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Introduction

Dramatic population changes evident in the Lowland Maya archaeological record have
led scholars to speculate on the possible role of environmental degradation and climate
change. As aresult, several paleoecological and geochemical studies have been carried
out in the Maya area which indicate that agriculture and urbanization may have caused
significant forest clearance and soil erosion (Beach et al., 2006; Binford et al., 1987;
Deevey et al., 1979; Dunning et al., 2002; Hansen et al., 2002; Jacob and Hallmark, 1996;
Wahl et al., 2007). Studies also indicate that the late Holocene was characterized by
centennial to millennial scale climatic variability (Curtis et al., 1996; Hodell et al., 1995;
Hodell et al., 2001; Hodell et al., 2005b; Medina-Elizalde et al., 2010). These findings
reinforce theories that natural or anthropogenically induced environmental change
contributed to large population declines in the southern Maya lowlands at the end of the
Preclassic (~A.D. 200) and Classic (~A.D. 900) periods.

However, a full picture of the chronology and causes of environmental change during the
Maya period has not emerged. Many records are insecurely dated, lacking from key
cultural areas, or of low resolution. Dating problems have led to ambiguities regarding
the timing of major shifts in proxy data (Brenner et al., 2002; Leyden, 2002; Vaughan et
al., 1985). The result is a variety of interpretations on the impact of observed
environmental changes from one site to another. Recently, the use of AMS radiocarbon
has begun to constrain the timing of events and allow for more secure comparisons
(Curtis et al., 1998; Mueller et al., 2010; Rosenmeier et al., 2002; Wahl et al., 2006). In
spite of this, the paucity of sensitive paleoclimate records from the southern Maya
lowlands has made it difficult to fully examine the theory that drought in the Late Classic
resulted in widespread abandonment (Gill, 2000). Moreover, the Maya lowlands is an
extremely heterogeneous region, with distinct prehistoric cultural landscapes and local
adaptations to specific environmental conditions. Examination of these landscapes on a
case-by-case basis will provide the foundation for drawing broader conclusions about the
dynamic human/environment relationship.

The purpose of this study is to provide a detailed record of human occupation and
environmental change from the Holmul region. This region lies in the southeast of the
Maya lowlands. It includes the large Preclassic ceremonial center of Cival and the
Classic period center of Holmul (Figure 1). Archaeological evidence suggests local site
abandonments correlate to broader, regional abandonments (Late Preclassic and Late
Classic). To date, no environmental studies have been carried out in the region, thus
providing an opportunity to improve the spatial resolution of paleoenvironmental
research in the southern Maya lowlands and investigate the possible correlation between
environmental change and site abandonments.

Through examination of proxy data extracted from stratigraphic sediments correlated
with extensive site surveys in the Holmul region, this project is designed to answer the
following research questions:

1) What is the occupational/agricultural sequence in this area during the Holocene?
a) When does human occupation and maize agriculture first appear?
b) Was farming an important subsistence strategy during the pre-ceramic
period (pre-1000 B.C.)?
¢) Was the shift of ritual activity and power from Cival to Holmul associated



with abandonment/population decline?

2) What impact did human occupation have on the environment and how was local
economy/settlement affected?
a) Was the abandonment of Cival (A.D. 150-250) and/or Holmul (A.D. 900)
associated with environmental stress (deforestation, sedimentation of bajos,
loss of topsoil)?
b) Is there evidence for intensive agriculture associated with local bajos and,
if so, did deforestation and ensuing erosion affect their productivity?

3) How has climate varied during the late Holocene?
a) What was the climate of this region during the period of prehistoric
occupation?
b) Is there evidence of variability during the two major episodes of collapse
(A.D. 150-250 at Cival and ~ A.D. 900 at Holmul)?

Previous studies in the Maya Lowlands show environmental change in both the Preclassic
and Classic periods that is associated with cultural transition and site abandonment.
Specifically, evidence of large-scale erosion into low-lying bajos during the Late
Preclassic is found across the southern Maya lowlands (Beach et al., 2006; Dunning et
al., 2002; Hansen et al., 2002). Pollen studies show that this erosion was likely a result of
deforestation that began in the Middle Preclassic and intensified as populations grew
(Curtis et al., 1998; Jacob and Hallmark, 1996; Wahl et al., 2007). The dramatic
ecological and hydrological shifts that occurred would have impacted local populations.
Indeed, many sites in the Mirador Basin were abandoned at this time, which has led to the
suggestion that subsistence strategies utilizing wetland soils may have begun to fail as a
result of deforestation and erosion (Hansen et al., 2002). The Late Preclassic
abandonment (as well as other abandonments, at the end of the Middle Preclassic and
Late Classic periods) shows up clearly in pollen studies in the Mirador Basin as a
dramatic decrease in weedy taxa coupled with a resurgence of forest taxa (Wahl et al.,
2007). Erosion is attenuated during these periods of abandonment. Not all regions that
exhibit evidence of extensive prehistoric erosion were abandoned, however, and more
data is needed to test the hypothesis that environmental degradation played an important
role in site abandonment.

Records of regional climate variability show periods of increased aridity coinciding with
population decline in the Late Classic, leading scholars to theorize that drought may have
been a factor in widespread abandonment of the southern Lowlands (Curtis et al., 1996;
Haug et al., 2003; Hodell et al., 1995; Hodell et al., 2001). Although the drought
hypothesis is widely accepted, it is not without its problems. Specifically, it is based on
studies from the northern lowlands, an area that experienced population growth during
the Classic collapse. Moreover, the northern Lowlands are drier today than the Peten.
This apparent paradox has not been resolved (Dahlin, 2002; Robichaux, 2002).
Paleoclimate records from the southern Lowlands are needed to validate previous
findings and address this apparent paradox.

This study seeks to address models that suggest environmental degradation and/or
climate change had an effect on the cultural trajectory of the region. By using a wide
array of proxy indicators, we can differentiate between ecological responses to human



impacts versus climate change. Evidence of environmental change that is not only
connected to local demographic shifts, but also temporally correlated to similar evidence
from disjunct locations across the Maya Lowlands, offers strong support to these models.
Thus, the data presented in this report builds upon previous paleoenvironmental work in
the Maya Lowlands in order to identify whether large-scale processes, across a wider
section of the southern lowlands, affected local settlement patterns.

Physical Setting

This study focuses on the area surrounding the Preclassic period center of Cival and the
Classic period center of Holmul in northeastern Petén, Guatemala (Figure 1). These sites
are located in a karstic basin along the middle course of the Holmul River. This basin is
bound on its north, west, and southwest sides, by a 200-m high escarpment bisected by
several canyons and streams. The easternmost and southernmost portions of the region
are characterized by hilly terrain delineating a basin though which various streams flow
in a north-northeast direction. At the center of this basin is a small hilly upland plateau
surrounded by wetlands and bisected by the Holmul River. Approximately two-thirds of
the study area’s 100 km” is occupied by seasonally flooded low-lying wooded swamps
(bajos).

The modern climate is characterized as tropical monsoon, with ~2000 mm of annual
precipitation distributed over ten months. Rainfall is concentrated in the months of June,
September/October and December/January. During the wet season, large parts of the
bajos become inundated, although the water rarely rises above 1 m. Drainages receive
high-energy flow for short periods of 2-3 weeks during the wettest periods and are often
completely dry in the dry season.

Variation of forest cover and ecotones is shown in the LANDSAT 7 image (Figure 2) as
differences in tones and textures. Vegetation ranges from dense closed-canopy forest in
the upland areas to shrubs and grasses in the lowest areas (Fedick and Ford, 1990;
Lundell, 1937). Dominant arboreal species in the well-drained uplands include ramon
(Brosimum alicastrum), cedar (Cedrela spp.), ficus (Ficus glaucensces), chico zapote
(Manilkara zapota) and mahogany (Swietenia macrophylla) (Ford, 1986; Figure 2, green-
blue areas). Patches of palm trees such as corozo (Orbignya cohune), escoba
(Cryosophila argentea) and guano palm (Sabal spp.) are common in the transitional
zones between uplands and bajos, particularly in connection with water courses (Figure 2,
light green areas). The bajos contain a variety of ecotones. Less frequently inundated
areas are dominated by leguminous scrub species, including the palo tinto
(Haematoxylum campechianum). These areas are locally known as tintal bajos and are
shown in Figure 2 as areas of dark magenta mixed with blue. The lowest lying seasonally
and perennially inundated areas (locally known as civales) support open herbaceous
vegetation comprised of grasses, rushes and sedges (Figure 2, light magenta areas).
Riparian forests containing a mix of palms, upland trees and thorny bamboo groves are
common along the watercourses (Figure 2, vibrant green areas).

Cultural Background

Extensive archaeological investigations have been carried out in the region since 2000
(Estrada-Belli, 2001a, 2001b, 2002a, 2002b, 2003, 2004, 2005, 2006a, 2006b; Estrada-
Belli et al., 2003a, 2003b, 2004). Archaeological surveys centered on the central upland
plateau have located numerous sites of all sizes, including the large Classic period city of
Holmul and the Late Preclassic period center of Cival. Both are located in elevated areas




near the Holmul River. The landscape near Cival is largely dominated by seasonal
swamps, and, in many respects, is similar to Preclassic sites elsewhere in the southern
Lowlands (i.e., the Mirador Basin, Uaxactun, and San Bartolo). The environment of
Holmul and other minor centers around it, on the other hand, is similar to that of (most)
other Classic period sites in the southern Lowlands such as Tikal, Caracol, Naranjo, Rio
Azul and La Milpa, among others, in that it is located on the highest elevation of upland
ridges in connections with well-drained soils. The archaeological record currently
available for these sites shows great depth and early development of complexity that
correlates with cultural developments in the Mirador Basin and the central Petén region.

Mapping and excavations carried out at Cival since 2001 have revealed a long occupation
history beginning in the Middle Preclassic period ca. 1,000 B.C. The site’s central plazas
were first built with massive infilling and leveling of the natural hilltop. By the end of
the Late Preclassic period the ceremonial area was larger than 1 km? (Estrada-Belli, 2005,
2006b). Cival’s main plaza consists of an 18-m high pyramid on the west side and a low
elongated platform on the east side, with smaller buildings to the north and south. This
“E-Group” architectural configuration is typical of Preclassic sites in Petén (Estrada-Belli
et al., 2003a; Fialko, 1988). Five tall pyramids are situated on the north, west, south and
east sides of the ceremonial center. The tallest building is a west-facing 20-m high
platform supporting a triadic group of temples (Group 1) located to the east of the E-
Group plaza.

Excavations in the E-Group plaza, along the main axis of its eastern platform have
recovered a number of important ritual deposits. The most striking (and earliest) is an
offering of jade celts and jars contained in a k’an-cross-shaped pit, which dates to the
Middle Preclassic period (680-550 B.C. 1-sigma calibrated; 2520 + 40 '“C yr B.P;
Estrada-Belli, 2006b). A carved stela found in this location dates to the beginning of the
Late Preclassic period and represents one of the earliest examples of ruler portraits in the
Maya Lowlands (Estrada-Belli et al., 2003a). In addition, during the Late Preclassic
period the triadic group was built and expanded on five consecutive occasions, utilizing
massive amounts of material and labor. The penultimate phase of construction of the
Triadic Group’s eastern temple, dates to ca. 260-160 B.C. (1 sigma calibrated; 2170 = 40
"C yr B.P) and is characterized by large high-relief stucco masks of a primordial sky/rain
deity (Estrada-Belli, 2006b). Surprisingly, this temple, and much of the public
architecture at the site, was not remodeled after ca. A.D. 150.

The scale and symbolism associated with public architecture, ritual offerings and stelae
suggests that complex social institutions were in place at Cival since the Middle
Preclassic period and increased in size and complexity until reaching a climax in the Late
Preclassic period (Estrada-Belli et al., 2003a; Estrada-Belli, 2006b). Following this, the
ceremonial center was enclosed by a low stone wall and largely abandoned by A.D. 250,
perhaps the result of a war event. A small population continued to occupy elite buildings
during the first part of the Early Classic period without engaging in major construction
projects until the site was completely abandoned by circa A.D. 350 (Estrada-Belli,
2006a). Archaeological and paleoenvironmental data collected in the Mirador Basin
indicate widespread deforestation, erosion and altered hydrology during periods of peak
population (Jacob, 1995; Wahl et al., 2007). As a result scholars have suggested the
region was abandoned during the Terminal Preclassic, in part, because of diminishing
wetland resources and failing subsistence strategies (Hansen et al., 2002). The existence



of defensive works at El Mirador, as at Cival and other Preclassic sites, suggests that
warfare may have been extensive at this time as well.

Analysis of satellite imagery and preliminary field reconnaissance suggest the residential
area of Cival may have been nucleated on a small upland ridge up to a distance of 1.5 km
from the plazas (Figure 2, yellow-and-red areas). Beyond this distance to the north and
west the ground quickly becomes flat and marshy and the imagery’s spectral signature
corresponding to ruined buildings underneath the forest canopy fades out (Estrada-Belli
and Koch, 2006). This type of environment was likely less populated and may have been
intensively farmed using drained or ditched field strategies (Culbert et al., 1996; Culbert
et al., 1997; Kunen et al., 2000; Pohl, 1990; Puleston, 1977; Turner and Harrison, 1983).
To the east across the Holmul River, other areas of settlement likely exist undetected on
the upland terrain.

Immediately to the south of Cival’s ceremonial plaza (0.5 km) is a large round cival that
appears to be connected with the course of the Holmul River by a natural channel.
Upland terrain rings the edges of this cival and may also have supported dense settlement
associated with the Preclassic ceremonial center. On the south side of the cival, a
Preclassic ceremonial group with two large platforms containing pyramids up to 15-m in
height was mapped in 2005. It is likely that additional Preclassic period settlement exists
along the upland ridge beyond this point.

In addition to Cival, evidence of Preclassic occupation has been found at various sites
within the Holmul study area. These include Holmul and the smaller sites of T ot and
K’o, to the southwest and southeast, respectively. Holmul appears to have been a minor
ceremonial center during the Preclassic period, based on evidence from one temple
structure, Building B of Group II. The earliest ceramics date the first occupation in this
location to around 1,000 B.C. as at Cival (Estrada-Belli, 2006a; Neivens de Estrada,
2006) and are similar to the earliest ceramics found at a handful of southern lowland sites
such as Tikal, Seibal, Altar de Sacrificios and the Belize River Valley (Eb/Xe/Real
Xe/Cunil complexes; (Adams, 1971; Clark and Cheetam, 2002; Culbert, 1993; Laporte
and Fialko, 1993; Willey, 1970). During the Terminal Preclassic period elite tombs were
placed within the same temple (Estrada-Belli, 2005, 2006a; Neivens de Estrada, 2006).

Similarly, excavations at T’ ot and K’o0 document a surge in public construction during the
Late Preclassic period, marked by raising of plaza levels and the erection of temple
buildings followed by less ambitious building efforts in the Classic period. Both sites are
at the edge of the highland plateau with easy access to nearby wetlands and permanent
water sources. K’o, in particular, is situated high above a series of aguadas connected to
a branch of the Holmul river draining into Laguna Yaloch to the east. Although available
evidence indicates that the bulk of public construction dates to the Late Preclassic Period,
unlike Cival each of these sites continued to be occupied without interruption through the
Terminal Classic period. Similar to most other sites of the Southern Lowlands, these
sites were abruptly abandoned at the end of the Classic period.

Archaeological mapping and reconnaissance conducted at Holmul and nearby sites
suggest that the upland areas were densely occupied within a large radius of the
ceremonial centers during the Late Classic period (A.D. 600-900). A 200-m wide mapped
transect west from the Holmul plaza has documented continuous settlement up to a



distance of 4.5 km from the main plaza. Similarly, a transect to the east-southeast
revealed continuous settlement from Holmul to K’o (Estrada-Belli, 2002b; Gardella,
2004; Tomasic, 2006). The extensive local wetlands, however, remain largely
unexplored and little is known about prehistoric settlement and agricultural strategies
used in these features.

Available evidence from the central area of Cival clearly indicates abandonment of the
ritual core and surrounding settlement at the onset of the Classic period. The subsequent
surge in population and ceremonial activity documented at Holmul may be related to the
abandonment of the Cival area. It is unclear, however, what caused the Cival
abandonment and the resulting long-term shift from an economy largely based on
wetland soils to one largely based on upland soils. Evidence from the Mirador Basin and
Belize suggests similar shifts may have been prompted by environmental change
(Dunning et al., 2002; Hansen et al., 2002; Jacob, 1995); alternatively, they may have
resulted from regional socio-political changes. If local settlement shifts were due to
environmental causes, evidence of altered hydrology, soil fertility and vegetation cover
will presumably be present in the sediment record and, moreover, correlate temporally
with site abandonments. Precise timing of major shifts in sediment proxy data in
conjunction with settlement surveys enable us to examine the applicability of broader
models that suggest human induced environmental degradation had negative
consequences for prehistoric populations.

Methods

This project couples high-resolution paleoenvironmental data with extensive nearby
archaeological surveys to more fully understand the effects prehistoric land-use and
climate variability in the Holmul region of the southern Maya lowlands. Analyses
include pollen, macroscopic charcoal, stable isotope, loss-on-ignition and magnetic
susceptibility. A series of transects near the coring locations were surveyed and all
superficial cultural material noted. The resulting data has been incorporated into a GIS
database of the Holmul region. Analysis of site survey results is used to enhance
interpretation of the sediment proxy data.

Paleoenvironmental Methods:

Stratigraphic sedimentary sequences were collected from three depositional basins
(Figures 1 and 3): Laguna Yaloch, Laguna Ek’Naab, and Cival. Laguna Yaloch
(17°18°35°N, 89°10°29”W) is a shallow closed-basin lake ~13 km east of Holmul. It is
bounded on its north side by a relatively steep scarp that rises 100 meters above the lake.
An extensive seasonal wetland borders the lake to the south and west. Eleocharis sp
dominates the lower marsh, nearest the lake. With increased distance from the lake,
grading to higher elevation, comes an increased presence of Graminoids. Other
infrequent herbaceous taxa noted on the savanna include ferns and asters. Near the
savanna/forest border, the herbaceous component is nearly entirely comprised of grasses.
Occasional woody taxa found on the savanna include Crescentia cujete, Byrsonima
crassifolia, Acoelorrhaphe wrightii, Cecropia sp, and Ceiba sp. The trunks of many of
these trees are scarred by fire, and local workers informed us that the savanna is usually
burned during the dry season.

A total of 3.97 meters of sediment were recovered from Laguna Yaloch using a 5-cm
Livingstone piston corer modified to accept butyrate tube liners. The cores were



recovered in ~80-cm increments. A replicate core, offset by 40 cm, was taken to ensure
complete stratigraphic recovery. Water depth at time of coring was 1.15 m.

Cival is a seasonal herbaceous wetland located 0.5 km to the west of the Preclassic center
also named Cival. A soil pit was placed near its center (17°21.303”N, 89°15.107”W)
from which sidewall and soil core samples were taken. Overlapping cores were taken in
67 cm increments using a 1-inch diameter soil probe, reaching a depth of 4.56 m.
Sidewall samples were taken in 5 cm increments from the upper 1.2 m.

Laguna Ek’Naab (17°25.303’N, 89°14.201”W) is a shallow lake situated at the base of a
NE-SW trending scarp. The lake is currently surrounded by a ring of sawgrass
approximately 45 m thick. Laguna Ek’Naab is hydrologically open, with a creek
draining to the west-southwest that eventually converges with the Holmul River. A total
of 5.13 meters of sediment were recovered using a 5-cm Livingstone piston corer
modified to accept butyrate tube liners. Due to the stiff nature of the sediment, cores
were recovered in short 40-cm increments. A replicate core, offset by 20 cm, was taken
to ensure complete stratigraphic recovery. Unfortunately, the upper section of the
sediment column between 25 and 65 was not preserved intact and, thus, the upper 65 cm
are excluded from the results presented here. We intend to return to Ek’Naab to retrieve
a continuous core of the upper 65 cm.

Whole core magnetic susceptibility was measured in 1-cm increments using a Bartington
MS2C Sensor. Due to the extremely low magnetic values, each core was measured twice
and the results averaged together. Cores were then split longitudinally and imaged using
a GEOTEK Multi-Sensor Core Logger (MSCL). Sediment water content of was
determined by drying 1.25 cc samples at 100° C. Combustion of dried samples at 550°
and 1000° C determined total organic matter, carbonate, and non-carbonate inorganic
(alumino-silicate) content (Dean, 1974).

Samples of macroscopic organic matter were isolated from the sediment matrix for AMS
radiocarbon determination. A total of 20 samples were analyzed: ten from Laguna
Yaloch, nine from Laguna Ek’Naab, and one from Cival. In order to avoid hard-water
error (Deevey et al., 1954), samples were limited to organisms that fixed atmospheric
carbon and consisted of macroscopic plant material, wood, seeds, and insects fragments.
Except when sample size was too small to provide a split, 8"°C was also measured and
corrected for prior to calibration; a value of -25%0 was assumed for samples that were not
analyzed for "C. Radiocarbon years were calibrated to calendar years using IntCal09 on
Calib 6.0 (Reimer et al., 2009). The assigned age for each sample is derived from the
medium probability (as provided by Calib), rounded to the nearest 10 year. Age-depth
models were constructed by interpolating sedimentation rates using a linear fit between
dated horizons.

Isotopic composition of C was measured on sediment organic matter (SOM) from the
Laguna Yaloch core using a VG Optima Mass Spectrometer. Samples were pretreated
with a 2N solution of HCI to remove inorganic carbon (Meyers and Teranes, 2001).
Percent C and N were measured on all samples analyzed for isotopic composition using
an inline Fisons EA1500 Elemental Analyzer. Isotopic results are presented in delta
notation as per mil (%o) relative to V-PDB standard.



Pollen was extracted using standard acetolysis processing (Faegri and Iverson, 1989) and
sample residue was mounted in silicon oil. Known quantities of exotic Lycopodium
spores were added prior to digestion to allow for the calculation of pollen concentration
and influx rates (Stockmarr, 1971). Pollen grains and fern spores were identified to the
lowest possible taxonomic level using the UC Berkeley Museum of Paleontology’s
collection of over 10,000 modern pollen samples, reference material collected in the
field, and published pollen keys (Colinvaux et al., 1999; Hansen, 1990a; Horn, 1983;
Roubik and Moreno, 1991). A minimum of 350 pollen grains were counted at 400x
magnification. To increase objectivity, the corresponding depth of each pollen sample
was not known at the time of counting. Pollen and spores are plotted as a percentage of
the total pollen and spores counted, rather than separating terrestrial from aquatic taxa.
The reason for this stems from the fact that many taxa traditionally considered aquatic are
found growing in terrestrial habitats near Laguna Yaloch and, therefore, cannot be
classified as representing the aquatic habitat.

Macroscopic charcoal was extracted from contiguous 2.5cc samples taken at 1cm
intervals over the entire length of the Laguna Yaloch core. Samples were soaked in 3%
(NaPO,), for a minimum of 24 hours, before wet sieving at 125 um (Whitlock and
Larsen, 2001). The remaining fraction was then soaked for 1 hour in 6% NaOCI in order
to digest any remaining non-charcoal and partially burned organic matter (Ali et al.,
2009). Samples were then rinsed onto a 125 wm sieve, washed into 4 inch diameter
single use Petri dishes, and dried at 50° C over night. Counts were made using a
binocular scope at 10-15x magnifications. Charcoal counts were converted to
concentration (particles / cm’) and, using calculated sedimentation rates, influx
(particles/cm?/ year).

Site Survey Methods:

The standard methods for mapping of lowland Maya settlement uses transect lines
radiating from the site center. These transects are 200 to 500 meters wide and often
follow the cardinal directions for ease of orientation. They provide a measure of the
extent, density and chronology of prehistoric settlement and land use (Puleston, 1971;
Tourtellot, 1988). Although settlement samples acquired through transects normally
violate the assumption of randomness, they are well suited to delineate settlement
continuity, density and variability at selected distances from the center. Moreover,
transects are able to clarify the complex relationship between settlement and environment
in transitional ecotones. When transects are correlated to the cardinal directions and/or
when settlement is sparsely distributed, however, they often fail to generate reliable data
regarding variability of settlement types and environmental zones. In order to overcome
the limitations and adverse effects of transect mapping, the Holmul Archaeological
Project devised a multi-step GPS-based survey method. Infra-red (LANDSAT) satellite
imagery is analyzed to select areas of potential ancient settlement presence as well as
landscape features such as water sources, hilly ground, etc. that are significant to human-
environment interactions. Previous studies have shown that use of image classification in
the forested Peten region can lead to prediction of Maya settlement with 70-90%
accuracy (Estrada-Belli and Koch, 2007; Saturno et al., 2007). Tracts of land with high
potential for ancient settlement are selected for mapping by way of hiking routes that lead
to the target points. The mapping crews inspect target points as well as areas between
them for relevant features. Once settlement features are located, a control point is created
using GPS and the feature is mapped to scale with tape and compass on gridded paper.



Field maps are digitized and integrated with the GIS database as feature-specific layers
(e.g. settlement, reservoir, dams, creeks, etc.). In addition, surface artifact samples are
collected from each settlement feature for chronological placement. Finally, mapped
settlement and landscape features can be quantitatively analyzed as GIS layers, and
matched to satellite imagery to assess the prediction’s accuracy (Estrada-Belli, 2004;
Estrada-Belli and Koch, 2007).

Results
Paleoenvironmental Results:

Laguna Yaloch

Results of the AMS radiocarbon analyses show the core spans the period from ~3,150 cal
yr B.P. to present. (Figure 4; Table 1). Core stratigraphy and proxy data show dramatic
changes throughout and the record has been divided, based on distinct changes in
stratigraphy and analytical results, into 6 zones (Figures 5-10):

Zone 6 (4.00-3.43 m; 3.150- 2,950 cal yr B.P.): The basal sediment of the core is
comprised of homogenous, heavy inorganic clay. Magnetic susceptibility and bulk
density are at their highest values in this interval, and alumino-silicates are the dominant
component of the sediment matrix (>80%). Total organic matter and CaCO, percentages
are relatively low throughout the zone. Sedimentation rate is high during this period,
extrapolated from the lowest radiocarbon date to the bottom of the core at 3.5 cm/yr.
Pollen abundances are dominated by grasses (Poaceae), which reach their highest values
for the entire core at 68% of the total. Urticales and Melastomataceae-Combretaceae (M-
C) abundances are low throughout zone 6, averaging 4% and 6% of the total,
respectively. C:N ratios of organic carbon are below 10 for most of the zone, before
rising near the transition to zone 5. 8"Cq,, values are relatively light, ranging from -
28.30 to -25.41%0. Charcoal concentration and influx are low throughout.

Zone 5 (3.43-2.00 m; 2,950-2,260 cal yr B.P.):

The transition to zone 5 is marked by a distinct change in core lithology. Most notably,
the H,O content increases dramatically from an average of 43% in zone 6 to 66% in zone
5. Although the constituents of the sediment matrix do not vary across this zone
boundary, the texture of the sediment changes from a dry, crumbly clay in zone 6 to a
sticky, smooth homogenous clay in zone 5. The change in water content is evidenced by
a decrease in bulk density. Magnetic susceptibility values decrease in concert with bulk
density. Alumino-silicate content reaches the highest values of the entire core (90.5%) at
2.01 m. 8"Cqy, values increase in zone 5, while C:N ratios, although variable, remain at
around 10 . Charcoal influx increases at the base of zone 5 and remain relatively elevated

from 3.43 to 2.76 m (x =7.59), followed by decreased values for the remainder of zone
5 (x =2.23).

Poaceae pollen decreases dramatically throughout zone 5; abundances drop from >56%
in zone 6 to ~15% near the zone boundary, then further to ~3.5% for the remainder of
zone 5. M-C, Byrsonima, Asteraceae, Pinus, Quercus, and Mimosa pollen abundances
increase in zone 5. The earliest Zea pollen in the core is in zone 5 at 2.76 m (2800 cal yr
B.P.). Urticales pollen remains at stable, low values throughout.
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Zone 4 (2.00-1.32 m; 2,260-1,550 cal yr B.P.):

An initial decrease in alumino-silicate content indicates the beginning of zone 4. Values
decrease 13% between 2.01 and 1.96 m, while total organic matter and CaCOj increase
7% and 6% respectively. The decrease in clay at the zone boundary is reflected in bulk
density and magnetic susceptibility. Following this initial decline, clay content, bulk
density and magnetic susceptibility values increase throughout zone 4. Charcoal influx is
low throughout zone 4. C:N ratios increase in zone 4, maintaining relatively high values
from 1.91 to 1.63 m, decreasing briefly, then rising dramatically from 1.54 to the
boundary with zone 3 above. 8"“Cqgy, values increase overall through zone 4.

The most notable change in the pollen spectra is the nearly coeval rise in Potamogeton
and Typha abundances at the base of zone 4; both then decrease at 1.49 m. Pollen from
both taxa was nearly completely absent in zones 5 and 6. M-C and Byrsonima pollen
decrease into zone 4 to consistently low percentages, save for one data point (1.76 m)
with relatively high M-C pollen. Zea pollen is intermittently present through the zone.
Asteraceae (including Ambrosia) and, to a lesser degree, Poaceae, pollen abundances
increase steadily in zone 4. Mimosa pollen percentages decrease from the previous zone,
yet remain elevated relative to the other zones in the core.

Zone 3 (1.32-0.68 m; 1,550-1,180 cal yr B.P.):

Nearly all data sets exhibit dramatic changes at the onset of zone 3. Core stratigraphy
shifts from homogenous inorganic sticky clay to a dark organic rich clay. This change is
quantified in the LOI results; total organic matter increases from an average of 12.5% in
zone 4 to 33.5% in zone 3. Alumino-silicate content drops in concert with increased
organics, and decreases in bulk density and magnetic susceptibility reflect the changing
composition of the sediment matrix. 8"Cgy, values are stable and relatively light through
zone 3.

Charcoal influx shows an abrupt and dramatic rise at the transition to zone 3. Values rise
from near zero values in zone 4 to a broad peak of high values from 1.28 to 1.07 m.
Within this peak are the highest values of the entire record (>80 particles/cm?*/yr). From
1.07 to 0.68 m, the remainder of zone 3, charcoal influx values remain consistently higher
than all other zones.

Pollen from Cyperaceae and Nymphaea (water-lily) both increase starkly at the transition
to zone 3. Within the Cyperaceae curve, Cladium (sawgrass) pollen becomes a consistent
component of the spectra in this zone. Poaceae and Asteraceae pollen abundances both
increase in zone 3 as well, with Ambrosia pollen accounting for most of the Asteraceae
increase. Zea pollen is present in one level of zone 3 (0.86 m). Urticales and M-C pollen
abundances are at the lowest recorded for the entire record. Arecaceae pollen appears at
the base of zone 3, having been extremely rare or absent in lower zones. Monolete fern
spores also increase into zone 3 from very low values in prior zones. Mimosa and
Cecropia pollen decrease significantly from previous levels.

Zone 2 (0.68-0.43 m; 1,180-1,035 cal yr B.P.):

The boundary between zones 2 and 3 derives from coeval changes in nearly all of the
proxy data. Sediment CaCO; increases in zone 2 to a broad distinct peak, ultimately
comprising 55% of the matrix. Bulk density increases with CaCO;, while magnetic
susceptibility shows a small peak at 0.52 m. A peak of heavier carbon isotopes in zone 2
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parallels the increase in carbonate content. 8" Cgy, values climb to -19.95%o at 0.52 m.
Influx of charcoal particles drops to sustained low values, averaging 4 particles/cm?/yr in
zone 2.

Abundances of several pollen taxa shift in concert with other proxy data in this interval.
Most notably, Cyperaceae and Nymphaea pollen drop steeply; water-lily pollen is
completely absent at 0.51 m, the only such level in the record. Cladium pollen
percentages are at their lowest at the same level, save for one sample at the bottom of the
core, where there was no Cladium present. Typha pollen also drops out of the record at
0.52 and 0.46 m. Asteraceae (Ambrosia in particular), Arecaceae, Sesuvium-type,
Potamogeton, and Quercus all increase through zone 2. Zea pollen was not encountered.

Zone 1 (0.43-0.00 m; 1,035 cal yr B.P. - present):

The uppermost section of the core, zone 1, is characterized by highly organic sediment.
Total organic matter in zone 1 averages 54%, and increase from 16.3% and 33.4% in
zones 2 and 3 respectively. CaCO; content drops precipitously from peak levels of zone
2 to sustained, low levels in zone 1. Decreased alumino-silicate content is reflected in
bulk density and magnetic susceptibility values. 8"Cgg,, becomes lighter in zone 1,
dropping to the lowest values of the entire record (-28.87%0). The sedimentation rate
slows down dramatically at the transition to zone 1, from 3.9 yr/cm in the previous zone
to 22.5 cm/yr. The youngest radiocarbon determination, at 11 cm below the sediment
water interface, indicates yet another decrease in sedimentation rate, down to 40.5 yr/cm
for the uppermost sediment of the core. Charcoal influx decreases into zone 1 and
continues to drop steadily toward the top of the core.

Pollen from forest taxa (Urticales and M-C) increases steadily starting around 0.36 m.
The rise in zone 1 is the only noticeable shift in Urticales pollen abundances through the
entire record. M-C pollen percentages were greater in zone 5 and attenuated through
zones 4, 3, and 2 prior to increasing in zone 1. Poaceae and Asteraceae pollen decreases
into zone 1 and remains low throughout. Zea pollen is present at 0.38 m; it was not found
above this level. Abundances of extra-local pollen types, namely Pinus and Quercus,
decrease in zone 1. Amaranthaceae pollen and trilete spores exhibit peak abundances at
0.38 and 0.36 m respectively. Arecaceae pollen abundances are similar to zones 2 and 3
in the lower section of zone 1, then decreases to near zero above 0.31 m. Cyperaceae and
Nymphaea pollen increase at the transition to zone 1, returning to abundances similar to
zone 3. Potamogeton pollen declines into zone 1, and drops out of the record above 0.36
m, save for one grain at 0.16 m. Typha abundances peak briefly at 0.38 m before
dropping to consistently low values.

Carbon:Nitrogen Ratios

The salient feature of the C:N curve shown in Figure 6 is the sustained high values above
150 cm, through zones 3, 2 and 1. The C:N data presented here are comprised of results
from two separate analytical sessions: 20 samples from throughout the length of the core
were analyzed in one session and 74 samples in another session. Results from samples
below 150 cm in one analysis show systematically higher values than similar samples in
the other analysis (Figure 11). Although this difference may reflect changing conditions
within the lake, the systematic nature of the offset implies an analytical error. The larger
data set has been used for the current discussion and further analyses will be conducted to
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test the results. As such, interpretations related to Laguna Yaloch C:N ratio contained in
this report are qualified as preliminary.

Laguna Ek’Naab

Results of the AMS radiocarbon analyses show the core spans the period from ~2575 cal
yr B.P. to present. (Figure 4; Table 2). For the purpose of discussion, the record has
been subjectively divided into five zones (Figures 12-14):

Zone 5 (5.14-3.99 m; 2.580- 1,955 cal yr B.P.):

The sediment in zone 5 is characterized by relatively high magnetic susceptibility values,
which decrease throughout the zone. Clay content (alumino-silicates) are at their highest
values near the base of the zone (5.06 m, 92%) and, similar to magnetic susceptibility,
decrease through the zone. Both exhibit a distinct peak of high values ~4.05 m before
decreasing dramatically at the transition to zone 4. CaCO, percentages increase steadily
through the zone before reversing, likely in response to increased Al-Si values; total
organic matter maintains stable, low values ( X = 6.32) for the entire zone. 8"Cs,, values
are at their heaviest in zone 5, attaining their heaviest values of the whole record (-
20.01%0) at 4.07 m. C:N ratios exhibit a wide range of values (10.08-23.29), but are
generally low throughout with punctuated increases between 4.82 and 4.39 m.

Zone 4 (3.99-2.80 m; 1,950- 1,600 cal yr B.P.):

The transition to zone 4 is marked by an abrupt shift to elevated CaCO; content in the
sediment matrix, from 13.5% to 65.6%. As total organic matter remains low in zone 4
(indeed, throughout the entire core), this nearly fivefold increase in carbonate is reflected
by a comparable decrease in alumino-silicates. Carbonate values peak between 3.99 and
3.87 m before decreasing in an equally abrupt fashion to 43.8%. Carbonate banding is
clearly visible in the sediment core these horizons. Above 3.87 m, CaCO, content rises
overall throughout the remainder of zone 4. Magnetic susceptibility decreases slightly
through zone, while bulk density rises. 8"Cg,, are relatively complacent in zone 4,
hovering around the zonal mean of -25.54%o. C:N values are generally low, save for a
peak rising to 19.91 at 3.00 m.

Zone 3 (2.80-2.45 m; 1,600- 1,535 cal yr B.P.):

Zone 3 consists of a somewhat short interval of sediment dominated by carbonate
banding. The high carbonate content and coarse banding is clearly visible in both the
core images and the loss on ignition data. CaCO; increases from 46.5% to 78.2%
between 2.80 and 2.76 m and averages 75.8% for the entire zone. Magnetic susceptibility
values are attenuated and alumino-silicate content is at its lowest through this zone. Bulk
density values are elevated. There are no 8"Cg,, or C:N data points in zone 3.

Zone 2 (2.45-1.61 m; 1,535- 1,430 cal yr B.P.):

Following elevated values in zone 3, CaCO; content and bulk density drop abruptly and
maintain relatively low values throughout zone 2. CaCO, values decrease from 82.2% to
37.8% between 2.45 and 2.41 m, stabilize somewhat between 2.41 and 2.00 m ( x=
48.0%), then decrease again to ~10% in the upper section of zone 2. Alumino-silicate
content almost mirrors CaCO; values, increasing stepwise through the zone, nearly
reaching the highest values of the entire record (82.3%) at 1.80 m. Magnetic
susceptibility values track the alumino-silicate values and rise to a broad peak between
1.99 and 1.64 m. Bulk density is low throughout the zone. 8"Cyg,, shows little
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variability (X =-25.61%0) and C:N values exhibit two distinct peaks, one at 2.33 m
(20.62) and one at 1.88 m (17.39).

Zone 1 (1.61-0.65 m; 1.430- 1,220 cal yr B.P.):

Zone 1, the upper section of analyzed core material, is similar to zone 3 in that it is
primarily comprised of CaCO; (x= 65.0%). Total organic matter is at its lowest values
of the entire core and alumino-silicates are reduced throughout, ultimately reaching their
lowest value (11.92%). Bulk density rises in zone 1, tracking with CaCO,, while
magnetic susceptibility drops overall. 8"Cg,, maintains values similar to zone 2 before
becoming steadily lighter above 1.19 m. C:N values rise at the same horizon, increasing
from ~10 to >15. The uppermost 0.68 m of the zone contains a distinct shift to organic
rich sediment, which, although there is a gap in core recovery from 0.65-0.25 m, appears
to persist to the sediment-water interface.

Cival

Sediment from the Cival soil core samples were analyzed for loss on ignition, bulk
density, pollen and charcoal (Figure 15). A radiocarbon determination from 0.49 cm
below the soil surface indicated the sample was modern. The sample (unidentified plant
material) was likely either a root from a recent plant that had reached to depth or material
that was carried to lower strata via annual shrink/swell of the soil. It is unlikely that the
modern sedimentation rate is on the order of 1 cm/yr given the low topography, local
vegetation cover, and lack of recently eroded surfaces nearby. No further attempts at
obtaining age control on the Cival sediment sequence was made, primarily due to a lack
of fossil preservation in the soil, which precluded further analyses. The residue from
pollen extractions was barren of pollen; fossil charcoal was similarly absent. Annual
wet/dry conditions and associated gilgai processes often result in physical weathering of
fossil material, eventually destroying it altogether. Due to the above-mentioned issues
with chronology and microfossil preservation, the following discussion will be limited to
the two lacustrine sediment cores.

Site Survey Results:

During the 2007 and 2008 field seasons an east-west transect and a continuous area
(maximum radius of 3.7 km from the Cival center) were surveyed. Topography of the
area mapped varies significantly, and vegetation ranges from upland forest to low-lying
scrub and eventually grading into tintal bajo wetland vegetation. The built area of the
ceremonial center of Cival was found to extend beyond the main hill onto adjacent hills
to the north and west. The northern hill is connected to the western end of the main hill
by a leveled land bridge. It was occupied by an astronomically oriented E-Group plaza
and enclosed by a wall feature that also surrounds the main hill. The western hill is
separated from the main hill by a small drainage and lies outside the main hill’s wall
feature. Two artificial reservoirs located on the western margin of the main hill are
connected to one another and to a drainage that discharges their overflow towards the
northeast into the Holmul River.

The land bridge feature between the main hill and the northern hill was found to have
been modified in ancient times to serve as a check dam for the reservoirs’ overflow. In
time of abundant precipitation, the whole upstream area would form a great reservoir; in
times of less rain, water would collect in the deep parts of the smaller reservoirs. These

14



earthworks date to the Late Preclassic period and represent the earliest documented
example of water management systems in a Maya Lowland ceremonial center. In
addition, the eastern flanks of the main and northern hills were modified into a system of
terraces onto which residential and ceremonial structures were built.

The western survey transect intersected many upland hills and low-lying ecotones but,
surprisingly, only traversed a small number of human settlement and land use features.
Areas surveyed by GPS-led crews to the north, south and east, however, were found to be
densely settled. The southern transect provided a cross-section of the monumental
terraces of the southern flank of the main hill and of an adjacent drainage connecting the
Cival wetland (now dry) to the Holmul River. The detailed map of this feature revealed
that the gradient of the drainage is towards the lake such that in time of flooding water
from the river flows into the lake, and not vice versa (Figure 16). This confirms our
earlier assumption that the lake may have served as a clean water reservoir for the
inhabitants of Cival for much of the year.

GPS-guided crews following a Landsat imagery target selection strategy surveyed areas
up to a distance of 3.7 km from the Cival center. In this zone, a total of 191 locations
were found to have some type of ancient settlement feature. These ranged from large
house-group platforms to low-lying isolated structures (Figures 17 and 18). Datable
ceramics were recovered from 80 % of structure groups. The totality of these was found
to have been occupied during the Late Preclassic period. A small percentage (30-40%)
was occupied in the Middle Preclassic and Early Classic periods. A very small percentage
of locations were occupied in the Late Classic period. The late occupation was found to
include major masonry architecture widely dispersed in Cival’s outer periphery. As such,
they appear to represent a dispersed rural elite population probably attached to other
nearby Classic period ceremonial nuclei such as Holmul or Witzna’.

The Middle Preclassic period occupation in the residential zone was also found to be
widely dispersed, favoring the upland areas and isolated hills around Cival with access to
the best combination of upland and low-lying terrain, particularly the hill surrounding a
vast cival to the north of the ceremonial center. The marginal areas, with access to less
desirable soil quality, were eventually occupied by the Late Preclassic population.

This pattern of settlement development represents a departure from the expected pattern
of growth outward from a nucleated early settlement. It underscores early inhabitants’
preference for the best soil/terrain combination within a thinly settled landscape around a
non-urbanized ceremonial nucleus. These findings have important implications regarding
our understanding of early Lowland Maya settlement patterns (i.e., non-nucleated) as
well as the initial role of ceremonial “centers” as foci of political/ritual interaction in
widely dispersed communities. The observed dispersed distribution of early settlement
around the ceremonial center does not lend support to previously widely accepted
assumptions about the nucleated nature of early Maya settlement.

At K’0, one transect bisected the environmental zones surrounding the main ceremonial
area. The eastern transect (1 km x 200m) investigated the transition from high karstic
upland terrain, down the escarpment and into the Bajo Jobal near Laguna Yaloch. Only
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one residential group was found along this transect. This was located at the edge of the
escarpment, overlooking the Jobal bajo below and near an aguada. In form and number of
structures this was among the largest and more complex residential groups within the
K’0’ residential area. An excavation in its eastern structure documented an initial
occupation in the early Middle Preclassic period.

During the 2009 field season the area surrounding the minor ceremonial center of
Hamontun was surveyed (Figure 19). This site is located in the upland zone between
Cival and K’0. Much of the terrain is bisected by streams and arroyos originating near
Hamontun that flow westward into the Holmul River. The survey teams led by Antolin
Velazquez and Jason Paling covered an area of 3 km in radius from the Hamontun plaza
using the ad-hoc GPS-based methodology described above in the Cival and K’o survey
sections. In some instances, isolated locations up to a distance of 5 km with potential for
settlement were inspected. A total of 233 locations were found to be occupied, with
significant settlement features ranging from major plaza-centers to small, isolated house
platforms. All settlement features and underlying topography were mapped and
incorporated into the regional GIS dataset. Surface ceramic samples were collected
whenever possible to aid chronological placement of settlement features.

Of note among the settlement features of Hamontun are two large Preclassic E-group
style ceremonial groups (Figure 20). The first (HAMO09 Group 19) is located a mere 1 km
west of the Hamontun main plazas. The second, (Sisia’ group) is located on the west side
of the Holmul River, 3 km northeast of Holmul. In addition to the E-Group plaza,
HAMO9 Group 19 includes one major platform to the north, a second one to the east, and
other minor buildings and platforms. Given its complexity and location, HAMO09 Group
19 appears to have been part of a large Late Preclassic period ceremonial area that
extended for more than 1 km E-W from the main plaza groups. The Hamontun center
itself is composed of four plaza groups, all of which were occupied by Late Preclassic
ceremonial buildings. Plaza 1 was found to be residential in nature during the Preclassic
period and later transformed into an acropolis platform supporting a row of elite vaulted
buildings on the west and north sides during the Late Classic period. Plaza 1, with the
adjacent Plaza 2 ball-court was the only area of the Hamontun ceremonial core that was
re-occupied in the Late Classic period. Plaza 3 contains three temple-pyramid structures
from the Late Preclassic period. Finally, Plaza 4 was occupied by residential platforms
and one small temple-mound dating to the Late Preclassic period. A reservoir adjacent to
Plaza 4, fed by a nearby spring, likely provided an ample supply of drinking water to the
local population.

The residential features mapped reveal a very dense pattern of settlement around the
Hamontun ceremonial core. Overall, the Hamontun zone appears to have been the most
densely occupied area in the Holmul region during the Late Preclassic and Late Classic
periods. This perhaps results from the prevalence of well-drained soils, upland ridges and
abundant water sources in the area that, together, are well-suited to human settlement. Of
note here is the greater correspondence of image-based settlement predictions (targets)
and mapped settlement in this area. The high percentage of success in target validation
(derived from Landsat images) in this area (90-95%) is probably due to the favorable
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combination of vegetation and limestone surface material peculiar to this upland terrain
zone, as well as the timing of the image acquisition (March 2001).

The Preclassic period settlement data from Cival and K’o complements the Classic period
settlement data recorded at Holmul in previous years. It comprises a comprehensive
dataset of settlement and topography for the area between Laguna Yaloch to the south
and Laguna Ek’Naab to the north (Figure 1). As such, it allows a good basis for
correlating the paleoenvironmental record reflected in the sediment cores with human
activities and assessing prehistoric environmental impacts of human activity. The
combined paleoenvironmental and archaeological settlement data included in this study
represent one of the most comprehensive and fine-grained datasets available for the
Preclassic period. These data provide an invaluable tool for evaluating long-term human-
environment interactions, especially during the early phases of development of Lowland
Maya civilization.

Discussion

The two sediment stratigraphies comprise a record of the late Holocene: Laguna Yaloch
sediment dates to the Early Preclassic, around 3150 BP’ (1200 BC) and Laguna Ek’Naab
to the Middle Preclassic at 2580 BP (630 BC). The heavy, sticky clays at the base of the
Laguna Yaloch core stopped the hand operated coring operation due to sediment sticking
in the barrel. It is likely that the sediment sequence, and therefore the age of the lake, is
greater, though more robust coring equipment will be necessary to retrieve longer cores.
Well-preserved pollen in the basal clays suggests perennial saturation of the sediment, an
additional indication of a longer sequence in the lake basin. Similarly, the sediment
sequence at Laguna Ek’Naab likely extends longer than the 5.14 m retrieved as time,
rather than equipment, was the limiting factor. Unfortunately, the relatively short
temporal record contained in these sediment cores precludes our ability to address
research questions focused on arrival and impacts of early agriculture in the region. The
high sedimentation rate, however, offers the opportunity for high-resolution analyses
through the time interval spanned by the sediment cores.

Forest Cover

The pollen record from Laguna Yaloch replicates a trend that has been found across the
region: attenuated forest taxa values during the period of prehistoric Maya settlement
followed by a distinct increase in the early Postclassic. Palynological studies in the Maya
lowlands that date to the early Holocene, and therefore contain a pollen sequence that
predates the arrival of agriculturalists, show variable timing in the initial onset of forest
taxa decline, ranging from ~5600-3000 BP; many exhibit an initial or accelerated decline
between 3500-3000 BP (Anselmetti et al., 2007; Dunning et al., 1998; Islebe et al., 1996;
Jones, 1991; Leyden et al., 1998; Leyden, 2002; Rosenmeier et al., 2002; Wahl et al.,
2006). At Laguna Yaloch, the two major pollen groups that represent arboreal taxa,
Urticales and M-C, show lower abundances through the entire period of prehistoric
settlement (Figure 8). Urticales pollen is low throughout, averaging 5.1% from 3000-
1000 BP. M-C pollen begins to decline somewhat later, ~2340 BP, exhibiting low values
(save for one level at 1990 BP) until 1000 BP. Thus, data from the basal levels of the

* Unless otherwise noted, all BP ages in the discussion refer to calibrated years before
present, where present is A.D. 1950.

17



core suggest that, similar to much of the southern Maya lowlands, the landscape around
Laguna Yaloch was relatively open by ~3000 BP.

Although we are unable to ascertain when (indeed, if) forest was initially opened in the
area, the pollen data suggest that vegetation remained relatively open and/or disturbed
during the period of prehistoric settlement. Evidence for this comes primarily through
ancillary arboreal pollen data (Figures 8 and 9). Pinus (pine) and Quercus (oak) pollen,
undoubtedly originating in Belize, is at higher abundances through this time. In the
lowland tropics, increased deposition of pollen types capable of long distance dispersal is
often attributable to a diminished filtering effect of the canopy via deforestation. The
Laguna Yaloch record shows Byrsonima (nance), a savanna type found in Peten (as well
as the pine-oak savannas of Belize), also exhibits an out of phase relationship with forest
taxa pollen. Cecropia and Mimosa, secondary forest elements, follow the same trend.

Changes in pollen abundances from weedy herbaceous taxa, particularly Poaceae
(grasses), Asteraceae (sunflower family, asters) and Amaranthaceae (goosefoot family),
are often used to indicate forest disturbance and/or agricultural activity in the lowland
tropics. Indeed, decreased forest taxa pollen in the Preclassic and Classic periods at
Laguna Yaloch is accompanied by elevated pollen abundances of grasses and asters
(Figure 8). Zea pollen, a strong indicator of nearby agricultural activity, is sporadically
present throughout the period of prehistoric settlement. Amaranthaceae pollen rises to an
abrupt peak at the transition to zone 1, just before forest taxa pollen increases (and
coincident with the last occurrence of Zea pollen in the record).

The relationship between these disturbance taxa and upland forest is somewhat
complicated at Laguna Yaloch, however. The lake is currently surrounded by a relatively
large seasonally flooded herbaceous wetland that includes grasses and asters. Changing
lake levels undoubtedly affects pollen abundances from these herbaceous taxa. One way
to discern the relative importance of local (i.e., littoral) versus extra-local (i.e., upland)
input of pollen from weedy annuals is to assess how they behave relative to other wetland
indicators. Figure 8 shows coherence between Poaceae and Cyperaceae (sedges,
including Cladium), suggesting that input of grass pollen is largely coming from the
nearby marsh. The extremely high levels of grass pollen in the lower levels of the pollen
sequence (56 and 68%) diverge from sedge pollen and, in fact, reach abundances
recorded in modern neotropical savannas (Bhattacharya et al., submitted; Bush, 2002).
These data may indicate a more savanna-like environment near the lake prior to 3000 BP.
Asteraceae and Amaranthaceae pollen show little correlation with either grasses or
sedges, appearing to represent an upland signal. Much of the Asteraceae abundance in
the Classic period is comprised of ragweed (Ambrosia), a common agricultural weed.
The strong correlation between Ambrosia and Zea pollen throughout the pollen sequence
exemplifies this relationship. It appears that Asteraceae pollen is a more useful indicator
of agricultural activity at Laguna Yaloch than Poaceae.

Rapidly increasing forest taxa pollen percentages at the end of the late Classic period,
beginning ~950 BP (A.D. 1000), reach levels equal to mean values for the Postclassic
period in ~160 years (Figure 8). Rapid afforestation in the Postclassic period has been
recorded elsewhere in the southern Maya lowlands (Mueller et al., 2010; Wahl et al.,
2006; Wahl et al., in prep), and is likely tied to the coeval widespread abandonment that
occurred at the end of the Classic period. Forest regeneration appears to have occurred
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relatively quickly once anthropogenic pressures ceased in the region.

Our conclusion that human activity is the primary driver of Maya lowland vegetation
change in the late Holocene is drawn from the timing of observed changes. The time
transgressive nature of mid-Holocene forest decline (from widespread pollen data) is
strong evidence against climatic forcing. If decreasing precipitation was responsible for
opening the forest in the Maya lowlands, one would expect temporal coherence in the
signal across the region. As discussed above, this is not the case, though vegetation
records showing forest decline and ecological disturbance do tend to align between 3500-
3000 BP. There is evidence for drier conditions in the circum-Caribbean around 3200 cal
yr BP (Haug et al., 2001; Hodell et al., 1991), though the temporal covariance of Zea and
environmental change leaves little doubt that the signal, by this time, is primarily driven
by human activity. Finally, the relatively time-synchronous afforestation of the Maya
lowlands at the end of the Classic period once again connects prehistoric populations to
forest cover rather than climate.

Development of Surrounding Wetland at Laguna Yaloch

The major transition from zone 4 to zone 3 at Laguna Yaloch ~1550 BP is noticeable in
much of the proxy data (Figure 10). Lithologic shifts include a dramatic decrease in clay
input with a concurrent increase in organic matter. Grass, sedge, and water lily
(Nymphaea) pollen percentages rise significantly across this transition. Charcoal
concentration and influx also exhibit a dramatic increase. C:N ratios (from the larger
data set, Figure 11) make a stepwise shift to higher values. Together, these data suggest a
shallowing of the lake at this time.

The ratio of carbon to nitrogen (C:N) in sedimentary organic matter reflects the source
material contributing carbon to the sediment matrix (Meyers and Ishiwatari, 1993;
Meyers, 1997; Meyers and Teranes, 2001). Values below 10 are produced when
lacustrine algae is the primary contributor and indicate the presence of a relatively deep-
water lake; values above 15 indicate input from terrestrial plants, suggesting a shallow
near shore environment. Lacustrine sediment usually contains organic matter from both
sources with C:N ratios shifting along the spectrum through time.

The lower C:N values from 3000 to 1600 BP indicate that the organic matter in the
sediment was largely composed of autochthonous material, with relatively little terrestrial
carbon reaching this part of the basin. These values may reflect the presence of a deeper
lake occupying the basin at this time. Given the low topography and extensive
herbaceous wetland presently surrounding the lake, the implication here is important. If
water levels were even 2-3 meters higher than present, the surface area of Laguna Yaloch
would have been orders of magnitude larger than it is today. Beginning around 1700 BP,
C:N values start to rise and stabilize around 1550 BP, coincident with the drop in clay
deposition. High C:N values persist to the present. Increased input of terrestrial carbon
from 1550 to present suggests the coring site was, as it is today, in relatively shallow
water.

Elevated organic content, drop in clay input, and elevated C:N values may reflect the
establishment of the surrounding wetland between 1700 and 1550 BP. Available data do
not provide conclusive evidence for the cause of this transition. It is likely that persistent
erosional input of upland clay had an impact on local hydrology, slowly silting in the
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basin. The pollen data suggest a tipping point may have been reached when herbaceous
plants could establish themselves in the littoral zone, modifying the environment and
facilitating the expansion of terrestrial vegetation onto a shallow shelf. Sediment
property data from Laguna Ek’Naab show a shift to increased clay input and C:N values
at 1550 BP as well (Figure 14), suggesting that the cause may lie outside of strictly local
processes at Laguna Yaloch.

Fire History

The charcoal record from Laguna Yaloch represents the highest resolution fire
reconstruction from the Maya lowlands to date. Both empirical (Brubaker et al., 2009;
Clark and Royall, 1995; Higuera et al., 2005; Higuera et al., 2010; Lynch et al., 2004)
and theoretical (Clark, 1988; Higuera et al., 2007; Peters and Higuera, 2007) studies have
shown charcoal particles of the size fraction presented in this report provide an accurate
record of fire events ranging from 500m to 10 km from the lake. The Laguna Yaloch
concentration and influx values generally track each other, indicating that shifts in the
influx rate of charcoal are not driven solely by constraints in age-control.

The relationship between modern burning and modern charcoal influx offers insight into
how source area is reflected in the record. The charcoal content in the upper centimeter
of sediment at Laguna Yaloch represents the last ~40 years. According to local loggers
living at Laguna Yaloch in 2005, the wetland surrounding the lake burns annually. The
composition of the present day plant community reflects this impact; woody vegetation
on the wetland is characterized by pioneering, fire tolerant species, and fire scars were
present on nearly all individuals observed during the 2005 field season (Figure 21). The
baseline data in the upper cm of sediment represent charcoal input resulting primarily
from fires on the local wetland. Given the local topography, it is probable the elevated
levels of charcoal input observed in the prehistoric period represent a signal of burning in
the uplands surrounding the lake. The charcoal record from Laguna Ek’Naab is
forthcoming, and, once completed, will help to refine our understanding of local vs.
regional signals in charcoal records from small to mid-sized lakes in the Maya lowlands.

Changes in charcoal deposition rates suggest dramatically different fire regimes near
Laguna Yaloch over the past 3150 years. Influx data show low but persistent burning in
the early Middle Preclassic followed by a near absence of fire for the rest of the
Preclassic and early Classic periods. Values rise dramatically at the zone 4/3 boundary,
reaching significantly higher levels rapidly after 1550 BP. The highest sustained
charcoal influx (x = 56.94/yr) for the entire record is present in the Early Classic period
from ~1550 until ~1480 BP (AD 400-480). Influx then drops by more than 50%, but still
remains relatively high (x = 21.55/yr) for the rest of the Classic period. Charcoal is
nearly absent during the Terminal Classic; influx then rises to a brief, dramatic peak
around 1020 BP before dropping to relatively low levels (X = 9.62/yr) during the
Postclassic period. During the Colonial period charcoal influx drops by a factor of 3 (x=
2.69/yr).

Since the basal sediment of the Laguna Yaloch core terminates in the Middle Preclassic
period, it is difficult to assess whether burning was important during initial settlement. A
longer charcoal and pollen record from Cob Swamp (Belize) shows a dramatic increase
in charcoal associated with the onset of forest decline in the Archaic period, around 5000
BP (Pohl et al., 1996). Elevated charcoal values decline into the Preclassic period,
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however, and data from the upper portion of the Cob Swamp core is quite similar to those
found at Laguna Yaloch. The Cob Swamp forest taxa pollen and charcoal deposition
both remain low into the Middle Preclassic period and beyond, followed by a large,
resurgent peak of charcoal in the upper section. Unfortunately the age for the upper
section of the Cob Swamp core is poorly constrained and it is difficult to compare the
records beyond simply noting similar trends in the data. Although the early chronology
is problematic, pollen and charcoal data from Laguna Las Pozas (southwestern Peten)
also indicate a significant increase in charcoal associated with initial forest decline
followed by decreased charcoal deposition in the Maya period (Johnston et al., 2001).

The extremely low charcoal deposition rates during the Preclassic period are of particular
interest. There is ample evidence of nearby human activity;
4 Settlement data indicate significant populations at Cival, K’0 and Hamontun
during the Preclassic period
4 Zea pollen s present as early at 2800 BP and persists throughout the Late
Preclassic period
4 High sedimentation rates and elevated clay input indicate increased erosion
during this period.
Given the current understanding of Maya agricultural systems, we would expect to see
contemporaneous use of frequent, extensive burning, yet charcoal influx values are
consistently low compared to the Classic period. As noted in the previous paragraph, the
Cob Swamp data also show attenuated charcoal coupled with low forest taxa pollen
abundances in the Preclassic period, so this trend is not unique. While no direct evidence
exists, one possible explanation is that Preclassic agricultural strategies around Laguna
Yaloch focused on intensive methods (raised/ditched fields) as opposed to swidden
techniques.

It appears fire was much more common and/or local during the Classic Period than any
other period of the record. Though the settlement history for the Holmul region shows
demographic shifts coincident with the Preclassic/Classic transition, major site centers
maintained similar proximity to Laguna Yaloch. Large shifts in the charcoal influx data
are correlated with dramatic changes in core lithology, suggesting a connection with
changes in land use practices in the watershed. The baseline of modern charcoal
deposition records annual fires on the seasonal wetland surrounding Laguna Yaloch as
well as some input from burning to the east in Belize (currently the nearest fields are ~4.5
km from Laguna Yaloch). The high influx rates during the Classic period, significantly
above modern levels, suggest widespread burning of upland areas surrounding the lake.
The negligible change in forest taxa pollen during the Classic period reflects the more
regional extent of the forest taxa pollen signal. Forthcoming high-resolution
macroscopic charcoal records from the southern Maya lowlands will enable us to further
discern local vs. regional burning as well as how fire relates to forest cover, agricultural
activity and climate.

Climate

The carbonate horizon that comprises zone 2 at Laguna Yaloch is of particular interest
because it correlates temporally with evidence of drought in the northern Maya lowlands
(Curtis et al., 1996; Hodell et al., 1995; Hodell et al., 2001; Hodell et al., 2005a).
Carbonate content in alkaline lakes comes primarily from two sources: it is washed in
with surrounding soils and carried in aqueous solution as dissolved inorganic carbon.
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CaCO, precipitation from the water column, and subsequent incorporation into the
sediment matrix, can result from evaporative precipitation (usually, but not limited to,
closed basin systems) and/or biogenic precipitation related to photosynthetic induced
changes in pH (via CO, depletion) near aquatic vegetation and algae. The latter process
can be strongly influenced by turbidity and available nutrients, both of which are affected
by nearby human activity.

Although there is no sign of desiccation in the sediment during this period, the proxy
evidence suggests that lowered lake levels were responsible for carbonate deposition at
Laguna Yaloch. The decreased abundance of the aquatic taxa, particularly Cyperaceae,
Cladium, Nymphaea, and Typha, through zone 2 suggests a drop in lake level. Three of
the rare/extra-local pollen types increase through this zone: Quercus, Arecaceae and
Sesuvium-type. Increased oak pollen without a large shift in forest canopy may reflect
increased expanding oak savannas to the east, possibly tied to drier conditions. Likewise,
as many Arecaceae (palm) species are drought tolerant (Knox, 2005), increased
Arecaceae pollen would not be surprising if drier conditions drew down lake levels.
Finally, Sesuvium, a halophytic herb typically found in salt marshes (Lonard and Judd,
1997), exhibits increased abundances through zone 2; higher salinities may have provided
a competitive advantage for this plant during this period. It is worth noting that the ID on
this pollen type is currently tentative. The genus is present in Guatemala, and Yucatan in
general (Lundell, 1934; Standley and Steyermark, 1946), though botanical descriptions
are limited to coastal environments; more in-depth vegetation analysis near Laguna
Yaloch will be needed to confirm this interpretation.

8" Cyoy values become heavier during zone 2 and it appears that allochtonous organic
matter is driving the signal. The alternative interpretation of increased lacustrine algae as
the source of heavy carbon isotopes appears unlikely. If nutrient loading, replete with
algal blooms, pH changes and biogenic carbonate precipitation, was involved, there
would be a significant shift to lower C:N values. Moreover, Typha is well adapted to
eutrophic conditions (Rejmankova et al., 1996) and would likely increase in abundance,
rather than decrease. Therefore it appears that the relatively heavy 8"°Cy,, signal is
reflecting an increase in nearby C, vegetation. Drier conditions and/or increased
agricultural activity could lead to a relative increase in C, herbs, either of which may be
responsible. More pollen levels need to be analyzed through zone 2 to look carefully for
evidence of nearby agriculture. Overall, the data from Laguna Yaloch suggest lowered
lake levels leading to evaporative precipitation of carbonate in zone 2. Unfortunately we
are unable to look to the Laguna Ek'Naab sediment for comparison, as a hiatus of
sediment recovery spans this period.

The possibility that climatic drying caused the carbonate horizon, deposited from around
1200-1000 BP, is supported by comparing the Laguna Yaloch record with regional
paleoclimate records (Figure 22). Oxygen isotopes, bulk density, and evaporative
precipitation of gypsum from lake sediments in the northern Maya lowlands (Figure 3)
have been used to reconstruct regional climate variability of the late Holocene (Curtis et
al., 1996; Hodell et al., 1995; Hodell et al., 2005a). These records, from three disjunct
sites across the Yucatan peninsula, suggest consistently drier conditions during the
Terminal Classic Period (~1200-1000 BP). The timing of this dry period is important
because it coincides, roughly, with widespread abandonment of the southern Maya
lowlands.
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Settlement and Abandonment

The combined archaeological and paleoenvironmental data show evidence of settlement
in the Holmul region from the Middle Preclassic through the Terminal Classic periods.
Attenuated forest cover and high levels of clay input at the base of the Laguna Yaloch
core suggest that settlement predates the current paleoenvironmental record. The first
appearance of Zea pollen at 2800 BP provides the earliest direct evidence for agriculture
in the region and is in accordance with the findings of an early Middle Preclassic
residential complex near Laguna Yaloch. Following its initial appearance, Zea pollen is
intermittently present throughout the Preclassic and Classic periods.

High clay and magnetic susceptibility values in zones 6-4 indicate significant erosion
during the Preclassic period. This thick clay horizon is analogous to the “Maya Clay”
found elsewhere in depositional environments in the Maya lowlands. Similarly high clay
and magnetic susceptibility values in the Laguna Ek’Naab sediment indicate erosive
input in prehistory as well. Though we currently lack data from the Postclassic and
Colonial periods at Laguna Ek’Naab, the sedimentation rate clearly drops dramatically at
some point above 1200 BP, and the high organic content of the uppermost recovered
sediment (0-25 cm) shows a distinct shift away from clay input. Of note in both cores is
the higher level of upland clay input during the Preclassic period relative to the Classic
period. High rates of erosion in the Early and Middle Preclassic have been observed
elsewhere in the southern Maya lowlands (Beach et al., 2009; Dunning et al., 2002;
Hansen et al., 2002; Jacob, 1995; Wahl et al., 2007), and may be connected to a greater
abundance of easily eroded material present at the time of initial settlement.

Neither sediment cores show a clear signal of the Preclassic abandonment apparent at
many sites in the Maya lowlands (Estrada-Belli, 2005; Hansen, 1990b; Howell and
Copeland, 1989) though there is some evidence of changes in local land use near the end
of the Preclassic period. At Laguna Yaloch, Zea pollen drops out of the record between
~1875 and 1575 BP (AD 75-375). Urticales pollen abundances rise slightly at this time
as well, hinting at forest recovery. Many other proxies, however, remain constant at this
time, making it difficult to conclude that the area near the lake underwent an
abandonment. Clay input and magnetic susceptibility values at Laguna Ek’Naab rise
through the Preclassic period to a peak before declining rapidly around 1950 BP (AD 0).
8"Cgop values, also rise to a peak of heavy values ~2000 BP (50 BC) before dropping to
sustained lighter values that persist until ~1765 (AD 185). More analyses are needed to
explore whether or not these changes in proxy data at both Laguna Yaloch and Laguna
Ek’Naab are indicative of demographic shifts associated with a wider Preclassic
abandonment.

Results show evidence of anthropogenic activity near Laguna Yaloch during the Classic
period. Elevated disturbance taxa, continued (though lowered) clay input, extremely high
sedimentation rates, and persistently low forest taxa all point to human impacts. The high
charcoal concentrations and influx at this time most likely reflect anthropogenic burning.
During the middle Classic period, Zea pollen is scarce and 8"Cg,, values are relatively
light, perhaps suggesting less pressure.

The temporal association between apparent drought conditions in the Late Classic period
and widespread abandonment in the southern Maya lowlands has led some to suggest a

72



causal relationship (Gill, 2000; Haug et al., 2003; Hodell et al., 1995; Hodell et al.,
2005a). The data from Laguna Yaloch is of great interest, as they present enticing
evidence of drier conditions in the southern Maya lowlands during the Late Classic.
Moreover, the multi-proxy approach used here allows us to compare the climate signal
with evidence of local human activity in order to more fully understand causal
relationships.

As mentioned above, more levels need to be analyzed for pollen in zone 2 to have a clear
picture of local agricultural activity during this period. The lack of Zea pollen in the
three levels that fall within this zone is suggestive of abandonment, though the absence of
Zea pollen is not conclusive evidence for the absence of nearby agriculture. Forest taxa
pollen percentages remain low throughout this period, which would indicate persistent
population pressure. Although anomalously dry conditions may have suppressed forest
recovery, the continuity of low forest taxa pollen abundances from zone 6 to zone 2
makes such an interpretation tenuous. Peak Asteraceae and Ambrosia values point to
sustained agricultural activity, as do the heavy 8"°Cy,, values. The near complete

absence of charcoal deposition in zone 2, however, does indicate less burning.

The pollen record at Laguna Yaloch sheds light on any connection between drought and
settlement in the region. Here we see the last occurrence of Zea pollen followed by forest
regeneration after amelioration of Late Classic dry conditions. If we assume the forest
taxa signal is somewhat regional, it appears that local populations persisted through the
dry phase, only to decline after wetter conditions returned. Population decline may well
have been underway during the dry phase, with smaller groups living near the lake after a
collapse of the political infrastructure. It is clear, however, that permanent abandonment
did occur, and the evidence shows that it happened after the anomalously dry conditions
of the Late Classic.

Conclusions

This project has established a chronology of environmental change and human settlement
in the Holmul region of the southern Maya lowlands. The use of multiple lines of
evidence with firm chronological control clarified the timing of major cultural events,
furthering our understanding of prehistoric human/environment interactions in a lowland
tropical environment. The novel approach of combining environmental proxy data with
nearby settlement surveys creates a robust interpretive capability.

Our findings support and build upon the archaeological record in the Holmul region and,
in a broader context, the southern Maya lowlands. While we cannot speak to the timing
and extent of initial impacts associated with the arrival of agriculture in the area, the data
produced here provide a youngest date for anthropogenically induced environmental
change. Evidence of ecological disturbance at the base of the Laguna Yaloch core shows
impacts from nearby populations as early as the Middle Preclassic period. The presence
of Zea pollen at ~850 BC provides the earliest direct evidence of agriculture in the area.
The last appearance of Zea pollen, drop in disturbance taxa and rapid increase in forest
taxa indicate local abandonment occurred ~ AD 1000.

The archaeological survey of Cival, concomitant with nearby paleoenvironmental

research, produced the first opportunity to observe Preclassic settlement and land use
patterns in the Maya Lowlands without the overburden of Classic period architecture.
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Our data show for the first time that initial occupation in the Cival landscape was not a
nucleated village on the hill of the ceremonial center-to-be, as may have been reasonably
expected. Instead, the first inhabitants of the Cival community (~ 800 BC) lived on hill-
top farmsteads widely dispersed in a 3.7 km radius around the main hill. Construction of
the first ceremonial plaza was contemporary with the first farming occupation and is not a
result of gradual population increase. This pattern has important implications for our
understanding of the formation of Maya civilization.

Based on the distribution of early settlement units, we infer that the clayey soils at the
edge of seasonal wetlands were the primary focus of farming and other economic
activities of the earliest inhabitants. Major investment in draining and/or raising fields or
terracing was not encountered, contrary to expectations based on previous wetland
surveys in Belize and northern Guatemala. Instead, our study of the local hydrology
suggest that farmers may have been able reap the benefits of multiple harvests by simply
timing their crops with seasonal floods.

The dispersed settlement of the Middle Preclassic period transitioned into a thickly
settled landscape during the Late Preclassic period. At this time, settlement units of all
sizes and complexity dotted the landscape, similar to the pattern of elite land tenure
observed at Classic period sites such as Seibal, Tikal and La Milpa. These data
increasingly emphasize the complex pattern of resource management surrounding
Preclassic ceremonial centers. The subsequent Classic period occupation in the area was
low-density until final abandonment ~AD 1000.

Evidence for anomalously dry conditions from ~AD 775-920 at Laguna Yaloch
correspond with similar evidence from studies in the northern Maya lowlands. Our
multi-proxy approach enables us to assess how this climate event may have affected local
populations. Higher sampling resolution for pollen is necessary to discern whether or not
people were living near the lake through this period. Our findings do show, however, the
presence of nearby burning and agriculture after a return to moister conditions, and that
abandonment of the area did not occur during the dry phase in the Late Classic. While
these results do not necessarily rule out the possibility that drought played a role in the
breakdown of the socio-economic functioning of Classic period Maya society, they do
raise questions about correlations between drought and abandonment in the southern
Maya lowlands.

We have produced the highest resolution fire history in the Maya lowlands, with sub-
decadal resolution for most of the last 3150 years. Charcoal analysis shows that fire was
less important in the Preclassic period than the Classic period. Changes in settlement
patterns do not appear to be driving the signal, raising the possibility that a shift in
agricultural strategies may be responsible. Baseline data from modern samples indicates
that burning in the Classic period was predominantly in the uplands surrounding Laguna
Yaloch. Future work on a series of cores from across Peten will help constrain the nature
of the charcoal signal at Laguna Yaloch (i.e., local vs. regional).

Finally, this study has provided training and mentorship to undergraduate and graduate
students in Archaeology and Geography. Two undergraduates benefited as paid
technicians and were trained in nearly all aspects of the sediment core analyses that were
carried out during this study. One of them went on to pursue a PhD in Geography at the

A



University of Wisconsin-Madison. Two Guatemalan undergraduate students were trained
in settlement survey methods and GIS. One of them is completing a Licenciatura thesis at
Universidad San Carlos, Guatemala based on analysis of Cival settlement generated by
this research.
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Table 1:

AMS Radiocarbon dates from Laguna Yaloch. Samples that were not analyzed for 8"°C were
assigned an assumed value of -25%o.

Radiocarbon  Age Range Median Calendar
Age 20 Age Year
Depth (cm)  Lab No. d"°C “Cyr.B.P. (calyr.B.P.) (cal yr.B.P.) (AD./B.C)
11 CAMS148151  -25%o 320 £35 305-475 390 A.D. 1560
38 WW7098 -25%o 1120 £35 938-1167 1020 A.D.930
52 WW6555 -26%0 1152 £35 979-1173 1075 A.D. 875
100 WW7655 -28.19%0 1520 £25 1344-1516 1400 A.D. 550
107 WW6551 -25%o 1603 +£36 1404-1563 1480 A.D. 470
142 WW7099 -15.24%o 1670 +£30 1520-1692 1575 A.D. 375
199 WW6553 -25%o 2258 +37 2155-2346 2235 285 B.C.
259 WW7100 -25%o 2660 +40 2739-2849 2775 825 B.C.
333 WW6552 -25%o 2801 +41 2785-3000 2905 955 B.C.
358 WW7765 -29.07%0 2865 +25 2887-3072 2985 1035 B.C.
Table 2:

AMS Radiocarbon dates from Laguna Ek’Naab. Samples that were not analyzed for §"°C were
assigned an assumed value of -25%c.

Radiocarbon Age Range Median Calendar
Age 20 Age Year
Depth (cm)  Lab No. $"C “Cyr.B.P. (calyr.B.P.) (cal yr.B.P.) (A.D./B.C)

71 WW7015 -25%o 1295 +40 1096-1299 1235 AD.715
85 WW7660 -28.86%0 1290 £25 1178-1283 1240 AD.710
140 WW7097 -25%o 1520 +40 1333-1520 1405 A.D. 545
233 WW7016  -27.34%o0 1625 +30 1414-1597 1520 A.D. 430
275 WW7017 -11.43%0 1670 +£30 1520-1692 1575 A.D. 375
314 WW7661 -25%o 1825 +30 1636-1828 1765 A.D. 185
363 WW7662  -26.53%o0 1860 £25 1724-1868 1795 A.D. 155
390 WW7663 -25.95%o 1955 +30 1827-1952 1905 A.D.45
425 WW7018 -28%o 2120 +30 1999-2293 2095 145 B.C.





