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Abstract: Throughout human evolution, cultures and societies form and transform with time. In some cases, societies change
their unique cultural representations and develop into something quite different. In other cases, entire social structures disappear
and are replaced by new ones that subsequently often repopulate an area. Some societies or cultures ended abruptly, the reasons
for their disappearance in many cases remain either unknown, obscured and/or debatable, like the Classic Maya period in Meso
America. In Ecuador, such questions have been formulated regarding the end of the Valdivia culture in coastal Ecuador. Valdivia
was one of the earliest and most complex ceramic cultures of the Americas, dating back to the Early Formative period of pre-
Hispanic Ecuador, where it inhabited between 3800-1450 BC. The circumstances that contextualize the end of the Valdivia
tradition have long been an issue of debate. New discoveries at the Papayita geosite near the city of Portoviejo, have yielded
specifically a domestic activity area of the Valdivia Phase 8 culture (ca. 1700 BC). Such new data may contribute to adding some
information about the socioenvironmental dynamics that probably contributed to the end of the Valdivia tradition in this region.
Besides late Valdivia ceramics, we encountered burials inside the approximately 85 cm thick greyish-beige colored ash layer.
This context suggests that the internment took place shortly after the pyroclastic material fell and thus bear a direct chronological
relation to the phenomenon. The excavation results and the stratigraphic units studied clearly indicate that after the ashfall, the
place remained uninhabited or abandoned and never resettled until modern times. The following geochemical, geochronological
and provenance studies of the ashes identified a previously documented volcanic event in northern Manabi, but revealed its true
extent as an enormous volcanic eruption of the Pichincha Volcanic complex, some 3,500 years ago. Additionally, we speculate
that there is further evidence that the volcanic event might have been triggered by a very strong marine earthquake, which also
generated a mega-tsunami on the nearby shoreline. Such revelations are new and may allow the most adequate reconstruction of
the abrupt ending of the Valdivia culture in significant areas of coastal Ecuador, converting the Papayita area into an
extraordinary geosite of high geological and historic importance.

Keywords: Valdivia Culture, Pichincha Volcanic Complex, Disaster Archaeology, Tephrochronology, Holocene Volcanism

* * * * * *

INTRODUCTION

Throughout human evolution, cultures and societies form and transform with time (Boyd & Richerson, 1985). In
some cases, societies change their unique cultural representations and develop into something with enough differences
to distinguish themselves as a different culture from their ancestral origins, even though they still maintain cultural
similarities (Mace & Holden, 2005). In other cases, entire social structures disappear and are replaced by radically
different new ones that may subsequently expand into a region (Tainter, 1988). These complex transformations have
been subsumed in literature under the general concept of cultural evolution (Stark et al., 2008).

In certain historical contexts, entire societies disappear and are replaced by new ones that subsequently often
repopulate an area after a significant period of abandonment (Zeidler, 2016). Some groups change so fast that, in a few
centuries, their material culture, economic systems, and social organization change entirely; as such, archaeologists have
classified them as separate cultural entities (Hood, 1996). Furthermore, there are also cultures or societies that exhibit a
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remarkably long trajectory, continuing their activities with very few changes over millennia. Thus, the duration, paucity,
and success of a certain group of people, together with their territorial expansion and cultural transformation, are still
major issues in the understanding of their survival as a resilience process of humankind.

However, a phenomenon cannot be understood simply through the knowledge of how it began; we also need to know
how it ends to comprehend the full nature of the socio-historical process. This applies to both natural and sociohistorical
processes alike. Understanding the origin of a society, as well as how it manifests itself in the archaeological record, is
just as important as understanding its demise. The disappearance or replacement of a culture may be sudden and due to
multiple reasons, such as natural disasters, warfare, or internal social crises. Often, the vanishing of a previously
prosperous and productive society remains unsolved due to a lack of documented evidence. The reasons for abrupt
endings in many cases remain either unknown, obscured, or debatable, as seen in the Classic Maya period in
Mesoamerica, the Mesopotamian cultures in the Middle East, or the Viking settlements in Greenland (Braun et al., 2023;
Evans et al., 2018; Borreggine et al., 2023). In the history of the Ecuadorian coast, such issues of collapse and
replacement occurred almost regularly. A society that abruptly ended more than three thousand years ago was the
Valdivia Culture. This group disappeared almost suddenly around 3.5 ka ago (Hill, 1972; Lunniss, 2019; Lunniss,
2023a; Lunniss, 2023b; Lunniss & Ubelaker, 2025; Zeidler et al., 1998; Jadan Verifiez, 2017). Despite the multiple
causes that might have caused the Valdivian collapse, we propose that an ecological cataclysm following the volcanic
eruption of Guagua Pichincha, dated approximately to 1500 BC, triggered the end of Valdivia.

The predominant aim of the current research has been to present new evidence contributing an explanation of the most
likely cause of the demise of the Valdivia tradition. The data presented are focused to the archeological geosite of Papayita in
the central part of the Manabi Province on the Ecuadorian coast. There, the recent archeological excavations combined with
geochemical provenance analysis and the evaluation of a major volcanic impact, allowed reconstruction of a major
catastrophic event that has been responsible for an environmental and human disaster leading to the end of Valdivia society in
the form it existed for over two thousand years. The results may also indicate that such natural events with their associated
consequences for humanity may repeat themselves and the lessons to be learned should be used and applied in modern society.

EVOLUTION AND DEVELOPMENT OF THE VALDIVIA CULTURE IN ECUADOR

The Valdivia Culture is one of the earliest and most complex ceramic cultures of the Americas (Ford, 1969; Hoopes,
1994; Raymond, 2008). It is a significant subject of research due to its early development and influence on subsequent
regional cultures. This culture dates back to the Early Formative period of pre-Hispanic Ecuador, existing between 3800-
1450 BC (Zeidler & Ubelaker, 2021; Marcos, 1998). When first identified in the late 1950s, researchers initially believed
Valdivia represented a simple hunter-fisher society (Estrada, 1958; Meggers et al., 1965). The people of the Valdivia
culture have been gatherers and fishermen, but from their beginnings, their main subsistence activity was based on a
sophisticated, structured agriculture, which allowed them to maintain a greater degree of sedentism and higher quality of
life than their preceramic predecessors, the Las Vegas people (Zevallos Menéndez, 1980; Marcos, 1978; 1982; 2010;
Pearsall, 1979; Stahl & Stothert, 2020). As a matter of fact, it was famously claimed that its appearance in the Pacific coast
of Ecuador was due to a transpacific connection with the Jomon culture from Japan (Estrada et al., 1962). This hypothesis
has since been strongly discredited by evidence for an in-situ Valdivia evolution (Lathrap et al., 1975). Archaeological data
confirms that Valdivians were a fully agricultural society that shifted to sedentary village life, building upon the domestication
of plants initiated during the prior Las Vegas culture (Lathrap et al., 1977; Rowe & Duke, 2020; Staller, 2001; Delgado-
Espinoza, 2008; Staller, 1994; Raymond et al., 2003; Zeidler, 1994; Kanomata et al., 2019; Zeidler & Isaacson, 2003).

Valdivia sites are distributed across the western lowlands, where populations established themselves near fertile
riverbanks, developing technological solutions such as the construction of albarradas (water reservoirs) to collect rainwater.
At the eponymous site and Real Alto, excavations revealed large villages organized around central plazas with ceremonial
mounds reaching up to 13 meters in height. These structures served ritual and social purposes, as evidenced by the decorated
pottery and the famous female figurines found in association with ceremonial offerings. Their survival was based on
sophisticated, structured agriculture applied to maintain a certain quality of life (Zevallos Menéndez, 1980).

The ending of the Valdivia culture, however, is still controversial and of high interest to researchers of social as well as
natural sciences, as its trigger or reason may contribute to understand the potential survival or demise of societies in the
past (Tainter, 1988; Brunk, 2002; Middleton, 2012). In the case of Valdivia, it was stated that while its appearance is
somehow better known, its vanishing is unclear (Hill, 1972). Furthermore, Zeidler and Pearsall's groundbreaking study in
the Jama valley have provided sound evidence and generated some provocative hypotheses, among them the possibility of
the Valdivia collapse due to major environmental transformations (Zeidler & Pearsall, 1994). Mainly of those, the various
Andean volcanic eruptions that affected the coastal regions of Ecuador during the Late Formative (Zeidler, 1994; Isaacson,
1994). A further cause may imply overpopulation with a subsequent societal crisis due to less available food resources
(Hendrixson & Hartmann, 2019). Also, it has been discussed that a climatic crisis, most likely based or associated with a
prolonged drought has emerged the culture to leave these coastal lowlands, towards further south (Zeidler, 2012). Whichever
the real cause was of the most likely southern migration of the greatest part of the Valdivia culture from the Ecuadorian shores,
it occurred at once, meaning in a very short period some 1500 years B.C. (Schwarz & Scott Raymond, 1996).

Therefore, regarding the end of this tradition, the archaeological record reveals a complex and fragmented regional
landscape. In the southern and central-southern coast, studies illustrate a gradual process of cultural transformation.
There, Valdivia appears to evolve into the Machalilla phase (1500-800 BC), which acted as a direct heir to Valdivian
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traditions (Staller, 1994). However, this continuity is not observed elsewhere. In the central coast of Manabi, specifically
in areas like the Jama Valley, there is a stark hiatus representing nearly 400 years of total abandonment following the
volcanic cataclysm (Zeidler, 1993). This region shows no immediate transition, remaining depopulated until the eventual
arrival of the Chorrera Culture (1000-300 BC). Further to the North, a third pattern emerges. In these regions, Valdivian
populations seem to have bypassed the Machalilla stage entirely, exhibiting a direct transition toward Chorrera or its
local northern variant known as Tabuchila (1200-500 BC). In the Coaque Valley, for instance, Valdivian traditions
persisted until approximately 1300 BC, showing subtle cultural shifts that align more closely with highland groups like
Cotocollao than with the coastal Machalilla. This regional divergence, transformation in the south, abandonment in the
center, and a separate transition in the north, highlights the devastating and localized impact of the Guagua Pichincha
eruption (Isaacson, 1994), which specifically disrupted the central Manabi province as evidenced at Papayita.
Subsequently, based on the importance of the archeological and volcanic findings at this area, Papayita qualifies to be a
geosite, which should be protected and allowed to be visited by generations to come. Therefore, it is clear that a this
specific geosite, the evidenced catastrophe marked the conclusion of a tradition that had endured for nearly 2400 years,
forcing a radical reconfiguration of the prehistoric Ecuadorian landscape.

GEOLOGY AND CORRESPONDING HAZARDS OF THE STUDY AREA

Geodynamic setting

The western rim of the South American continent is an active geodynamic setting (Taboada et al., 2000; Hinz et al., 1999).
Ecuador which is situated on the northwestern edge of South America, undergoes subductional processes due to a convergent
plate boundary as a result of the collision between the oceanic Nazca Plate and the continental South American and Caribbean
continental plates, which are both separated by the Guayaquil-Caracas Mega Shear (Figure 1; Gutscher et al., 1999; Egbue &
Kellog, 2010). The subduction of the Nazca plate gives rise to four extensive, NNW-SSE aligned volcanic arcs (Ferrari &
Tibaldi, 1992; Aizprua et al., 2020). Some 1000 km west of the Ecuadorian continental platform, active volcanism in the
archipelago is characterized mainly by the Galapagos hot spot, besides other origins (O'Connor et al., 2007; Harpp & Weis,
2020; Rojas-Agramonte et al., 2022). Volcanism in the Galapagos is evidenced by more than 3,000, mostly monogenetic
volcanoes, besides some voluminous shield volcanoes (White et al., 1993). Hereby, due to the eastern drifting of the
underlying Nazca oceanic plate, a volcanic alignment from west to east is created, which is named the Carnegie Ridge (Harpp
et al.,, 2003). This volcanic chain represents an aseismic volcanic ridge, which moves and finally collides towards the
Ecuadorian continental margin with a velocity of as low as 5 cm per year at a latitude between 1°N and 2°S (Pilger, 1984).

Nonetheless, an aseismic ridge like the Carnegie Ridge becomes an obstacle in the oblique subduction process, which have
resulted in past and present as a potential valve within the subduction zone of very strong marine quakes, earthquakes as well
as tsunamis along the Ecuadorian coast (Pararas-Carayannis, 2012; Toulkeridis et al., 2022; Toulkeridis et al., 2019).
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Figure 1. The geodynamic situation of Ecuador with its associated tectonic plates,
corresponding separating plate boundaries and volcanic aseismic ridges (Toulkeridis et al., 2021)

Earthquakes and tsunamis in Ecuador
Due to the geodynamic constellation, the Ecuadorian continental platform which situated along the Pacific Rim, is a
frequent target of earthquakes, marine quakes and tsunami impacts (Gusiakov, 2005; Matheus-Medina et al., 2018). There
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appear primary-generated tsunamis of tectonic as well secondary-generated tsunamis due to submarine landslide origin
(Shepperd & Moberly, 1981; Pontoise & Monfret, 2004; Ratzov et al., 2007; 2010; loualalen et al., 2011; Pararas-
Carayannis, 2012; Toulkeridis et al., 2022). Severe seismic activity has reached registered magnitudes higher than 8 Mw,
while, based on paleo-tsunami deposits, even stronger marine quakes may have appeared in the historic past (Figure 2;
Quifibnez-Macias et al., 2023; Chunga & Toulkeridis, 2014; Satake et al., 2020). Further tsunamis along the Ecuadorian
coast may be generated by seismotectonic extensional processes, like in the Gulf of Guayaquil, besides other zones
(Chunga et al., 2019). Within the last two centuries, tsunamis with various intensities one being of up to 8.8 Mw in 1906
impacted the Ecuadorian coast (Rudolph & Szirtes, 1911; Kelleher, 1972; Beck & Ruff, 1984; Kanamori & McNally, 1982;
Swenson & Beck, 1996). Other prominent events of tsunami impacts along the Ecuador—Colombia subduction zone
occurred in 1942 (Mw=7.8), 1958 (Mw=7.7) and 1979 (Mw=8.2), which are within the 600-km long rupture area of the
great 1906 event (Collot et al., 2004). Several strong earthquakes have also been registered within the Ecuadorian coastal
area, of which the most recent one reached 7.8 in 2016 (Ye et al., 2016; Toulkeridis et al., 2017). Based on multiple studies of
risk perception, preventive measures and degree of preparedness of the Ecuadorian public as well as authorities, any potential
future impact of tsunamis as well as earthquakes along the coastal line, will have severe consequences in the strategic and
highly developed infrastructure, socio-economic activities, human settlements as well as health and life situation of inhabitants
and visitors (Suérez-Acosta et al., 2021; Toulkeridis et al., 2021; Celorio-Saltos et al., 2018; Del Pino de la Cruz et al., 2021).
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Figure 2. Different epicenters of earthquakes mostly along the
coast of Ecuador with a magnitude higher than

7 Mw, of which some generated also tsunamis in the last 120
years (Navas et al., 2018; USGS/NEIC, 2026)

Figure 3. Distribution of the 19 active volcanoes of Ecuador. SNM =
Siera Negra de Mayasquer; CIM = Chiles; SOC = Soche; CHA = Cha-
chimbiro; IMB = Imbabura; CUI = Cuicocha; PUL = Pululahua; CAY =
Cayambe; REV = Reventador; PIC = Pichincha; NIN = Nifiahuilca;ANT
= Antisana; SUM = Sumaco; QUI = Quilotoa; COT = Cotopaxi; CHA
= Chalupas; CHI = Chimborazo; TUN = Tungurahua; SAN = Sangay;

Q = Quito, P = Portoviejo (Papayita geosite), G = Guayaquil

Volcanism in Ecuador

Ecuador exposes one of the highest densities of volcanoes on the planet due to the Galapagos hot spot and due to the
subduction zone, where some 250 volcanoes appear in the highlands, exposing some 19 volcanoes, which are considered to
be active (Figure 3; Toulkeridis, 2011; Toulkeridis, 2013). Of these volcanoes, the Volcanic Explosivity Index (VEI) may
reach a degree of up to 7 (Toulkeridis & Zach, 2017; Global Volcanism Program, 2025). There are at least seven volcanoes
of the most dangerous which have reached VEI's of 5 or higher, which as strong as to be able to alter significantly the local
and may even the regional landscape. These volcanoes are Cotopaxi, Guagua Pichincha, Sumaco, Soche, Cuicocha,
Quilotoa, Pululahua and Chalupas distributed on all four volcanic arcs of Ecuador forming part of the Northern Andean
Volcanic Zone (NAVZ; Stern, 2004; Melian et al., 2021; Padrén et al., 2008). While Chalupas has been active some 200 ky
and potentially 18 ky ago, all other volcanoes have been active in more recent times (Cérdova et al., 2020; Hammersley et
al., 2022). Volcanic deposits of different hazards, such as debris avalanches, far-reaching lava flows and pyroclastic density
currents are usually encountered within the vicinity of the volcanic edifices or complexes, while ash deposits may reach
thousands of kilometers covering extensive areas (Jenkins et al., 2015; Favereau et al., 2018; Pardini et al., 2025).
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METHODOLOGY

Fieldwork

The discovery of the Papayita geosite happened during the construction of an albarrada or water reservoir for irrigation
purposes and farming activities. The area is located on a hilltop characterized by gentle slopes and a relatively narrow East-West
extension that measures approximately 400 meters east to west. The site lies between the city of Portoviejo to the east and the
town of Picoaza to the west. It is part of the foothills that face the famous Cerro Hojas-Jaboncillo that contains the immense 35
km® Mantefio site (Figure 4). The excavation was initiated as a response to an emergency situation when the construction
exposed some aboriginal burials as well as ceramic artifacts. At that point since the site is located within the boundaries of the
heritage area of the Hojas-Jaboncillo Archaeological Park, the National Institute of Cultural Heritage (INPC) joined forces
with the Archaeological Laboratory of the Universidad Técnica de Manabi and organized a small rescue archaeology mission
in order to recuperate as much of the scientific data possible from the exposed and impacted zone of the geosite.
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Figure 4. The field area of the Papayita geosite is situated right next to the city of Portoviejo (Parish of Picoaza), within the
archeological park Cerros Hojas-Jaboncillo, some 15 km from the current shoreline (Topography and Photo image courtesy of INPC)
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Microscope and geochemistry

Since in a previous study some charcoal material has been separated of the Papayita geosite and subsequently dated by
the C14 method, it was known that the timeframe of the explosive event that produced the studied coastal ash layer to have
an age of some approximate 3,500 years. Therefore, we sampled several ash layer horizons of a variety of volcanoes, which
have had a past activity around the time of the deposition of the studied geosite and correspondingly seemed to be the most
likely provenances. These included volcanoes and their corresponding deposits of the Cotopaxi and Nifiahuilca
stratovolcanoes, the Chalupas super-volcano, Cuicocha, Pululahua and Quilotoa calderas and the Pichincha volcanic
complex (Toulkeridis, 2013; Hidalgo et al., 2008; Robin et al., 2008; Papale & Rosi, 1993). The further procedure has been
previously described in a variety of studies (Toulkeridis et al., 2015; Vaca et al., 2016; Toulkeridis et al., 2025). The ash
samples were characterized through a multi-scale analytical workflow combining optical microscopy, field emission
scanning electron microscopy (FEG SEM) with energy dispersive spectroscopy (EDS), and X-ray diffraction (XRD). The
investigation began with direct visual inspection to establish an initial textural and mineralogical context. High
magnification digital microscopy (up to 1000X) enabled the rapid recognition of particle morphologies and mineral
fragments, while complementary observations with a Celestron portable optical microscope (model 44302 A; 10X-150X)
provided micrometric resolution down to 0.01 mm, refining early assessments of grain size and surface features.

Building on these preliminary observations, high-resolution imaging was conducted using a TESCAN MIRA3 FEG SEM,
capable of resolving features as small as 1.2 nm. Fine-grained material was mounted on SEM stubs using a dual adhesive
system to avoid compositional interference during elemental analysis and subsequently sputter coated with 99.99% pure gold
to ensure optimal conductivity (Toulkeridis et al., 1998; Paéz-Barrera et al., 2024; Toulkeridis et al., 2025). Micrographs
acquired under high vacuum conditions at magnifications of 150X and 8000X (4096 x 4096 pixels) revealed the detailed
surface textures, vesicular structures, and morphological diversity characteristic of the ash particles. Elemental compositions
were determined using a BRUKER EDS system integrated within the SEM chamber, equipped with an XFlash 6 30 detector
offering a spectral resolution of 123 eV at Mn Ka. This configuration enabled precise quantification of major and minor
elements associated with individual particles. Crystalline phases were identified through XRD analysis using a PANalytical
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EMPYREAN diffractometer operating in Bragg—Brentano (6—20) geometry. The instrument employed a Cu Ko radiation
source (A = 1.5406 A) and an XCELERATOR detector capable of angular steps as fine as 0.0001°, yielding high fidelity
diffraction patterns. Mineralogical assignments were performed using the Crystallography Open Database (COD), allowing
robust discrimination of the crystalline constituents (Velez et al., 2025; Cadenbach et al., 2025; Moreno et al., 2026). To
facilitate geochemical comparison and interpretation, all elemental data were recalculated to their corresponding oxide
forms, incorporating atomic weights and stoichiometric equilibrium with oxygen (Rollinson, 2014).

Volcanic ash distribution

The preferred direction of ash-laden clouds of Ecuadorian volcanoes has been obtained by evaluating satellite images of
active volcanoes in the period of September 1999 up to December 2025 from the data base of Global Forecast System /
North American Model of the National Oceanic and Atmospheric Administration (NOAA, 2026). In this time frame five of
the potential 19 active volcanic complexes demonstrated signs of volcanic unrest with visible and determined ash
distributions in their surroundings. The five active volcanoes have been Sangay (higher, registered intensity in 2004-2011,
2013, 2016 and since 2020), Guagua Pichincha (1999-2001 and 2009), Reventador (since 2002), Tungurahua (1999-2016
with few interruptions) and Cotopaxi (2015 and 2022-2023) (Toulkeridis et al., 2015; NOAA, 2026). The ash movement or
distribution model was realized by using rose-diagrams based on a known methodology of previous studies (Toulkeridis &
Zach, 2017; Toulkeridis et al., 2025). Hereby, some 18805 satellite images were considered and evaluated as well as
exhibited by months to capture potential anomalies during seasonal changes (Figure 5).
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Figure 5. Wind directions of ash-containing clouds for the period September 1999 to July 2026, distributed by months. The graphs
indicate the combined data of the five Ecuadorian volcanoes, which have been active in this time period. Information based on the data
base of the Global Forecast System / North American Model of the National Oceanic and Atmospheric Administration (NOAA, 2026)

RESULTS AND DISCUSSION
Geochronology
Geochronological data based on charcoal separated from the prominent ash layer at the Papayita geosite yielded an age

2365



Theofilos TOULKERIDIS, Juan José ORTIZ-AGUILU, Florencio DELGADO-ESPINOZA, James ZEIDLER,
Grace Tatiana PAEZ-BARRERA, Alexis DEBUT, Nataly Andrea CACERES-SANTACRUZ

of 3530 +30 years (Paez-Barrera et al., 2024), being identical to the 3560 +70 years BP, 3540 +30 years BP and 3549 +30
years BP ages of previous studies of the same deposit in different sites throughout the Ecuadorian area, being originated
from the activity of the Pichincha Volcanic Complex (Zeidler, 1994, 2016; Robin et al., 2008, 2010). This age has been
also revealed in tephra layers preserved in marine sediments reaching an age of 3516 years BP (Bablon et al., 2022). This
was realized within the KAT18 core as the so-called ATAC-51 tephra, which was sampled just 75 km NW of the Papayita
geosite without being associated with the same major event of the Pichincha Volcanic Complex.

Archeology

Upon examination in the field, it was clear that the area impacted by the backhoe exposed part of a larger site that was
previously unknown in the Cerro Hojas-Jaboncillo archaeological area. The 15 m long by 2 m deep machine cut had
revealed a stratigraphic sequence that indicated the existence of a cultural deposit, completely sealed off by other layers and
capped by the contemporary surface which was being worked as a family-owned farming plot (Figure 6).

Charcoal

Paleosoil

Figure 6. A: Initial excavation site at Papayita; B: Representative outcrop, with some fundamental
parts of the excavation site; Both pictures were taken by Theofilos Toulkeridis on August 6, 2022

Since the backhoe cut provided a quite clear window into the stratigraphic configuration of the site, it was decided to
clean this profile and then combine with narrow trenches to isolate a 4x4 m block that we would then remove using the
different stratigraphic units as vertical guides. On the horizontal plane, we used as guides carefully delineated rectangular
excavation sampling geometry units that ranged from 50 by 50 cm to 100 x 50 ¢cm to carefully control the provenance of
features and artifacts. This excavation process was carefully followed until each stratigraphic unit or context was extracted
since it became apparent that we were excavating what appeared to be a domestic cultural context the encompassed
different activity areas in evidence. From the very beginning of the findings, it was obvious that the ceramic material that
the backhoe disturbed, and that we later examined on the field, pertained to a very late VValdivia component that suggested
that it was best associated with the known data from Valdivia 7 and 8 phases. Once we started the excavation process and
completed a few of the excavation units it became clear that we were dealing with a single component site.

The archaeological “living floor” had the artifacts within its context. This living floor was located on top of what
appeared to be a paleosoil which in turn was preceded by a parent material. In other words, the Valdivia activity had taken
place on virgin soil that had not been disturbed before the Valdivia settlement itself.

Excavated materials and features were varied although not very numerous. Among the recovered artifacts were
utilitarian ceramics, some chipped stone tools, lithic debitage, animal bones (probably deer) and a small number of mollusk
shells of marine origin. The features included a hearth, two possible offerings or ceremonial activity indications, one
posthole, remains of what could be basketry artifacts or some organic material and two burials. In terms of the features
which suggested activity areas the most obvious one was the hearth which contained some fragments of marine shells, as
well as small fragments of charcoal and very few ceramic sherds. The base of the hearth was directly on the living floor
context. Very near that hearth we found two lithic artifacts, one being a fragment of a cylindrical Mano (grinding stone) in
a vertical position under rectangular brick-shaped lithic artifact with rectilinear incisions that may or may not have been
some sort of abstract figurine. This latter artifact was placed horizontally on the top end of the vertically positioned Mano.
The far end of the mano was resting on the living floor surface. Also on the living surface, a retouched flake tool with
beaked/spurred working end, being likely for a graver/gouge function was found (Figure 7). The function of this
configuration of artifacts, the cylindrical mano, and the brick like object, is not clear (Figure 7). They were obviously
placed one on top of the other and they don’t seem to have been buried into the ash, rather they were buried by the ash
while being on the living floor. A similar situation can be stated for the hearth which was clearly resting on the living floor.
It was covered by the ashfall. Indeed, all the features and findings were essentially on the living floor, and they all appear to
have been covered by the general ashfall event. The only feature that seems to have cut into the ash layer was Burial #1.
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Figure 7. Excavated items of Papayita from the Valdivia culture: (A) Burial 1 exposed; (B) Valdivia Phase 8
ceramic sherds, mostly utilitarian ware; (C) cutting tool (knife) All pictures taken by Juan José Ortiz-Aguill in December 2022

48 - ;

Burial #1 consists of human long-bone shafts arranged in a tight, sub-parallel cluster buried into the volcanic ash
matrix, with little to no representation of axial elements (cranium, vertebrae, ribs) or pelvic components within the
excavated block (Figure 7). The bone types represented and their spatial patterning are mainly robust limb long bones, in a
mainly disarticulated position, and lacking anatomical continuity at the hip/pelvic region. Such content and configuration
match well-documented indications of a reduced or secondary deposition, in which selected elements (often long bones) are
intentionally collected and reinterred after decomposition elsewhere, rather than remaining in full articulation as in a
primary burial (Bass, 2005; Buikstra & Ubelaker, 1994; Ubelaker, 1999). From a forensic standpoint, a configuration of
long bones with absent or underrepresented axial/pelvic elements is repeatedly treated as a strong indicator of secondary
mortuary handling, including bundle-type or redeposited remains (Rhodes et al., 2016; Ubelaker, 1999). While digging the
albarrada, mechanical truncation appears to have removed the upper portion of the burial. The surviving long-bone—
dominant pattern and the lack of clear hip articulation or pelvic concentration in situ are most consistent with a
reduced/secondary long-bone deposit, pending confirmation through block excavation and inventory/MNI assessment.

As previously mentioned, sample of charcoal fragments contained in the burial matrix were submitted for C14
measurement for chronometric purposes, yielding a result of 3530 +/— 30 BP (ICA-14C-7129). This date aligns favorably
with the current chronology for Late Valdivia. Therefore, Burial # 1 pit’s context presents an interesting situation. Aside
from the human remains described above, the burial soil content is indistinguishable from the pit’s matrix. In other words,
there is no contrast in texture, color, or particle size for example, between the soil inside the burial pit and the soil into
which the pit was dug. They are both volcanic ash. That situation suggests that the burial pit was dug shortly after the
ashfall and very likely at a moment where no pedogenesis had occurred and hence no dark topsoil existed. The absence of
fill-matrix contrast is then consistent with a relatively short interval between ashfall and burial.

The analytical lens of Disaster Archaeology posits that sudden, high-magnitude natural events are primary drivers that
can fundamentally alter the trajectory of civilizations. This perspective challenges the gradualist view of cultural change,
emphasizing instead punctuated equilibrium—a concept borrowed from evolutionary biology by Eldredge & Gould (1972)
and applied to social systems to explain abrupt "beginnings and endings" in the archaeological record (Torrence & Grattan,
2002). A disaster is not defined solely by the physical event, but by the social context in which it occurs. Hoffman &
Oliver-Smith (2002) argue that disasters are “socially produced,” occurring when a natural hazard meets a vulnerable
population. The global archaeological record offers key parallels: Bawden & Reycraft (2000) have documented how the
Moche state in Peru collapsed due to extreme El Nifio (ENSO) events, while Payson Sheets (1992, 2002) illustrated at Joya
de Cerén how volcanic eruptions can instantly entomb entire populations, creating a "time capsule" of domestic life
interrupted by disaster. Even in modern times, events like the 1985 Armero tragedy in Colombia demonstrate how
volcanism acts as a cultural "reset," altering landscapes and social memory permanently (Zeiderman, 2016). Studying these
cataclysms allows archaeologists to measure "cultural resilience” (Redman, 2005) seeking to understand why some
societies adapt to such abrupt changes, while others, facing a threshold of environmental stress, vanish.

Sealed deposits preserve short-term activity residues better than open stratified sequences. In the case of Papayita we
have a scientifically exceptional site because it offers a closed Late Valdivia cultural system sealed by a geologically
instantaneous ashfall, creating a rare opportunity to reconstruct behavior, chronology, and human—environment dynamics at
unusually high resolution. It is, indeed, a near perfect stratigraphically integrated catastrophe-and-society case study.

Geochemistry and provenance analysis

Geochemical data of major elements of the sampled ash layer of the Papayita geosite may allow confirm its source to be
the Pichincha Volcanic Complex or, however, to identify a different source by revealing a thorough provenance analysis
involving other potential sources. Therefore, samples of ashes of a several volcanoes were taken, of which activities were
expected to have occurred close the given timeframe some 3,5 ka ago. Those chosen volcanoes should have had also
recorded volcanic events which may have been superior to a volcanic explosivity index (VEI) of 4, as this degree or higher,
represents very strong impacts of pyroclastic material in even remote areas. This case is given in the Papayita geosite,
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which in respect to the distance to any of the volcanoes of the Ecuadorian Andes is yielding that a very strong eruption was
capable to deposit such quantities of ashes in this spot. Subsequently, the samples were taken from the Cuicocha,
Pululahua, Nifahuilca, Quilotoa, Cotopaxi and Chalupas volcanoes. Furthermore, special emphasis was given on further
samples for reason of comparisons of the Pichincha Volcanic Complex such as young, historic known layers, ashes of the
3,5 ka event of the volcano found on its western rim, ashes slightly older to the 3,5 ka event and much older ashes of the
Rucu Pichincha sector of the Pichincha Volcanic Complex. Based on the chosen samples of the identified source and other
potential sources, provenance analysis in form of ternary diagrams were realized. Provenance analysis may be realized with
mineralogical assemblages, lithic compositions, isotopic pairs or geochemical data in combination of major, trace or rare earth
elements (Toulkeridis et al., 1999; Toulkeridis et al., 2015; Toulkeridis et al., 1998; Toulkeridis et al., 2010; Seelos et al.,
2021; Bryant et al., 2006; Willmes et al., 2018; Alvarado-Induni et al., 2026; Rollinson, 2014). In the current research, this
occurred with the combination of the oxides of major elements of the more mafic constellation of SiO,-((Na,0-K,0)*5)-Al,04
(Figure 8a and 8b) The ternary diagrams were subdivided in the potential sources of the different, age-related ashes of the
different volcanoes and to the different ashes of the Pichincha Volcanic Complex. Hereby, a very nice correlation was
observed within the given ternary diagrams. There, clear distances revealed that the ash samples of the Papayita geosite were
identical to the pyroclasts taken of the 3,5 ka event site, west of the Pichincha Volcanic Complex (Figure 8b). Furthermore, the
other potential sources are quite distinct to the geochemical affinity of the sampled ashes of the Papayita geosite (Figure 8a).
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Figure 8a (left) and 8b (right). Ternary diagrams about the provenance
analysis of the potential source of the studied prominent ash layer (explanation see text)

Wind direction of the ashes and magnitude of corresponding eruption

Based on the findings in several sites of the coastal area, where the prominent ash layer has been encountered, the
determined thicknesses of the ash layer may reveal that the explosive event which occurred some 3,5 ky ago and distributed
the mentioned tephra, resulted to have been directed towards the west to southwest direction of the Pichincha Volcanic
Complex. This would most likely have occurred in the early months of the year, meaning around January to February, as
these are the months where the ash-carrying eruptive clouds direction points to such course. Up to date, the extension of the
magnitude of the eruptive cloud and the corresponding ash volume was not well documented, as only very few and mostly
very thin layers were considered to calculate the resulting VEI of this catastrophic event. The method for calculating the
minimum volume of tephra was based on the formula of Legros (2000), which calculated the volume based on a single
isopach with the equation (Legros, 2000):

Vinin = 3.69 TA

where Vi is the minimum volume, T is the thickness (cm) of the isopach and A is the area (km?) of the isopach. The data
used have been of about 0.03 cm for T and 15*10° for A. Unfortunately, these preliminary findings gave a way to incomplete
idea of the extension of the disaster 3,5 ky ago as its calculation was demonstrating just a VEI of 4 (Vallejo Vargas, 2011). In
order to compare such an event of modern times, a VEI of 4 occurred in Ecuador on November 3, 2002, when the El
Reventador volcano erupted, some 90 km east of Quito (Ridolfi et al., 2008; Toulkeridis et al., 2022). Then, the westwards
directing ash cloud precipitated some 2 mm of ash in Quito. The Papayita geosite is situated some 225 km southwest of the
Pichincha Volcanic Complex and the prominent ash layer does have a thickness of at least 85 cm (Figure 9). This prominent ash
layer has been found in many remote places within Ecuador, including Jama, Coaque, Julcuy, Mana besides many other sites
and always having considerable thicknesses, being much higher in average than those reported in Vallejo Vargas (2011).
Nonetheless, with the new findings, especially based on the thicknesses of the prominent ash layers at the Papayita geosite and
also elsewhere, as mentioned previously, the newly calculated VEI is almost exponentially higher than that previously reported,
as it yielded a VEI of 6, making this recorded event to one of the most devastating of the Ecuadorian active volcanism in the
Holocene so far. Previously to the present study, it was documented that a massive volcanic eruption emanating from the
Ecuadorian highlands blanketed a large swath of the western lowlands with a tephra mantle so thick that Early Formative
lifeways were completely devastated and resident populations of northern Manabi were forced to either migrate or succumb to
asphyxiation and/or famine (Zeidler & Isaacson, 2003). The footprint of this eruption was not well understood, but its effects
have been well documented in the Jama Valley of northern Manabi, where the Piquigua Phase peoples abruptly disappeared
and the valley was abandoned for over 600 years (Zeidler, 1994; Zeidler et al., 1998; Zeidler & Isaacson, 2003).
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Figure 9. The morphological map of Ecuador with the potential ash distribution and corresponding isopachs of 30, 60 and 90 cm
of the eruptive event of the Pichincha Volcanic Complex some 3,5 ka years ago (Paez-Barrera et al., 2024); The known
distribution of the Valdivian culture in coastal Ecuador is illustrated in reddish color, while “P” points the study area of the Papayita
geosite, based on Meggers & Evans, 1977; Meggers et al., 1965; Map of the Military Geographical Institute (IGM) of Ecuador

Figure 10a-b. Hypothetical, illustrative reconstruction of the triple mega-event in the
Ecuadorian coast some 3,5 ka ago; Explanation see text. All images were generated by Artificial Intelligence

Reconstruction of the 3,5 ka mega-event, which destroyed the Valdivia culture

The new geo-archaeological discoveries in the Papayita geosite may allow to reconstruct and or reveal a triple mega-event
that ended the flourishing of the Valdivia culture in the Manabi and Guayas area of coastal Ecuador. Close or on beach areas
of Ecuador, several paleotsunami deposits have been encountered, which indicate the existence of severe marine quakes in the
past, a behavior very well-known up to present day as demonstrated previously. These very strong seismic events have
occurred in the recorded past along the south American continental margin, very magnitudes have reached up to 9.5 Mw on
the Richter scale, destroying vast areas close to the epicenters due to the resulting long-lasting movements and due to the
corresponding associated generation of devastating tsunamis (Cisternas et al., 2005; McCaffrey, 2008).

In the case of Ecuador, a new discovery includes a paleotsunami deposit in the San Pablo area in the Province of Santa
Elena, some 120 km south of the Papayita geosite. There, a 18cm thick paleotsunami deposit dated an OSL age of 3,500+30
years, being identical to the charcoal separated from the ash deposit on the Papayita geosite (Lépez Cadavid et al., 2019). This
implies, that a strong earthquake occurred, which may have frightened some of the public of the Valdivia culture, without
provoking major concerns, as at the ancient times more than a few landslides may be not to be expected in the coastal area of
Ecuador. Landslides as well as liquefaction as result of earthquakes in the coastal morphology are quite common, as
demonstrated in 2016 due to the 7.8 Mw earthquake, but these phenomena most likely lacked to provoke an extended harm as
it did in present society with unprepared or less seismic resistant modern edifices with a high number of fatalities (Toulkeridis
etal., 2017; Ortiz-Hernandez et al., 2022a; 2022b; Avilés-Campoverde et al., 2020; Sennson & Beck, 1996).

Nonetheless, we simply speculate that shortly after the shaking due to the marine earthquake, an incoming wave certainly
impacted the people who were elaborating fishing and other beach activities of the Valdivia culture (Figure 10a) bringing
death and devastation close, on the beaches and sometime towards inland based on channeled rivers, deltas and estuaries.
Volcanic activity of the Ecuadorian highlands may have been perceived and accompanied the Valdivian culture from time to
time where some strong explosions may have been heard and some less amounts of ashes may have been precipitated upon the
Valdivian villages (Figure 10b). It may be pure speculative but also potentially true, that such strong seismic movement, as
previously explained, along the Ecuadorian coast may have triggered the volcanic activity of the Pichincha volcanic complex
to generate an enormous eruptive power, leading to a VEI of 6, which precipitated rather quickly enormous amounts if fine-
grained volcanic material towards the settlements of the Valdivian culture. Such active eruptive phase may have very fast not
only covered a huge amount of land destroying in the agricultural sector the growing crops, the associated livestock and
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related tasks. However, even worse, such amounts of ashes were leading to death by asphyxiation to animals and humans
alike, as almost no opportunities existed to escape this deadly volcanic hazard as demonstrated in our study.

The surviving public migrated to other lands to escape the deadly ash-covered areas and for certainly many years
unproductive lands. It may be pure coincidence, but exactly along this time, 3,5 ky ago, indigenous people entered
Amazonian caves such as the Tayos cave may as a potential shelter of the described mega-triple event (earthquake-
tsunami-volcanic explosion), as evidenced by archeological findings (Judson, 1976; Toulkeridis et al., 2025). Such
“triple” mega-events are not unusual in human history as shown in the Greek Island of Santorini 3,6 ky ago, where
(volcanic) earthquakes have led to the escape of the public from the volcanic island, which later erupted to form an
enormous caldera, and shortly later to generate a deadly tsunami along the Aegean Sea (Bruins et al., 2009).

CONCLUSIONS

The multidisciplinary research that has been conducted at the Papayita site provides fundamental information about the
abrupt termination of the Valdivia tradition in the central and north-central Manabi province. This study, by integrating
archaeology, geochemistry, and volcanology, finds important conclusions. The analysis of the geochemical provenance
links the ash deposits at Papayita site to the Pichincha Volcanic Complex. The stratigraphic profile identifies a tephra layer
of approximately 85 cm, which, according to new calculations based on isopach distribution, can correspond to a VEI of 6.

This number puts this event as one of the most devastating within the Holocene. Simultaneously, geochronological data
found within the tephra (3530 £30 years BP, uncalibrated) indicates a direct temporal link between the Guagua Pichincha
eruption and the terminal phase of the Valdivia Phase 8 culture (ca. 1600-1500 BC). The archaeological evidence at
Papayita, specifically hearths and ceremonial offerings encased in ash, proves that the eruption occurred during active
domestic occupation, when occurred immediate and permanent abandonment of the site.This study demonstrates an
observed regional variation in human response to the disaster. While southern populations exhibited resilience through a
gradual transition into the Machalilla phase, the central coast of Manabi suffered a total societal collapse followed by a
600-year hiatus of abandonment. This period of depopulation, lasting until the arrival of the Chorrera tradition, highlights
that the magnitude of the ashfall rendered the structured agricultural systems of the Valdivia untenable in this specific
region. This, however, can be related to the impact of the ash in the areas. Perhaps in Southern coast, the effect was a
minimal to any, and thus, we can observe a steady transition between Valdivia and Machalilla traditions.

Investigations which information is presented here suggests in a purely speculative form, that this volcanic event
may have been part of a larger compound disaster, potentially triggered by a high-magnitude earthquake and tsunami.
Such geodynamic interaction is characteristic if the extreme vulnerability of the Ecuadorian coast, mainly due to the
subduction and collision of the Nazca Plate with the continent. Finally, the Papayita area is established as an extraordinary
archeological geosite of global importance. It is and works as a "time capsule” preserving a high-resolution record of the
intersection between catastrophic natural hazards and social vulnerability. Hereby, it also serves as an indicator of a
warning to modern society towards the recurrence of future catastrophic events with little to no warning.
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