overlooked or
misattributed building and urban layouts. Besides wall azimuths, this predictive method
can be improved by considering the relative location of sites according to nearby mountain
peaks and local geomorphological orientations. This predictive capability could be invalu-
able for future archaeological expeditions, guiding researchers to areas of high potential
significance and saving invaluable time and resources in the process.

In discussing the locational attributes and construction orientations of Inka archae-
ological sites, considering the topographical characteristics influencing ancient building
practices is paramount. Our research indicated that 60% of the evaluated Inka sites are
situated in relatively flat terrains. This prevalence suggests that the azimuth orientations
identified within these sites are less likely to be a mere consequence of constructing the
walls perpendicular to the prevailing mountain slopes. Instead, these findings support the
hypothesis of deliberate planning in the azimuthal orientation of the walls.

However, addressing the remaining sites found in more mountainous areas is also
necessary. For these locations, the local topography, particularly slope inclinations, could
have influenced construction methodologies. It remains plausible that Inka builders cap-
italized on the natural terrain for establishing their structures, laying walls and terraces
that correspond to desired azimuthal orientations. Therefore, while our data suggest a
significant pattern of purposeful design in wall orientations across numerous Inka sites,
we must consider the role of geographical features in shaping these ancient practices.

This study introduces a different and innovative approach, but acknowledging its
limitations is essential. To thoroughly validate the results and resulting hypothesis, detailed
fieldwork is necessary. We must determine that the observed peak alignment orientations
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in certain regions are consistently reflected across different scales and can be identified
within local rock formations. This activity requires collaborative international field research
supported by in-depth geological assessments.

Regarding data collection methods, we must consider the constraints of satellite
imagery and photogrammetric surveys. Factors such as the off-nadir angle and
orthorectification—which adjusts the geometric properties of an image—can occasion-
ally introduce significant errors into azimuth analyses. For instance, we meticulously
chose satellite images in which straight walls were represented accurately, avoiding those
appearing distorted or curved. Even minor inaccuracies can impact the reliability of the
wall azimuths, which in turn can affect our broader analysis. Expanding our wall database
and incorporating more sites could mitigate such errors.

The potential for these discrepancies stresses the need for diverse data collection
methods. To bolster the robustness and accuracy of our predictions, on-site measurements
using cutting-edge geo-positioning tools and advanced technologies are desired. Such
measurements would not only validate results from remote sensing methods but also effec-
tively bridge the gap between the different types and spatial scales of earth observations,
such as satellite imagery, Lidar measurements, and tangible on-site observations.

In advancing this study, broadening the analysis beyond merely straight walls and ter-
races is imperative, as is incorporating a more extensive examination of various structural
elements and their purposes. This might include assessing the azimuth of the main rectan-
gular enclosure diagonals, and separately analyzing structures based on their presumed
functions, such as ceremonial, residential, or administrative.

A particularly intriguing path for exploration is the orientation of Inka ushnus, cer-
emonial platforms typically characterized by rectangular or square shapes, which hold
considerable cultural and religious significance. These structures are often believed to point
towards the directions of the equinoxes or solstices; however, a more detailed analysis may
reveal orientations corresponding to nearby summit hills [46], which could be reflected in
local geomorphological peak-alignment orientations. By incorporating a more sophisti-
cated classification of different Inka structures and examining their orientations, we can
enhance the applicability of the method and also potentially discern the selection criteria
for encoding different landscape orientations.

5. Conclusions

Our analysis of Inka wall orientations has yielded significant findings: the most
prevalent azimuth is 20◦ (±1◦), corresponding with an extensive axis orientation of the
Andes Mountain Range that stretches from central Bolivia to southern Chile and Argentina.
Additionally, we identified 135◦ (±1◦) as the most frequent azimuth for the longest walls
and terraces, corresponding to the predominant peak alignments found in the Titicaca
basin—a region widely recognized as the birthplace of the Inka civilization. A strong corre-
lation, with a coefficient of 0.98, between frequent wall orientations and peak alignments
emphasizes the significant influence of the landscape on Inka architectural design.

This study further advances the understanding of Inka architectural practices, which
traditionally focused on archaeoastronomical and horizon markers found in a subset of
motifs. We propose that the Inka established a guiding principle of orientation derived from
the natural geographical patterns present in the Andes highlands as a fundamental frame-
work for organizing their architectural layouts in diverse settings across the Tawantinsuyu
landscape. This guiding principle, reflected in the orientation of straight walls and terraces,
likely extended to the layout of the Inka’s urban planning and the orientation of central
squares. We have noticed that this guiding principle and its main orientations appears
to be encoded in the architectural layout of the walls at Muyucmarca in Saqsaywaman, an
important sacred site of the Inka in Cusco.

In conclusion, our research has uncovered a statistically significant correlation between
the orientations of Inka walls and the parallel orientations of peak alignments. This
discovery points to a comprehensive framework for Inka architectural planning that extends
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beyond the confines of archaeoastronomical considerations. The link between Inka wall
orientations and Andean geomorphology suggests more than a mere coincidence; it hints at
purposeful encoding of ancient knowledge that identifies a natural order within a seemingly
chaotic landscape. By demonstrating this connection, our study lays the groundwork for
expanded exploration into the worldviews and building principles of the Inka and other
ancient civilizations.
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Appendix A

Site Descriptions (Site #)

Ingapirca (1) is a significant archaeological site in Ecuador that showcases the Inka legacy
in the northern region of the old empire. Built in the 15th century, it served as a ceremonial
and administrative center for the Inkas [28]. The Temple of the Sun, an impressive stone
structure dedicated to the sun god, stands out. Additionally, it features a system of water
channels that reveals the Inkas’ management of water resources. The influence of the earlier
Cashaloma-Cañari culture is also reflected at the site; however, for our analysis, only the
later architectural stages attributed to the Inka culture were taken into consideration.

Aypate (2) is a significant archaeological site in Peru that showcases the Inka legacy in
the northern region of the country. This place served as an important administrative,
religious, and agricultural center during the height of the Inka Empire [41]. Its elaborate
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stone constructions, including agricultural terraces and ceremonial structures, reflect the
advanced architectural and hydraulic knowledge of the Inkas in this region.

Pariachuco (3) is an archaeological site located in the province of Huaylas, which has an
Inka origin and represents the legacy of the Inka culture in the high terrains of the Ancash
region. It was a strategic tambo used as a resting and provisioning point along the Inka
routes near the Pariachuco Mountain [31]. This site exhibits a typical rectangular Inka
architectural pattern in the form of a Kancha, and its location at the foot of a known Apu
(sacred mountain) could reflect a ceremonial use.

Incahuasi (4) (Lunahuaná) is located in the Cañete region of Peru and showcases Inka
architectural legacy, characterized by its monumentality and planning. It served as a
residential and ceremonial complex for Inka rulers, and its engineering reflects the technical
prowess of Inka builders [38]. Its strategic location indicates its role as an administrative
and local control center.

Tambo Colorado (5) is a prominent archaeological site in Peru that stands out as one of
the finest examples of Inka architecture on the southern coast of the ancient empire. It was
built as a tambo, serving as a rest and provisioning point along the Inka routes, in addition
to having an administrative and control function [25]. Its well-preserved adobe structures,
vibrant colors, and distinctive architectural details reflect the mastery of the Inkas.

Choquequirao (6), known as the “Sacred Sister” of Machu Picchu, was built in the 15th
century as a llaqta or urban and ceremonial complex of the Inka culture [34]. Discovered
in the 19th century, with its remote location and meticulously constructed architecture,
Choquequirao has been the subject of various research and conservation projects.

Machu Picchu (7) is an iconic Inka archaeological site built in the mountains of Peru,
representing the grandeur and mystery of Inka culture. Constructed in the 15th century
and rediscovered in the 20th century, this astonishing site reveals the architectural and
engineering sophistication of the Inkas [40].

Ollantaytambo (8) in the Sacred Valley of Urubamba is considered a living Inka city [42].
The Inka architecture in Ollantaytambo is especially notable for its impressive agricultural
terraces. These terraces, known as “andenes,” are stepped structures built on the moun-
tainsides surrounding the site. They were precisely designed to maximize land utilization
and enable agricultural production in a mountainous environment.

Tipón (9), located near Cusco, showcases the engineering prowess of the Inka culture. This
walled settlement spanning 200 hectares served as an estate for Inka nobility and stands out
for its impressive irrigation system and hydraulic technology [35]. The architectural design
in harmony with the natural environment makes Tipón an example of Inka architecture
and hydraulic engineering.

Raqchi (10) (Racchi) is an Inka archaeological site located in the Cusco region of Peru, near
the town of San Pedro. It is renowned for the Temple of Wiracocha, a massive rectangular
structure made of adobe and stone, standing at the center of the site. This temple is ded-
icated to Wiracocha, the creator god in the Inka cosmovision, and is characterized by its
high walls and distinctive architectural style [30]. The site also includes various other struc-
tures like living quarters, storerooms, and agricultural terraces, providing a glimpse into
the daily life and administrative functions during the Inka period. Raqchi’s architectural
design demonstrates the Inka’s advanced engineering and agricultural techniques, and it is
believed to have been a significant ceremonial and administrative center positioned right
in the pass of the main Inka road system.
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Incallajta (11) is a prominent archaeological site in Bolivia known for its impressive Inka
architecture. Located in the Cochabamba department, this urban and ceremonial complex
represents the splendor of Inka culture in the region. The layout and distribution of
buildings and spaces in Inkallajta also reveal the urban and ceremonial planning of the
Inkas [32]. Central plazas, residential areas, religious enclosures, and spaces dedicated to
administration and governance can be observed at Incallajta, along with one of the largest
kallankas in the ancient empire.

Samaipata (12) in Bolivia is an archaeological site that was occupied by the Inka culture.
Located in the Santa Cruz region, it stands out for its impressive carved rock and its
use as a ceremonial and administrative center by the Inkas. The architecture combines
Inka elements with local and other cultural influences, creating a unique fusion [37]. The
structures include terraces, plazas, and a rock-carved platform known as the “Throne.” The
Inka occupation leaves a significant imprint on the site with buildings and enclosures of
classic Inka architecture.

Tambo Caspana (13) is a little-known and studied Inka site near Caspana [27]. It stands out
for its architectural ensembles featuring rectangular layouts and closed enclosures, which
are suggestive of domestic spaces. This site could have a domestic and ceremonial function
as it is located near Tatio Volcano and the great Geysers of Tatio.

Tambo or Licancabur Inka Sanctuary (14) was originally described by Father Le-Paige [26]
and is a poorly studied site located at the foot of the Licancabur Volcano. However, this
site is related to the ascents made by the Inkas to the volcano and is part of a group of
structures that have been studied in the Licancabur area [47].

El Shincal de Quimivil (15), located in Argentina, within the southern region of the Inka
Empire, was an important political, administrative, and religious center. This site stood out
for its regional capital character, with distinctive elements that identified it as such. Its large
plaza, flanked by imposing kallankas, and an iconic central ushnu are testimonies to its
administrative and ceremonial function [36]. In addition to its significant architecture, the
surrounding landscape also played an important role at El Shincal de Quimivil. Natural
elements of the environment, such as hills and mountains, became landmarks and symbolic
representations, similar to what has been identified in the city of Cusco.

Pucará of Punta Brava (16), located near the town of Los Loros in Tierra Amarilla, Chile, is
part of a fascinating archaeological complex that includes pre-Inka mining facilities and
rock paintings. It is estimated that this site corresponds to the Inka dominance period
in Chile [33]. Pucará de Punta Brava is composed of imposing stone walls built in the
pirca style.

The Inka Palace of La Puerta (17), located in the Atacama region of Chile, is an important
archaeological site that was part of a key settlement in the Copiapó River basin. With
primarily Inca architecture, this palace may have served as an administrative center. The
strategic location of the site allowed access to resources, and its economy was diversified,
including livestock and agriculture. Declared a historic monument, the Inka Palace of
La Puerta continues to be the subject of archaeological research to better understand its
function in pre-Hispanic societies.

Viña del Cerro (18) is a metallurgical center that shows the influence of the Inkas on the
Diaguita culture and their mastery of copper extraction and processing techniques [19].
Discovered in 1968, it is the only known dedicated Inka smelting site in the southern
Andes. The complex consists of units with specific functions, including an administrative
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platform, dwellings, and copper smelting furnaces. This site reveals the sophistication and
technological skill of the Inkas and Diaguitas in copper metallurgy.

Huaca of Chena (19), located next to Santiago de Chile, has been the subject of review and
study in relation to the Inka phenomenon. Through archaeological and archaeoastronomical
research, its function and symbolism have been reevaluated. The intramural plaza stands
out as an engineering feat where the summit of the hill was leveled, and a retaining wall
of approximately 50 m in length was constructed. The possibility has been raised that the
construction of Chena had geographic and symbolic aspects [39].

The Pucará del Cerro Grande de La Compañía (20) is an Inka site located in the O’Higgins
region of Chile. It is one of the southernmost constructions of the Inka Empire and has been
the subject of various archaeological and ethnohistorical studies [29,48]. The site stands
out for its strategic location and defensive characteristics, such as panoramic visibility and
the presence of perimeter walls. Remains of dwellings and an intramural plaza have been
identified, suggesting the presence of an active community at the site. Its archaeological
significance has led to its declaration as a historic monument.
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Abstract: The Gubbio Revisited project, initiated to reinterpret the archaeological evidence collected
during the 1980s Gubbio Project, primarily by a conversion from a paper to a digital record, has revealed
significant insights into the evolving settlement patterns and religious expression in the Gubbio valley
in Central Italy. This reanalysis of the survey evidence underscores the rhythms of settlement and ritual
practice from the Neolithic through the Bronze and Iron Ages, into Roman times. Key excavations in the
1980s at Monte Ingino, Monte Ansciano, San Marco Romano, and San Marco Neolitico added details
not only of settlement activity but also of embedded ritual, evidenced by material culture including
pottery, faunal remains, and votive offerings. The foundation myth of indigenous religious practices,
even amidst Roman influence, is documented through the Iguvine Tables alongside the introduction of
new cults, showcasing a blend of local and imperial religiosity, a common feature in the Roman world.
This research enriches the understanding of Gubbio’s historical and cultural landscape, emphasizing the
demographic rhythms of the valley alongside the integral role of ritual in its societal evolution.

Keywords: longue durée; radiocarbon; ritual; Italy; Umbria; Gubbio; settlement; kernel density

1. The Prehistory of the Valley

The valley of Gubbio is located (Figure 1) in the northeast part of the modern region of
Umbria (Central Italy), bridging the Marche to the East and Tuscany to the West. The region is
thus a zone of transition, nestling in an upland valley, created out of the intermontane tectonic
orogeny of the Apennine foothills. Its geographical location has led to a sharing of political
and cultural influence with both these flanking regions. In some ways, the cultural links are
mapped onto the geography since the northeastern watershed of the valley drains both into
the Adriatic and the Tyrrhenian seas. The intermontane valley itself runs from the northwest
to the southeast, linking the uppermost reaches of the Tiber Valley to the Chiascio catchment
which itself runs into the Tiber to the west and, the approximately north–south valley later
occupied by the Via Flaminia to the east. The valley is occupied by extensive alluvial fans,
running off the limestone escarpment to the northeast, and the higher central ground thus
created has led to the curious drainage of the valley in two directions, both northwest and
southeast, even if both flow ultimately into the Tyrrhenian sea. The southwestern flank of the
valley is occupied by ancient relict terraces, and the lower more incised valleys, most marked
to the southeast, are occupied by more recent Holocene deposits.

Gubbio Revisited is a project, centered around the doctoral dissertation of Marianna
Negro, which has the goal of reanalyzing and reinterpreting the archaeological evidence
collected during the Gubbio Project, led by Simon Stoddart and Caroline Malone with the
University of Cambridge in the 1980s and published in 1994 in Territory, Time and State. This
publication focused primarily on the excavations of the upper slopes of Monte Ingino and
Monte Ansciano, as well as the Roman farmhouse of San Marco Romano and the Neolithic
site of San Marco Neolitico, located close to one another on the valley floor. The project
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also included an intensive survey of the valley whose results were broadly presented in
1994 but are now about to be published in greater detail. Reanalyzing the archaeological
remains has both verified the long-term settlement trends and shed new light on the role
and importance of the sacred in the Gubbio valley, beyond the pre-Roman sanctuaries of
Monte Ingino and Monte Ansciano.

 

Figure 1. (A) The location of Gubbio in the wider region of Central Italy; (B) The essential geology of
the Gubbio basin.
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Any presentation of survey evidence needs to examine the underlying assumptions in
the survival and collection of data. The original survey in the 1980s took the natural confines
of the well-defined Gubbio valley as the region under study. The evidence from Figure 1B
demonstrates that not all the valley was equally accessible from a geomorphological
perspective, given the processes of erosion and alluviation over time, a fact that was much
more severe for the Palaeolithic distributions compared with the Roman. The evidence
from Figure 2 adds the fact that not all parts of the valley have been surveyed, most usually
in response to difficult land use and limited human resources. Furthermore, fields were
generally only surveyed once, and it is well known that conditions can change rapidly
between seasons. A further matter to be considered is that a generous interpretation
has been applied to the chronology of this surface material, a generosity that we think
appropriate given the broad trends we are seeking to establish. Primacy has been given to
the survey records made in the field, even though more accurate designations were made
of individual artifacts in the 1994 publication. There is a considerable literature on issues
related to surface survey recovery and interpretation (e.g., [1–3]) and since a broad-brush
approach has been developed in this article, these complexities need to be considered when
interpreting the overall trends presented. The term ”site” has been employed generically,
and simply indicates the location where artifacts were discovered.

1.1. Middle Palaeolithic

The first human exploitation of the valley can be dated back to the Middle Palaeolithic
(210,000–35,000 years ago) although it is difficult to judge the intensity of occupation given
the long timescale involved. Furthermore, the preservation of Middle Palaeolithic deposits
was substantially determined by geological action, or more precisely the preservation of the
previously mentioned, distinctively red, relict terraces located above Ponte d’Assi directly
south across the valley from the modern city (Figure 1B). The pattern of Palaeolithic material
in the Gubbio valley is very similar to the discoveries made in the upper Tiber valley [4],
the only other area of Umbria where there has been systematic recovery of material over
many years, in this case largely by the local archaeological group on the border between
Umbria and Tuscany near Anghiari. In so far as it is possible to distinguish surface material,
concentrations 4 and 6 in Figure 3 were largely Middle Palaeolithic in date, located on the
terraces of similar geological date or earlier, whereas concentrations 1, 2 and 3 in Figure 3 were
generally from the Upper Palaeolithic (35,000–10,000 years ago) period placed on an alluvial
fan of a later geological date. At the end of the Palaeolithic (10,000–6000 years ago) (Figure 4),
the distribution shows less evidence of geomorphological impact, with a wider distribution of
more diffuse activity across the valley, even if with a strong element of continuity from the
previous period in concentration 2 and to a lesser extent in concentration 5.

1.2. Neolithic (and Chalcolithic)

It is only with the Neolithic (6000–3000 BC) (Figure 5) that evidence for more substantial,
less mobile settlement emerged, with a major focus on the mid contour of the alluvial fans in
the center of the valley. This focus may be partly an ecological position in the landscape [5],
suited to the collection of mixed resources, but may also be partly a geomorphological artifact,
at a crucial change in slope of the alluvial fan where the balance of deposition and erosion
led to a maximum revelation of the archaeological layers beneath. Taken at face value, there
is concentrated evidence for Neolithic settlement to the west of Gubbio, under the slopes
of Monte Semonte (concentration 1), on an alluvial fan descending down to Ponte d’Assi
(concentration 2) and finally at San Marco to the East (concentration 3), where the site was
excavated. San Marco Neolitico is a fundamental site for understanding the Gubbio, and
indeed Umbrian, Neolithic, especially through the analysis of the faunal and floral remains,
which permit the reconstruction of resource exploitation at the site, and its environmental
context [5,6]. The excavated material also illustrates the character of lithic production and the
use of pottery [6,7]. In particular, the lithic production is especially characterized by collections
of specialized bladelet cores of local chert [6]. As far as the pottery is concerned there can
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be found affinities in style and decoration in the Italian regions of both Marche and Lazio,
underlining the role of Neolithic Gubbio “a bridge between two worlds” [7]. The use of
pottery is one of the most interesting points, since almost intact vessels, now displayed in the
National Archaeological Museum of Perugia, were found in the ditch which formed a major
feature of the site, suggesting a deliberate act of deposition. If this deliberate agency is correct,
then this can be considered ritual action embedded within social practice, a phenomenon that
is common in many prehistoric societies, seeking, in this case, to mark with culture a part of
the landscape both by deposition and by construction (of a earth cut feature in this case) [8].

 

Figure 2. The areas surveyed in the valley of Gubbio. (A) The fields surveyed; (B) A heat map
representation of the fields surveyed to permit a better comparison with the density plots that follow.
Essentially five transects (1–5) were placed across the valley.
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Figure 3. (A) Distribution of Palaeolithic sites in the valley; (B) Heatmap of Palaeolithic activity
based on the spreads of lithic material recorded during the Gubbio Survey, using kernel densities
estimation, with the same range as Figure 4. Numbers 1–6 refer to clusters of sites cited in the text.
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Figure 4. (A) Distribution of Mesolithic (Epi-palaeolithic) sites in the valley; (B) Heatmap of Mesolithic
(Epi-palaeolithic) activity based on the spreads of lithic material recorded during the Gubbio Survey,
using kernel densities estimation with the same range as Figure 3. Numbers 1–5 refer to clusters of
sites cited in the text.

92



Land 2024, 13, 1369

 

Figure 5. (A) Distribution of Neolithic sites in the valley; (B) Heatmap of Neolithic activity based on
the spreads of lithic and ceramic material recorded during the Gubbio Survey, using kernel densities
estimation. A. Red dot is San Marco. ‘Numbers 1–4 in B refer to clusters of sites cited in the text.

The analysis of the distribution of radiocarbon dates (Figure 6) shows that the Neolithic
of the Gubbio valley coincided with the latter part of the peak of Neolithic activity in Central
Italy. This is a pattern that makes considerable sense for the arrival of the Neolithic in this
inland and relatively upland part of the region. Relatively little evidence has, however,
been uncovered for the Chalcolithic (3500–2300 BC) (Figure 7), a pattern that also seems
to be true of the other neighboring valleys, whereas it is a period that is much better
represented in Tuscany and the Tyrrhenian coastal areas of Central Italy. Since the valley
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was systematically surveyed, this appears to be a radically different trajectory for the valley
compared with regions further west.

Figure 6. Distribution of San Marco Neolithic dates relative to the regional picture presented here [9]
Calibration data based on [10,11]. A–H refer to significant changes in the “demographic” curve.

1.3. Bronze Age

In the Middle to Final Bronze Age (1400–1200 BC) (Figure 8), the valley was once
more integrated within the patterns of Central Italy, reflecting the inferred demographic
increase throughout the region as interpreted from radiocarbon frequencies (Figure 9). The
character of the distribution of settlement shares much with Monte Cetona to the west,
where there was clear evidence of clustering of settlement. At Gubbio, the most important
site of reference was Monte Ingino, or more specifically the Rocca Posteriore on the peak
looking back towards the Marche in the direction of the Sentino valley. This site bridged
the Middle, Recent and Final Bronze Age (Figure 9), and provided a focal, elevated point of
reference for the community. We plan to submit further radiocarbon samples to establish
a tighter chronology of this transition than those measured in the 1980s. Finds excavated
from this prolific site included around 30,000 pottery sherds, small metalwork fragments
(e.g., over thirty dress pins), very few lithics and 3000 carbonized seeds [12]. In addition,
more than 25,000 fragments of animal bone were recovered (principally sheep, cow and
pig), representing an estimated 75% of all the published animal bone of this period so
far recovered from Central Italy. If we can interpret wealth as vested in flocks of animals
conspicuously consumed in a prominent position intervisible with other contemporary
sites, this would have been a substantial, communal, display: a prominent example of ritual
embedded within social practice. These flocks may have been drawn from a wide territorial
area, perhaps coincident with what is visible from the summit. This idea is being explored
scientifically through isotopic and genetic studies of the animals to examine the range over
which they were pastured, with results currently pending. Within the deposits, we can
identify signs not only of consumption and burning of meat and grain, but also micro-
rituals of deliberate fragmentation and bending of metal items. The structured deposition
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also included decorated, drinking and storage, ceramics as well as a smaller number of
rarer artifacts including a decorated bone comb, an amber bead, animal figurines and glass
beads. These last artifacts were seemingly distinct from the communal rituals, belonging
much more to the personal sphere. This combination of finds once again underlines the
embedded nature of rituals within social life during this period of the Bronze Age.

 

Figure 7. (A) Distribution of Chalcolithic sites in the valley; (B) Heatmap of Chalcolithic activity
based on the spreads of lithic and ceramic material recorded during the Gubbio Survey, using kernel
densities estimation.

95



Land 2024, 13, 1369

 

Figure 8. (A) Distribution of Bronze Age sites in the valley and (inset) excavated sites around Gubbio;
(B) Heatmap of Bronze Age activity based on the spreads of ceramic material recorded during the
Gubbio Survey, using kernel densities estimation.
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Figure 9. The Bronze and Early Iron Age radiocarbon dates of Gubbio in the regional context of Central
Italy presented here [9], showing the clear transition between the sites of Monte Ingino, Monte Ansciano
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and San Agostino, allowing for the complexities of the Hallstatt plateau in the calibration curve. Calibra-
tion data based on [10,11]. A–H refer to significant changes in the “demographic” curve.

These finds of the Middle, Recent and Final Bronze Age (1400–1200 BC) from Monte
Ingino combine with other sites to form the impression of an important, expanding Bronze
Age polyfocal settlement in the central part of the valley. In 2007, the rescue excavations in
Via dei Consoli [13] brought to light evidence for another Middle Bronze Age settlement
on the mid-slopes of Monte Ingino that continued into the Recent Bronze Age. During the
Final Bronze Age, settlement, broadly in the same area, was accompanied by a cremation
cemetery of at least 40 individuals. The settlement continued at Via Dei Consoli 103 and
extended to Via Dei Consoli 105 and towards the southeast, where related material has
been recovered in the excavation of the Vescovado. Final Bronze Age material has also
been uncovered further down on the alluvial fan below Monte Ingino at the ex-Fiat site [14].
The mountain summit continued to present signs of embedded ritual activity during the
early phases of the Final Bronze Age, but it is likely that the necropolis was built next to
the principal settlement in a more sheltered location. This evidence on the summit and on
the slope indicates an integrated complementary system of occupation of the mountain.
The exposed location and harsh climate at 900 m, makes it plausible to suggest that the
mountain top was used for rituals embedded in seasonal occupation of the upper reaches
of the landscape. This seasonality of occupation is supported by the available evidence
from the faunal remains of sheep and pigs mentioned above which on the basis of teeth
wear [12] suggest a spring occupation.

1.4. Iron Age

With the Final Bronze Age and beginning of the Iron Age (1200–1000 BC), it is also
important to consider Monte Ansciano, also overlooking Gubbio to the East of Monte
Ingino, on the summit of which a second site was excavated during the Gubbio Project.
This excavation also recovered many faunal remains (c. 12,000 fragments) from the late
Bronze Age and Early Iron Age, including sheep, cow and pig, repeating the pattern of
ritual consumption embedded in social life, although, based on the finds alone, without
the same level of personal items. The only exception was the deliberate placement of an
elaborate transitional Bronze Age/Early Iron Age fibula as one of the final acts of structured
deposition above the midden deposit. The area in this period had a more developed built
environment including an enclosure wall and an oval hut located in the saddle of the hill
just below the summit.

The most distinctive feature of Monte Ansciano was the presence of structures and
finds associated with its later use as a sanctuary in the Archaic period. These included a
drystone platform placed above the Bronze Age enclosure, 65 schematic bronze figurines, of
typically Umbrian style and datable to the 5th to 3rd Centuries BC, and an aes rude probably
of the 3rd century BC. A representative sample of all these objects is now displayed in the
Comune Museum of the Palazzo dei Consoli in Gubbio. The drystone platform separates
the ritual embedded in social practice of the later Bronze Age and Early Iron Age from the
more formalized collective rituals of the Archaic period practiced some vertical distance
from the enlarged settlement which was by this stage located solely on the mid and lower
slopes of the limestone escarpment of Monte Ansciano (including San Agostino) and at the
ex-Fiat property [14] on the lower part of the alluvial fan.

The ritual characterization of the tops of the mountains is also emphasized by the
fact that these peaks and others used in Umbria for deposition and other rituals, were
all intervisible between each other [15]. For example, looking from Monte Tezio, to the
north of Perugia, towards the northeast it is possible to see both Monte Ingino and Monte
Ansciano as well as Monte Foce to the West of Monte Ingino. This visual interlinking
may indicate an enduring territorial strategy of communities between the late second
millennium BC and the early first millennium AD (the period hanging between prehistory
and history which will be discussed below) actively displaying their presence to other
groups, through the use of fire and feasting which result in the deposits on the peaks. This
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indicates that even though the rituals were transformed from those embedded in social
practice of the late second millennium to more formalized rituals by the 5th century BC,
clearly distinct from their settlement areas, marked by standardized figurines and more
elaborate structures, they shared a sense of a regional community through shared ritual
practices and intervisible ritual locations. Once again, the examination of the isotopic
signatures (initially C/N and subsequently Sr) on the animal bones may give a sense of the
breadth of the territory where the animals grazed, providing an indication of the territory
managed by the human community.

After Roman integration, more intriguing material of a probably ritual nature was
recovered from Monte Ansciano in the form of fragments of imperial period Roman lamps
and simple drinking cups. Despite an apparent hiatus of 300+ years, these are of great
interest, presenting the possibility of continuity of ritual focus without the construction
of any additional associated structure. Thus, while the deposited lamps were Roman,
their deposition in that location drew on Umbrian and Iguvine ritual practice, which was
transferred down the centuries embedded in the collective ritual memory of the people and
their relationship with the landscape and especially the mountain tops, which dominated
the settlement.

2. The Distribution of Settlements between Protohistory and History

The entire Gubbio Survey data have been digitized and the later pottery has been
restudied to enhance the analysis and interpretation of data in the valley from pre-Roman
(Umbrian) to Roman times. To understand the phasing and distribution of the sites, a
system of six phases was created (Table 1). A phase was defined according to the material
culture, and in particular the fineware, present. For example, “imitation bucchero” and
“late bucchero” were defined as Hellenistic and therefore mainly characterize Umbrian
sites of Phase 2. In the interests of the longue duree focus of this article, these phases
have been simplified into three density distributions to illustrate the broad trends within
the valley. Employing this system and the quality and quantity of pottery recovered in
each field, maps of the principal Iron Age, Umbrian and Roman sites in the valley can
be created (Figures 10–12). This is where advances have been made in comparison with
the 1994 publication which concentrated on the details of the prehistoric period. Further
differentiation will be made in future publications, but here it is the longue duree at a scale
comparable to the prehistoric period that has been favoured, without relating the details of
new ceramic chronologies.

Table 1. Phasing of pottery and correspondence to density maps in the later periods.

Phase Dates Description Map

1 5th C. BC Iron Age, Archaic, Umbrian 10

2 4th and 3rd C. BC Early Hellenistic, Umbrian
11

3 2nd C. BC Hellenistic, phase of transition

4 1st C BC to first third 1 C AD Republican/Early Imperial, phase
of transition

12
5 2nd third 1 C AD to 3rd C AD Full Imperial Roman

6 4th to 5th C AD Late Roman
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Figure 10. (A) Distribution of Iron Age sites in the valley; (B) Heatmap of Iron Age activity based on
the spreads of ceramic material recorded during the Gubbio Survey, using kernel densities estimation.
The same scale of density of pottery is employed for Figures 11 and 12.
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Figure 11. (A) Distribution of Hellenistic sites in the valley with inset showing the Gubbio area;
(B) Heatmap of Hellenistic activity based on the distribution of ceramic material recorded during the
Gubbio Survey, using kernel densities estimation. The same scale of density of pottery is employed
for Figures 10 and 12. Numbers 1–6 refer to clusters of sites cited in the text.
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Figure 12. (A) Distribution of Roman sites in the valley (with inset showing sites in the Gubbio area);
(B) Heatmap of Roman activity based on the spreads of ceramic material recorded during the Gubbio
Survey, using kernel densities estimation. The same scale of density of pottery is employed for
Figures 10 and 11. Numbers 1–6 refer to clusters of sites cited in the text.

Pottery density maps of the valley have thus been created for the three merged
ceramic phases. These three maps (Figures 10–12) are collectively useful in understanding
the distribution of sites and density of activity in the valley and show an appreciable
increase in rural activity from the Iron Age to the Hellenistic, reaching an almost complete
saturation in the northern part of the valley during the full Roman period, although more
detailed analysis, not represented here, shows a decline in evidence for the later Roman
phases. Nevertheless, it is clear that, whereas the whole valley, including the most rural
areas, was exploited, the density in some areas was much greater, such as around Mocaiana
(Figures 11 and 12, concentration 1), which corresponds to the fields in the northernmost
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part of the valley and Raggio just below. Interestingly the southeast of the valley, Branca
(Figures 11 and 12, concentration 6), although closer to the important communication route
of the Via Flaminia seems to have had a lower density of pottery, plausibly in response to
the much heavier Plio-Pleistocene clays of the area.

As would be expected, the densest material concentrations are around the town of Gubbio
and likely represent several discrete areas of activity. The Gubbio Survey data suggest a high
concentration of Umbrian activity around the urban area of Gubbio and the suburban area of
San Biagio, where there was a vernice nera kiln datable between the end of the third century
and the beginning of the second century BC, and a dump, which produced a meaningful
number of many local vases [16]. The quantity of material in this area suggests the existence
of a settlement, coinciding with Manconi’s identification of the location of Umbrian Gubbio
in this area [17]. The material of Hellenistic date recovered on the surface appears to be too
significant simply to result from the presence of the dump. According to Manconi, the dump
was directly connected with the existence of the kiln, since the great majority of the material
can in fact be identified as locally produced [18], although Sisani disagrees, considering the
dump to be a consequence of urbanization during Roman times [18]. Despite the debate about
the origin of the dump, the presence of the kiln and abundant ceramic material is evidence of
the importance of the area before the Roman conquest.

The main Umbrian rural sites, based on the pottery that was recovered during the
survey, are at Mocaiana and Casa Regni (Figure 11, concentration 1). The proximity of these
two sites, indicates that rural settlement was well distributed and definitely developed in
the territorium before the arrival of the Romans. The distribution of sites could, moreover,
be an indication of a landscape pattern that is defined as typically Umbrian, drawn from
analysis of the Iguvine tables by philologists Alex Mullen and James Clackson [19]. This
proposes that there was more focus on the community and less on boundaries, where
according to the Iguvine tables the only relevant boundary was the upper sky limits of the
sanctuaries on the upper reaches of the landscape. From the data presented in this research,
and especially the occupation of the rural areas, it is clear that the use of the landscape was
not so tightly restricted to the main community of Gubbio itself, but extended into other
smaller nucleations in the wider landscape.

Mocaiana in the north provides an interesting case study, because there are many
Roman sites, but also one main Umbrian site. The Umbrian sites show continuity of
occupation into the Roman period and must have had an influence on the wider Roman
period settlement of the area. Also, since Mocaiana is at the foot of Monte Loreto, another
Iron Age hilltop sanctuary, memory may have had a role in shaping the landscape. In
addition to Mocaiana under Monte Loreto, there were other sites in the Gubbio area, which
appear to be close to or associated with ritual spaces, in particular San Agostino under
Monte Ansciano and San Biagio, close to a series of necropoleis.

On this basis, we can also briefly set the valley of Gubbio within the regional context
of Central Italy. The new information presented here modestly revises our previous view
of the Umbrian pre-Roman countryside [20–22], that there was relatively little pre-Roman
rural settlement in the Gubbio valley. However, it remains true that the concentration of
fully archaic and preceding orientalizing material was progressively greater in the direction
of the territories of Perugia, Chiusi and, even more emphatically, the great cities of the
Tyrrhenian coast [23,24]. Even in the Roman period, when the rural occupation of the
Gubbio valley reached a substantially new level of density, it was not as great as that
reported in the more central provinces of Central Italy [25].

3. Roman? Religious Landscape

The Iguvine tables were discovered in 1444 and, although complex and difficult
to interpret, are fundamental to understanding the particular embedded religiosity and
complex rituals of the valley. The seven tables are written partly in the Umbrian and
partly in the Latin alphabets, probably reflecting the date of transcription onto bronze
and underlining how the rituals described are pre-Roman, deriving from a religion which

103



Land 2024, 13, 1369

is intrinsic to Gubbio and Umbria and that was modified with the arrival of the Roman
culture. During the Roman period in Gubbio, religion can be understood on three levels;
there is the official political level, the local social and more Umbrian level, and finally the
personal and private level. This makes an interesting parallel with the different scales
(personal, social and inter-regional) already identified for earlier periods.

The first official level is the easiest to consider because its symbols and meanings
were spread in the same way across Italy and the provinces. We know of typical Roman
temples and sanctuaries in Gubbio through archaeological remains and inscriptions. For
example, the foundations of the Temple of the Guastaglia, in a Roman quarter of Gubbio,
have been excavated and an artistic reconstruction made showing a traditional Roman
temple form [26]. An inscription in the Palazzo dei Consoli names the quattuovir Gnaeus
Satrius Rufus as the person who paid for the restoration of the Temple of Diana in the 1st
century AD (CIL XI 5820) [27] (p. 98). The donation of Gnaeus Satrius Rufus is firmly part of
the official level of religion having as much a political as a religious purpose; the inscription,
which had been installed as a pair on the theatre complex and was, therefore, highly visible
also records his restoration of the theatre and his other generous donations. This is a typical
example of the process of romanization which involved mostly elites and politicians who,
through visible local patronage could enter the Roman political class.

Another apparently similar inscription records that Iavolenus Apulus paid for the
restoration of the Temple of Mars Cyprius, a rural temple, and also dedicated a statue of
Mars, currently in Florence with a copy displayed in the Palazzo dei Consoli. Here the
position seems very different, however, as it does not appear to have been highly visible
or politically motivated. The inscription, in a rural temple on a statue base would have
been rarely seen, but it has a religious element. The text, includes the formula votum solvit,
indicating a direct relationship with the deity and, despite still being part of the level of
official of religion, there is also a personal element on display. It is also interesting that the
deity, Marte Cyprio combines Roman Mars and probably Cupra, a local/picene deity.

In two other fascinating inscriptions, Vittorius Rufus is named in a funerary inscription
as avispex extispicus sacerdos publicus et privatus (CIL XI 5824) [27] (p. 97), with Sestus Vetiarius
Surus possessing a similar title. That we have a record of two people in Gubbio who
interpret the flight of birds and entrails and manage public and private rituals appears
significant. While not an especially common profession in the Roman world, it was
important in the Umbrian/Etruscan environment and played a very important role in the
Iguvine tables. These individuals appear, therefore to provide a direct connection to an
Umbrian past with its landscape, birds and celestial boundaries.

The Iguvines, taking advantage of their position in the Roman Empire, imported some
cults from Egypt, in particular the cult of Isis and her son Harpocrates, of whom a statuette
is now displayed in Palazzo dei Consoli. Moreover, in the Roman cemetery of the Vittorina,
where 237 tombs were excavated by the Soprintendenza, there are images of Harpocrates
in two tombs, 80 and 232, the latter a child’s tomb in which was an apotropaic pendant
of the God. In the same cemetery, tomb 117, a supine inhumation, is that of the ‘priestess
of Isis’, who was found holding a sistrum, typical of the cult, in her left hand and with an
incense burner in each of the four corners of the tomb, now displayed in the Antiquarium
of Gubbio next to the Roman theatre. These incense burners take the shape of a stemmed
carinated kylix with finger impressed decoration on the rim and were a common find
during the Gubbio Survey, in the excavation of San Marco Romano and in other tombs of
the Vittorina. While present in other areas of Italy, they are a much more common find
in the Gubbio valley and may be seen as a marker for some rural Iguvine ritual practice.
Similarly, 14 small fragments of terracotta figurines were found in the rural areas of the
valley during the survey. While 14 is not a large number in absolute terms, because of their
size and characteristics, the probability of finding them during survey was very low and
therefore the original number in the landscape must have been correspondingly very high.
We are not aware of similar figurines being found on survey elsewhere in Italy, indicating a
specific local, rural ritual practice. These figurines are likely, therefore to represent a much
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larger number that was once deposited in the rural landscape of Gubbio and were probably
markers for a personal level of ritual or religious festival.

4. Discussion

The Gubbio Revisited project is significantly enhancing our understanding of the Gubbio
valley’s historical and cultural landscape. We have presented here the broad trends of
occupation of the Gubbio valley, showing not only a general trend of increasing intensity
culminating in the Roman period, but also phases of relative inactivity. We have also
given a general sense of comparison with the wider trends of development in the broader
region of Central Italy, showing where the valley is in and out of alignment, drawing on
comparisons of settlement and radiocarbon density. At the same time, through a reanalysis
of the archaeological evidence collected during the original Gubbio Project, and through
other textual, epigraphic and archaeological evidence, this research demonstrates the levels
of continuity and evolution of ritual practices from the Neolithic to the Roman periods.
In the earlier stages, there was a pattern of ritual practice embedded in social life. In the
later stages, the ritual practice embedded in social life was complemented by more formal
rituals within the urban form. In this later period, the persistence and development of
indigenous religious practices, in parallel to growing Roman influence, presents a unique
blend of local and imperial religiosity. The full re-examination not only sheds light on the
sacral significance of the Gubbio valley, but also emphasizes the integral role of ritual in its
societal evolution, offering a richer, more nuanced perspective on the valley’s past.

The extensive data, particularly regarding ceramic evidence from later periods, pro-
vides a solid basis for understanding density patterns. However, since these data rely on
lithic and ceramic distributions documented in paper records from the 1980s, it cannot
be entirely accurate. Data from earlier periods are less precise because of the absence
of re-analysis of pottery, which would have provided a more detailed understanding of
site dating. Methodologically, the reanalysis has leveraged modern techniques such as
advanced radiocarbon dating and GIS mapping, offering a more precise understanding of
settlement patterns and chronological frameworks. These methodologies have addressed
some limitations of the original data, though inherent potential inaccuracies in the ear-
lier records remain a challenge. Consequently, the Gubbio Revisited Project generalizes
earlier periods more than later ones. Nonetheless, survey data from earlier periods are
complemented by systematic excavations, particularly for the Neolithic, Bronze Age, and
Iron Age, which provide detailed insights into settlement patterns and both domestic and
ritual activities.

Ritual activity is a fundamental feature of the valley, intrinsic to and embedded in the
landscape, influencing settlement patterns. The valley’s particular geography, delimited by
its upper reaches, means that principal settlements, including Gubbio itself, were founded
on the slopes of these sacral places. Rural sites were distributed throughout the valley across
all periods, although with varying densities and phases of inactivity, highlighting a specific
pattern that persists through different ages in the valley. The importance of sacrality in the
valley also suggests that religious and social activities were deeply intertwined, influencing
not only daily life, but also the broader societal structures. This blend of local and Roman
religious practices likely played a crucial role in the community’s adaptation to changing
political and cultural landscapes. In conclusion, the Gubbio Revisited project provides a
detailed and nuanced understanding of the valley’s past, emphasizing the integral role of
ritual in societal evolution.
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Abstract

Geoarchaeological work and excavations of the Helike Project over the last 30 years in
the Helike coastal plain, Gulf of Corinth, have yielded abundant evidence on ancient
settlements, as well as the surrounding landscape and environmental changes that resulted
from geological phenomena and catastrophic events. The research methods applied by the
Helike Project followed a multidisciplinary approach, including combined archaeological
excavations and palaeoseismological trenching, geophysical prospection, archaeometric,
environmental, and soil micromorphology analyses, and computer-based landscape mod-
elling. A wealth of settlement remains that were unearthed across the plain, ranging in
date from the Early Helladic period (3rd millennium BC) to the Late Antiquity (5th century
AD), indicates that the ancient inhabitants of the area chose to always resettle in the area
by adjusting their ways of living to the geomorphology and natural hazards, prevailing
each time. Our results show that disasters in the area increased between the Geometric and
Roman times due to severe earthquakes that occurred approximately every 300 years. In
particular, archaeological and geological finds recovered from the Late Classical–Hellenistic
Helike settlement, which was revived in the western part of the plain shortly after the disas-
trous 373 BC earthquake, have enriched our knowledge regarding the historical seismicity
of the region and past human–environment relationships.

Keywords: Ancient Helike; 373 BC earthquake; ancient settlement and mobility; environ-
mental changes; resilience; Helike Fault earthquakes; Gulf of Corinth; Greece

1. Introduction

Helike, the principal city of ancient Achaea, located on the southwest shore of the Gulf
of Corinth, was founded in the Bronze Age and was severely damaged by an earthquake
and tsunami in 373 BC. This remarkable catastrophic event made a great impression on the
ancient world. It was reported by many ancient authors, contemporary and of later dates,
down to the middle Byzantine times [1–3]. The area of Helike is one of the most seismically
active regions in Greece [4–7], bound to the south by the Helike Fault and to the north by
the Aigion Fault.

Because Helike was reportedly submerged by the 373 BC earthquake, previous efforts
to locate its site were concentrated in the sea, and their results were inconclusive [8]. To
resolve whether the ancient city lay in the sea or on land, the Helike Project launched a long-
term multidisciplinary research program in 1988. First, a systematic underwater survey
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was conducted southeast of Aigion using a side-scan and sub-bottom sonar (Figure 1a). The
results showed no ruins of an ancient city underwater, and thus, research was redirected to
the adjacent broad, coastal plain between the Selinous (west) and Vouraikos (east) Rivers
using extensive borehole drilling and geophysical exploration [9,10] (Figure 1a). Since 2000,
the systematic excavations of the Helike Project have brought to light architectural remains
dating from the Early Bronze Age (EBA), the Mycenaean, Geometric, Classical, Hellenistic,
Roman, and Late Byzantine periods [11–13].

Geoarchaeological studies of the finds recovered from the excavations suggested
evidence of a destructive mudflow that followed the 373 BC earthquake [7] and a lagoon
formation in the Early Helladic and Classical Helike sites [9,14]. Further, applications of
soil micromorphology applied to the Late ClassicalHellenistic Helike site showed evidence
of earthquakes and other geological hazards in soil and sediment in a direct stratigraphical
association with the architecture of the site [15].

Digital elevation models (DEMs) have been used in the Helike region to model the
terrain’s characteristics, focusing on landscape models of the Early Helladic, Classical,
Hellenistic, and Roman periods. The continuous occupation of the landscape is connected
to a relationship between the sea and land, manifested through marine transgressions,
earthquakes, tsunamis, tectonic uplift, sediment deposition, and delta subsidence [16].
These dynamic models allow us to enter the story of the Helike landscape at different
temporal levels and scales, ranging from micro-faunal identification and absolute dating
to large-scale spatial considerations, thus strengthening our archaeological interpretation
of long-term trends, sequences, and changes. Archaeological evidence from the Helike
Project excavations provides a web of interdisciplinary data that shows how past societies
interacted with the environment, thus contributing to our understanding of the destruc-
tion/resilience system that can be useful for a sustainable future [17]. The collected data
cover habitation in the area over a long chronological timeframe, ranging from the Early
Bronze Age to the Late Antiquity. Resilience is the intrinsic ability of an ecosystem or a
society to adjust its functioning prior to, during, or following environmental changes or
natural disasters so that it can maintain its status [18].

In this paper, we used the results of the Helike Project’s geoarchaeological work and
excavations to produce an accurate timeline, which can reflect data of seismic history along
the Helike Fault spanning almost three millennia. These data also offer reliable calibration
dates for palaeoseismologically defined earthquakes. Finally, we provide tangible evidence
of societal reactions to natural disasters, people’s adjustments to environmental changes,
and habitation patterns in earthquake-prone areas.

2. Geology and Seismology of the Helike Area

The Gulf of Corinth, located in central Greece, represents an active intra-continental
rift zone that runs nearly perpendicular to the Greek orogenic belt. The rift’s current
geological activity is shown by prominently exposed fault scarps, faulted colluvial wedges,
raised shorelines, and earthquake environmental effects, including landslides on land and
underwater [7,19–23] (Figure 1).

Dating of uplifted syn-rift sediments in northern Peloponnese indicates that the rift
began developing approximately 4 million years ago, progressing from east to west and
from south to north [21,24–28]. From the lower Pleistocene period (1.8–1.5 Ma) onward,
the deformation and sediment deposition within the rift have shifted northward alongside
an increased extension rate [20–29].

The rift experiences an almost north/south-oriented extension, as indicated by both
geodetic and fault-slip analyses [27,28,30,31]. Throughout the rift, the orientation of the fault
array changes progressively from ENE to WNW as one moves from east to west [7,32–35].
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Figure 1. (a) Simplified structural map of the broader study area, presenting the major active faults in
proximity with the Helike site, shown in the black rectangle (the map is modified after [7,33]. The inset
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shows the geotectonic setting of the study area in the Eastern Mediterranean and Helike’s location.
Note: R = Rizomylos, N = Nikolaiika, and V = Valimitika indicate the main archaeological sites in
the Helike region. (b) Panoramic view of the central part of the Helike Fault scarp. This photo is
taken looking south, and the width of the photo is approximately 7.5 km. (c) Details of the exposed
fault plane of the HF. This photo is taken looking west, and the height of the outcrop is 30 m. For the
location of the photo, see (a). (d) Overview (view to the east) showing notched Mesozoic limestones
that formed along the Helike Fault plane; for location, see (a). The inset shows the L. lithophaga
hole entrances in limestone bedrock. For the location of the photo, see (a). (e) Photograph showing a
semicircular pile of stones, outlined by a dashed blue line, excavated within the T13 trench. The thick
black lines mark surface ruptures of the ancient remains during the 5th century AD earthquake (photo
is modified after [36]). For the location of the photo, see (a). (f) Eli5 trench log and its interpretation
in terms of palaeoseismic stratigraphic units and events across the HF (the log is modified after [37]).
The red boxes represent charcoal-dated samples; for dates, see Figure 2 and Table 1. MRE = most
recent event. For the location of the photo, see (a).

Historical earthquakes have been documented in the Gulf of Corinth rift [4,5,38,39]
(Figure 1a). In particular, the seismic activity in the western Corinth rift, where the ancient
city of Helike lies, is characterized by significant historical earthquakes and short-in-time
swarms of clustered seismic events that lasted for one to two years [40–42]. The region
between the Diakopton and Rion-Antirrion straits, according to seismic reflection studies
and onshore surveys, is traversed by a complicated network of both offshore and onshore
faults [7,33,43–47] (see Figure 1a). These investigations have revealed a complex basin
structure with notable along-strike variations that are linked to alterations in the underlying
basement fabric. Specifically, the deformation concentrates on normal faults dipping to
the north, which deform the southern coast and cut through the offshore area of the rift.
Evaluation of data from several palaeoseismological trenches has shown that the coastal
faults of the northern Peloponnese exhibit high slip rates, varying from 0.3 to 11 mm per
year [7,33,48,49]. Figure 1f shows an example of a palaeoseismological trench excavated in
the Helike area.

2.1. The Seismic History of the Helike Fault

Understanding a fault’s seismic history and its connectivity with nearby faults is im-
portant for defining two parameters of forthcoming earthquakes, i.e., their magnitude and
time-frequency. In our case study, these two parameters are also critical for understanding
the history of the settlement, which evolved in this central part of the Gulf of Corinth over
a long period. To define these critical parameters, we have applied trench excavation using
combined techniques of archaeology and palaeoseismology. The data acquired concern the
dating and the magnitude of earthquakes and their environmental impact.

The Helike Fault (HF) controls the evolution of the Helike delta plain and the envi-
ronmental changes that occurred in the area, e.g., a change in river course through time
(Figure 1a). This fault has a clear surface trace (Figure 1b,c) that crosscuts a series of
pre-earthquake landforms, and its steep fault plane offsets recent deposits. It is 23 km
long, divided into two prominent segments (Figure 1a). Its trace is slightly irregular and
separated from adjacent normal faults (Figure 1a). The HF is a crustal-penetrating fault,
has a 600 m minimum cumulative throw, and separates a mountain range footwall block
from an adjacent alluvial plain where three coalescence deltas have formed (Figure 1b).
The HF dips consistently from 55–60◦ north (Figure 1c), and on a mesoscopic scale, it is
accompanied by secondary synthetic normal faults. Similarly, like many normal faults, it
decreases its dip with increasing depth (listric geometry) and sole into a north-dipping
low-angle fault [40,50]. This low-angle fault at depth coalesces with many higher-angle
normal faults in the Gulf of Corinth [40].
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Figure 2. Chronogram of palaeoearthquakes, recognized in the EET1A [44], Eli3 and T13 [33,36],
and Eli4 and Eli5 [37] trenches excavated across the HF, based on 14C and archaeological dating. For
details, see the text. The recurrence interval of the earthquakes is defined based on the historical data
for MRE (most recent event) and PE (penultimate event), and the palaeoearthquakes correlated with
the archaeological evidence for E3–E6 events.

2.2. Palaeoseismological Studies of the Helike Fault (HF)

Since the HF controls the landscape and the shorelines of the western Gulf of Corinth,
it naturally affects ancient settlements developed on the Helike Delta (Figure 1). The slip
rate of the fault ranges from 0.3 to 13.7 mm/yr, depending on the time scale and method
of observation [39,40,51–57]. For this study, the slip rate of the fault is recalculated based
on a series of palaeoseismological trenches [33,36,37]. In total, 13 single-slot California-
type trenches were excavated across the fault scarp, which is east of the Kerynites River.
Their stratigraphy is dominated by coarse-grain clastic materials (Figure 1f), which cover a
period of approximately the entire Holocene (Figure 2). In particular, the stratigraphy of
the trenches is controlled by three splays of the HF, and within their tectonostratigraphy,
seven fault-controlled colluvial wedges were noted [33,36,37] (Figures 1f and 2).

Among the 13 trenches excavated, are reviewed in this study the EET1A [54–57], Eli3
and T13 [33,36], and Eli4 and Eli5 [37]. These five trenches include all previously mentioned
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colluvial wedges, dated by 20 14C-calibrated samples with two standard deviations of
uncertainty. Another criterion for their selection is based on the archaeological finds
unearthed within their limits (Figure 1e). T13 reached a maximum depth of 5.5 m and
contained a Roman tomb offset by a past earthquake surface rupture. In addition, a tile-
covered Roman grave was discovered in Eli3. Notably, the trench T13 stratigraphy expands
approximately over the entire Holocene, and Eli3 shows the best-preserved colluvial wedge
of the 1861 earthquake [33]. In this colluvial wedge, pottery sherds of the Ottoman period
were found. Eli4, Eli5, and EET1A preserved a clear tectonostratigraphy of the last four
events hosted along the Helike Fault. These events are annotated as MRE, PE, E3, and E4
(Figure 2).

To estimate the age of the earlier earthquake events (E4–E7), dating was based on palaeo-
seismology, although with significant uncertainty (Figure 2, Table 1). In particular, the E7 event
is recognised in only one trench. In the T13 trench, E7 is constrained based on the dates of two
samples, T13-1 and T13-2 (Table 1). Lacking further palaeoseismological data, we considered
that the probable age of the E7 is close to the middle of this period, at about 7.8 ± 2.4 ka
BC. Event six (E6) is again poorly dated at about 2.4 ± 1.4 ka BC, based on two 14C-dated
samples from trench T13 [36] (Figure 2). However, this event was dated ca. 2100 BC during
archaeological excavations at the Early Bronze Age Helike settlement (see next Section 3.1).
Thus, we adopted the archaeologically determined age for this event. Similarly, the E5–E3
events are identified based on 14C-calibrated data with archaeological dating (Figures 2 and 3,
Table 1). Therefore, seismic events dated via archaeological data obtain accurate age estimates
in contrast with ages constrained only by 14C-calibrated data. The archaeometric error usually
ranges between 300–615 years (Figure 3). Accordingly, we can constrain the recurrence interval
and the true slip rate (SRT) between events (Figures 2 and 3).

Finally, based on the palaeoseismological and archaeological data of the excavation
of these five trenches and their dating, we compiled a new complete seismic history of
the HF. This timeline resolves parameters such as the slip per event, the apparent slip
rate (SRA), and the true slip rate (SRT), defined by six closed seismic cycles (Figure 3).
A series of historical earthquakes (1861, 1402, 1147) have been documented and could
correspond particularly with the penultimate event (PE) [4,5,38,39]. Among them, we have
more than one candidate event, but we lack the exact geographical limits, and sometimes
we have only contradicting age determinations. Two notably harmful and thoroughly
recorded earthquakes occurred in 1147 and 1402 AD, respectively. Both had devastating
consequences for the town of Galaxidi, located opposite our study area, as well as for the
entire region around Helike between Xylokastron (east) and Aigion (west). We suggest that
the Helike Fault most probably hosted the 1402 earthquake. The MRE is a well-documented
event in our study area, which occurred in 1861 in the western Gulf of Corinth [4,38–40,58].

Based on the new data, we recalculated the apparent slip rate of the fault as appeared
in the published papers by [33,36] at an increased value, from 0.5 mm/yr to 0.61 mm/yr.
In addition, the SRT between events ranges between 0.17 to 2.6 mm/yr. However, as
the SRT = 0.17 mm/yr for the event E7 (Figure 3) was recognised in only one trench, and
because archaeological data for this period are missing, we can exclude E7 from our
calculations because its time constraint is uncertain. Then, the range of the SRTs for all
other events shows a bimodal distribution, with a low SRT ranging from 0.5 to 0.7 mm/yr.
Moreover, a high SRT ranged from 2.2 to 2.6 mm/yr. Accordingly, a time-predictable
recurrence model for the Helike Fault is proposed based on the last five seismic cycles. The
maximum anticipated earthquake magnitudes reach approximately 6.7 [7,33,36].
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Figure 3. Slip history diagram of the HF. Geological records extend from today to 9.8 ka. The red line
indicates the apparent slip rate (SRA), and the black lines indicate the true slip rate (SRT) defined by
closed seismic cycles. The inset shows the proposed earthquake predicted model adopted from the
published literature (for discussion, see text).

Table 1. Radiocarbon (14C) and thermoluminescence (TL) ages of samples recovered from Eli3, T13,
Eli4, Eli5 and EEFT1A palaeoseismological trenches.

Ref.no./
Laboratory

Layer Dated Material
Measured Age
TL or 14C Age

Calibrated Age

Eli3 P1 ** C3 Pottery TL 745 ± 56
P2 ** Top of C1 Pottery TL 1079 ± 85
P3 ** Base of C1 Pottery TL 2049 ± 150
B1 * Bone 14C 3020 ± 880 3600 BC−700 AD
W1 * F4 Wood fragment 14C 300 ± 120 1440−1810

T13 T13-1 * Top of SC3 Soil 14C 8850 ± 110 8300−7600 BC
T13-2 * Base of L Soil 14C 4820 ± 90 3790−3370 BC
T13-3 * Top of SC1 Charcoal 14C 3470 ± 80 1980−1600 BC
T13-4 * Top of BO1 Charcoal 14C 1450 ± 80 420−720 AD

Eli4 BS34 * Base of C3 Soil 14C 870 ± 40 1030−1260 AD
BS24 * Top of F3 Charcoal 14C 1000 ± 40 970−1160 AD
C14 * Base of F3 Charcoal 14C 2170 ± 40 380−90 BC
BS14 * Top of F2 Soil 14C 4840 ± 40 3710−3520 BC

Eli5 C15 * Top of C3 Charcoal 14C 130 ± 40 1670−1950 AD
C25 * Top of F3 Charcoal 14C 340 ± 40 1400−1950 AD

* University of Georgia, Center for Applied Isotope Studies. ** Institute of Geology and Sate Seismological Bureau
Beijing, China. Based on Oxcal 3.5, with 2σ of 0.92–0.95.
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3. Settlement and Mobility in Helike: The Archaeological Evidence

3.1. Occupation in Prehistoric Times: The Early Helladic and the Mycenaean Sites

Archaeological data from the Helike Project excavations, so far, indicate that the
earliest Helike settlement, dated to the Early Bronze Age (EBA), was built in the central
part of the Helike Plain between the Selinous and Kerynites Rivers (Figure 1a, R). At this
location, in the area of modern Rizomylos, excavations brought to light the impressive
remains of a coastal proto-urban settlement built only a few hundred metres from the sea
on the seaward side of an intermittent lagoon that has existed in this part of the plain since
the Late Neolithic period [9]. The settlement shows organised town planning, consisting of
large rectilinear buildings with spacious rooms built across cobbled streets and open paved
areas. Of particular interest among the buildings is a construction of the type known as
a “corridor house”, suggesting the presence of a central administration in control of the
settlement [11].

The enormous amounts of pottery collected from the excavated buildings include
many complete vases, a notable number of fully restored vessels, and a significant number
of intact pots corresponding to the Early Helladic (EH) II and III periods, thus dating the
settlement to ca. 2500–2200/2100 BC [11,59]. An even earlier occupation of the site, going
back possibly to the Neolithic period, is suggested by the 14C dating and recovered ceramics
from the boreholes drilled to greater depths underlying the excavated EH remains [11].

Archaeological evidence and palaeoenvironmental studies of the sediment samples
from the EH buildings suggest that the settlement was destroyed ca. 2100 BC by an earth-
quake, most probably accompanied by extensive fire, and submerged in a coastal lagoon
under sediments containing a mixture of freshwater, brackish, and marine microfossils [60].
The lagoon later silted over, thus keeping the settlement protected from any subsequent
human interventions. Today, the settlement is buried 3–5.5 m below the surface and 1 km
from the contemporary shoreline.

In the following Late Bronze Age (LBA), the Mycenaean habitation site of Helike is
found about 1.5 km to the southeast of the EBA settlement, in the eastern part of the Helike
Plain near the Kerynites River in the modern village of Nikolaiika [61] (Figure 1a, N).

3.2. Occupation in Historical Times: The Geometric/Archaic Sites

In the same general area of modern Nikolaiika, our excavations uncovered at a depth
of 2–3 m below the surface, architectural remains of well-built walls of a large building
dated on the basis of rich associated pottery to the Geometric period.

The geological data acquired from the excavations at the Geometric Helike site are of
particular interest. Along the southern part of the excavated Geometric walls, a segment
of the active HF was revealed, crossing the excavation and shaping its stratigraphy into a
footwall and hanging wall blocks. In the tectonostratigraphy of the excavation (Figure 4),
it was possible to identify the occurrence of an entirely unknown Geometric earthquake,
ca. 700–680 BC, of a magnitude estimated at 6.3R. The catastrophic event coincided with
the destruction and abandonment of the site, which was consequently buried under a
succession of torrential and river-borne sediment.

It is noted that, at this location, a mudbrick superstructure based on a tall stone footing
was chosen by ancient builders, a technique particularly effective in areas susceptible
to mudflows and floods. Also, the use of the natural terrace of solidified conglomerate
substratum on the HF as a foundation for the construction suggests that they possessed the
technical know-how in securing the structure in terms of statics.
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Figure 4. Archaeological excavation showing Geometric period architectural remains and destruction
layer offset by the Helike Fault (HF). The dashed line shows the proposed continuation of the fault
under the destruction layer. The footwall block includes well-cemented conglomerates, and the
hanging wall block is composed of successive colluvial material.

3.3. The Classical and Hellenistic Sites

Based on the archaeological evidence from our excavations in the Helike Plain so far, it
appears that the Classical Helike settlement occupied the area between Nikolaiika (east) and
Rizomylos-Eliki (west) (Figure 1, N-R). In other words, following the Geometric/Archaic
period, the settlement expanded toward the central and western parts of the plain. In
particular, the discovery of ruined Classical walls and a Classical destruction layer in
Rizomylos is noticeable. Remains of destroyed Classical walls of the 4th century BC, found
buried under lagoonal sediments at a depth of 3 m below the surface in a location about
150 m southwest of the earlier EH settlement in Rizomylos, show evidence of a possible
wave action (tsunami), perhaps related to the 373 BC earthquake [2].

In the second location, about 250 m south–southeast of the EH settlement, a thick
Classical destruction layer of big cobblestones from destroyed stone walls, large clay roof
tiles, and a good deal of pottery was excavated at a depth of about 2 m below the ground’s
surface. The strong presence of Bithynia fossils in the strata covering the excavated destruc-
tion layer suggests the formation of a lacustrine environment at this location, postdating its
destruction. Geological data of a purely terrestrial environment from a borehole, drilled
a short distance from the archaeological excavation, suggest that this location lies at the
transitory margin from an ephemeral lake or its coastal marshy section to an inland envi-
ronment. These data seem to agree with the reported location of Helike at a distance of
12 stadia (about 2 km) from the sea [2].

Only a few decades after the 373 BC seismic event, a new settlement re-emerged in
the western part of the Helike Plain, in modern Eliki-Valimitika (Figure 1a, V). Excavations
by our team in this region brought to light a good number of Late Classical–Hellenistic
buildings, including the well-preserved remains of a large-scale textile workshop, suggest-
ing that Helike soon recovered from the earthquake’s fatal blow and became a flourishing
town in the Hellenistic period [12,13]. The advantageous location of the settlement on
the southwest shore of the Gulf of Corinth favoured maritime travelling and trade since
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prehistoric times, as the excavation finds from the Helike EBA settlement suggest [11].
In particular, the Hellenistic textile dye works in Helike, the only workshop positioned
near the sea among its contemporaries around the Gulf of Corinth, played a key role in
the commerce and economy of the region, thus demonstrating the importance of coastal
locations in textile manufacturing and cultural exchange.

It is worth mentioning that the preference shown by the Helike builders in the earliest
phase of the construction, dated to the second half of the 4th century BC, for a polygonal
mode of masonry, may well be related to a desire for a more solid and sturdy structure
following the catastrophic experience of the 373 BC earthquake a few decades ago.

3.4. Occupation in Later Times: The Roman Site

Following the destruction of the Hellenistic settlement by another earthquake ca.
90/80 BC, the people of Helike moved further back east, where the pre-373 BC earthquake
habitation sites were located (Figure 1a, R and N). The Roman settlement, the immediate
successor to the Hellenistic one, soon expanded and developed toward the east along
and to the south of the central Roman road (Figure 5a), crossing the Helike Plain near the
coastline [10].

Figure 5. (a) Segment of the Roman road and Hellenistic architectural remains of walls excavated in
the western Helike Plain. (b) Skeletal remains of a man in an extended position, found under the
collapsed ruins of a Roman building in Nikolaiika.

The settlement enjoyed a long life from the late 1st century BC to about the middle
of the 5th century AD. Here, a successor installation of the abandoned Hellenistic dyeing
workshops was found, which continued to operate into the Roman period. Thus, the skill
for crafts seems to be a diachronic feature of the Helike culture, not interrupted by a natural
catastrophe that occurred, but transferred and continued within the new settlement site by
the surviving population.

Similarly to the previous Helike settlements, the Roman site was devastated by a
strong earthquake in the first half of the 5th century AD, as indicated by our excavation
data [62]. In this case, however, the disaster left us with tragic evidence of the violent death
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of a man and his animal (Figure 5b), who were found buried under the ruins of one of the
destroyed buildings [62,63].

4. The Dynamic Landscape of Helike

A school of thought, advocated by Ingold [64] and others, argues that a landscape
is cultural and temporal and that temporality is imprinted in the patterns of dwellings
throughout the ages. People’s engagement with the landscape draws its unique significance
through an array of related features that only have meaning in people’s minds. The
archaeologist’s task is to uncover such meanings, where each object in the landscape
becomes a clue to meaning, which is fundamentally temporal.

This view is not dissimilar to and, we believe, is inspired by key thinkers across
different philosophical traditions. For example, Heraκleitos (c. 535–475 BC) put forward
the idea that “you cannot step into the same river twice”, which highlights how landscapes
are always in flux and shaped by time, as discussed by Patrick [65]. More recently, Lock [66]
emphasised how humans are embedded in time and place. He defined ‘dwelling’ as living
authentically in harmony with, and shaping, the landscape rather than simply as something
to exploit.

Ingold [64] argues for a rigorous landscape theory that can be investigated and demon-
strated through GIS technologies. Because GIS is essentially quantitative, we need to
understand the mismatch between the study of people and landscapes, which is essentially
qualitative. The central argument is how this relationship can be modelled within GIS;
what can we hope to achieve through the digital representation of place, space, and their
temporal meaning?

Polla and Verhangen [67] focused on theories about the way and reason why people
moved in the landscape. They used computer-based modelling approaches, experimenting
with the various parameters involved, such as in Lock et al. [68], where all assumptions
are laid out in detail, allowing for different scenarios to be explored and compared to
real-world outcomes. Computer modelling is, thus, a heuristic approach that aids the
development of theory and interpretation through hypothesis testing.

This section focuses on movement in the landscape in the region of Ancient Helike,
where landscapes are not just physical spaces but ones that hold deep emotional, cultural,
and historical meanings. As Heidegger [69] has emphasised, dwelling is a fundamental way
humans exist. People do not just inhabit spaces; they develop a sense of belonging so that,
even after disasters, their identity remains strongly tied to that place [70–73]. Returning
may indicate restoration of identity and continuity, as there is a sense of home even if the
physical environment has changed. As such, the Helike region was constantly reoccupied
after each disaster from the Early Helladic to the Late Antiquity.

Computer-Based Modelling of the Helike Landscape

Digital elevation models (DEMs) are widely used in geographic information systems
(GIS), remote sensing, and topographic analysis to model terrain characteristics. A method-
ology for modelling ancient landscapes has been developed by one of us (MK), whereby a
representation of the current landscape is dynamically modified according to the following
five variables: the rates of sediment deposition, sea level rise, and tectonic uplift, together
with earthquake-related events of pulse tectonic uplift and subsidence. The simulation
runs backwards in time from a present landscape DEM.

Focusing on the green height profile in Figure 6, there are repeated patterns where all
elevations increase at a certain rate (tectonic uplift, sea level rise, and sediment deposition),
followed by inflexion points caused by strong earthquakes with combined pulse tectonic
uplift and subsidence (Figure 6). Strong earthquakes are repeated six times, as shown in
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the Early Helladic (2100 BC), Geometric (700–680 BC), Classical (373 BC), Late Hellenistic
(90–80 BC), and Roman (mid-5th AD) periods, and more recently, in the 19th century (1861).
These events have also been verified by geological and archaeological evidence, with some
reported by historical records.

Figure 6. Depiction of repeated patterns of elevation trajectories in the Helike landscape, in a
qualitative way.

The simulations reported in this section are focused on the events of 2100 BC and
373 BC, as Soter [52] estimates an average sediment deposition of 16.8 m over the past
7000 years. The deposition process is related to fluctuations in sea level rise and tectonic
uplift, with periods of accelerated sediment accumulation followed by steady isostatic
adjustments. Furthermore, variations in deposition rates across the Helike Plain are proba-
bly largely driven by differences in terrain characteristics and local elevation. Specifically,
archaeological data from the Early Helladic site suggest a deposition rate of approximately
1 m per thousand years (m/kyr) over the last 4100 years.

Concerning the sea level rise, Soter [52]’s findings reveal an average rate of 0.5 m per
thousand years (m/kyr) over the past 5000 years for the periods under consideration. For
example, for a simulation dated to 373 BC, the estimated sea level in the Gulf of Corinth
would have been 1.19 m lower than present, based on the calculation 0.5 × 2373 = 1.19 m.
Concerning tectonic uplift and subsidence, these must be estimated based on the sea level,
which depends on the accurate dating of marine organisms. Radiocarbon dating requires
calibration due to the reservoir effect, where deep-water mixing causes marine samples to
appear older than they are. In the Gulf of Corinth, Soter [52] estimated a local correction of
380 years based on radiocarbon dating for marine samples in the Helike Delta to account
for carbon depletion from surrounding limestone.

By plotting the calibrated shoreline ages against elevation, Soter [52] demonstrated
that the shoreline was approximately 20 m lower around 9000 BP than its present level. Ad-
ditionally, two significant discontinuities were identified. The first discontinuity suggests a
pulse uplift of 6–7 m in the earthquake of 2100 BC, while the second may correspond to the
373 BC earthquake, during which an uplift of approximately 2 m occurred. Furthermore,
the data provide preliminary evidence that the 1861 AD earthquake resulted in an uplift of
approximately 1 m.

Taking these factors into account, the analysis estimates subsidence in the range of 4 to
9 m for the earthquake of 373 BC, and the assumed co-seismic subsidence is 4.5 m [52]. This
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aligns with the suggestion of at least 3 m of subsidence and is further supported by evidence
of significant shoreline submergence, likely caused by plain tilting, soil liquefaction, and
submarine landslides, as observed in the 1861 AD earthquake.

The quantification discussed above can be incorporated into a general equation to
calculate time-dependent heights of every single point in a DEM model as follows:

Ht1 = Ht0 + (St1 − Ut1) + t ∗ (RS − RU − RD) (1)

where Ht1 is the DEM height at time t1, Ht0 is the height at the start time, St1 is the pulse
subsidence, Ut1 is pulse tectonic uplift, t is the time, and RS, RU, and RD are the rates of sea
level rise, tectonic uplift, and sediment deposition.

The DEM is mapped to a raster file of the Helike landscape, where pixels representing
heights at or below zero are coloured blue, indicating that the area is below sea level.
This clearly shows the sea’s progression and regression over time and the changes in the
landscape. Figure 7 presents a model of the current landscape, with the left side showing
the present-day terrain and the right side displaying the DEM map overlay.

Figure 7. (Left) Map of the current Helike Landscape. (Right) The DEM map overlay. The ranges
of the colour code are only qualitative and as follows: 0–50 m elevation: cyan, 50–200 m: yellow,
200–997 m: orange.

The general shape of the shoreline before the earthquake of ca. 2100 BC, as shown in
Figure 8 (left), aligns with the archaeological findings from excavations by the Helike Project.

These excavations uncovered an Early Helladic II-III settlement featuring a “corridor
house” and gridded streets [9,11]. Evidence from boreholes further supports the conclusion
that this settlement was situated near the shoreline. Figure 8 (right) illustrates the landscape
immediately after the earthquake. The marine transgression appears to have led to three
lagoons, with the largest one centrally positioned in the bay and oriented northwest–
southeast. It seems that, following the earthquake, the sea formed an enclosed lagoon in
this orientation, located below the modern railway line.

Over time, the lagoon was gradually silted over, and by the Classical period, the
shoreline had shifted close to the present-day railway line. Figure 9 (left) illustrates the
landscape before the 373 BC earthquake. A small blue area in the centre, near excavated
trench H8, suggests the presence of a lagoon, though it was more likely a swamp in 373 BC.
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Figure 8. (Left) The Helike landscape in the Early Helladic period before the earthquake of 2100 BC.
(Right) The landscape after the earthquake of 2100 BC.

Figure 9. (Left) The Helike landscape in the Classical period before the earthquake of 373 BC.
(Right) The landscape after the earthquake of 373 BC.

Even today, part of the central Helike area is named “Valtos”, meaning “the swamps”,
likely a remnant of an ancient lagoon that was initially open to the sea but later cut
off by sediment deposition. According to a study on the Middle and Late Holocene
paleogeography of the Helike Delta [14], in the 3rd/2nd millennium BC, the lagoon was
small, stretching in the central/western part of the plain. After 1000 BC, it gradually grew
to the northeast and by about 400 BC to the west. Following the 373 BC period, the lagoon
occupied the central part of the plain, leaving on either side dry land for resettling.

This interpretation aligns with evidence of the Classical settlement in the area. Ar-
chaeological trench H8, the closest to the swamp, contained significant amounts of Ar-
chaic/Classical pottery at depths of 2.45–3.00 m, indicating that the area had silted over
by that time. Trenches H18 and H19, located nearby, revealed Classical walls at a depth
of 3 m, while H19 also contained ostracods [60] at 3.20 m beneath the walls, suggesting a
previously brackish environment. These findings reinforce the presence of earlier marine,
lagoonal, and marshy conditions at the site.

Figure 9 (right) illustrates the model following the 373 BC earthquake, highlighting the
formation of two lagoons: one close to the centre of the picture and another further north,
close to the Selinous River. Archaeological trench H10 is next to the lagoon at the centre.
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The Classical horizon was found at a depth of 3.70–3.90 m. Above it, there is evidence of a
freshwater environment with freshwater ostracods, green and black clay, and up to 2 m, a
black clay marshy environment appears. The model shows large areas being submerged
near the shore after the earthquake.

The model shown in Figure 10 (left) simulates a 150-year progression from 373 BC to
the Hellenistic period, corresponding to Eratosthenes’ account (3rd century BC) [2].

Figure 10. (Left) The Helike landscape in the Hellenistic period. (Right) The landscape in the Roman
period, at the time of Pausanias (2nd century AD).

Two key observations emerge: first, the Hellenistic settlement pattern shifted north-
west compared to the Classical period. Second, the shoreline remained relatively stable,
while the central shore area experienced prolonged submergence.

The interpretation is that the area was submerged under the sea for a considerable time
and that the environment changed from marine to brackish. Furthermore, Eratosthenes re-
ported that the bronze statue of Poseidon was in the “poros”, which has been re-interpreted
as an inland lagoon [2]. The model showing a possible scenario in the 2nd century AD is
presented in Figure 10 (right). By the 2nd century AD, the area was extensively silted over,
as shown by the discovery of a major segment of an excavated Roman road, which runs
through the site [10] (see magenta line in Figure 10, right).

Pausanias may have travelled along this Roman road and reported that the ruins of
Helike were still visible underwater but heavily deteriorated. The models indicate that the
lagoon is probably situated at the location annotated in Figure 10 (right), oriented NW–SE
in the same location as the ancient lagoon. This view is further reinforced by extensive
gravity measurements in the area by Dimitropoulos and Noutsis [74], whose results closely
match the location and orientation of the lagoon as annotated.

This section has presented and demonstrated a method for landscape analysis through
raster-based digital elevation models of the Helike landscape. DEMs are generated from
dynamic models of sea level rises, coastal and tectonic pulse uplifts, subsidence, and
sediment deposition. The present-day DEM was used to compile landscape models in
the Early Helladic, Classical, Hellenistic, and Roman periods. Each model is validated by
borehole and excavation data and interpreted in the light of ancient written sources. The
models make several contributions to understanding the implications of the geomorphism
of the Helike landscape to the continuity and discontinuity of human occupation.
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5. Discussion

5.1. Seismicity and Settlement

Past earthquakes provide useful information on seismic risk assessment in a region.
However, the scientific records offer quantifiable data on prior earthquakes from the begin-
ning of the twentieth century. This period represents but a small record of the Holocene
seismicity [4,5,38,39]. To expand this database, archaeological records are substantial in de-
termining the damage inflicted on human structures revealed at archaeological sites [75–82].
Specifically, archaeology unravels the effects of ancient earthquakes on human commu-
nities by examining damage patterns and identifying seismic signs imprinted in human
constructions and artefacts [7,11–13,15]. Archaeology, palaeoseismology, epigraphy, and
historical texts are the primary sources of earthquake evidence. However, only the most
severe seismic events would be recognised in all four sources, whereas smaller magnitude
events might occur in some and rarely in all. In the current study, we calibrated the age of
past earthquake events using dates resulting from combined 14C dating and archaeological
evidence. The age of younger earthquakes is determined based on historical sources and
14C dating.

The timing of a disaster, its geographical location, the society affected, and the nature
of the hazard are crucial elements that interact in various ways to differentiate a hazard
from a disaster [83,84]. In the case of a series of earthquakes spanning over the Holocene,
like in the Helike area, the pivotal factors are as follows. The first factor refers to the rate of
onset and the duration of the incident. Devastating earthquakes, including the main event
and aftershocks, may persist for months in the inflicted area. The second factor represents
the extent of the affected region related to the earthquake magnitude or the proportion of
the population struck. The third factor concerns the nature of the society inflicted. A society
may be adaptable and mobile, like nomadic groups, or rigid, as, for instance, a settlement
administered by a strong hierarchy or with a deep connection to specific geographical
features. In our case, since Helike was the capital city in the region from the Early Bronze
Age until the 4th century BC, i.e., for more than 20 centuries, it possessed a certain core
societal value. The fourth factor involves the nature of the hazard and its recurrence, along
with the accumulation of various types of hazards. In the case of Helike, the recurrence
interval is typically in the order of more than four centuries, and in some cases, it is more
than a millennium (Figure 11).

Additionally, successive hazards of different kinds may have the same cumulative
effect characterised as a cascade disaster, also described as a ratchet effect by [7,85–87]. The
373 BC earthquake is not directly related to the HF and, therefore, could be considered a
cascade event [7].

Frequent earthquakes will challenge the resilience of a community. Archaeological
data acquired from the Helike Project excavations suggest that settlement locations changed
positions over the centuries but always remained in the coastal plain, and primarily in the
area bounded between the rivers Selinous (west) and Kerynites (east). It is worth noting that
each habitation site, after abandonment due to earthquake destruction, bears no evidence
of any subsequent occupation. On the contrary, revived settlements usually unfold in a new
location, within the major Helike area, as set each time by current geological conditions.
Thus, the Helike settlement sites since the Early Bronze Age compose a nucleus each time,
which preserves the special features of the particular period of the settlement untouched.
Figure 12 presents their mobility across the plain in time based on the excavation data.
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Figure 11. Chart showing timing and magnitude of earthquake disasters in the Helike Plain, their
geographical distribution, and the impact on the various chronological settlements (for discussion see text).

Figure 12. Map of the Helike Plain showing movements and settlements from the 3rd millennium BC
to the 1st millennium AD (for discussion see text).

5.2. Earthquake Destruction and Resilience

Beginning with the earliest proto-urban town of the 3rd millennium BC, exhibiting an
organised building plan, including among its buildings a most outstanding monumental
“corridor house”, Helike featured as an Early Bronze Age coastal centre associated with the
rise of a new socio-economic structure at the time. In addition to advanced characteristics at
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the level of the settlement organisation, overseas links and contacts are evidenced through the
presence of an array of exotic, prestigious items and commodities, including a unique depas
cup of Anatolian type, ornaments of gold and silver, Melian obsidian tools, and the adoption
of ‘international’ fashions of life such as the ‘serve and drink’ culture and ‘potter’s marks’ [11].
This cosmopolitan settlement came to an end ca. 2100 BC, struck by a strong earthquake
accompanied by fire and subsequently buried under the sediments of a lagoon [60]. The collapse
of the environmental and socio-economic systems resulted in the absence of any habitation sign
in the central part of the plain for a very long period, as indicated by the stratigraphic excavation
data. Human presence in this area is found again in the Archaic/Classical period down to the
Hellenistic/Roman times, i.e., after a period of over a thousand years.

The facing of a serious environmental threat, ca. 2100 BC, and the burial of the
destroyed settlement under lagoon deposits, seems to have driven people away from the
watery lower lands of the mid-plain. Thus, in the following period from the Late Bronze
Age (15th century BC) through to the Late Geometric/Archaic period (7th century BC), the
new settlement was built on a safer location that occupied the lower plateau and higher
sloping of the hill above the modern village of Nikolaiika (Figure 1a, N) at a distance of
1.5 km to the southeast of the abandoned Early Bronze Age habitation site (Figure 12).
The settlement, dated from the 14th to the 11th century BC, occupied an area of about
20 acres, and was organised in groups of houses, including complexes formed of smaller
rooms [61,88]. Mycenaean ‘broad’ Helike, as named in the Homeric epics, was part of the
western territory of the Mycenaean kingdom of Agamemnon and participated—providing
ships and crew—in the Trojan expedition under Agamemnon and his forces.

In the same general area, at the foot-mountain of the same hill, evolved the succes-
sor town of Geometric Helike, which founded the first and most powerful colony of the
Achaeans in South Italy before the end of the 8th century BC (ca. 730 BC) [89]. Habitation
in the proto-Geometric period, preceding the fully developed settlement of the Geometric
metropolis of the 8th century BC, is evidenced via the Derveni grave pottery group, includ-
ing the most popular Achaean drinking cup, the kantharos [90]. The influx of Corinthian
products that reached the hinterland of Achaea since the second half of the 8th century
BC [91] and exceptional objects from the eastern Mediterranean, such as the metal Phoeni-
cian models of clay vases dated to the early 7th century BC from a number of Achaean
sites [92], suggest that Helike remained the commercial centre through which the area had
fostered contacts with the East and the rest of the ancient world since the Early Bronze Age.

Previous experience of seismic disturbance may account for the solutions implemented
by the Geometric society for the adjustment of architecture to the geomorphology, as we
may infer from the foundation of the large Geometric building on the solidified conglom-
erate of the Helike Fault at this location (see Section 3.2). More importantly so, since the
dimensions, the form and spaciousness of the construction—rather rare by the standards
of the Geometric era—in conjunction with the abundance of drinking vessels recovered,
suggest that the building hosted communal dining with many participants and most prob-
ably belonged to a local ruler or chieftain. The constant care and concern of the people in
obtaining safety and stability for their structures is again evidenced in the use of polygonal
masonry in the constructions of the post-373 BC earthquake settlement (see Section 3.3).

This flourishing culture was disrupted once again by another strong earthquake that
occurred ca. 700–680 BC, and caused the abandonment of the site and its burial under thick
river-borne fluvial deposits. However, recovery was attained shortly, as suggested by the
archaeological finds dated to the 6th and 5th centuries BC from this area [12,93]. Further, the
discovery of destroyed Classical walls by the 373 BC earthquake in more than one location to
the west (see Section 3.3) indicates the expansion of the Classical settlement in a considerable
length in the plain, coinciding with Helike’s elevation at the position of the capital city of the
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Achaean Dodekapolis, a place already held before during the predominance of the Ionians in
the area. The foremost position of the Classical polis as both the political and religious seat of
the Confederation, is witnessed, among other things, by the realisation of major projects in its
territory, as was the construction of a sizeable marble temple and its sculptural decoration, all
made of the most celebrated and costly marble of the ancient world, the Parian. The unique
presence of the Parian marble in this region, the only site in the entire western Peloponnese
before Olympia, places Helike along the maritime routes network for the export and diffusion
of the valuable Parian marble to the West [94].

At the peak of its culture, Helike was smitten once again in 373 BC by another natural
disaster, this time by a combined natural force of an earthquake and a sea wave [7].
Although believed in the past that there were no survivors and that the city disappeared
from the face of the earth, the archaeological record has shown that, a few decades later,
Helike was reborn, and a new settlement was built in the western part of the plain. The
settlement soon grew in size and flourished, including in its premises, a large-scale textile
industry, thus retaining its commercial and economic dynamics in the region and beyond
(see Section 3.3). But yet, once more, the Hellenistic society’s attainments were forcibly
discontinued by the strong earthquake of 90–80 BC [95] in another return of destruction
over resilience. The latter, though, was soon restored within the same century through the
rebuilding of the successor settlement of the Roman period in a new location to the east of
the abandoned Hellenistic site. In keeping with the manifestations of a long tradition as
transmitted by their ancestors, survivors continued to practice the inherited skills for crafts
in the new settlement, as indicated by the excavation finds (see Section 3.4) [62].

The archaeological record so far suggests that throughout the centuries, in a repeated
cycle of shortened natural disasters alternating with long periods of cultural and societal
stability and growth, the Helike society consistently demonstrated resilience against de-
struction. It could be said that having confronted for generations with major environmental
risks, society learned from past experience and formulated efficacious solutions to enhance
resilience (Figure 13).

 

Figure 13. Schematic diagram of the recovery process (resilience curve) following earthquake events in
the Helike area. The diagram illustrates archaeological periods, the age of earthquakes, and the recovery
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time related to the pre-earthquake level. The green-shaded area indicates suboptimal society adap-
tation after earthquake damage, allowing the community to maintain a social level similar to the
prior one; the red-shaded area highlights harmful society adaptation following the closely occurring
earthquakes, every 300 years, between the Geometric and Hellenistic times. The light blue-shaded
area shows the modern optimal adaptation following the 1861 earthquake. Adaptation nomenclature
follows Klasa et al. [96].

Aware of this repeated system moving between destruction and resilience, the ancients
worshipped Poseidon, the god of waters and earthquakes. In Helike, a land of high seis-
micity, Poseidon was the dominant deity, worshipped under the epithet of Helikonios [97].
In his sanctuary, mentioned in the Homeric epics, bull sacrifices took place to appease the
god and secure safety for Helike’s land and people’s lives.

6. Conclusions

Helike serves as a striking example of a true palimpsest. Originally established during
the Bronze Age (3rd millennium BC), it was repeatedly resettled during its long-lasting life
down to Late Antiquity (1st millennium AD) as a result of natural phenomena. This study
provides, for the first time, a complete catalogue of the historical earthquakes of the HF, a
most on-land normal fault, which affected an area of continuous habitation over the last ten
millennia. Furthermore, for almost all these earthquakes, we furnish their co-seismic and
post-seismic phases based on (a) accurate earthquake recognition, (b) landscape description,
and (c) human settlement and movement in the region (Figure 12). More specifically:

1. We extended our documentation of earthquake phenomena into the past ten millennia
based on palaeoseismology and archaeology data. Furthermore, we contributed to
a better understanding of the recurrence interval of earthquakes along the Helike
Fault as a causative structure that resulted in ground motions and physical impacts on
settlements in the study area, thus filling in existing knowledge gaps. In particular, we
focused on a cluster of four strong earthquake events (700–680 BC, 373 BC, 90–80 BC,
and 420–450 AD), which devastated the Helike area at recurrence intervals ranging
between 530 and 288 years. From a geological point of view, these earthquakes caused
significant environmental changes in the area between the Selinous and Kerynites
Rivers [7,37,95].

2. It has been shown that the diachronic course of the Selinous and Kerynites Rivers,
which drain the Helike Delta and border the permanently inhabited Helike area,
was repeatedly altered by surface-rupturing earthquakes on the Helike Fault and a
powerful off-fault earthquake event in 373 BC. However, the mechanisms associated
with these earthquake events have not yet been thoroughly understood.

3. Shifts of the ancient shoreline, landwards and seawards, in relation to the current
seashore, have significantly contributed to our understanding of the diachronic evolu-
tion of the Helike settlements and the landscape over the Holocene.

4. Living in a high-seismicity area and often experiencing natural disasters, the ancient
people of Helike developed a certain adaptation of ‘seismically’ living, as character-
istically shown by the building modes employed in the architecture to secure their
constructions in terms of statics and endurance.

5. Regarding the people’s predilection for continuous resettling in a seismically active
plain, the landscape has played a crucial role. The Helike Plain is an alluvial, fertile
land surrounded to the south by mountains, where three rivers originate, providing
an abundance of water. To the north, the place is open to the sea, allowing easy access
to sea voyages and trade routes. Its location as a commercial coastal centre in this part
of northwest Peloponnese and the Gulf of Corinth favoured contacts and exchanges
within the Mediterranean basin toward the East since the 3rd millennium BC, and to
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the West and its markets since the early historical times, when Helike founded the
most powerful Achaean colony in South Italy, the city of Sybaris.
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Abstract

The possibility of collecting new archaeological elements useful in reconstructing the
dynamics of population, production and commercial activities in the Bronze Age at the
edge of the central-southern Venice Lagoon was provided between 2023 and 2024 thanks to
an intervention of rescue archaeology planned during some water restoration works in the
Giare–Mira area. Three small excavations revealed, approximately one meter below the
current surface and covered by alluvial sediments, a rather complex palimpsest dated to the
late Recent and the early Final Bronze Age. Three large circular pits containing exclusively
purified grey/blue clay and very rare inclusions of vegetable fibres, and many large, fired
clay vessels’ bases, walls and rims clustered in concentrated assemblages and random
deposits point to potential on-site production. Two pyro-technological structures, one
characterised by a sub-circular combustion chamber and a long inlet channel/praefurnium,
and the second one with a sub-rectangular shape with arched niches along its southern
side, complete the exceptional context here discovered. To analyse the relationship between
the site and the natural sedimentary succession and to evaluate the possible extension of
this site, three electrical resistivity tomography (ERT) and low-frequency electromagnetic
(FDEM) measurements were collected. Several manual core drillings associated with remote
sensing integrated the geophysical data in the analysis of the geomorphological evolution of
this area, clearly related to different phases of fluvial activity, in a framework of continuous
relative sea level rise. The typology and chronology of the archaeological structures and
materials, currently undergoing further analyses, support the interpretation of the site as a
late Recent/early Final Bronze Age productive site. Geophysical and geomorphological
data provide information on the palaeoenvironmental setting, suggesting that the site
was located on a fine-grained, stable alluvial plain at a distance of a few kilometres from
the lagoon shore to the south-east and the course of the Brenta River to the north. The
archaeological site was buried by fine-grained floodplain deposits attributed to the Brenta
River. The good preservation of the archaeological structures buried by fluvial sediments
suggests that the site was abandoned soon before sedimentation started.
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1. Introduction

The Recent Bronze Age (1350/1300-1150 BCE) in the central-eastern Veneto region
(Italy) witnessed a significant and accelerating population increase, notably along the major
rivers (Bacchiglione, Brenta, Sile, Piave, Lemene and Livenza), as well as at their estuaries,
indicating control over the coastal zone. While the precise drivers of this growth are still
under investigation, it is consistent with the broader pattern of expanding settlement
documented across the whole Veneto region during this period [1].

Observing the coastal strip of the Adriatic Sea from south to north, with a focus
on the Venice lagoon’s edge and its immediate hinterland, the later phase of the Recent
Bronze Age saw the emergence of the embanked site of Cona–Cantarana, strategically
positioned to control a key point between the Po River delta and the Adriatic coast, and the
embanked site of Boion, located in proximity to a probable former sea outlet of the Brenta
River. Moving further north, the most notable population clusters were situated during
this same period within a peri-lagoonal zone, specifically including the territory of Mestre
and the municipalities of Meolo and Quarto d’Altino. A limited presence is also attested
within the lagoon itself, as evidenced by the archaeological record at Barena del Vigno.
Eastern Veneto appears to follow a similar trend, showing a consistent pattern of settlement
along the peri-lagoonal fringe, especially near the mouth systems of the major rivers and
within the lagoon areas themselves, as illustrated by the sites of Cittanova–Eraclia and
Caorle–San Gaetano.

Mirroring the broader Veneto region, the Final Bronze Age 1–2 (1175/50-1000 BCE) in
the Venetian area marks a period of significant population reduction, with the settlement
at Caorle–San Gaetano representing the sole continuous occupation controlling the para-
coastal routes. Conversely, the Final Bronze Age 3 is characterised by a resurgence in
territorial occupation, albeit one that was not as widespread or ubiquitous as in the recent
Bronze Age but rather confined to specific areas. It is during this later phase that settlement
was re-established in the vicinity of future Altinum, strategically positioned to control the
lower course of the Sile River and its associated peri-lagoonal zone. Caorle–San Gaetano
was, in all probability, succeeded in its role by the area of present-day Concordia, which
was already active during the recent Bronze Age [2] (pp. 300–304), [3–7].

Within this established context of protohistoric settlement along the Venice lagoon’s
littoral and immediate hinterland, the recently identified site at Mira–Giare constitutes
a novel and somewhat unexpected data point emerging from preventive archaeological
investigations. The site appears to fill a perceived settlement lacuna within a central
segment of the lagoon’s littoral. The prior absence of archaeological evidence may be
ascribed to a documentary deficit, potentially resulting from a lack of previous systematic
archaeological investigations and/or issues concerning the subsurface visibility of the
buried deposit.

These preliminary considerations prompted an in situ intensification of site in-
vestigation during the excavation phase, deploying a suite of supplementary anal-
yses designed to maximise data acquisition for comprehensive archaeological and
geomorphological reconstruction.

The main scientific questions we tried to answer with the in-depth investigations
conducted while the archaeological excavation was still underway were as follows: what
was the context of the structures, and how far did the production site extend? Answering
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these questions would allow for the discoveries to be framed within a broader context, both
geographically and historically–culturally. It would also help in estimating the importance
and complexity of the productive activity documented by the pyro-technological structures
brought to light.

2. Setting

The archaeological site is located some hundred metres from the current inner margin
of the lagoon of Venice (Figure 1), which is here bordered by a several-metre-high artificial
level. The Venice lagoon is characterised by geological subsidence that brings about a
continuous rise in relative sea level, estimated at around 1.2–1.3 mm yr−1 for the last
two thousand years [8,9]. The study area is now at an elevation around −1 m Mean Sea
Level (MSL).

Figure 1. Position of Mira-Giare site (red circle) in the lagoon of Venice (Google Earth image modified
by authors).

The site falls within the deltaic system of a mediaeval branch of the Brenta River, which
has been debouching in the lagoon starting from the 12th century AD [10,11] (Figure 2).
Between the mediaeval fluvial ridges, large stretches of the alluvial plain built by the Brenta
River during the Last Glacial Maximum (LGM) crop out. These latter alluvial deposits
belong to the Brenta megafan and are characterised by a typical calcic soil that is also found
buried under the post-LGM lagoonal and fluvial deposits [12,13].

A Holocene palaeochannel of the Brenta River has been traced in the area through
remote sensing, and it was radiocarbon-dated to the late Bronze Age [11]. Due to relative
sea level rise [5], the Bronze Age inner margin of the lagoon is now below MSL. Geological
investigations evidence the presence of buried deltaic deposits of the 2nd millennium BC
in the underground area of the present lagoon SE of the Giare area [14]. This allows us to
hypothesise the location of the Bronze Age lagoon margin as shown in Figure 2.

The new archaeological evidence of the Giare site consists of a productive context
characterised by the presence of pyro-technological structures and provisionally dates to
the transition from the late Recent Bronze Age to the early Final Bronze Age, based on a
preliminary typological assessment of the recovered artefacts. Bronze Age chronological
references throughout this paper are based on the frameworks proposed by [1,15,16].
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Figure 2. Geomorphological sketch map of the area around the Giare site [5,11,14].

3. Materials and Methods

Investigations at the Giare archaeological site, located in the municipality of Mira
(VE), near the current lagoon margin, began in 2023. This was in connection with a major
public works project aimed at the hydraulic arrangement, environmental restoration and
landscape redevelopment of a portion of the drainage water network in the central-southern
Venice lagoon (Figure 3).

Developed by the Consorzio di Bonifica Acque Risorgive, the project underwent
preliminary Preventive Archaeological Interest Verification (VPIA) in 2020, as required by
Article 25 of Legislative Decree 50/2016 (now Article 1, paragraphs 2 and 3, Annex I.8 of
Legislative Decree 36/2023). The preliminary documentation assessed the archaeological
risk as moderate, within a context characterised by massive areal deposits resulting from
recent agricultural exploitation. As a result, the project was approved, conditioned upon
continuous archaeological monitoring for soil disturbance operations reaching greater
depths beyond the ground surface.

Archaeological excavations began in March 2023, carried out by Se.Arch. Srl, under the
scientific direction of Soprintendenza Archeologia, Belle Arti e Paesaggio per il Comune di
Venezia e Laguna. In April of the same year, the first anthropogenic deposits were identified,
characterised by abundant pre-Roman ceramic material. This discovery, surprising as it
was not predicted by the existing literature, yielded the opening of a trench and three
excavation test units in distinct areas of the site, with the aim of clarifying the nature and
chronology of the findings (Figure 4).

Stratigraphic investigations were carried out between April 2023 and July 2024, with
numerous interruptions due to adverse weather conditions and rising groundwater. From
the early stages of excavation, the exceptional nature of the discovery became evident:
the recovered ceramic materials and the associated pyro-technological structural evidence
pointed to a production site, dating between the late Recent Bronze Age 2 (first half of the
12th century BCE) and the early Final Bronze Age 1–2 (1175/50-1000 BCE), a chronological
phase not previously recorded in this locality [17].
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Figure 3. Territory under the jurisdiction of the Soprintendenza Archeologia, Belle Arti e Paesaggio
per il Comune di Venezia e Laguna (red line indicates the perimeter of the municipalities). The
location of the site is highlighted with a yellow circle (Google Earth image modified by authors).

Non-invasive geophysical measurements in the analysis of production sites of the
Bronze Age, and more generally in this type of context, are typically taken by magnetic
measurements [18–22], and in a few cases, this method appears to be coupled with Ground-
Penetrating Radar (GPR) acquisitions [23,24] for the same purposes. In general, the ab-
sence of actual remains of structures of a specific size, with the presence of distributed
traces of thin layers, pits and small-in-size remains instead, which can be related to pyro-
technological activities within shallow depths, allows the fruitful use of these methods,
efficient in shallow systems. Furnaces and fired materials represent the ideal target for mag-
netic methods, while more sporadically, GPR provides high resolution in searching for the
presence of shallow and thin structures, which are generally present in this type of site [25].
Electrical resistivity tomography (ERT), well-known for its use in searching built buried
structures [26,27], is well documented in investigations involving geomorphologically
complex sites, such as those often encountered in Bronze Age contexts [28–31]. The pres-
ence of palaeochannels and systems related to water circulation that may involve depths
greater than the actual, shallower sediment of the archaeological settlement provides an
easy target for this prospecting method. Therefore, ERT measurements may prove helpful
in studying the relationship between settlement and water palaeo-system circulation in
these contexts. Much more recent, but of extreme interest for a more detailed analysis of the
more superficial layers of the subsurface, particularly in the context of palaeochannels and
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lagoon systems, is the use of low-frequency electromagnetic (FDEM) measurements [32–36].
This fast acquisition technique makes it possible to reconstruct maps in the shallowest part
of the investigated subsoil, at least up to the depths typically reached by magnetic methods
(about 1.5 m from ground level). The variations in soil conductivity and the correlation
of these variations with the possible magnetic response of the investigated deposits are
measured by this method. The EM field’s quadrature component indicates the system’s
electrical conductivity. The in-phase component of the EM field expresses the correlation
with magnetic susceptibility, providing important indications for the study of sites, such
as those of the Bronze Age, which were placed in wet contexts or demonstrated a strong
presence of fluvial/water palaeo-systems.

Figure 4. Mira (Venice), site plan of Parco delle Giare with location of archaeological stratigraphic
tests (1, 2, 3 in the figure) (Google Earth image modified by authors).

Given the geomorphological context and proximity to Venice’s lagoon of the Giare
site, FDEM measurements in two different areas around the archaeological excavations and
three different ERT lines in these areas were collected (Figure 5). Geophysical measurements
supported research into possible additional buried structures, such as those that emerged
through the excavation, attempting to identify the extent of the archaeological site, having
evaluated the characteristics of the system and the archaeological remains.

FDEM measurements were collected using a GF Instruments multi-depth Mini Ex-
plorer conductivity meter. The instrument is equipped with three-depth probes with depth
ranges (high/low) of 0.5/0.25 m, 1.0/0.5 m and 1.8/0.9 m that allow the simultaneous acqui-
sition of the quadrature component data of the EM field, related to electrical conductivity
variations in the investigated system, and the in-phase component data of the EM field,
associated with the magnetic susceptibility of the system. The high-depth mode was used
in this context, resulting in final depth ranges of 0.5 m, 1 m and 1.8 m to the probe position,
at about 0.15–0.2 m above ground level throughout this acquisition. The acquisition was
georeferenced using the integrated GPS mounted on the Mini Explorer controller. The data
thus acquired produced three maps of the change in electrical conductivity, expressed in
mS/m and p.p.m, and the system’s susceptibility in three different depth ranges. FDEM
maps were obtained by interpolating the data using Golden Software Surfer 15.

ERT measurements were collected using an IRIS Syscal Pro 48 ch resistivity meter,
arranging for each line 48 electrodes spaced 0.5 m apart for a total length of 23.5 m and a
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depth of investigation of about 5 m. A dipole–dipole skip 4 array provided excellent lateral
and vertical resolution to focus on detail in the shallow part of the system analysed here.
The optimised dataset included direct and reciprocal measurements for each quadrupole.
We set a time window of 250 ms, 3–6 stacks with 5% tolerance and variable current injection
to target potential values of at least 50 mV. The inversion processing of the ERT sections was
performed using an Occam inversion approach [37], as embedded in ProfileR2D freeware
software (version 2.5 Oct. 2003) by A. Binley. Data with reciprocal errors exceeding 5% have
been removed as outliers. The same resistivity range (0–25 Ohm*m) was finally applied to
enable the timely comparison of detected anomalies and consistent interpretation of 2D
ERT vertical sections obtained with Golden Software Surfer 15.

Figure 5. Locations of the FDEM measurements (yellow lines) and ERT lines (green, blue and pink)
in the two excavated areas in red.

Coring was carried out using a composite Eijkelkamp manual auger with Edelman
and gauge samplers, which allow for the collection of undisturbed sediment samples. Cores
were aligned along a transect starting from the archaeological site, about perpendicular to
the palaeochannel observed at the surface in satellite images (Figure 6).

Figure 6. Location of geological cores.
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4. Results

4.1. Archaeological Evidence

The archaeological deposits were identified approximately 75 cm below ground level,
which had been previously lowered by about 30 cm to remove the superficial arable layer
across the entire work area. In a cross-section, the stratigraphy reveals an upper sub-
agricultural layer (Stratigraphic Unit 2, abbreviated as SU 2; this abbreviation will be used
for all stratigraphic units hereafter) approximately 40 cm thick, characterised by a compact
and well-preserved silty loam matrix with a light-grey colour. Below this layer, a peat
deposit (SU 3) follows, varying in thickness between 3 and 10 cm, composed primarily
of undecomposed vegetal material. Further down, an alluvial deposit (SU 4) is present,
approximately 25 cm thick, characterised by a rather compact clay–silt composition and a
light-grey colour with diffuse iron–manganese mottling of orange hue (Figure 7). Likely
originating from a natural sedimentation event, this alluvial layer seals the archaeological
context, probably immediately or shortly after its abandonment.

Figure 7. Mira (Venice), Parco delle Giare. Southern section of the in-depth transect in the chan-
nel/basin identified in Test Unit 2 (Photo: Se.Arch. Srl—Courtesy of SABAP VE-Lag).

Test Unit 2 (Figure 4) presented a rather complex archaeological palimpsest. Exca-
vations revealed three large circular pits (SU 8; SU-14; SU 9; SU-17; SU 20; SU-21) aver-
aging 40 cm deep and approximately 125 cm in diameter, containing exclusively purified
grey/blue clay and very rare inclusions of vegetable fibre. The associated discovery of a
large quantity of bases, walls and rims of large fired clay vessels, clustered in concentrated
assemblages and random deposits, points to potential on-site production of these artefacts.
The analysis of these fired clay vessels and the few associated pieces of pottery began
during the excavation activities, as part of a teaching laboratory organised in collaboration
with the University of Padua—Department of Cultural Heritage. This laboratory was led by
Michele Cupitò, Professor of European and Mediterranean Protohistory, with support from
Giovanni Tasca and Vanessa Baratella (University of Padua) and Gaia Garosi (SE.Arch. Srl).
The typo-chronological and functional study of this material is currently being completed
by the same team.
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Two significant fired material concentrations were documented, the function of which
is still under investigation: the first (SU 5), characterised by decimetric and centimetric
vessel fragments, had well-defined boundaries (Figure 8); the second (SU 22), more akin
to a dump, was mostly characterised by significantly smaller fragments, with a chaotic
arrangement and less-defined boundaries (Figure 9). An in-depth excavation below the
aforementioned layer exposed a pyro-technological structure (Figure 10), with only the cut
surviving. The collected data points to a small furnace, exhibiting a vague mushroom-like
profile, characterised by a sub-circular combustion chamber (2.10 m diameter) and a long
inlet channel/praefurnium (1.35 m in length).

Figure 8. Mira (Venice), Parco delle Giare. Concentration of fired clay fragments in Test Unit 2 (Photo:
Se.Arch. Srl—Courtesy of SABAP VE-Lag).

Figure 9. Mira (Venice), Parco delle Giare. Disordered deposit of fired clay fragments in Test Unit 2
(Photo: Se.Arch. Srl—Courtesy of SABAP VE-Lag).
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Figure 10. Mira (Venice), Parco delle Giare. Structure cut identified in Test Unit 2 (Photo: Se.Arch.
Srl—Courtesy of SABAP VE-Lag).

The structure’s plan exhibits a characteristic configuration, comparable to a ‘keyhole’
or ‘fungoid’ shape, which finds a precise parallel in Type 3.1 as proposed by Agostino
Sotgia [38] (pp. 308–309). The furnace classified as Type 3.1 corresponds to a two-chambered
structure with a horizontal development, wherein the combustion and firing chambers
are arranged according to a figure-eight planimetric configuration. This furnace typology
emerged starting from the Middle Bronze Age and continued to be used through the early
Iron Age. The combustion chamber housed the fuel, while the artefacts to be fired were
placed in the firing chamber. This technical principle, based on the utilisation of heat
rather than direct flame, facilitated a more homogeneous firing of the artefacts and greater
potential for controlling the internal atmosphere of the firing chamber. Draft, therefore,
occurred horizontally.

In the southern part of the archaeological test unit, a shallow channel/basin with
stagnant water was identified. Due to its size, an in-depth transect was excavated (Figure 7).
Below the alluvial deposit (SU 4), a primary fill (SU 25) was observed, consisting of a
rather compact clay–silt deposit, of plastic consistency, 30 cm thick, rich in peat-like vegetal
material but lacking inorganic inclusions. Beneath this level, a deposit (SU 36) with a
weakly silty clay matrix was distinguished, poorly compacted and with varying thickness,
reaching 5 cm in some areas and absent in others. Rare inclusions of wood, ceramics, bone
and malacofauna were present. This level likely represents a wet ground surface within
the channel/basin, possibly the visible bottom during the period of the site’s activity. The
layer’s irregular morphology may have been caused by repeated animal trampling. Con-
tinuing downwards, a compact clay deposit (SU 37) is recognised, 22 cm thick, containing
horizontally oriented brushwood. The disposition of this material suggests the presence of
stagnant water, confirming a natural formation at the bottom of the channel/basin. The
absence of water flow facilitated the accumulation and stagnation of vegetal debris.

Finally, the bottom of the channel/basin was composed of a light-grey, weakly sandy
clay matrix deposit (SU 38) with diffuse calcium carbonate concretions. This layer, also
found in core drillings and at the base of the three excavated pits, likely represents the
original ground surface upon which the archaeological site was established.
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In Test Unit 1 (Figure 4), the excavation uncovered a significant pyro-technological
structure (2.5 m × 4.0 m), sub-rectangular in shape, with arched niches along its southern
side. This structure cuts through an ancient ground surface (SU 505), consisting of a
clay–silt matrix with fired clay fragments and sparse ceramics. Initially thought to be a
furnace, the structure was found in good condition, with an intact perimeter curb and a
side opening defined by curbs (Figure 11). A small in-depth excavation within the structure
revealed a charcoal deposit of approximately 20 cm. Given the unique nature of the find, a
survey technique was chosen to balance site excavation timelines with research needs. The
documentation phase was therefore integrated with a high-definition 3D scan, necessary
for future detailed studies and also usable for promotional purposes.

Figure 11. Mira (Venice), Parco delle Giare. Pyro-technological structure identified in Test Unit 1
(Photo: Se.Arch. Srl—Courtesy of SABAP VE-Lag).

Test Unit 3 (Figure 4), located near Test Unit 1, yielded no structural remains. How-
ever, fragments of ceramic and fired clay vessels, along with sparse millimetric charcoal
inclusions, were found scattered throughout the layer (SU 605 = SU 505) at the same level
as the structure in Test Unit 1.

4.2. Geophysical Results
4.2.1. Electrical Resistivity Tomography

The results of the ERT measurements are shown in Figure 12. The three ERT sections
were made to analyse the relationship of the archaeological evidence with the deeper-buried
geomorphological system present in the area. The resistivity range of each section appeared
very similar and consistent, with values ranging between a minimum of 0 and maximums
lying between 25 and 40 Ohm*m. Starting from these ranges, a common resistivity range of
0–25 Ohm*m was adopted to evaluate similar behaviours in the three sections. The outcome
of checking the direct and reciprocal measurements is that 95% of the data on all sections
is saved, defining the absolute goodness of the dataset and the validity of the recorded
signal. Line 1, according to the scheme of acquisition of geophysical measurements shown
in Figure 5, appears outside the areas investigated with FDEM measurements. In contrast,
Line 2 crosses NW area 2 investigated with FDEM measurements starting from metre 11
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until the end of the line from south to north (yellow lines in Figure 5). Line 3 crossed area 1
investigated with FDEM measurements to the SE in the portion from metre 9 and for the
entire line length (yellow lines in Figure 5). The analysis of the resistivity values obtained
for the three sections, shown in Figure 12, depicts the presence of more-resistive sediments
in the shallow part of all three sections, with values ranging from 25 Ohm*m to 11 Ohm*m,
distributed differently both laterally and in depth for each section over a band affecting the
first metre from ground level.

Figure 12. Results of the inversion processing of the three ERT lines (green, blue and pink lines in
Figure 5).

In particular, where this more-surface-resistive level appears continuous, horizontal
and homogeneous in Line 1, in Line 2, this layer appears irregular throughout the whole
section. In contrast, in Line 3, this resistive layer seems to affect only the second part of the
section, showing a more conductive zone even at the surface in the first portion of the line.
The three deep sections show an expected increase in electrical conductivity (inverse of
resistivity), albeit uneven, in the deepest part of all sections, with varying distributions for
each. The most interesting area, however, seems to be the one with a thickness between 1 m
and 3 m in depth above ground level (Figure 12). In fact, in this area, we note the presence
of a series of isolated bodies varying in colour between cyan and light blue, apparently
related to similar structures (e.g., deposits of materials with larger grain sizes than the host
system), considering the resistivity values and electrically conductive behaviour compared
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to the background. Lateral and vertical resistivity trends and the total number of these
structures for each ERT section appear variable. Note that the apparent vertical effect of
some anomalies, such as those visible between 10 m and 16 m in Line 1, around 14 m in
Line 2 and less markedly between 12 m and 22 m in Line 3, is provided by the impossibility,
within the maximum depth of investigation obtainable here, of fully resolving the geometry
of deeper, not necessarily vertical, structures such as those described here.

4.2.2. Frequency-Domain Electromagnetic Measurements

The FDEM measurements produced three different electrical conductivity maps and
three maps of the magnetic behaviour of the system, corresponding to three different depth
ranges, as shown in the images in Figures 13 and 14.

Figure 13. Results of FDEM measurements corresponding to the electrical conductivity at the three
different investigated depth range levels.
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Figure 14. Results of FDEM measurements corresponding to the magnetic susceptibility at the three
different investigated depth range levels.

For each depth range analysed, we decided to adopt a common range of values of the
EM field component related to the electrical and magnetic behaviour of the system in the
specific layer. The pattern of electrical conductivity in the three depth ranges investigated
is consistent, with a significant increase in electrical conductivity values in the NE zone at
all levels for both areas (red zones in the images in Figure 13).

In the images related to the variation in the magnetic behaviour detectable through the
in-phase component of the EM field in the same depth ranges considered for the electrical
response, it is interesting to note that the pattern is consistent across levels. Also, for the
in-phase maps, we adopted a common scale for both areas investigated for each level
considered. In an analysis of the resulting maps, shown in Figure 14, it is of extreme interest
to note that the values of the parameter under investigation increased in the same areas
(red) where we registered an increase in the electrical conductivity of the system (Figure 13).
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4.3. Core-Sample Analysis

Hard and compacted buried soil with a silty clay, grey matrix and many centimetre-
size carbonatic nodules were found in the lower part of most cores. The cross-section of
Figure 15 shows the lateral extension of this soil, on which the archaeological deposits lie.
Above the archaeological deposits and the buried soil, there are clay sediments that are
topped by a peat layer. The sedimentary succession is closed at the top by an extensive unit
of silty sand. These latter sediments are connected with a sandy palaeochannel located in
the central portion of the section, whose erosive base cuts older sedimentary units.

Figure 15. Geological section (for location of the cores, see Figure 6). The archaeological deposits at
the SE end of the section correspond to the excavated archaeological site.

5. Discussion

Geographically, the site is situated within a liminal zone between the mainland and
the lagoon basin, exhibiting conditions of hydro-geological instability and marginality
vis-à-vis the principal settlement agglomerations thus far identified predominantly within
the northern sector of the Venice lagoon. This location, coupled with the good state of
preservation of the archaeological levels and the absence of significant post-depositional
disturbances, has enabled the recognition of a complex stratigraphic palimpsest, yielding
material evidence that offers significant new insights on human presence and productive
activities in the central sector of the Venice lagoon during the protohistoric period.

The totality of the material and stratigraphic data allows for the assignment of the site
to a phase dating between the late Recent Bronze Age 2 (first half of the 12th century BCE)
and the early Final Bronze Age 1–2 (1175/50-1000 BCE). The recovered evidence—including
two pyro-technological structures, extensive concentrations of fired clay materials and three
potential basins containing refined clays—clearly indicates the artisanal and productive
nature of the site, likely specialised in ceramic manufacture or the transformation of raw
materials (possibly also lagoon resources such as fish or salt, a hypothesis currently under
analytical verification). The typo-chronological and functional study of artefacts and
structures is currently ongoing, and thus, both hypotheses remain open at this time.

The eminently productive connotation of the structural evidence uncovered during
excavation, the scarcity of domestic pottery and the marked disproportion of the latter in
relation to the large quantity of collected fired clay materials underscore the non-residential
nature of the site. The settlement associated with the unearthed artisanal site was likely
located in the vicinity, at a distance easily traversable on foot, allowing for the conve-
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nient monitoring of ongoing production processes and an easy return to dwellings at the
conclusion of work activities, with minimal (or no) on-site consumption of meals.

ERT measurements conducted through three different 2D vertical sections at the Giare
site around the two excavated areas provide interesting data for evaluating the ancient
lagoon hydrologic system on which the archaeological site is set. In fact, in addition
to a more shallow resistive system that seems to affect the first metre of depth below
the present ground level, the ERT sections show the presence of an evident lateral and
vertical variability between 1 m and 3 m depth, identifying selected areas with different
resistivity values as zones of the accumulation of materials with different grain sizes
(e.g., palaeochannels).

FDEM measurements combined with ERT measurements provided a clear and ex-
pected correlation with the more shallow palaeochannel system, also visible in traces
from satellite imagery and likely corresponding to recent historical ages, given the max-
imum depth of investigation obtained here of about 1.5 m from ground level. The EM
field’s quadrature and in-phase component maps agree, respectively, in detecting anoma-
lous increases in the electrical conductivity and magnetic behaviour of the system over
two specific areas. The high conductivity supports the possibility of a buried layer with
an anomalous salt concentration in a specific zone in these areas. On the other hand, fire
clay materials and specific remains associated with pyro-technological activities represent
a potential perfect magnetic target, producing anomalies in the in-phase component of the
EM field, thus revealing their possible concentration in the actual subsoil.

The buried soil identified in the cores (Figure 15) is interpreted as being the caranto
palaeosoil, developed on top of the LGM succession of the Brenta megafan. The topographic
surface on which the productive site was settled corresponds to the top of the soil. From
a palaeoenvironmental point of view, the pronounced soil evolution shows that the site
was a relict, stable, relatively well-drained alluvial plain. The site was lying at a distance of
about 3.7 km from the Bronze Age lagoon margin and 3.5 km from the then-active Brenta
River channel (Figure 2).

The archaeological site was buried by fine-grained floodplain deposits. These deposits
are related to distal overbank flooding by a major river, presumably the nearby Bronze
Age Brenta River. The good preservation of the archaeological structure buried by fluvial
sediments suggests that the site was abandoned not long before sedimentation started.

The peat layer can tentatively be correlated with the peat that was found in cores
carried few hundred metres NW of the study area, and that was radiocarbon-dated to the
Middle Ages [39]. This implies that peat deposition corresponds to a rather long period
comprising the Iron Age, Roman times and early part of the Middle Ages. The final burial
of the peat by the sandy silty deposits is attributed to proximal overbank deposition by the
Brenta palaeochannel that was crossing the area in medaieval times.

6. Conclusions and Future Perspectives

The intervention of rescue archaeology, planned during water restoration works in
the Giare–Mira area between 2023 and 2024, opened an important window into human
activities in the Bronze Age at the edge of the central-southern Venice lagoon. The approach
to studying this context was undoubtedly conditioned by the logistical limitations and time
constraints imposed by the water restoration works. However, the fortunate possibility of
collecting geophysical and geomorphological information, in addition to the important and
unexpected archaeological structures found in the only three excavation assays carried out
in the area, makes it possible to formulate new preliminary hypotheses on the occupation
of this site since the Bronze Age.
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To further investigate the site, various samples were collected for planned laboratory
analyses during the excavation process. Specifically, to reconstruct the ancient environment,
palynological analysis of soil samples and archaeobotanical analysis of plant macro-remains
(including combusted remnants from the suspected furnaces) are scheduled. To refine the
chronological data derived from vessel typologies, radiocarbon dating of organic materials
is planned. To evaluate the site’s potential primary function in processing lagoon products
(fish/salt), biochemical analyses will be conducted on the internal surfaces of fired clay
artefacts to identify markers of relevant biological products. Lastly, archaeometric analyses
of both fired clay and ceramic vessels are slated to determine the artefacts’ firing and
usage temperatures.

To delineate the spatial extent of the habitation likely affiliated with the exposed pro-
tohistoric production site, a comprehensive, multi-scalar investigation of the encompassing
area (c. 860 ha) is programmed, with initial emphasis on its detection. This analysis will
proceed through sequential tiers of inquiry. The primary stage will entail the examination
of historical cartographic sources and the application of aerial photographic interpretation
to identify anthropogenic anomalies, leading to the creation of a predictive archaeological
sensitivity map. Informed by the resultant dataset, a subsequent phase of systematic surface
reconnaissance will be implemented, concentrating on the on-the-ground verification of
the most archaeologically significant anomalies. The outcomes of the surface surveys will
inform the subsequent in-depth phase, comprising a programme of geophysical prospec-
tion and mechanical coring aimed at the precise definition of the identified archaeological
sites, determining their horizontal extent and the depth of archaeological horizons relative
to the present ground level.
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Abstract

Heritage landscapes endure not through the preservation of fixed forms but through the
capacity to adapt to changing social, political, economic, and environmental conditions.
Conservation policies that privilege static ideals of authenticity risk undermining the very
systems they aim to protect. This paper advances a model of shared stewardship that links
conservation of heritage to support for livelihoods, functional flexibility, and community
authority in decision-making. Using the Ifugao Rice Terraces of the Philippine Cordillera as
a case study, we integrate archaeological, ethnographic, spatial, and agricultural economic
evidence to examine the terraces as a dynamic socio-ecological system. Archaeological
findings and oral histories show that wet-rice agriculture expanded in the 17th century,
replacing earlier taro-based systems and incorporating swidden fields, managed forests,
and ritual obligations. Contemporary changes such as the shift from heirloom tinawon
rice to commercial crops, the impacts of labor migration, and climate variability reflect
long-standing adaptive strategies rather than cultural decline. Comparative cases from
other UNESCO and heritage sites demonstrate that economic viability, adaptability, and
local governance are essential to sustaining long-inhabited agricultural landscapes. We
thus argue that the Ifugao terraces, like their global counterparts, should be conserved as
living systems whose cultural continuity depends on their ability to respond to present and
future challenges.

Keywords: heritage conservation; rice terraces; cultural values; UNESCO; Ifugao; Philippines

1. Introduction

Heritage landscapes should be understood as dynamic systems whose continuity
depends on their ability to adapt to changing social, environmental, political, and eco-
nomic conditions. Conservation frameworks that privilege fixed ideals of authenticity
and integrity, such as those emphasized by UNESCO [1–3], risk overlooking the historical
fluidity and adaptive strategies embedded in these landscapes [4–7]. The Nara Document
on Authenticity [8] reinforces this view, arguing that authenticity should be defined within
the specific cultural and historical contexts of the communities concerned, and that its
expression may include change, adaptation, and the continuation of living traditions. To
remain meaningful, heritage conservation must move beyond static representations and
instead recognize the processes of change that sustain both material structures and the
communities that manage them. In this sense, the approach outlined here follows the
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Nara Document on Authenticity’s determination that heritage is most meaningful when its
continuity reflects the evolving values, practices, and priorities and needs of the community
from which it originates.

In the Philippine context, heritage conservation is guided by the National Cultural
Heritage Act of 2009 [9], which mandates the protection, preservation, and conservation
of cultural properties, including historic sites and traditional cultural landscapes. The
law recognizes the importance of safeguarding both tangible and intangible heritage and
directs local government units to maintain cultural heritage inventories and formulate
conservation plans. These provisions are particularly relevant to the Ifugao Rice Terraces
(Figure 1), which are designated as National Cultural Treasures. The Act also emphasizes
community involvement, requiring consultation with stakeholders in the management of
heritage sites. While the legislation provides a framework for protection, its implementation
often confronts the same challenges noted in global heritage discourse, including tensions
between preservation of form and the adaptive practices necessary for sustaining living
landscapes. This tension is precisely what the Nara Document warns against, urging
heritage managers to balance material conservation with the evolving practices that keep
heritage alive [8].

 
Figure 1. Ifugao Province, Cordillera Administrative Region, Philippines.

The Ifugao Rice Terraces of Northern Luzon, Philippines (Figure 2) illustrate this
principle. Inscribed as a World Heritage Site in 1995 and celebrated as a “living cultural
landscape” that exemplifies the synergy between human ingenuity and mountain ecol-
ogy [10], the terraces are often framed through their aesthetic and symbolic value. Yet
their significance lies equally in their role as a demonstration of Indigenous engineering
and socio-ecological adaptation. Oral histories and ethnographic studies show the com-
plex interplay of ritual practices, agricultural cycles, and environmental stewardship that
underpins the terraces’ management [11–14].
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Figure 2. The Batad Rice Terraces, one of the five UNESCO clusters.

Archaeological and ethnographic evidence shows that land use in Ifugao has always
been flexible, shifting between swidden fields, pond-field rice terraces, house platforms,
and reforested or fallow zones [15–17]. Changes in terraces’ function have historically
responded to variations in labor availability, environmental pressures, and socio-political
organization [18]. Contemporarily, terraces are sometimes repurposed for the production
of vegetables, converted into residential plots, or left to regenerate as forest [19]. Such trans-
formations reflect the productivity-focused decision-making that has long characterized
Ifugao agricultural strategies.

Agricultural economic analyses confirm that decisions to maintain, abandon, or con-
vert terraces are influenced by yield, household income, and labor requirements. In many
cases, vegetable farming offers higher returns than wet-rice cultivation, making it a rational
choice under current market conditions [20]. Archaeological surveys and excavations
parallel these findings, documenting a history of terraces’ reuse that includes conversion to
sweet potato or taro fields, transformation of house platforms into gardens, and reoccupa-
tion of previously fallow plots. These data challenge the perception of the terraces as an
unchanging tradition and instead depict them as part of a long record of continuous adap-
tation.

This perspective is consistent with settlement archaeology, which interprets land-
scapes as the product of evolving subsistence strategies, social relationships, environmental
interactions, and ritual traditions. Recent research underscores this view [21,22]. For in-
stance, in studies of Mesolithic landscapes, scholars argue that detailed reconstructions of
settlement and mobility arise most fruitfully when grounded in the specific subsistence
practices that formed social–environmental relationships, rather than generalized economic
models [23]. Similarly, ecological niche modeling applied to long-term archaeological data
has demonstrated how changes in environmental conditions actively shape settlement
behaviors and landscape trajectories [24].

Thus, insights from landscape archaeology, historical ecology, and critical heritage
studies further emphasize that landscapes are historically contingent and socially nego-
tiated [25,26]. For Ifugao, this means that conservation strategies must begin with an
understanding of dynamic patterns of land use and social organization.
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Integrating archaeological evidence with agricultural economic analysis underscores
the central question for heritage policy: what is to be conserved, for whom, and under what
conditions? Effective conservation must address the economic realities of contemporary
farming, the labor demands of terraces’ maintenance, and the social values that local
communities attach to land. By adopting this approach, heritage in Ifugao can be reframed
as a living, adaptive system rather than a static representation of the past.

Dynamic Landscapes and Ethics of Stewardship

Settlement and landscape archaeology show the Ifugao Rice Terraces as dynamic systems,
not static monuments. Terraces, irrigation, forests, and ritual spaces form an integrated land-
scape shaped by shifting social, economic, and ecological conditions [27,28]. Archaeological
evidence shows the land use developed, from swidden to pond-field systems, residential
zones, or fallow, demonstrating ongoing adaptation [29,30].

Historical ecology emphasizes that landscapes record negotiated human–environment
interactions over time [25,26]. In Ifugao, centuries of Indigenous engineering and rit-
ual practice produced resilient, flexible systems [31,32]. Yet heritage management often
privileges static notions of authenticity, risking erasure of these adaptive histories [10,33].

In addition, intangible heritage such as songs, rituals, and ecological knowledge is
embedded in cultivation. Hudhud chants and the punnuk ritual link farming to memory
and identity [34,35]. As farming shifts, these traditions erode.

Moreover, ethical conservation requires acknowledging the political dimensions of
heritage and asking who decides what is worth preserving and why [36,37]. Shared
stewardship offers an alternative by supporting local agency, redistributing benefits, and
sustaining both tangible and intangible heritage.

This approach resonates with emerging models of living heritage that center adapt-
ability and community participation. Rather than preserving idealized forms, conservation
should invest in practices that allow heritage to persist through change by supporting
livelihoods, transmission of knowledge, and autonomy in heritage-making [38].

2. Methods

This study integrates archaeological, agricultural economics, and ethnographic ap-
proaches within a socio-ecological systems and political ecology framework to examine
the Ifugao Rice Terraces as a dynamic landscape and to evaluate implications for heritage
conservation [39,40]. The interdisciplinary design enables a diachronic perspective that
connects historical land-use patterns to contemporary livelihood decision-making, linking
empirical evidence with policy-relevant insights. Archaeological fieldwork was conducted
at multiple sites representing diverse land-use contexts, including swidden fields, pond-
field terraces, residential platforms, and managed forests. Sites were selected to capture
spatial variability across the province, incorporating both UNESCO-inscribed clusters and
non-listed areas (Figure 3). Selection criteria were informed by preliminary surveys, oral
histories, prior research records, and spatial analysis of terraces’ distribution, following
recommendations to define the research universe explicitly through culturally grounded
boundaries and mapped extents [41].

Archaeological excavation strategies, such as stratigraphic profiling to identify occu-
pation layers, radiocarbon dating to establish chronological sequences, and analysis of
artifacts to infer subsistence practices and social organization [42], were planned with an
understanding that material signatures could later be interpreted alongside agricultural
profitability trends. For example, archaeobotanical and zooarchaeological analyses—using
soil flotation to recover charred plant remains and faunal assemblages [42,43]—provided
evidence of past cultivation and domestication strategies, which were then compared to

221



Land 2025, 14, 1721

present-day crop profitability patterns to detect long-term continuities or disruptions in
economic logic. This integration of datasets draws from Holmelin’s [39] emphasis on
tracing adaptive strategies through historical and contemporary material records to show
how local actors balance environmental constraints with market incentives.

 
Figure 3. The five UNESCO heritage clusters (denoted by star points) and sources of agricultural
economics data (denoted by circle points).

Spatial recording relied on precision GPS units and total stations, complemented by
remote sensing data. Historical aerial imagery offered an early-20th century baseline, while
LiDAR datasets exposed microtopographical features obscured by vegetation, enabling detec-
tion of abandoned terraces, modified irrigation routes, and shifts in cultivated area [15,44,45].
These spatial reconstructions, in addition to being archaeological records, informed cal-
culations of potential agricultural yields under different land-use regimes. Qingwen [40]
underscores that such geographic and infrastructural mapping can be used to model changes
in productivity, labor distribution, and vulnerability to climate hazards—making it possible to
assess the economic consequences of landscape change over time.

Participatory mapping workshops, conducted with farmers and elders, identified
irrigation lines, muyong boundaries, and culturally significant landscape features, applying
principles of community-based archaeology [46] and ensuring that local environmental
knowledge was embedded in both heritage and economic analyses [39]. Ethnographic data
from semi-structured interviews and focus group discussions with farmers, elders, and
municipal officials in multiple municipalities provided qualitative detail on crop selection
criteria, perceptions of climate variability, and the role of rituals in agricultural decision-
making. These accounts informed the interpretation of both archaeological subsistence
data and contemporary cost–benefit calculations, following Qingwen’s [40] observation
that governance and cultural practice are deeply intertwined in land-use choices.

To analyze the economic logic of ongoing crop transitions, secondary data were
gathered on tinawon rice (local varieties), inbred rice (government-introduced), and com-
mercially grown vegetables such as tomato and cabbage. These were drawn from municipal
agriculture offices for municipalities where each crop type is primarily cultivated—Banaue
for tinawon and inbred rice, Tinoc for tomato and cabbage—and included average yields
per area, selling prices, and production costs (seeds, fertilizers, pesticides, labor, trans-
portation, marketing) [47,48]. Net income per half-hectare crop land area was calculated,
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allowing for comparison of profitability and vulnerability to shocks such as sudden price
drops or climate-induced crop loss. By embedding these economic measures within the
archaeological–historical frame, the analysis could identify whether current shifts towards
high-input, high-risk crops represent historical continuities in adaptive intensification or
novel departures from traditional resilience strategies [41]. In line with Nan et al.’s [41]
methodological emphasis, resilience indicators such as diversification potential and depen-
dence on external inputs were incorporated to capture both material and socio-cultural
dimensions of sustainability.

This integrated methodology ensures that archaeological, spatial, ethnographic, and
economic datasets are analyzed not as parallel lines of evidence but as interdependent per-
spectives on the same socio-ecological system. Techniques and instruments in each domain
were selected and applied with cross-domain utility in mind: archaeological mapping in-
forms yield modeling; ethnographic narratives contextualize economic data; and economic
calculations provide a contemporary counterpoint to historical subsistence reconstructions.
Such cross-fertilization allows for an evaluation of Ifugao land-use strategies over the long
term, grounded in both empirical measurement and culturally embedded interpretation.

3. The Ifugao Rice Terraces as an Archaeological Landscape

The UNESCO World Heritage inscription identifies five clusters: Nagacadan in Kian-
gan, the entire municipality of Hungduan, the municipality of Mayoyao, and the Batad
and Bangaan terraces in Banaue (see Figure 3). However, many terraces are not included
in the UNESCO list. For example, the Banaue Viewpoint terraces, though excluded from
the UNESCO inscription, are designated as National Cultural Treasures. Across these
sites, whether internationally listed or nationally recognized, the terraces transform steep
mountain slopes into productive agricultural fields through stone and mud walls, gravity-
fed irrigation systems, and continual upkeep. For generations, Ifugao communities have
sustained this landscape through deep knowledge of ecology, hydrology, and land manage-
ment, transmitted through oral traditions and customary practice.

Archaeological investigations challenge long-standing assumptions that the terraces
are over 2000 years old. Excavations and chronometric dating at multiple Ifugao sites
suggest a later and more dynamic formation, with significant expansion beginning in the
17th century [42,49]. This re-dating places the terraces’ intensification in the context of
Spanish colonial incursions into Northern Luzon. The terraces are better understood not
as remnants of deep historic agriculture but as strategic responses to shifting political,
economic, and demographic pressures. They served as both refuge and resistance by
enabling an intensified food production that facilitated the consolidation of economic and
political resources and helped reorganize social and ritual life.

Archaeological evidence indicates that prior to the adoption of wet-rice agriculture,
Ifugao subsistence systems centered on irrigated taro pond fields, swidden plots, and
managed forest zones. Excavated materials from the Old Kiyyangan Village (OKV) site,
including carbonized plant remains and faunal assemblages, show that taro (Colocasia es-
culenta) was the staple crop until around 1650 CE, when wet-rice (Oryza sativa) cultivation
emerged [42,43]. This agricultural shift coincided with increasing population and colonial
pressures, prompting a reconfiguration of the landscape that allowed greater food produc-
tion and territorial control. Rather than a complete replacement, this transition added to
existing land-use systems, producing a mosaic of terraces (payo), swidden fields (uma),
house platforms (boble), and private woodlots (muyong or pinugo) [17,44] (Figure 4).
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Figure 4. An artist’s rendition of Ifugao terrace ecology and landscape pattern (by N.J. Roxas).

Spatial modeling and GIS analyses from the OKV site also show that between 1570 and
1800 CE, the local population doubled, terrace expansion accelerated, and forested areas
were preserved despite intensification [44]. Archaeological and ethnographic data show
that land-use flexibility played a central role in Ifugao’s adaptation. Communities shifted
between swidden and terrace cultivation, allowed fallowing and replanting, and alternated
forest regeneration with reclamation. Some abandoned terraces were later reclaimed for
subsistence or commercial crops. This system illustrates that the Ifugao landscape is not a
static heritage form but a living and adaptive socio-ecological complex.

A critical aspect of this complex is the muyong or pinugo system. These managed for-
est zones are maintained by extended families and provide wood, fruits, medicinal plants,
and water for irrigation. The forests also stabilize slopes, reduce erosion, and support
biodiversity [50–52]. The muyong exemplifies traditional ecological knowledge and upland
resource management. It connects forest conservation with agricultural productivity and
has proven resilient to demographic and environmental shifts [53]. Despite its importance,
contemporary conservation strategies often overlook this component and focus narrowly
on the rice terraces. Figures 5 and 6 show terrace abandonment and subsequent forest
regrowth occur more frequently, as exposed by LiDAR scans of the Nagacadan Terraces in
Kiangan, Ifugao. A historical photograph taken by Roy F. Barton in 1912—its exact location
still being identified—is also included to illustrate the expansive distribution of terraces
more than a century ago, when entire mountain slopes were carved into rice fields, a
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landscape no longer widely visible today. Some of these abandoned terraces are now being
reclaimed for cash crop production. Contemporary conservation strategies often neglect
this component, focusing narrowly on the visual icon of rice terraces while overlooking the
broader socio-ecological system that sustains them.

 

Figure 5. The historical photo on the left, taken by R.F. Barton in 1912, shows the expansive nature of
terracing in Ifugao. The image on the right, from the 2025 LiDAR coverage with bare-earth DEM,
shows eroded terraces hidden beneath the forest canopy.

 

Figure 6. Bare-earth DEM and two-dimensional images of the terrace system shown above (map
generated by the IAP and EJ Hernandez).

Labor organization and tenure systems are equally central to the maintenance of the
terraces. Historically, large-scale tasks such as repairing terrace walls or clearing irrigation
channels were completed through kin-based reciprocal labor exchanges (ubbu). Access
to land was governed by customary systems of inheritance, alliance, and ritual participa-
tion. These practices supported both economic production and social cohesion. Rituals,
including the Hudhud chants performed during harvest, reinforced these networks and
transmitted genealogies, moral teachings, and ancestral memory [34]. From an archaeologi-
cal perspective, the terraces reflect both material infrastructure and social relations.

Processes of abandonment and reuse are also part of the archaeological record. With-
out regular upkeep, terrace walls collapse, irrigation lines silt up, and grasses take over.
Abandonment is increasing today due to labor migration, market pressures, and climate
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variability. However, archaeological and historical data indicate that cycles of expansion,
maintenance, and disuse have long characterized the Ifugao landscape. Recognizing
these patterns challenges idealized views of the terraces as timeless and affirms their
dynamic history.

Archaeology brings a long-term perspective to heritage conservation [54,55]. The
terraces have survived not by remaining unchanged but by being continually adapted.
Conservation should not aim to restore a fixed past but should support communities in
managing change while maintaining their heritage’s value. Understanding the terraces as
an archaeological landscape means recognizing them as living systems that require ongoing,
locally rooted stewardship. This perspective informs how we address contemporary
challenges such as economic transformation, environmental stress, and the erosion of
intangible heritage.

3.1. Intangible Heritage and Knowledge Systems

The Ifugao Rice Terraces are also important ritual landscapes embedded in Ifugao’s
cosmology, social life, and identity. Every phase of the rice cycle—field preparation, plant-
ing, harvest—is marked by ritual offerings to ancestral spirits, affirming the interconnection
of humans, land, and the spirit world. These practices turn the landscape into a material
archive of memory and meaning, where technical maintenance is inseparable from social
and spiritual obligations.

A key dimension of this heritage is gendered knowledge. Women, particularly grand-
mothers, have long served as custodians of seed selection, drawing on detailed ecological
observations to determine planting strategies. Ethnographic interviews demonstrate that
over 20 tinawon rice varieties were used as recently as the 1970s, each selected for drought
tolerance, pest resistance, or ceremonial purposes (Table 1). This system offered ecological
resilience through diversity. Today, however, commercial seeds’ use, often promoted by
external actors, has disrupted this intergenerational transmission. Elder women warn that
without support, ancestral seed knowledge may disappear.

Table 1. Known and named commercial and local rice varieties cultivated in Kiangan and Hungduan
Municipalities, gathered by Jacy Moore-Miller in 2014 [56].

Commercial Varieties Tinawon Varieties

52 Binogon

82 Botnol

222 Iggamay

C-12 Imbannig

C-2 Imbuukan

C-4 Madduli

C-4 red Mayawyaw

Diamond

Halaylay

Ingaspar

Ingaspi

Korean

Migapas

Minmis
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Table 1. Cont.

Commercial Varieties Tinawon Varieties

Mukoz

Mulmug

Munoz

NSCI-208

Pakulsa

Oakland

Oklan

Oklan Minaangan

Pangasinan Variety

PJ-27

PJ-7

RC-218

RI-152

RI-238

Romelia

RP 224

Super 60

Taiwan

Thunder

Terrace farming also served as a context for transmitting cultural values. Through
work in the fields, children learned how to maintain canals, repair terraces, and participate
in communal labor. With the decline in tinawon cultivation and youth migration, these
teaching contexts are vanishing. The result is a loss of collective memory and erosion of the
values that once structured Ifugao social life.

UNESCO’s recognition of elements like the Hudhud epic underscores the global im-
portance of Ifugao’s intangible heritage. Yet such listings can create tension. While raising
awareness, they risk turning living practices into performances. Some rituals, once inte-
gral to farming and feasting, are now staged for tourists, severed from their agricultural
roots. Conservation cannot rely solely on documentation or display. It must support living
practices, especially those tied to terrace cultivation and community-based labor.

By examining these dimensions, we see that intangible heritage is not peripheral but
foundational to the Ifugao landscape. Effective conservation requires engaging with the
knowledge, values, and social practices that animate the terraces, ensuring that preservation
efforts remain grounded in community agency and lived experience.

3.2. Economic Change and Livelihood Strategies

The Ifugao Rice Terraces were historically constructed not solely for subsistence but
for prestige-oriented production. Heirloom tinawon rice, cultivated once a year, was central
to Ifugao ritual and social life. Its value lay less in caloric yield and more in its ceremonial
role in feasting, kinship building, and status negotiation [16,57]. These practices were
embedded in customary tenure systems, reciprocal labor exchanges, and ritual cycles [17].

Contemporary economic conditions, however, have altered livelihood strategies. Ex-
panded access to education, healthcare, and markets has increased cash needs. As Ifugao
households shift toward a mixed economy—including off-farm work, remittances, tourism,
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and commercial agriculture—land use has adapted accordingly. Tinawon’s low yield and
labor intensity make it less viable for income generation. In contrast, crops like inbred
rice, cabbage, and tomato offer faster returns, multiple harvests, and easier marketability
(Figure 7; Table 2).

 

Figure 7. Converted agricultural terraces in Banaue, Ifugao (photo by the IAP and EJ Hernandez).

Table 2. Comparison between income from cash crop vis-à-vis tinawon cultivation (in Philippine
Pesos). (A figure of 0.5 ha is used here for comparison purposes. In practice, the average farm
hectarage for rice is 0.25 ha, while 0.5 ha is for commercial vegetables such as tomato.)

Rice Vegetable

Tinawon (Milled) Inbred (Palay) Cabbage Tomato

Ave. Yield (kg. per cropping)
(Cropping period: Tinawon 7 months,
inbred (irik) 5 months, cabbage 3 mos,

tomato 4–6 mos, with weekly
harvesting over a span of 1–2 months)

1200 3000 10,000 30,000

Average price (PHP per kg)
Price Range (min–max) (Unlike rice,
price of vegetables is highly volatile.
Data sources: Ifugao PAENRO, Tinoc

OMAg (Office of the Municipal
Agriculturist), key informant

interviews)

100.00
90–110

17
14–20

25
5–70

20
4–90

Gross Income 120,000 51,000 250,000 600,000

Less Cost 59,500 34,000 214,000 435,500

Farm Input

Seed
Fertilizer
Pesticide
Others

4500
1500
6000
1500

16,000
45,000
17,000
6000

5500
50,000
60,000
60,000
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Table 2. Cont.

Rice Vegetable

Tinawon (Milled) Inbred (Palay) Cabbage Tomato

Farm Input

Labor
Transportation

Marketing
55,000 25,000

100,000
20,000
10,000

170,000
60,000
30,000

Net Income

Normal Income/0.5 ha
Maximum Income

Minimum Income (Maximum Loss)

PHP 60,500.00
PHP 72,500.00
PHP 48,500.00

PHP 17,000.00
PHP 26,000.00
PHP 8000.00

PHP 36,000.00
PHP 486,000.00

(PHP 164,000.00)

PHP 164,000.00
PHP 2,264,500.00
(PHP 315,500.00)

These shifts reflect adaptation, not cultural erosion. Diversification is an economic
necessity for many families, one that responds to changing household needs and labor
availability. The terraces remain culturally significant, but their use now encompasses both
ceremonial and commercial production.

Labor, Migration, Tourism, and Climate Stress

The movement away from tinawon is also shaped by changing labor dynamics. Terrace
farming demands intensive maintenance of walls, canals, and soil fertility. Yet rural
labor pools are shrinking as youth migrate for education and jobs. Remittances support
household expenses but reduce the labor available for farming, particularly for older
community members.

Commercial cropping offers some labor efficiencies. Though requiring external inputs,
these crops demand shorter growing seasons or less intensive upkeep. For families with
reduced human labor, this is a practical tradeoff.

Environmental stress compounds these choices. Farmers report abandoning rice ter-
races damaged by typhoons or landslides, citing the difficulty of repair [58]. Climate change
increases risk and diminishes the appeal of labor-intensive rice farming. Local narratives
describe tinawon as “for consumption only, not for selling” and explain that vegetables
are planted “because they have expenses” [58]. These decisions reflect pragmatism, not
cultural disinterest.

The terraces are designed to manage water, soil, and slope stability in a mountainous
environment. Gravity-fed irrigation channels bring water from springs and streams to the
fields, while the muyong forest system above the terraces regulates hydrology and slope
stability [53,59,60]. This system reflects centuries of adaptive management but depends on
delicate balances now threatened by climate change [61].

Climate projections for the Cordillera region indicate rising temperatures and more
intense rainfall. Local farmers already observe drying springs and more frequent landslides.
Torrential rains damage terrace walls, while erratic dry spells leave paddies parched. A
2024 risk assessment [58] highlights how the terraces, once adapted to stable rainfall, are
increasingly vulnerable to climate extremes.

Landslides and erosion present immediate threats. Saturated soils weaken structural
integrity, collapsing walls and burying fields. Soil loss depletes fertility, and damaged irri-
gation channels disrupt entire networks. Repairing terraces requires coordinated labor, but
when abandonment follows damage, the reciprocal labor systems that sustained terraces’
maintenance can unravel.

Drought compounds these risks. Tinawon rice requires steady water throughout its
long growing cycle. Water scarcity leads many farmers to leave terraces fallow or shift
to vegetable crops, as in Poblacion, Tinoc, where water shortages have driven the full
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replacement of rice with vegetables [19]. Others adopt lowland rice varieties that demand
external inputs, further disrupting local seed systems and traditional practices.

These ecological changes ripple through cultural life. Rituals like the Hudhud chants
and the punnuk tug of war are tied to the rice cycle. When terraces are not planted,
ceremonies do not take place, weakening the transmission of intergenerational knowledge.
As one farmer put it, “How can we teach the children if we have no rice to plant?” Such
losses erode collective identity and the cultural biography of the landscape.

Despite these pressures, Ifugao communities continue to adapt. The muyong system
exemplifies long-standing climate resilience through forest management, erosion control,
and water regulation. Current initiatives by groups like the Save the Ifugao Terraces
Movement (SITMo) integrate traditional practices with climate science, including forest
restoration, irrigation repair, and blending customary water sharing with modern monitor-
ing. These efforts show that adaptation is ongoing and locally driven.

Still, successful adaptation requires external support. Resources, infrastructure, and
policies must align with Indigenous knowledge systems to sustain these landscapes under
changing environmental conditions.

Settlement archaeology provides valuable parallels. Across the Andes and the Mediter-
ranean, terraces have expanded, been reorganized, or been abandoned in response to
economic and demographic shifts. The Ifugao case mirrors this pattern. Previous transfor-
mations occurred during colonial incursions and demographic growth; today’s changes
reflect similar adaptive cycles.

Conservation narratives often call for a return to traditional tinawon cultivation,
defining authenticity in static terms. Yet Ifugao farmers have always made strategic land-
use decisions. Viewing terraces’ changes through an archaeological perspective highlights
continuity in adaptation rather than rupture.

Ethnographic research demonstrates that economic, demographic, and climate pres-
sures drive decision-making. Supporting farmers as heritage stewards means addressing
the material conditions of their lives. This includes creating viable incentives for tradi-
tional rice cultivation, supporting premium markets for heirloom rice, and improving
infrastructure to mitigate climate vulnerability.

Without such support, conservation risks echoing colonial dynamics, prescribing land
use without addressing community needs. An ethical heritage policy must support locally
defined strategies that balance cultural practices with survival and dignity.

Tourism has also grown into a significant industry in Ifugao Province. Before the
COVID-19 pandemic, the province averaged around 71,000 tourists annually (2017–2019),
with nearly half being foreign visitors [62]. Banaue, Batad, and surrounding areas devel-
oped as prominent tourism hubs, offering homestays, guided hikes, cultural performances,
and viewpoints showcasing the terraces.

Tourism revenues are substantial. In 2019 alone, visitor spending in the province was
estimated at almost USD 18 million [62]. This income supports local businesses such as
hotels, restaurants, souvenir shops, and transportation services. For the local government,
tourism taxes and fees represent important budget contributions.

From a heritage management perspective, tourism provides both opportunities and
challenges. On the one hand, tourism revenue can theoretically fund conservation, generate
employment, and promote cultural awareness. On the other hand, without equitable
distribution, tourism can reproduce social inequalities and extract value from local heritage
while returning minimal benefits to those who maintain it.
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4. Discussion and Comparison

The Ifugao Rice Terraces share important characteristics with other long-inhabited
cultural landscapes across the globe where heritage recognition frequently intersects with
the realities of evolving land use. Examining comparative cases from Bali, the Peruvian
Andes, Engaruka in Tanzania, and the Hani Rice Terraces in China underscores the uni-
versality of adaptive landscape management and provides specific analytical insights that
can inform heritage policy in Ifugao. These cases indicate that the dynamics of agricultural
change, socio-political transformation, and environmental variability are not unique to the
Cordillera. They are recurring features of human–environmental interaction in highland
and terraced landscapes globally.

In Bali, “the Cultural Landscape of Bali Province: the Subak System as a Manifestation
of the Tri Hita Karana Philosophy”, inscribed on the UNESCO World Heritage List in
2012, is often cited as an exemplary integration of spiritual, social, and agricultural man-
agement. The subak system is a complex, community-based irrigation network linked to
water temples that mediate both resource allocation and ritual obligations [63]. Its heritage
framing emphasizes ritual continuity and the philosophical ideal of harmony between
people, nature, and the divine. However, rapid urban expansion, tourism’s development,
and generational disengagement from rice farming have reduced active participation in the
subak. Hauser-Schäublin [64] characterizes this process as the “ritualization of agriculture,”
where symbolic preservation of ceremonies can mask the decline in agricultural productiv-
ity. The Balinese example parallels the Ifugao experience in that heritage recognition risks
emphasizing performance and aesthetics over function. Without explicitly linking heritage
designation to tangible livelihood benefits, both cases demonstrate how conservation can
inadvertently transform a working agricultural system into a staged representation for
external audiences.

The Peruvian Andes offer another instructive example. Agricultural terraces in the
Sacred Valley and around Cusco are celebrated as emblems of national identity and as
tangible expressions of Inca and pre-Inca ingenuity. They are central to Peru’s heritage
tourism sector and are maintained in part for their visual and symbolic value [18]. Yet in
many areas, these terraces no longer function as productive agricultural systems. Heritage
conservation in this context often prioritizes the physical preservation of terrace walls and
surrounding landscapes while overlooking their agronomic rehabilitation. This creates a
form–function disconnect that is also evident in Ifugao when terraces are restored primarily
for their appearance, without addressing the economic viability of traditional cultivation.
The Andean case reinforces the point that physical restoration must be coupled with
support for agricultural productivity if heritage landscapes are to remain both culturally
and materially relevant.

Engaruka, in Northern Tanzania, while not inscribed as a UNESCO World Heritage
site, is frequently cited in heritage and landscape studies as an important example of
historical land-use complexity in Africa. Built and intensively used between the 15th and
18th centuries, Engaruka’s terrace and irrigation systems were later abandoned. Yet the site
has seen episodic reuse by Maasai and other groups responding to environmental pressures
and shifting social needs [65]. This case highlights a crucial insight: abandonment is not
necessarily indicative of cultural decline. It can represent a strategic adaptation to new
ecological, demographic, or political realities. This cyclical pattern of use, abandonment,
and reclamation is directly comparable to Ifugao, where terraces have historically shifted
between rice cultivation, vegetable production, and forest regeneration depending on labor
availability, market access, and environmental stability.

The Hani Rice Terraces of Yunnan, China, provide an additional valuable comparison.
Inscribed on the UNESCO World Heritage List in 2013, the terraces extend over more than
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16,000 hectares and have been cultivated for over 1300 years by the Hani people. The
Hani system integrates forests, villages, terraces, and water systems into an interdependent
ecological and social framework, similar to the Ifugao muyong–terrace complex [66–68].
As in Ifugao, the terraces rely on intricate water management derived from forested
catchments, with agricultural cycles deeply embedded in ritual and cultural practice.
However, heritage recognition in the Hani case has coincided with growing pressures from
tourism’s development, market integration, and youth outmigration.

Studies indicate that while UNESCO inscription has increased international visibility,
it has also contributed to the commodification of cultural practices and a reorientation of
agricultural priorities toward visitor expectations rather than local needs [67,69]. These
pressures mirror those faced in Ifugao, where conservation narratives can valorize tradi-
tional forms while neglecting the socio-economic mechanisms that sustain them. The Hani
example further illustrates that long-term viability depends on maintaining the integrity
of the whole agro-ecological system, ensuring that tourism revenues and conservation
investments support the communities who actively manage the terraces.

These cases highlight several important themes for the Ifugao context. First, economic
viability is a critical determinant of conservation’s success. Agricultural heritage systems
endure when they generate income or food security for local communities. Without this
material basis, even well-intentioned conservation efforts may falter. Second, heritage’s
sustainability depends on flexibility rather than fixity. In all four comparative examples,
communities adapted land use in response to changing conditions, yet heritage frame-
works sometimes penalize such adaptations as “inauthentic” [4,7]. In Ifugao, recognizing
adaptive change as a legitimate expression of heritage could help reconcile conservation
policy with local livelihood strategies. Third, the integration of local governance and
decision-making into heritage policy strengthens outcomes by ensuring they align with
community priorities. The subak councils in Bali, Andean village cooperatives, Maasai
communal management systems in Engaruka, and local Hani administrative committees all
demonstrate that participatory governance is key to balancing heritage goals with evolving
socio-economic needs.

The comparative perspective suggests that Ifugao’s conservation framework should
explicitly link heritage recognition to the enhancement of livelihoods, agricultural flexibility,
environmental sustainability, and community authority in decision-making. In practice, this
means designing policies and programs that not only maintain the visual integrity of the
terraces but also support diverse forms of production, reward environmental stewardship,
provide economic incentives, and sustain highland farming. By embracing change as an
intrinsic element of cultural continuity, heritage policy can move beyond preservation of
form toward stewardship through function, a principle that is as relevant in Ifugao as it is
in Bali, the Andes, Engaruka, and the Hani Rice Terraces.

In the Philippine context, these goals are reinforced by the National Cultural Heritage
Act of 2009 [9], which provides the legal basis for protecting traditional cultural landscapes
and requires community involvement in their management. However, as in the compara-
tive cases, achieving these objectives in practice will require aligning the law’s provisions
with adaptive, livelihood-centered strategies that recognize the dynamic nature of living
landscapes like the Ifugao Rice Terraces.

5. Conclusions: Conservation as Shared Stewardship

This paper set out to examine the Ifugao Rice Terraces as a living archaeological
landscape, to interrogate how heritage policy addresses (or fails to address) their dynamic
nature, and to propose a framework for conservation that foregrounds local livelihoods,
intangible heritage, and adaptive strategies. Through the integration of archaeological,
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spatial, ethnographic, and economic evidence, we have shown that the terraces are not
static relics but evolving socio-ecological systems. Their continuity lies in their capacity
for change, a pattern visible in both the long-term archaeological record and the rapid
transformations documented through ethnography and remote sensing. This reflects the
position of the Nara Document on Authenticity, which holds that authenticity must be
understood within cultural contexts and that adaptation can be a legitimate and necessary
expression of heritage [8].

Insights from other long-inhabited agricultural landscapes reinforce this perspective.
Across global contexts, economic viability, adaptive land-use strategies, and community
governance emerge as the conditions that sustain heritage landscapes over the long term.
For Ifugao, this means that conservation must be grounded in livelihoods’ security, flexibil-
ity in agricultural practices, and local authority in decision-making.

Although landscapes might appear stable to the casual observer, in fact they are in
constant motion. Archaeological and historical records, combined with modern remote
sensing data, show that land-use systems can shift dramatically within human lifetimes. If
LiDAR datasets indicate that terraced landscapes can be abandoned and reforested within
50 to 100 years, then many of the patterns and transitions visible in archaeological contexts
may also be unfolding in contemporary times. What we see as “traditional” landscapes
today may be snapshots in a long continuum of change rather than fixed remnants of
the past.

These patterns challenge the way heritage policy and popular narratives often frame
agricultural systems. Conservation discourse often privileges the image of stability, fields
frozen in an idealized past, over the lived, adaptive practices that sustain them. The
persistence of a landscape in cultural memory, photography, or tourism marketing can
mask the reality that the forms and functions of that landscape are continually renegotiated.
Recognizing that change is the norm, not the exception, creates space for more nuanced,
community-driven approaches to heritage management.

The terraces illustrate this tension between perceived permanence and actual dy-
namism. They are often viewed as timeless symbols of cultural resilience, yet archaeo-
logical and ethnographic research documents a long trajectory of transformation. Before
wet-rice agriculture dominated the slopes, Ifugao farmers cultivated taro in pond fields
and practiced swiddens’ cultivation in surrounding uplands. Over centuries, these systems
gave way to wet-rice terraces, later complemented or replaced by vegetable farming, and, in
some areas, eventual forest regeneration. The historical record shows repeated adjustments
to meet changing socio-political, economic, and ecological conditions. These shifts are part
of a continuing pattern in which socio-political upheavals, the introduction of new crops,
altered trade networks, pest outbreaks, changing rainfall patterns, or soil degradation
required technical and organizational responses. Livelihood strategies, whether driven
by subsistence needs or opportunities in wage labor and tourism, also shaped land-use
choices [70].

Heritage frameworks, especially those influenced by UNESCO, have often privileged
visual permanence over lived practice [4,7]. In Ifugao, the terraces were inscribed on the
World Heritage List in 1995 as a “living cultural landscape”, because they represent continuity.
But this continuity is maintained through flexibility, not fixity. Historical aerial imagery,
complemented by LiDAR and other remote sensing datasets, shows that thousands of hectares
of terraces have already been reclassified as forestlands. This process can take place within
50 to 100 years, well within a single human lifespan. Thus, abandoned terraces can become
indistinguishable from natural forest cover in a short period of time [14,45].

The speed of these transitions underscores the vulnerability of agricultural landscapes
when labor, water, and market incentives shift. It also shows that terraces’ abandonment is
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not necessarily a sign of cultural decline. In some cases, it reflects strategic decision-making
to reduce labor demands, avoid land-rights conflicts, or take advantage of new economic
opportunities. For others, migration or engagement in off-farm employment makes the
maintenance of labor-intensive terraces less viable. These realities complicate preservation-
ist visions that emphasize form over function. Conservation policies that focus solely on
retaining the physical appearance of terraces risk ignoring the drivers of abandonment,
such as unpaid or undercompensated labor, inequitable tourism revenue, climate vari-
ability, and shifting demographic patterns. Without addressing these underlying causes,
preservation becomes an exercise in maintaining symbols while undermining the social
and economic foundations that sustain them.

As Cameron [71] notes, living heritage must be “responsive to contemporary reali-
ties,” not immobilized by aesthetic ideals. Khalaf [7] similarly warns that “unexamined
assumptions about authenticity can render adaptation illegitimate,” marginalizing the
very communities whose practices gave rise to the heritage in question. In Ifugao, this
risk is real: terraces actively managed and repurposed may be viewed as less “authentic”
than those maintained for their traditional appearance, even if the latter are no longer
fully integrated into local livelihood systems. The Nara Document cautions against such
reductive interpretations, emphasizing that authenticity resides in the cultural values and
practices of the community, even when these result in material change [8].

The comparative cases examined in this paper reinforce these conclusions. Bali’s
subak system, the terraces of the Peruvian Andes, and the Engaruka fields in Tanzania each
reveal that long-inhabited agricultural landscapes survive not through rigid adherence to
past forms but through the ability to adapt to changing ecological, social, and economic
circumstances [64,65]. Across these examples, economic viability, functional flexibility, and
local governance emerge as the central determinants of conservation’s success. Where
heritage frameworks acknowledge and support these factors, landscapes remain both
culturally meaningful and materially productive. Where they do not, conservation risks
producing hollow monuments to an imagined past.

For Ifugao, the key takeaway is that the future of the terraces depends on shifting from
preservation of form to stewardship through function. The National Cultural Heritage
Act of 2009 [9] offers a framework that can support this approach by mandating the
conservation of traditional cultural landscapes and requiring stakeholder consultation.
Leveraging this law to operationalize shared stewardship would align national policy with
on-the-ground realities, ensuring that conservation strategies protect both the terraces’
cultural significance and the livelihoods that sustain them.

A conservation model grounded in shared stewardship places local communities at the
center of decision-making, directs conservation funding toward sustaining livelihoods, and
strengthens the ability of landscapes to adapt to change. This can include initiatives such
as supporting agricultural diversification, improving market access for highland products,
and compensating communities for the ecosystem services provided by reforested terraces.
What requires protection is not only the physical form of the terraces but also the social,
ecological, and historical processes that give them meaning. Because these processes
are dynamic, their vitality depends on the capacity to adapt. For heritage to remain
meaningful in the 21st century, it must recognize change as an essential component of
cultural continuity.
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Abstract

Understanding the spatial distribution of ancient settlements is essential for reconstructing
human–environment dynamics. The Chengdu Plain, a core region of the ancient Shu
civilization, provides a key setting for examining early cultural development in Southwest
China. This study applies GIS-based spatial analysis to 116 prehistoric sites, 27 Sanxingdui
(3.7–3.1 ka BP) and 89 Shi’erqiao (3.1–2.6 ka BP), to evaluate their relationships with eleva-
tion, relief, slope, aspect, and distance from rivers. Sanxingdui settlements show a tightly
constrained pattern, clustering at 450–500 m a.s.l. elevation, on gentle slopes (0–5◦), within
moderate relief (30–150 m), and almost entirely inside the 0–0.01 river buffer, reflecting
strong dependence on stable alluvial landscapes. In contrast, Shi’erqiao sites occupy a
broader environmental spectrum, spanning 400–650 m a.s.l. in elevation, concentrating
in 30–60 m relief zones, and extending beyond the 0.02 hydrological buffer, indicating
enhanced adaptability supported by improved water management and sociopolitical re-
organization. The transition from Sanxingdui to Shi’erqiao thus represents a shift from
selective environmental reliance to more flexible landscape engagement under mid–late
Holocene climatic variability. These results underscore the dynamic nature of prehistoric
human–landscape interaction on the Chengdu Plain and provide new insights into cultural
resilience in the upper Yangtze River basin.

Keywords: Sichuan Province; geographic information systems; cultural development;
environmental adaption

1. Introduction

During the Holocene, the intensification of human activities produced increasingly
complex interactions between societies and their surrounding environments [1]. Under-
standing the relationship between environmental change, regional cultural evolution, and
human–land dynamics has therefore become a central focus of environmental archaeology,
attracting sustained scholarly attention both within China and internationally [2,3]. The
Yangtze River Basin, one of the major population centers and cultural heartlands, offers
an important context for examining these long-term interactions [4]. Within this region,
the Chengdu Plain, located in the upper reaches of the basin, stands out as a principal
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core area of early Chinese civilization. Archaeological investigations have documented
a long and continuous cultural sequence extending from early agrarian settlements to
increasingly complex Bronze Age societies [5]. High-quality archaeological datasets now
enable more refined reconstructions. These include models of human habitation patterns,
cultural transmission pathways, migration trajectories, and broader processes of social
development [6]. The Shu cultural sequence developed from the Baodun culture, flourished
at Sanxingdui, and transitioned into Shi’erqiao, forming a continuous trajectory of cultural
evolution in the upper Yangtze River [7,8]. Among these cultural stages, the Sanxingdui
and Shi’erqiao periods are particularly significant for understanding the interplay between
cultural transformation and environmental setting [9–12]. A growing body of research
demonstrates that the evolution of ancient settlements and cultural systems was closely tied
to both natural and social environmental conditions [1–3]. Moreover, key environmental
variables, such as topography, hydrology, and geomorphology, have been recognized as
decisive factors shaping cultural development, land-use strategies, and spatial organization
over millennia [1,13]. Consequently, analyzing the spatial logic of prehistoric settlement
systems provides essential insights into how ancient communities adapted to and modified
their local environments [14].

The Sanxingdui culture represents a highly centralized and materially distinctive
Bronze Age society on the Chengdu Plain, characterized by monumental ritual architec-
ture, urban-scale fortified settlements, and an advanced bronze industry that relied on the
region’s rich agricultural and metallurgical resource base [5,7,9]. Archaeological studies
suggest that the remarkable spatial concentration of Sanxingdui sites around the Guanghan
area may reflect both the presence of a strong political ritual center and potential research
biases arising from the preferential discovery and excavation of large, architecturally promi-
nent sites [11,12]. Following the decline of this urban-focused system, the succeeding
Shierqiao culture exhibits a markedly different spatial pattern, typified by smaller, more dis-
persed settlements distributed across the Chengdu Plain, as well as diversified subsistence
and land-use strategies [1]. Although the two cultures differ significantly in settlement
scale, spatial organization, and modes of environmental engagement, they form a continu-
ous cultural sequence from Baodun through Sanxingdui to Shierqiao, reflecting a long-term
sociopolitical transformation within the ancient Shu region [7,15]. The contrast between
their centralized and dispersed spatial patterns provides a crucial framework for examining
how environmental factors, resource availability, and cultural dynamics jointly shaped the
evolution of prehistoric settlement systems on the Chengdu Plain.

Over the past decades, archaeological discoveries related to the Sanxingdui–Shi’erqiao
cultural sequence have attracted wide scholarly attention, providing new insights into
early state formation, sociopolitical organization, and human–environment interactions in
prehistoric China [1,5,8]. Nevertheless, several key challenges remain. First, most previous
research has concentrated on dwelling features and artifact typology, whereas systematic,
quantitative assessments of settlement distribution and environmental preferences remain
limited [16,17]. Second, the nature of the cultural transition from Sanxingdui to Shi’erqiao,
whether abrupt collapse, gradual transformation, or adaptive relocation, continues to be
debated [5,7]. Third, the specific role of climatic fluctuations, particularly extreme climate
events, in shaping settlement strategies and sociopolitical reorganization has yet to be fully
clarified [18–20]. Recent advances in Geographic Information Systems (GIS) offer powerful
tools for modeling settlement spatial logic and quantifying environmental determinants of
site selection [21,22]. GIS-based analyses of elevation, slope, relief, aspect, and hydrological
proximity have proved effective for identifying the geo-environmental drivers behind
prehistoric land-use choices [23–26]. By integrating these analytic approaches with ar-
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chaeological datasets, researchers can reconstruct diachronic trajectories of environmental
adaptation and cultural evolution [27].

This study applies GIS spatial analysis to 116 prehistoric sites on the Chengdu Plain,
including 27 Sanxingdui and 89 Shi’erqiao sites, to examine their distribution in relation to
five key environmental variables. Although a modern Digital Elevation Model (DEM) was
used, numerous geomorphological studies and borehole records indicate that the Chengdu
Plain has experienced minimal vertical displacement (<10 m) since the mid-Holocene [2,5],
allowing modern elevation and slope data to serve as reasonable proxies for paleo-topographic
conditions. The research aims to characterize the environmental preferences of Sanxingdui and
Shi’erqiao settlements, identify diachronic changes in settlement–environment relationships,
and interpret how these spatial patterns reflect broader processes of cultural transformation
and environmental adaptation. The findings contribute to ongoing discussions of prehistoric
human–landscape dynamics in southwestern China and offer a replicable methodological
framework for spatial analysis in heritage science.

2. Study Area

The Chengdu Plain, situated in the western Sichuan Basin of Southwest China,
provides an exemplary setting for examining long-term human–environment interac-
tions [28,29]. Flanked by the Longmen Mountains to the northwest and the Longquan
Mountains to the east, the plain extends approximately 166 km from north to south and
192 km from east to west, covering ~12,400 km2, about 2.6% of Sichuan Province [5].
Formed largely by overlapping alluvial fans of the Min and Tuo rivers, which descend from
the mountainous sectors of the northwestern Sichuan Plateau [13], the region comprises
one of the largest and most continuous alluvial lowlands in Southwest China. Its flat
terrain, well-developed dendritic river network, and humid subtropical monsoon climate
(mean annual precipitation 1000–1200 mm, concentrated in summer) have supported con-
tinuous human occupation since the Neolithic [20,28]. These environmental conditions
facilitated early agricultural intensification, dense settlement development, and sustained
cultural evolution. Historically, the Chengdu Plain served as the political core of the ancient
Shu state and hosted several major prehistoric urban centers, including the Sanxingdui
complex in the Guanghan area (Deyang City) and the Shi’erqiao cultural center in modern
Chengdu [30] (Figure 1).

Figure 1. Location of Sanxingdui and Shi’erqiao site in Chengdu Plain, SW China.

Sanxingdui and Shi’erqiao cultures represent two sequential yet distinct modes of
settlement organization on the Chengdu Plain [31]. The Sanxingdui culture is characterized
by its large urban center, advanced bronze technology, and monumental ritual architec-
ture, and broadly contemporaneous with Erlitou Phase IV and Yinxu Phase II in North
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China [32] (Figure 2A,B). Current archaeological research widely agrees that the Shi’erqiao
culture constitutes a direct cultural continuation of the Sanxingdui. After the decline of
the Sanxingdui urban core, the political and ceremonial center of the ancient Shu state
shifted from the Guanghan area (Deyang City) to the Chengdu area, where the Shi’erqiao
culture developed as its immediate successor [9,10]. Shi’erqiao culture is a continuation
of the Sanxingdui culture. It is represented by the Shi’erqiao site in Jinniu District and
the Jinsha site in Qingyang District (Figure 2C,D). It was a period of regional transition,
contemporaneous with the early Western Zhou to the early Spring and Autumn Period in
the Central Plains, characterized by a shift toward more dispersed and diverse settlement
forms [33].

Figure 2. (A) “Behind the Masks: Discovering Sanxingdui and Jinsha”, University of Oxford; (B) Plan
of the Qinguanshan No. 1 Large Building Foundation at the Sanxingdui Site in Guanghan, Sichuan
(Sichuan Provincial Institute of Archaeological Research); (C,D) The Excavation Site at the Shi’erqiao
Site (Sichuan Provincial Institute of Archaeological Research), Chengdu.

The chronological framework adopted in this study is grounded in published radio-
carbon evidence (Table 1) and follows the established cultural sequence of the ancient Shu
region, encompassing the Sanxingdui (3.7 ka BP) and Shi’erqiao (3.1–2.6 ka BP) periods [29].
This framework provides the temporal foundation for examining long-term changes in
settlement patterns and human–environment interactions across the two cultural phases.

Table 1. 14C radiocarbon dating data of the Sanxingdui and Shi’erqiao period.

Period
Age

(Minimum)
Lab

Age
(Maximum)

Lab

Sanxingdui 3.15–2.97 ka BP
[34]

BA210001,
Peking University

3.615 ± 0.080 ka BP
[35]

Laboratory of the Institute
of Archaeology, Chinese

Academy of Sciences

Shi’erqiao 2.567 ± 0.078 ka BP
[13] Peking University 3.15–2.97 ka BP

[34]
BA210001,

Peking University
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3. Materials and Methods

The archaeological site data used in this study are derived from published sources,
including the journals Archaeology, Sichuan Cultural Relics, and the report Archaeological
Discoveries in Chengdu. A total of 116 prehistoric sites were compiled from published
survey reports, excavation bulletins, and official heritage databases. These records were
generated by government-authorized archaeological institutions through systematic sur-
veys, scientific and rescue excavations, and standardized registration, representing the
most authoritative dataset for the Chengdu Plain. Site detection follows a dual-track sys-
tem: rescue excavations preferentially target large or highly visible sites, while survey
techniques have evolved from early pedestrian methods to recent remote sensing and
geophysical prospection. Despite these biases, cross-checking among multiple sources
ensures that the dataset provides the most reliable baseline for regional prehistoric settle-
ment analysis. All archaeological points used in this study represent confirmed habitation
or multi-functional settlement sites, each characterized by well-defined cultural layers
documented in published excavation or survey reports. These cultural deposits provide
clear evidence of sustained or recurrent human occupation, allowing their unequivocal
identification as settlements.

This study compiled data from 116 archaeological sites on the Chengdu Plain, in-
cluding 27 from the Sanxingdui period and 89 from the Shierqiao period. For each site,
recorded attributes include its name, cultural type, precise location, and elevation. These
data were organized in a spreadsheet for GIS analysis. All sites were georeferenced using
WGS84 UTM Zone 48N coordinates and cross-validated against topographic base maps.
Data normalization and error correction were applied using ArcGIS 10.2 to ensure spatial
accuracy. Five environmental variables were selected to evaluate the geomorphological
and hydrological constraints influencing the spatial distribution of the Sanxingdui and
Shi’erqiao settlements: elevation, relief degree, slope, aspect, and Euclidean distance to
rivers. These indicators are widely recognized in archaeological landscape studies as key
determinants of settlement suitability because they jointly reflect terrain stability, flood
risk, resource accessibility, and environmental habitability [36]. Elevation provides the
general altitudinal setting and helps assess flood avoidance or strategic visibility. Relief
degree, calculated as the elevation range within a 3 × 3 pixel neighborhood (approxi-
mately 90 m × 90 m for a 30 m DEM), represents local terrain variability, which affects
construction feasibility and agricultural potential [36]. Because even 30–50 m of relief in
this low-gradient alluvial setting delineates discrete Holocene geomorphic surfaces with
different hydrological behaviours, our elevation, local-relief, and slope metrics are designed
to capture microtopographic suitability rather than absolute terrain variation, ensuring
robust differentiation of settlement distributions across cultural phases.

Slope was derived from the DEM using the Spatial Analyst “Slope” tool and reflects
terrain steepness, a critical factor in evaluating accessibility, defense, and suitability for
habitation [37]. In the low-gradient alluvial context of the Chengdu Plain, even slight slope
differences (<1–2◦) measurably influence surface drainage behaviour and the propensity
for seasonal waterlogging. Consequently, the slope metric here is intended to characterise
microtopographic hydrological performance rather than broader regional contrasts in ter-
rain. This approach enables a more reliable assessment of fine-scale settlement suitability
across the Sanxingdui and Shi’erqiao cultural phases. Aspect, generated using the “Aspect”
tool and categorized into eight directional classes, captures insolation and microclimate
differences that influence agricultural productivity [38]. Using a 30 m resolution river net-
work dataset, we computed the Euclidean distance to rivers to evaluate water accessibility,
essential for daily consumption, agriculture, and transportation. Although river size varies,
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previous studies confirm that this proximity measure is a robust proxy for hydrological
suitability in prehistoric contexts [36].

All variables were derived from a 30 m resolution DEM provided by the Geospatial
Data Cloud Platform, reprojected to a unified coordinate system. The 3 × 3 pixel moving
window is sufficiently large to capture meaningful microtopographic variation around
each site while remaining small enough to avoid overgeneralizing the terrain; although it
does not cover the entire extent of large settlements, it reliably represents the immediate
environmental conditions relevant to prehistoric habitation. Terrain anomalies such as cliffs
or incised valleys are inherently captured through elevation gradients, relief degree, and
slope values, while areas of nearly imperceptible slope variation are appropriately reflected
in low-gradient outputs. Together, these variables provide an integrated representation of
the topographic and hydrological factors that most likely shaped prehistoric settlement
choices on the Chengdu Plain.

4. Results

4.1. Elevation

In the ArcGIS software, the DEM of Sichuan province was projected and symbolized.
Subsequently, the spatial data of ancient sites spanning from the Sanxingdui period to the
Shi’erqiao period were overlaid onto the DEM. Ultimately, the distribution patterns of these
ancient sites across varying elevations were visualized through mapping. Furthermore,
we determined the elevation of each ancient site and calculated the frequency of sites at
different elevation intervals (Figure 3).

Figure 3. Distribution of Sanxingdui and Shi’erqiao sites at different elevations in the Chengdu Plain.

The altitudinal distribution of all sites from both phases in the study area falls within
the range of 400–650 m a.s.l. Sanxingdui-period sites are predominantly clustered within
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a narrow band of 450–500 m a.s.l.; specifically, 22 of the 27 total sites fall within the
400–500 m a.s.l. range, with the remaining 5 located between 500 and 550 m a.s.l. These sites
are situated near the junction of the piedmont and mid-fan zones, a region characterized
by gently undulating relief and abundant water resources.

In comparison, Shi’erqiao period sites exhibit a significantly broader spatial distri-
bution, spanning the full spectrum from 400 to 650 m a.s.l., with a notable concentration
between 450 and 550 m a.s.l. The 500–550 m a.s.l. interval hosts the highest density of
remains (38 sites), followed by 37 sites at 400–500 m a.s.l., 13 sites at 550–600 m a.s.l., and
1 site extending to 600–650 m a.s.l. This pattern indicates a more advanced capacity for
exploiting diverse micro-topographic settings in site selection and land use.

Although the overall elevational range is relatively constrained, it corresponds to
distinct geomorphic zonation on the Chengdu Plain. Even modest altitudinal differences
here reflect transitions from floodplains to low terraces and gentle foothills. Consequently,
the tight clustering of Sanxingdui sites at 450–500 m a.s.l. aligns with stable floodplain-
terrace surfaces, while the wider elevational span of Shi’erqiao sites demonstrates an
adaptation to more varied terrain.

4.2. Relief Degree

Relief degree is a fundamental geomorphological metric that captures elevation vari-
ability within a defined area and serves as a key proxy for surface heterogeneity, exerting
strong control over prehistoric settlement placement [36]. In this study, we derived relief
values from a 30 m-resolution DEM using a standard classification scheme and mapped
their spatial distribution across the Chengdu Plain. The locations of Sanxingdui and
Shi’erqiao sites were then superimposed onto the relief map to assess topographic pref-
erences (Figure 4). Elevation in the study area increases from the low-lying alluvial plain
toward the piedmont zone and decreases again toward the Min River terraces; accordingly,
relief was categorized into six classes: 0–30 m, 30–60 m, 60–90 m, 90–150 m, 150–180 m,
and >180 m. The number of sites falling within each relief class was quantified to evalu-
ate differences between the two cultural phases, enabling a comparative analysis of how
variability in microtopography influenced settlement distribution.

The results show that overall relief variability across the study area is relatively low, yet
clear differences emerge between the two cultural phases. Sanxingdui sites are distributed
across a broader relief spectrum, with no sites found in the lowest (0–30 m) category. Their
distribution is as follows: 18 sites within the 30–150 m classes, 2 sites in the 150–180 m
range, and 7 sites in areas exceeding 180 m.

In contrast, Shi’erqiao sites display a pronounced concentration in low-relief settings.
More than 60% (64 sites) occur within the 30–60 m class. The remaining locations are
distributed as follows: 15 sites in the 0–30 m class, 9 sites within 60–150 m, and only one site
in the 150–180 m category. No Shi’erqiao sites are located in high-relief areas (>180 m).
As illustrated in Figure 3, Sanxingdui sites reflect a broader tolerance for topographic
variability and a more dispersed spatial configuration, suggesting flexible settlement strate-
gies. Conversely, the Shi’erqiao sites are tightly clustered within low-relief alluvial plains
characterized by minimal surface undulation. This shift indicates a morphological evolu-
tion in settlement organization, from the more outward-expanding and topographically
diverse pattern of the Sanxingdui phase to the more inward-focused and spatially intensive
configuration characteristic of the Shi’erqiao period.
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Figure 4. Distribution of Sanxingdui and Shi’erqiao sites at different relief degrees in the
Chengdu Plain.

4.3. Slope

Slope is a key geomorphological parameter that strongly shapes settlement suitability,
influencing construction feasibility, land-use intensity, water retention, erosion risk, and
transportation efficiency [37]. Although elevation data portray the Chengdu Plain as
broadly level, fine-scale slope variations reveal subtle terrain differences that may have
conditioned early habitation choices. Slope analysis, integrated with the spatial distribution
of archaeological sites, demonstrates that both Sanxingdui and Shi’erqiao settlements are
overwhelmingly concentrated within gentle-slope zones (0–5◦), reflecting the inherently
low-gradient landscape of the region (Figure 5).

Slope extraction analysis shows that both the Sanxingdui and Shi’erqiao settlements
overwhelmingly occupy gentle-slope zones (0–5◦), though with distinct patterns of vari-
ability. Sanxingdui sites are primarily concentrated within the 0–5◦ range (19 sites), but a
smaller number extend into higher slope categories, including 5 sites in the 6–10◦ range,
2 sites in the 11–15◦ range and 1 site in the 16–25◦ range. No Sanxingdui sites occur on
slopes exceeding 15◦. In contrast, Shi’erqiao settlements display an even stronger pref-
erence for flat terrain: 79 sites fall within the 0–5◦ zone, accounting for more than 80%
of all occurrences, and only 10 sites lie within the 6–10◦ category. No Shi’erqiao sites
are identified on slopes above 10◦. Overall, Sanxingdui exhibits a slightly broader slope
tolerance, whereas the Shi’erqiao settlements are tightly clustered within the flattest parts
of the plain, reflecting an increasing reliance on low-relief environments during the later
cultural phase.
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Figure 5. Distribution of Sanxingdui and Shi’erqiao sites at different slopes in the Chengdu Plain.

4.4. Aspect

Aspect, defined as the compass direction of slope orientation, is a key geomorphic pa-
rameter influencing micro-environmental conditions such as solar radiation, evapotranspi-
ration, wind exposure, and vegetation growth [38]. These factors can shape local habitability
and thus affect ancient settlement choices. In this study, the aspect of the Chengdu Plain
was categorized into nine classes (Figure 5): Flat terrain (−1), North (0–22.5◦), Northeast
(22.5–67.5◦), East (67.5–112.5◦), Southeast (112.5–157.5◦), South (157.5–202.5◦), Southwest
(202.5–247.5◦), West (247.5–292.5◦), and Northwest (292.5–337.5◦), with the final interval
returning to North (337.5–360◦). Sanxingdui sites are primarily concentrated within the
central portion of the study area, whereas the Shi’erqiao sites exhibit a broader spatial
distribution across multiple aspect categories, reflecting more extensive use of diverse
micro-environments.

The aspect analysis reveals a relatively even distribution of Sanxingdui sites across
multiple orientation categories. Specifically, 2 sites occur on flat terrain, while north-,
east-, southeast-, south-, and west-facing slopes each host between 4 and 6 sites, with
smaller occurrences in the northeast, southwest, and northwest categories. In contrast, the
Shi’erqiao sites exhibit a more concentrated pattern. A total of 11 sites are situated on flat
terrain, and the majority are distributed across east-, southeast-, south-, northeast-, and
west-facing slopes (9–13 sites each), with no sites recorded on northwest-facing slopes.
This indicates a marked preference for flat surfaces and east-facing orientations during the
Shi’erqiao period. The histogram in Figure 6 further highlights these contrasts, showing the
broad, nearly uniform aspect distribution of Sanxingdui sites versus the strong clustering
of Shi’erqiao settlements in low-relief, east-facing environments.
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Figure 6. Distribution of Sanxingdui and Shi’erqiao sites at different aspects.

4.5. Euclidean Distance to Rivers

Hydrological systems are a fundamental component shaping the formation and sus-
tainability of human settlements, influencing access to drinking water, irrigation, trans-
portation, daily activities, and defensive planning [21]. To assess the spatial relationship
between settlements and water availability, this study generated proximity buffers around
the regional river network, and overlaid the Sanxingdui and Shi’erqiao sites’ distributions
onto a Euclidean distance-to-river surface (Figure 6). This approach allows for a compara-
tive assessment of hydrological dependency and settlement location preferences between
the two cultural phases [39].

Figure 7 shows that Sanxingdui sites are predominantly concentrated within the
0–0.01 distance interval, indicating strong spatial clustering in areas immediately adjacent
to river channels. Most sites occur along higher-order rivers (Classes 3–4), which represent
larger, more stable waterways. This pattern underscores the marked hydrological depen-
dence of Sanxingdui settlements and highlights the central role of major river systems in
sustaining their habitation and socio-economic development.

In contrast, the Shi’erqiao sites exhibit a more dispersed pattern of hydrological
proximity. Although many sites remain within 0.05 units of the nearest river, a notable
proportion extends to greater distances (up to 0.2578 units), indicating reduced spatial
dependence on major waterways. As shown in Figure 8, Sanxingdui settlements are
strongly clustered in the nearest interval (0–0.01) with 11 sites, followed by progressively
fewer sites in the subsequent distance classes (5 in 0.01–0.02, 4 in 0.02–0.03, 5 in 0.03–0.04, 1
in 0.04–0.05, and 1 in 0.05–0.06), with none beyond 0.06.
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Figure 7. The Euclidean distance from the rivers of the Sanxingdui and Shi’erqiao sites in the
Chengdu Plain.

Figure 8. Distribution of Sanxingdui and Shi’erqiao sites at different Euclidean distances from rivers.

Shi’erqiao sites display a markedly different pattern: the highest frequency occurs in
the 0.01–0.02 interval (34 sites), followed by 24 sites in the 0–0.01 interval. Site numbers
decline gradually with increasing distance (10 in 0.02–0.03, 6 in 0.03–0.04, 3 in 0.04–0.05,
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and 5 in 0.05–0.06), yet 7 sites occur beyond 0.06. This distribution suggests a broader
range of hydrological adaptability during the Shi’erqiao period. These contrasting patterns
indicate a clear diachronic shift from the Sanxingdui culture’s strong dependence on major
river channels to the more diversified hydrological strategies of the Shi’erqiao period.

5. Discussion

5.1. Geomorphic Evolution and Settlement Adaptation

Rivers, particularly unstable channels in alluvial proluvial plains, are highly sensitive
to environmental change, and the development of a river system records variations linked
to tectonic activity, paleoclimatic conditions, and other factors [40]. The Chengdu Plain is a
tectonically conditioned depression undergoing sustained uplift along the eastern flank
of the Longmen Mountains, where active orogenesis and consequent fluvial incision have
long shaped regional landscape evolution [2,5,41]. Increased relief contrasts enhanced
sediment flux from the mountain front, particularly along the Minjiang and its distributary
channels emerging from the Longmen Shan foothills [42]. This promoted frequent avulsion
of proximal channels such as the paleo-Minjiang and early Jinsha–Qingshui tributaries,
facilitating the progradation of fantoe lobes along the northwestern Chengdu Plain [42,43].
Sustained river incision driven by tectonic uplift caused the abandonment of older alluvial-
fan surfaces adjacent to the Minjiang and Qingshui River corridors, leading to the dissection
of mid- to late Holocene fan deposits and the formation of inset fluvial terraces [41–43].
Differential uplift along the mountain front induced subtle tilting of the foreland surface
toward the southeast. This tectonically forced reorientation produced an asymmetric
pattern of fan development, with more deeply entrenched channels in the northwest and
broader, low-gradient fan surfaces to the southeast [41]. Collectively, the Minjiang River and
its tributary systems have progressively lowered regional base levels, expanded drained
areas, and promoted the formation of stepped river terraces since the mid-Holocene [42,43].
As a result, the plain developed a dense dendritic drainage system incorporating the
Minjiang, Jinsha, Qingshui, and the Xi River, creating a heterogeneous mosaic of floodplains,
paleo-channels, and low-relief foothills [13] (Figure 9).

Figure 9. Location of the Sanxingdui and Shi’erqiao sites on river system map: (left) River system
background of the study area in Sichuan Province; (right) Cultural sites on a small-scale modern
river system map.

During the mid–late Holocene, the Chengdu Plain was shaped by an actively adjusting
fluvial regime dominated by lateral accretion, channel avulsion, and episodic overbank de-
position [42]. These processes produced a tiered geomorphic surface composed of low-relief
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floodplains (30–90 m), aggradational terrace margins (60–150 m), and abandoned channel
depressions. Consistent with this framework, Sanxingdui settlements are concentrated in
the northeastern plain, where moderate relief, natural levees, and high hydraulic connectiv-
ity offered favorable conditions for irrigation, drainage, and soil productivity [44]. Portions
of the Minjiang floodplain have since undergone extensive alluvial burial and modern land
modification, suggesting that some prehistoric sites may remain undiscovered; the present
dataset therefore reflects only the identifiable archaeological record [43].

Sanxingdui sites show strong clustering within the 0–0.01 river-distance buffer and
a marked preference for relief values > 90 m, indicating avoidance of flood-prone basin
floors while maintaining direct access to perennial water. To reduce the impact of later
hydraulic engineering, the hydrological analysis focuses on geomorphically persistent
river corridors and tributary sectors supported by mid-Holocene sedimentary evidence.
Their tight proximity to rivers underscores a high dependence on stable surface water
typical of early agrarian systems [44], while the tendency toward elevated microtopog-
raphy suggests intentional selection for improved drainage and reduced flood risk [45].
By contrast, Shi’erqiao settlements occupy a broader geomorphic spectrum, extending
southward toward the Jinsha drainage and into higher microbasins (up to 550–600 m a.s.l.)
(Figures 3 and 4). Their greater representation in the 0.01–0.03 buffer zones (Figure 7) reflect
decreased reliance on major channels and expanded use of secondary water sources. This
diversification is consistent with archaeological evidence for small-scale hydraulic installa-
tions, canals, ponds, and weirs, that enabled irrigation and facilitated settlement expansion
into more dispersed terrain [46,47]. These features contrast sharply with the Sanxingdui
period, where only simple earthen ditches have been documented, and demonstrate a
clear technological transition toward engineered water redistribution systems [48]. Such
installations would have reduced dependence on proximity to major channels and enabled
reliable irrigation in more distant or geomorphically varied settings, consistent with the
observed increase in site frequency within the 0.01–0.03 hydrological buffer zones [49].
Both cultural phases exhibit a preference for low slopes (0–5◦) and low-to-moderate re-
lief (<90 m), but the broader topographic tolerance of Shi’erqiao communities indicates
gradually diminished geomorphic constraints and improved adaptability to varied flu-
vial landscapes [50]. Although the absolute differences in elevation and slope across the
Chengdu Plain are small, these parameters retain functional significance in a low-gradient
alluvial environment. Even modest elevation steps (30–50 m) and microslope variations
(<1–2◦) can substantially influence surface drainage efficiency, seasonal waterlogging, and
the stability of cultivated landforms. These microtopographic controls operate at scales
far below regional geomorphic contrasts; thus, the observed differences in settlement
preferences cannot be attributed simply to the Sanxingdui and Shi’erqiao sites occupying
different subregions of the plain. After controlling for regional distribution patterns, both
cultural phases display internally consistent elevation and slope tendencies, Sanxingdui
sites clustering on slightly elevated, better-drained levee–ridge margins, and Shi’erqiao
sites extending into lower, gentler, more hydrologically varied surfaces. This persistence
of microtopographic preference across spatially distinct areas indicates that elevation and
slope reflect genuine environmental selection behaviours rather than artefacts of uneven
site locations. Accordingly, the shift from Sanxingdui concentration on modestly higher,
well-drained micro-relief to the broader topographic tolerance of the Shi’erqiao period is
best understood as a cultural adaptation facilitated by advances in water-management
capacity rather than a by-product of regional terrain differences.

Agricultural development played a significant role in this transition. During the
Sanxingdui–Shi’erqiao sequence, settlements increasingly occupied flatter terrain (0–60 m),
particularly within the 30–60 m band, aligning with areas offering stable irrigation potential
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and arable land [29,50]. Sanxingdui communities favored mid-elevation (400–550 m a.s.l.)
zones with a stable water supply, well-suited for diversified early agriculture [51]. By the
Shi’erqiao period, agricultural practices expanded further, with rice cultivation supple-
mented by foxtail millet, broomcorn millet, barley, and wheat [29,52]. These developments
strengthened water-management capacity and increased tolerance for more distant hydro-
logical settings. Spatially, 41% of Sanxingdui settlements fall within the 0–0.01 hydrological
buffer, whereas this proportion decreases to 38% for the Shi’erqiao period (Figure 8). In
contrast, the proportion in the 0.01–0.03 interval increases to 38%, reflecting reduced de-
pendence on primary river channels and increasingly flexible land-use strategies enabled
by hydraulic innovation [53,54]. Overall, the agricultural intensification and technological
advances of the Shi’erqiao period supported settlement dispersal into a wider range of
geomorphic contexts, marking a shift from river-dominated settlement logic to a more
diversified and resilient land-use system.

Shi’erqiao culture, therefore, displays a broader environmental tolerance, encompass-
ing higher elevations, lower-relief plains, and more distant positions from major rivers. This
dispersed pattern suggests increased landscape flexibility likely driven by technological
innovation, demographic expansion, or emerging sociopolitical organization [55]. The
transition from tightly clustered riverine settlements in the Sanxingdui period to more
topographically dispersed sites in the Shi’erqiao period reflects an evolving strategy of
environmental adaptation supported by improved water management and expanding
agricultural capacity [56,57]. Furthermore, the emergence of formalized burial zones, stan-
dardized ceramic forms, and organized production areas at Late Shi’erqiao sites supports
interpretations of increased political coordination and community-level planning [11,58].
Together, these lines of evidence substantiate the argument that both hydraulic innovation
and rising sociopolitical complexity contributed to broader settlement tolerance and more
flexible land-use strategies in the Shi’erqiao period.

5.2. Impacts of Climatic Conditions on the Distribution of Archaeological Sites

The formation, development, and exchange of human cultures are often influenced
by geographic environments, as evidenced by the effects of climate change and extreme
weather events on human migration and cultural turnover [59,60]. The settlement behav-
iors of the Sanxingdui and Shi’erqiao cultures occurred during a transitional period of
the Holocene climate. Globally, the Middle to Late Holocene as characterized by a grad-
ually weakening Asian summer monsoon (ASM), declining temperatures, and regional
aridification in parts of inland Asia and northern China [13,61].

Throughout the Holocene, the Sichuan Basin experienced a long-term shift from
warm–humid conditions to a hotter phase and then to cooler regimes, with climate vari-
ability intensifying after the mid-Holocene [62,63]. During the Sanxingdui period, this
transition manifested as a decline in mean annual temperature from ~+1 ◦C above modern
values to ~0.5–0.8 ◦C below present, accompanied by a ~15% decrease in precipitation
and a weakening ASM around 3.2 ka BP. In contrast, the subsequent Shi’erqiao occupation
unfolded under persistently cooler and drier conditions, with climatic archives reveal-
ing centennial-scale oscillations of ±0.7 ◦C, >100 mm yr−1 precipitation variability, and
two notable ASM “weak–strong–weak” cycles at ~2.7 and ~2.4 ka BP [62] (Figure 10A,B).
Based on extensive research on the ASM, stalagmite δ18O is widely used as a proxy for
the influence of solar radiation fluctuations on the ASM over orbital timescales. Lighter
(more negative) δ18O values indicate a stronger summer monsoon, while heavier (less
negative) values indicate a weaker one (Figure 10C) [18,63]. As shown in Figure 10C, from
4.2 to 2.2 ka BP, δ18O values exhibited a long-term trend toward lighter values (decreasing
from −6.13‰ to −7.57‰), suggesting a strengthening ASM forcing at the orbital scale [64].
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However, this trend was superimposed on substantial variability, and regional precipita-
tion proxies for the Chengdu Plain tell a more complex story. Some records indicate an
overall trend towards drier conditions [64]. While others show periods of increased rainfall,
potentially linked to factors such as the transition from El Niño to La Niña conditions
during the 4.2 ka BP event, which can lead to anomalous precipitation increases in the
Yangtze River Basin [62,63,65] (Figure 10D). These hydroclimatic stresses coincided with the
terminal stage of the Sanxingdui culture, marked by settlement contraction and large-scale
ritual bronze deposition [63,65,66]. While the Sanxingdui period (3.7–3.1 ka BP) initially
developed under a relatively warm and humid regime [67,68]. The ensuing amplified late-
Holocene instability meant that Shi’erqiao communities faced more frequent and severe
environmental fluctuations, likely prom [69].

Figure 10. (A) Quantitative and (B) Qualitative reconstruction of climate change since Holocene in
the Sichuan Basin, SW China [64]. HLH: Hot and little humid; HH: Hot and humid; WH: Warm and
humid; WLH: Warm and little humid; (C) Reconstructed past precipitation in Southwest China [62];
(D) The Stalagmite oxygen isotope (δ18O) record from 6.2 to 0.69 ka BP in Southwest China. The gray
dashed lines indicate the variation trends of the δ18O. The red lines indicate the extreme climatic
events, including the 2.8 and 4.2 ka event [65].
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Against this backdrop of progressively intensified late-Holocene climate variability,
the settlement preferences of the Sanxingdui and Shi’erqiao cultures exhibit clear geomor-
phic signatures that closely track these hydroclimatic transitions. During the warm–humid
and hydrologically stable Sanxingdui phase (3.7–3.1 ka BP), communities preferentially oc-
cupied extremely east-southeast-facing aspects (Figure 11A), low slopes (0–5◦) (Figure 11B),
and floodplain-proximal locations. These settings maximized biomass productivity, reli-
able hydrology, and radiative advantages favorable for intensive rice agriculture [70–72].
This pattern aligns with relatively high temperatures and abundant moisture before the
weakening of the ASM at ~3.2 ka BP, as reflected in declining precipitation, weakening
monsoon intensity, and changes in δ18O values (Figure 10) [65]. Hydroclimatic instability
intensified around 3.3–3.0 ka BP, marked by cold–wet anomalies, floods, and tectonically
induced disturbances [13,65]. A 20–50 cm layer of coarse sand and fine gravel (0.5–2 cm,
well-rounded) in the upper cultural deposits at Sanxingdui provides clear evidence of a
high-energy flood event. This interpretation is reinforced by a 1.2 m grayish-white sandy
gravel lens at the base of the cultural layer at the Shi’erqiao site (Lanyuan locality), dated to
3080 ± 30 BP, which aligns closely with the same flood phase [73–75]. The terminal Sanx-
ingdui stage thus experienced environmental stress, settlement contraction, and large-scale
ritual bronze deposition [65,69].

Figure 11. The statistics of Sanxingdui and Shi’erqiao sites at (A) aspect and (B) slope.

In contrast, the Shi’erqiao period (2.8–2.3 ka BP), coinciding with cooler, drier, and
more variable climatic conditions linked to the 2.8 ka event and a weakened ASM, shows
increasingly concentrated settlement distributions: 89% of sites lie on 0–5◦ slopes, yet
slope-aspect preferences broaden to include north- and northwest-facing orientations
(Figure 11) [65,76]. This shift indicates enhanced adaptive capacity and refined land–energy
strategies under heightened climate variability [77]. Significantly, hydraulic installations,
including wood-pile wharves, reservoirs, covered culverts, composite stone–timber flood-
walls, and paddy-ditch systems, first appear or reach their greatest density during this
period, whereas Sanxingdui features only simple irrigation ditches [78,79]. These facilities
cluster on north-to northwest-facing slopes and gently rolling terrain of 5–10◦, matching the
expanded aspect range characteristic of Shi’erqiao settlements. This spatial correspondence
provides material confirmation of the causal chain in which improved water-management
technology enabled greater locational flexibility and resilience under increasingly unstable
late-Holocene climatic conditions [80,81]. Together with the broader influence of the 4.2 ka
and 2.8 ka events on regional hydroclimatic stability, these patterns underscore a marked
contrast: warm–humid stability during the Sanxingdui period fostered centralized settle-
ments and intensive agriculture, whereas the more variable climate of the Shi’erqiao period
promoted settlement decentralization, diversified land use, and heightened topographic
adaptability [68,82].
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5.3. Responses of Environment Evolution to Culture

The close relationship between environmental change and cultural transformation
in the Chengdu Plain provides an essential context for interpreting the evolution from
the Sanxingdui to the Shi’erqiao stage of ancient Shu civilization [83]. Archaeological and
chronological evidence demonstrates that these two cultural phases form a continuous
developmental sequence rather than separate cultural entities [82,84]. Stratified excavations
at Sanxingdui and Shi’erqiao show uninterrupted ceramic traditions, shared jade-working
methods, and stable bronze typologies, particularly in mask-making, anthropomorphic
imagery, and high-tin ritual vessels, indicating a deep lineage continuity across the transi-
tion [84,85]. During the Sanxingdui phase, settlement patterns and material assemblages
reveal a highly centralized polity whose power was expressed through monumental ritual
complexes, large-scale sacrificial pits, and specialized bronze workshops concentrated near
the core site [4,5]. Their spatial clustering on low-relief, hydrologically accessible terrain
reflects a landscape strategy dependent on predictable water supply and state-directed
labor mobilization [86].

Around 3.1 ka BP, weakening of the Asian summer monsoon produced drier climatic
conditions, while tectonically driven reorganization of the Minjiang and its distributaries
reshaped the hydrological framework of the Chengdu Plain [34]. This environmental
inflection point coincides with marked cultural adjustments recorded at Sanxingdui: abrupt
burning remains, large-scale backfilling, and the termination of centralized bronzeworking
within the ritual core [16]. Meanwhile, new occupational surfaces and cultural layers
at Jinsha and Shierqiao reveal the emergence of continuously inherited ceramic forms,
duplicated ritual motifs, and relocated craft-production loci, showing that cultural authority
did not disappear but shifted spatially within the same cultural tradition [5,85,87]. The
succeeding Shi’erqiao period, corresponding broadly to the early Western Zhou, exhibits
greater settlement dispersal, diversified craft zones, and increased functional mixing of
domestic, ritual, and production activities [58]. The rise of secondary centers and small-
scale villages, together with the expansion of bead-making, gold-crafting, and sandstone-
implement workshops, reflects a maturing sociopolitical and economic system that had
moved beyond the earlier highly centralized model [85]. These changes indicate not
cultural rupture but adaptive decentralization, a process that allowed communities to
buffer hydrological uncertainty and broaden their ecological footprint [88].

In this broader context, the Sanxingdui–Shi’erqiao transformation mirrors synchronous
patterns observed across Bronze Age Eurasia, where climatic instability and shifting river
regimes frequently corresponded with political decentralization, innovation in land man-
agement, and restructured ritual practices [89–91]. Thus, the evolution from Sanxing-
dui to Shi’erqiao reflects both a deep cultural inheritance, evidenced by continuous ce-
ramic lineages, bronze traditions, and ritual symbolism, and a strategic reorientation
in human–landscape interaction driven by intertwined environmental pressures and
sociopolitical recalibration.

6. Conclusions

This study demonstrates that the spatial and temporal patterning of Sanxingdui and
Shi’erqiao cultural sites on the Chengdu Plain was jointly shaped by geomorphology,
hydrology, and changing cultural–technological practices. Analysis of 116 confirmed settle-
ment sites, 27 Sanxingdui and 89 Shi’erqiao reveals clear contrasts in land-use strategies
between the two periods.

Sanxingdui settlements show strong environmental coherence, clustering at
450–500 m a.s.l. elevation, on gentle slopes, within moderate relief zones, and almost
entirely inside the 0–0.01 river buffer. Their consistent orientation toward east- and
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southeast-facing slopes reflects dependence on fertile floodplains, stable river corridors,
and microclimatic conditions that supported intensive rice agriculture and centralized
sociopolitical organization. Shi’erqiao sites, in contrast, occupy a wider elevational and hy-
drological spectrum, with over one-third located beyond major river buffers and a marked
preference for flat terrain and warm-aspect slopes. This broader distribution indicates
reduced dependence on trunk rivers and greater reliance on small-scale irrigation, flexible
water management, and diversified subsistence strategies.

The transition from Sanxingdui to Shi’erqiao therefore signals a shift from selective
environmental preference to active environmental engagement, driven by both hydrogeo-
morphic adjustment and technological innovation. These findings highlight the dynamic
interaction between human groups and the Chengdu Plain landscape and provide a frame-
work for understanding cultural adaptation during the late Bronze Age. Future research
integrating paleoenvironmental records and subsurface survey data will further clarify the
mechanisms guiding settlement organization and cultural transformation in this region.
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