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Introduction
The ways in which societies have adapted to a changing environment in the past 

has implications for how we will adapt in face of those changes today. Along the coast of 
the Yucatan Peninsula, the Maya civilization flourished and eventually dispersed over the 
past 4,000 years. During this period, sea level rose and may have been the cause for 
abandonment of many coastal settlements. 

My research is part of the larger Proyecto Costa Escondida (PCE), which aims to 
gain a better understanding of how the Maya of the north coast of the Yucatan Peninsula 
adapted to this coastal environment over the millennia. In order to understand the ebb and 
flow of settlement, the project has assembled an interdisciplinary team that includes 
experts in both environmental and archaeological sciences. My purpose is to provide 
geological evidence of environmental change to archeologists who can then pair this 
information with the archeological record to determine its impact on local cities. 

In this project, I used sediment cores to reconstruct environmental changes on the 
north coast of the Yucatan Peninsula at an archeological site called Vista Alegre – the site 
of a once-thriving Maya community that shows signs of environmental changes from sea 
level rise. As sea level continues to rise today, a better understanding of how a coastal 
population like the Maya was impacted by their changing environment and how they 
adjusted to the encroaching coastline will provide insight into the way coastal 
communities interact with the environment today and what outcomes can be expected.
Multiproxy Records of Sediment Cores

Sediment cores are rich environmental archives. In the three cores I used for this 
reconstruction, observable changes in the type of material preserved, or the lithology, and 
density represent shifts in the environment of deposition. The lithology, together with the 
analysis of the composition and chemistry of the cores constitute a multiproxy record of 
the past depositional environments. I compared this record to modern environmental 
analogues I observed in the field in December 2011 to reconstruct changes in 
paleosalinity, interpreted as seawater inundation, identify marine transgressions and 
detect the lateral variability of the environment. 

The longest core had four pairs of alternating beds of fine grain sediment and of 
large shell material beneath a cap of mangrove peat. The most inland core showed a 
similar lithology with four thinner pairs of these alternating beds beneath a small 
mangrove cap. The third core, taken from a mangrove island, had one coarse shell bed in 
a large, mostly active mangrove peat. 

Carbon-14 dates of shell and peat material in each of the cores show that the four 
beds correlate from the inland bay to a more offshore environment with the younger 
mangrove island developing on top of these sequences. I have interpreted these pairs of 
beds to represent small oscillations in sea level, with shell intervals deposited during sea 
level rises. These parasequences stack in an overall transgression of the coastline.
Paleosalinity Model

Geological materials contain stable isotopic values that reflect the source 
materials and processes that they have been subjected to. Of particular interest here is 
oxygen in the bulk sediment carbonate fraction, which comes from the water the calcite is 
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precipitated from. The �18Ocarb of the resulting carbonate will reflect the 18O/16O ratio of 
the water. Thus, processes that control the isotopic composition of this pool can be 
reconstructed by looking at the �18O of carbonate sediments. 

Evaporation results in the depletion of 16O in the remaining water because it is 
kinetically favorable to remove the lighter isotope, preferentially leaving behind the 
heavier 18O. As a result, precipitation is isotopically lighter than seawater, so it will result 
in an increase in 16O content of the water when it rains. By extension, meteoric water 
released into coastal zones will also be isotopically lighter than the seawater.

These two processes controlling the �18O of seawater also affect the salinity. 
Evaporation increases the salinity and increases the �18O of the water while precipitation 
decreases salinity and decreases �18O of the water. The value of �18O of a carbonate is 
directly related to the salinity of the water from which it precipitated and therefore serves 
as a proxy for paleosalinity. 

I found that the cores had oscillating oxygen isotope values indicating an 
alternating sequence of flooding with seawater during sea level rise and drawback of 
seawater when sea level falls. These chemical oscillations correlate with the alternating 
shell and fine grain beds in the cores, corroborating the record of sea level rise.
Environmental Reconstruction

Vista Alegre is a dynamic, laterally variable coastal environment with strong 
seasonality of water chemistry that has been changing under the control of rising sea level 
over the past 2,500 years. 

The multiproxy sediment core record shows four laterally continuous 
parasequence sets that combine to form an overall transgression of sea level. This 
indicates that sea level rise has been the dominant control on the environment over the 
past 2,500 years. Stable oxygen isotope values of carbonates reflecting mixing of 
meteoric and seawater are the primary chemical mechanism by which this sea-level rise 
is recorded in the sedimentary record. In combination with the lithology, where 
transgressive facies are observed, there is strong evidence for this interpretation.

The modern environment has large seasonal shifts in salinity caused by 
evaporation and mixing of meteoric and seawater. The superposition of this strong 
seasonal cycle on gradual sea level rise predicted by the model over the last 2500 years 
provides for an interesting picture of water availability to people inhabiting Vista Alegre. 
It appears that even now, fresh water is available and for at least part of the year. When 
sea level was a meter lower, the coastline would move significantly and water may have 
been available year round. 
Future Directions

This reconstruction will form the environmental basis for the results of the 
ecological and archeological studies of Vista Alegre currently underway. As research 
continues, a multifaceted understanding of this site will evolve into a story of how the 
civilization and the environment changed together. 

By taking leadership with this research project I have gained experience 
determining methods to use to answer specific research questions, working in the field 
and the lab, writing a grant proposal to fund my work and interpreting my results in the 
context of published literature. I completed my honors thesis in earth sciences with the 
results from this research. This experience has been central in my decision to pursue 
research in earth science at the PhD level.


