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Climate change and environmental systems were key to complex societies in the Eastern
Colombian Andes. Researching social-environmental contexts, such investigation begins to
explore the role of drought and flooding, erosion events, glacier dynamics, and the formation of
highland Colombian chiefdoms. There is now compelling evidence to suggest that variable
precipitation and erosion impacted ranked societies dependent on irrigation agriculture,
especially at the archaeological site of El Infiernito in semi-arid Valley of Leiva, Department of
Boyacá. Preliminary research has begun to explore how highland Muisca chiefdoms responded
to climate stress at a structural level and to ascertain what triggers certain decisions in reaction
to large-scale environmental processes. The complexities of social change and adaptive
decisions can illuminate the degree to which the Muisca responded to varying precipitation
downturns, water excess, and related changes in high altitude glaciers, such as those at the
Sierra Nevada de El Cocuy. Studying the full-range of human responses to climate change thus
can reveal insights into how such forces interacted to promote culture change. The climate
effects of the Little Ice Age and other large-scale meteorological phenomena such as ENSO
Cycles are being deduced from upland valley paleoclimate data, the archaeological site of El
Infiernito, and from the Cocuy glaciers to better understand the relationships among climate
change, social-environmental systems, and the formation of chiefdoms.
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Summary
In late 2014 and mid 2015 field research was conducted in the Leiva Valley of Boyacá,
Colombia. This preliminary work poses the question of whether climate change was a factor in
the development of complex societies in the Eastern Colombian Andes. Researching socialenvironmental contexts is providing the opportunity to explore the role of drought cycles,
flooding events, glacier dynamics, and the formation of Colombian chiefdoms. While most
archaeological studies of highland chiefdoms in this region emphasize social history and
ideological causation, no study has attempted to link environmental systems to socio-cultural
processes in this uplands region of the high Andes. There is now compelling evidence to suggest
that major erosion episodes related to prolonged regional drought and extreme flooding
associated with key water ways affected settlement landscapes that greatly impacted ranked
societies dependent on irrigation agriculture, especially at the archaeological site of El Infiernito.
The complexities of social change and adaptive decisions can illuminate the degree to which
chiefdoms like the highland Muisca responded to varying precipitation downturns, severe
erosion episodes, and resultant changes in the high altitude glaciers. Studying the full-range of
human responses to climate change reveals insights into how such forces interacted to promote
culture change. This preliminary investigation:
(1) conducted exploratory excavation on private lands outside the boundaries of the
archaeological zone of El Infiernito where artifact/ecofact evidence suggests a chiefly residence
or temple structure.
(2) began collecting scientific samples from cave settings (speleothems) and wetlands (sediment
cores and soil samples) for paleoclimate and environmental reconstruction of the Valley of Leiva
and sampling/trenching at river floodplains for past irrigation agriculture and erosion events near
El Infiernito.
(3) established contacts and feasibility for future study of the high altitude glaciers, glacier lakes,
and moraine cuts at the Sierra Nevada of El Cocuy and vicinity.
The Valley of Leiva and El Infiernito
Located approximately 120 km NE of Bogota and 150 km SE of El Cocuy, the Leiva valley was
populated with Muisca chiefdoms along river floodplains surrounded by upland mountains
between 2,000 m to 3,200 m (Langebeck 1995, 2001). Climate classification is tierra frio except
for desert páramo found above 3,500 m. A dual rainy season occurs from March to June and
October to November with intervening dry seasons, and evidence for past valley erosion is
intense. Overall, the river floodplain around El Infiernito is semiarid averaging less than 1,000
mm per year but there is considerable annual precipitation variation throughout the valley based
upon elevation. In addition, the water levels of major uplands rivers such as the Rio Moniquirá,
which has its origins at El Cocuy, are affected by glacier dynamics and its waters flow near
several Muisca settlements in the Leiva Valley, including the 16th century chiefdom of
Zaquencipá at El Infiernito (Falchetti 1975; Salamanca 2000; Henderson and Ostler 2005).
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El INFIERNITO

Stone Structure

Fig. 1. Map of the Valley of Leiva, the archaeological park of El Infiernito, and the oval (red) stone structure and
associated monoliths investigated in 2015.

El Infiernito (2,075 m elv.) is 6 km NW of the town of Villa de Leyva (Fig. 1). The
archaeological park is famous for its stone monuments (menhires) especially a E-W double row
of worked columns forming a rectangular structure allegedly for astronomical-meteorological
observations between AD 700 and AD 1200 (Langebaek 2001:28). Recent survey work has
documented the presence of Herrera Phase (700-1000 AD) settlement of a small-scale farming
community and suggests that some monoliths may have been erected at this time (Botiva 1989;
Langebaek 1995). Subsequent Early Muisca communities (1000-1200 AD) are credited with
constructing the observatory who were concentrated in larger settlements that saw the formation
of chiefdom leadership organization (Figs. 2a-b). Late Muisca (1200-1600 AD) occupations
were progressively larger (Salge 2007) and more complex. In some highland regions the Muisca
chiefdoms were becoming more centralized resulting in increased population distribution with
nucleated settlements supported by intensified agriculture, interregional trade (salt, ceramics,
gold, and textiles) organized warfare, craft specialization (including gold working, emerald
mining, and textile weaving), and mummification. At Tunja and Bogota before the Spanish
Conquest, for example, the Muisca were controlled by powerful paramount chiefs who were
becoming politically stratified and absorbing regional communities.
Upright phallus-like monoliths standing up to 4.5 m tall define a circular area to the east of the
archaeological park surrounding a dolomite tomb which allegedly contained the fragmented
remains of high status individuals (Silva 1983). El Infiernito was clearly the center of a large
town for a chiefdom by the 12th century AD if not earlier. The astronomical and phallus cult
interpretations of the various monuments remain perplexing, however, because so little is known
about the surrounding community. A recent interpretation describes El Infiernito as a moiety
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(dual social groups) composed of ring-shaped Eastern (the astronomical observatory) and
Western Sectors each with open plazas surrounded by residential settlement (Langebeak 2013).
Unfortunately, there is no available published data to evaluate the existence of any ring-shaped
Western Sector. In fact, our reconnaissance of the area west of El Infiernito observed surface
artifacts consistent with other site areas along the Rio Leyva floodplain suggesting past
(irrigation) agriculture was practiced there; any areas of artifact absence may simply be the result
of deeply buried settlement due to past flooding events in this river floodplain zone (see below).

a
b
Figs. 2a-b. Photos looking N and S of the aligned columns and the upright monoliths of El Infiernito archaeological
park.

Archaeological and Paleoclimate Research
Investigation outside the archaeological park took place where undocumented stone monuments
were found on private lands (Smyth 2014). In December of 2014 the current landowners kindly
granted permission to test excavate a 200 m sq area where numerous stone monoliths are seen
lying on the surface. However, it became known later that the stones in question were not in situ
but had been moved to the current location in 2008 (Fig. 3). Fortunately, the landowners knew
where these stones were originally located (25 m south), and even remembered the positions of
specific carved diagnostic stones. Goggle Earth satellite images from 2006 appear to confirm the
presence of a oval-shaped stone structure in the same place described by the landowners, and a
2010 image provides confirmation showing a rectangular-shaped area of stones some 25 m to the
north where the monoliths now lie. The landowners described an oval or apsidal shaped structure
about 6 m E-W by 4 m N-S with multiple stone slabs situated around the periphery, four phalluslike upright monoliths on the north side like those seen at El Infiernito, four columns/pilasters on
the south side with round perforations on the superior ends, and a southeast entry formed by two
large doorjambs. An inventory of the monolithic stones and a sketch map of the stone structure's
original location were completed. To assess the archaeological potential of the area surface
materials of pottery, lithics, and fauna remains (bone and teeth) were identified within a newly
plowed agricultural field adjacent to the alleged space for the stone structure. Overall, it is clear,
as indicated by a previous shovel testing survey by Salge (2007), that this area was part of a
chiefly residential compound composed of a large oval foundation, and perhaps associated
round-shaped outbuildings, with many carved and/or worked dolomite stone slabs and columns
and heavy concentrations of decorated ceramics. Indeed, an intensive excavation program needs
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to reconstruct the context and layout of this enigmatic structure and to begin the work of
consolidation and even partial reconstruction.

Fig. 3. Photo of dolomite stone pile of carved monoliths.

In the summer of 2015 exploratory test excavations were opened in the alleged location of the
stone structure for the carved monoliths (Fig. 4). Operation 1 was placed in the proposed area of
the structure's SE entry. Because of tractor plowing, the context of the top 20 cm of soil was
highly mixed. Below 20 cm, however, the archaeological context was relatively undisturbed and
between 43 and 47 cm (below a datum set 10 cm above the surface), a tamped earthen floor was
uncovered and two postholes that once supported a perishable roof. These features clearly
indicate a building with a rounded corner in the same area as on-floor impressions for two large
jamb stones and also confirm the presence of a SE entryway. Horizontal exposures to the north
following the floor level located additional postholes and numerous artifact concentrations
suggesting offerings of ceramic sherds, lithics, and deer bone/teeth. An abundance of deer fauna,
decorated pottery, and other material wealth are often seen as indicators of elite status among
Colombian highland chiefdoms (Boada 2007). Importantly, to the north, a low stone masonry
wall 1 m thick and partially in situ running east-west was exposed showing posthole features on
its interior and strongly supports identification as a chiefly building. Though the wall was
undoubtedly higher in the past, probably reduced when the stone monoliths were moved, other
floor impressions suggest that stone monoliths (phallus stones?) once one stood in front of the
wall, as the landowners have always maintained. Though the wall is definitely straight, shows
faced stone surfaces, and some form of concrete hearting; the corners of the building appear
curved or rounded, as indicated by the current posthole configuration, and gives this roofed
structure an uncharacteristic oval or apsidal shape; most known Muisca buildings had round
foundations (Boada 1998, 2000; Kruschek 2003). It appears that most upright posts were
anchored by large upright slabs set lengthwise to form an oval-shaped composite wall for the
building, but only further excavation can confirm this. Further probes of the structure revealed
additional postholes on the W, worked block stones on the NW, and three earthen subfloors near
the SE entrance. Obviously, complete excavation of this building and horizontal exposure of the
entire chiefly compound is now required.
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N
Masonry Wall

Fig. 4. Plan map of an outlined oval-shaped stone structure with a hypothetical center post (red) near El Infiernito
showing the excavation operations (Op.), postholes (black ovals), a north stone masonry wall, and tamped earthen
floors (pisos) with impressions for stone jambs and monoliths shown with photos.

Excavations recovered a diverse assemblage of artifact and ecofact materials including potsherds
dated using the ceramic classification system for the NE Andean highlands. More than 2,000
potsherds were recovered and, so far, 1,045 sherds have been classified using type-variety and
formal classification. Of all ceramics classified, 7% are Herrera, 18% Early Muisca, 75% Late
Muisca, and 2% Colonial. These results assume that Gray Tempered Ware (GTW; n=515), the
most abundant pottery type recovered within the structure, belong to the Late Muisca period.
GTW is distinguished by gray arcillolite temper but is found throughout the chronological
sequence at other Muisca sites (Boada 2007:233), and is one of the least sensitive temporal
markers. GTW, however, is associated with elaborate ceremonial and funerary effigy vessels
such as múcura jars distinguished by thin, long necks found at Late Muisca chiefly contexts (Fig.
5). Some GTW probably dates to the Early Muisca occupation because of its association with
quantities of Course Sandy Ware in the structure, a local ceramic ware previously radiocarbon
dated to the eleventh century near Villa de Leyva (Boada et al. 1988). Formal analysis, in
progress, indicates that certain other GTW vessel forms such as olla-cuenco shapes, large bowls
with pronounced shoulders and incurved rims, were Early Muisca forms like a partial vessel
uncovered when local landowners were digging postholes for a fence. These large vessels were
probably used for storage, cooking, and brewing maize beer (chicha), which chiefs provided to
their constituents during community festivals and major ceremonies concerning agricultural
fertility or times of drought. In support, preliminary analysis of ceramic forms from the structure
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shows a sharp rise in the ratio of bowls to jars from the Early to Late Muisca periods,
suggesting that the storage and serving of liquids changes dramatically and may reflect increased
beer production and consumption, and/or the need for greater storage of water perhaps brought
on by prolonged dry periods of the Little Ice Age and/or Southern Oscillation and its El Nino and
La Nina Cycles (ENSO).
Numerous caches of potsherds with red-line painted decoration such as rims, handles, and large
body sherds as well as deer and bird fauna (long bones and a deer cranium) were found on the
tamped earth floor associated with postholes and inside the masonry wall. Some of these caches
appears to be dedicatory offerings associated with a chiefly residence or elite temple. The high
quantities of decorated pottery and deer fauna are often indicators of status differences among
Muisca households (Salge 2007: 27). One particular cached offering found just outside the
masonry wall contained a ceramic effigy from a múcura vessel that resembles symbolism for a
Muisca female deity (Fig. 5b). Three black limestone spindle whorls (torteros) with fine whiteline incised decoration, a polishing stone, and a possible stone awl were found on-floor within
the stone structure to suggest that cloth production and weaving took place in this extended
chiefly household (Fig. 5c). In Muisca society the production of cloth was predominately a
female activity but the labor of the chief's multiple wives was a vital source of wealth necessary
for the support of chiefly activities (Boada 2007: 41).

Figs. 5a-c. (a) Múcura vessel on display at the Gold Museum in Bogotá. (b) Cached effigy offering found outside
the stone structure showing a Muisca female deity figure. (c) three black limestone spindle whorls with fine white
line incised decoration (above), an unidentified polishing? stone, and a possible stone awl (bottom right) found onfloor within the stone structure.

Survey focused on Prehispanic settlement and hydraulic features near El Infiernito (Fajardo
Bernal 2012; Salge Ferro 2007; Henderson and Ostler 2005; Langebaek 2001). Reconnaissance
attempted to locate natural features related to major erosion events and the human response in
times of rapid climate change, i.e., significant droughts and/or major flooding episodes. A large
reservoir north of El Infiernito adjacent to the so-called phallic monoliths turned out to be
modern and unrelated to water storage for the ancient Muisca. In addition, the Leiva river is a
short distance south and west and shows earthen levees indicative of canalization for irrigating
alluvial fields, but these levees proved to be modern constructions, though there may be places
where ancient ones lie beneath modern levees. However, approximately 800 m NE along the
Loma Carrera, a natural perennial spring (Cañada las Peñas) above a carboniferous shale deposit
produces hydrostatic surface water that flows downhill running into the Rio Leyva. In fact, near
the spring are two ovoid pools that appear man-altered suggesting ceremonial baths not unlike
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the "lavapatas" at the Alta Magdalena site of San Agustin (Duque Gomez 1964; Drennan 1995).
Adjacent terraces show ceramic evidence for settlement occupation with aligned megaliths
nearby suggesting stone structures of some sort. Also, deep trenching near the confluence of the
Cañada las Peñas and the Rio Leyva revealed a buried stream channel and possible irrigation
canal, and an upright wood post suggesting a house structure buried along the river plain,
Prehispanic and Colonial ceramics, and stratigraphic deposits for major erosion episodes now
being dated (below). However, evidence for significant wind and water erosion events are clearly
visible over a large area along the Rio Leyva. Because parts of the landscape are heavily eroded
and others appear buried by numerous flooding events, El Infiernito may have been more
densely occupied and/or larger in area than the current estimate of 6.75 ha for the site center and
1 km² hinterland during the Late Muisca period (Langebaek 2001, 2013).
Cave Exploration
A portion of the project was dedicated to exploring and mapping caves while assessing features
for paleoclimate studies using speleothems in the Valley of Leiva, Colombia consisted of three
members: Eric Weaver (National Park Service at El Malpais and El Morro National Monument) ,
Erin Woodward (National Park Service at Jewel Cave National Monument), and Beth Cortright
(Pajarito Environmental Education Center). Three mountain caves were explored and assessed
for viable speleothem specimens for a paleoclimate study: Cueva de la Fábrica, Cueva del Feto,
and Cueva del Indio. Of these three, Cueva de la Fábrica held the most promise (Figs. 6a-b).
Cueva de la Fábrica is a stream cave having a relatively steep incline and multiple entrances. The
cave was surveyed and a sketch map was created that detailed plan, profile, and cross-sections. A
completed map will be developed from this data. The cave shows signs of extensive human
traffic and many speleothems have been, unfortunately, collected by visitors as souvenirs. Also,
graffiti were seen on rock surfaces outside the cave. Though there are a few pictographs rendered
in red pigment that are possibly Prehispanic, most graffiti witnessed was modern and there is no
clear evidence, so far, of ancient Muisca activity within the cave.

Figs. 6a-b. (a) Photo of the Moniquirá river valley just below the Cueva de la Fábrica looking east, and a photo by
Beth Cortwright of the entrance to the Fabricá cave showing red graffiti.

Cueva de la Fábrica was surveyed for a total length of 606 m (1,990 ft) and at an average
inclination of 6.6 º drops 25 m (82 ft) before the stream reaches a sumped area in the cave (Figs.
7-9). The cave is comprised of two primary passages with a total of five entrances. The large, dry
upper passage terminates relatively quickly in breakdown. Most of the length of the cave, where
all the formations were obtained, is in the lower passage that contains an active stream.
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Fig. 7. Plan map of Cueva de la Fabrica
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Fig. 8. Profile map of Cueva de la Fabrica.

Fig. 9. 3-D rendering of Cueva de la Fabrica.

Four speleothems were located and collected at the extreme frontiers of the cave. Only one of
these presented definite signs of current activity. A speleothem at Station B20a1 (Fig. 10) was
the first to be found and collected. It was located in an area of the upper cave passage and was
relatively closed to the surface based on the observance of roots in the cave. The speleothem was
located high on a ledge in the passage and constituted some difficulties in obtaining it, ultimately
requiring a 12-foot ladder and stemming unprotected between two lower ledges.
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Two speleothems were collected at stations C2a (Fig. 11) and C2a1 (Fig. 12). One speleothem
was relatively small but appeared to be active based on the presence of a white cap on it. The
other was less than .5 m from the one at station C2a. While this speleothem did not appear
active, it was much more developed (in the removal process a nearby stalagmite was also taken
with it, and may have some connection with the original speleothem’s development); both are
located within a water channel heavily-decorated with soda straws. The same area has a
significant gypsum crust under the ledge.

Fig. 10. Speleothem at Station B20a1.

Fig. 11. Speleothem C2a.
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Fig. 12. Speleothem C2a1.

While the upper stream passage maintains a rather significant amount of gypsum crust, the lower
stream passage has very little crust and none at the extreme ends of this section as it begins a
steep incline and flowstone becomes very prevalent with small travertine dams and flowstone
waterfalls. The lower sections of the cave are relatively bare of secondary deposits and suggest
more recent flooding (e.g., vegetation on ceiling). On a higher ledge in this area, the final
speleothem was found at Station C8a (Fig. 13).While this speleothem does not appear to be
active, it was the “best” developed of all speleothems.

Figure 13. Speleothem C8a.

Five containers were placed to collect dripping water samples over a 24-hour period in order to
assist in calibration of the speleothems. Upon returning in 24 hours, the container at Station B20a
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(described as the upper stream passage) had collected only a small amount of water, which was
collected; however, it was decided that the difficulty in obtaining the sample and lack of success
in water collection suggested we should try to obtain samples in a much safer, accessible, and
viable location nearby. In the lower stream passage three containers were placed to collect water
samples. One was in a formation area but not a speleothem collection area. It did not produce as
much water as expected and we decided to wait an additional 24 hours before collection. Water
was not collected at Station C8a because there were not any signs of recent activity. A total of 11
samples were collected. Further analysis of the speleothems are planned.
Soil and Sediment Study
Tim Beach with graduate students Greta Wells from the University of Texas (UT) at Austin’s
Geography and Environment Department, and Luisa Aebersold from UT Austin’s Anthropology
Department conducted preliminary research around Villa de Leyva studying episodes of drought,
erosion and sedimentation, flooding, and their role in the formation of highland Colombian
chiefdoms. This preliminary research allowed acquaintance with regional ecosystems and
geomorphology and potential sites for studying proxies for climate change.
To study these topics across time requires depositional sites in lakes, river floodplains, and
caves, especially for studying stalagmites. For lake environments, we found only a marginal
location for a pollen core in a shallow lake at a high altitude setting (~3,500 m) known locally as
El Toro Bravo, but removed a 2 m core for possible pollen, dating, geochemical, and
micropaleontology that might hold evidence for ecological or climate shifts. We observed that
this landscape was dramatically eroded, which local publications call a “desert,” though local
annual precipitation totals (~1000 mm) are far above a climatically induced desert. Some
literature reviewed refers to erosion and dating erosion in this region (Mora Pacheco 2012), and
research on stream sediment yields that shows modern erosion is extremely high in the
Colombian Andes (Latrubesse and Restrepo 2014).
Identification began on erosion and map erosion surfaces in the region based on gully patterns,
soil pedestals (hoodos), exposed lower soil horizons, and exposures (Figs. 14-15). We also
observed that local floodplains appeared to be highly aggraded with flat and wide surfaces likely
from heavy flooding and aggradation draping over the typical microtopography of floodplain
from lateral planation processes. We thus hypothesized that accelerated erosion was and
probably still is creating large amounts of stream load choking channels and creating overbank
flooding and sedimentation of valleys. To test this hypothesis, our team probed floodplains with
a soil coring device and studied soils and sediment stratigraphy in two backhoe trenches. These
trenches revealed a buried stream channel, a post buried by 100 cm, and a topsoil buried by 175
cm across a broad expanse of one of the floodplains (Figs. 16-17). The sediment burying the
post and paleosol was immature showing no soil development, indicating rapid deposition and
little time of exposure at a surface that would begin to melanize and form a bio-mantle topsoil.
In contrast, the buried soil was well developed, indicating a topsoil formation at a surface long
enough to form a 55 cm thick A horizon (now an Ab horizon). Collected were scores of soil and
sediment samples for analyses that could indicate the timing of deposition, the geochemistry of
sediments, and evidence for rates of sedimentation.
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Fig. 14. Eroded landscape in the Valle de Leyva with (A) gullying and (B) erosion to bedrock.

Fig. 15. Eroded landscape in the Valle de Leyva with (A) Hoodo formation and (B) erosion to bedrock.

Fig. 16. Upright post buried by 100 cm of deposition with sediment and no evidence of soil development.

14

Fig. 17. Floodplain coring sequence showing well-developed, buried topsoil from 175 to 220 cm depth and
laminated, sediments with little to no soil development above 175 cm.

Based on mapping and the timing and geochemistry of sedimentation across enough sites, we are
investigating the drivers of landscape change. Three hypotheses about erosion induced
instability either alone or combined are suggested: (1) ecological change like bark beetle
outbreaks; (2) human induced land use change (deforestation) either in antiquity during the
Herrera, Early Muisca, and Late Muisca periods, and Colonial changes from livestock
introductions and mining, or modern deforestation and overgrazing; and (3) climatic change
from the Medieval Climate Anomaly, Little Ice Age, ENSO Cycles, and modern global
warming.
We propose to test these land use ecological change hypotheses by dating the sedimentation
rates, stable and unstable soil surfaces, pollen evidence, geochemistry and biochemistry of
sediments that could correlate sediments with the timing of other events through AMS, 210Pb,
and OSL dating. We can begin to develop a climate record from the lake record in its pollen and
other microfossil records and from the Fábrica cave that yielded several potential speleothems
that might produce a paleoclimate record. Shipment of soil samples, lake samples, and
speleothems from Boyacá, Colombia for analyses is in progress, but we have presented initial
findings (Beach 2015) and have a preliminary Poster in preparation for the Geological Society of
America Annual Meeting in Baltimore, MD that outlines our field research and early results
(Wells et al. 2015).
Glacier Study
Investigation of the Cocuy glaciers and their related environs is also a goal of this investigation.
Adequate project resources have not yet been secured. However, valuable contacts were
established with scientists and specialists familiar with the Cocuy altiplano necessary to conduct
paleoclimate change research at glacier contexts.
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Preliminary Conclusions and Future Research
This project begins to collect contextual information on settlement, water and resource
management, as well as cultural changes in ceramics, house structures, trade goods, craft
specialization, etc. that may reflect adaptive socioeconomic responses brought on by
environmental stresses related to water. Did ranked chiefdoms in the Leiva valley become
increasingly centralized as a result of rapid climate change promoting intensification of irrigation
agriculture? And if they did, what prevented further centralization such as the rise of archaic
states in a river valley not dissimilar to other early world states? The Valley of Leiva was a
region where ranked society appears to have emerged relatively early but did not develop
complex stratified society until after the Spanish Conquest. The Little Ice Age was certainly
much drier and cooler than previous times and together with major ENSO Cycles may have
inhibited more centralized chiefly leadership. By the 16th century, the Muisca had become one
of the most densely populated culture groups in the Americas (Broadbent 1964).
The next phase expands research into drought, erosion and sedimentation, flooding, glacier
dynamics, and their role in the formation of highland chiefdoms. Preliminary results suggest that
major atmospheric phenomena associated with ENSO Cycles contributed to extreme climatic
variability in precipitation and temperature that could have altered highland glaciers, effect river
levels, cause major erosion, and reconfigure landscape hydrology. Such environmental
conditions would have greatly impacted ranked societies in the Valley of Leiva and elsewhere
dependent on irrigation from glacial water sources like El Cocuy. A key objective is to get
broader core sequences to measure and date sediments to reconstruct the timing and severity of
erosion. Also, a larger sample of speleothems and water samples collected and analyzed from
caves across region will build a proxy record of precipitation and climate change over the past
1000+ years. Finally, a more extensive excavation and analysis program of the elite stone
structure and its surrounding chiefly compound must include geophysical survey (magnetometry
and/or ground penetrating radar) to locate and map hidden settlement features for subsequent
testing as well as subsurface geologic survey of the Rio Leyva floodplain.
This exploratory investigation hopes to provide new insight into how highland chiefdoms
responded to changing climatic conditions. In general, this study will ascertain how intermediatelevel societies can adapt and under what conditions does climate change becomes too
overwhelming. New research into Muisca chiefdoms will add critical data about the development
of ranked societies in a place where they no longer exist and provide relevant, comparative
insights with other complex societies (like the Lowland Maya) regarding the far-reaching and
multipartite effects of climate change. Recent work at Xcoch and the Puuc hills, for instance, has
documented repeated drought cycles and human response involving hydraulic systems and water
management that may have delayed collapse but did not overt it (Zubrow et al. 2010; Smyth et
al. 2011; Dunning et al. 2013; Dunning et al. 2014; Smyth et al. 2014; Smyth et al. 2015). A
better understanding of highland chiefdoms will provide valuable information regarding the role
of climate change in the formation of ranked societies.
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