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Vista Alegre – A story of environmental change 

 Societies today and in the past have developed on coastlines despite the challenge of reliably 
finding fresh water and the danger implicit in living nearby the ocean. 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 rapidly [3] and may have been the cause for 
abandonment of many coastal settlements. Sediments deposited during this time period contain a 
detailed record of the climate, ecology and hydrology of the system. My research will interpret 
specific chemical and physical data preserved in sediments from coastal mangroves to describe 
past environments. Cores of sediment were collected from 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. 

Yucatan Peninsula & Water Resources     The Yucatan Peninsula is an expansive, flat platform 
composed of soluble carbonate rock. The platform is reshaped by water to create a complex 
landscape called karst where groundwater flows in underground rivers. The only source of fresh 
drinking water is rainwater, which accumulates below ground in a lens that floats on encroaching 
seawater. This direct connection to the ocean means with rising global sea level, the freshwater 
lens will rise and thin, causing the freshwater to drain out of the karst system and flood wells and 
ponds with salt water. The impact of this loss of freshwater resource on both the natural coastal 
ecosystem and Maya settlement is critical. 

Vista Alegre & Core Material     The Vista Alegre study site contains thriving mangrove 
ecosystem and nearby areas of hypersaline ponds with the remains of a dwindling ecosystem 
where only a few mangrove trees survive. These dead zones have a layer of sticky “mung” on 
top of healthy mangrove deposits. This landscape is the backdrop for impressive ruins of a Maya 
port city, part of a long-distance maritime trade route.  
 As part of a broader archeological study of the Maya at this site, sediment cores were 
collected from coastal zones in Vista Alegre, both from the healthy mangroves and from 
hypersaline dead-zones. Half of this core material is in Israel, where it will be analyzed for 
micropaleontology (forams); I plan to capitalize on the remaining available material for my 
project. I will apply standard analysis methods to the core samples to address my research 
question: How has the environment and fresh water distribution at Vista Alegre changed since 
the time of Maya inhabitation? Two water chemistry surveys of the region have been completed, 
once at the time of collection of the cores in the dry season and once by me at the end of the 
rainy season this past December. I will use these data in conjunction with multiple measurements 
from the cores to synthesize a probable history of the environmental changes and impact of 
rising sea level.  

Paleoenvironmental Reconstruction – Modern Analogues, Sea Level & Salinity    Sediment 
cores are rich environmental archives. Observable changes in the type of material preserved, or 
the lithology, and density represent shifts in the environment of deposition. For example, 
mangrove peat may be deposited in a dense patch of mangrove trees while a layer of carbonate 
mud and shells is deposited in a nearby open water tidal channel as I observed during a site visit 
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in December 2011. Thus, sequential physical and chemical examination of the core layers and 
comparison to modern surface data will allow me to reconstruct the past environment. 
 The coastal system usually accumulates sediment fast enough to keep up with slow 
inundation from ocean water. Thus, peat from a healthy mangrove that is well constrained in 
time and not significantly compacted is an indicator of past sea level. However, rapidly rising sea 
level can destroy the coastal ecosystems [2], [9], creating dead-zones and hypersaline muck 
similar to what is seen at Vista Alegre today. Many studies suggest the that drought was a key 
detrimental natural force on the Maya [5], [6],[7]. The dead mangrove zones in this once 
flourishing ecosystem may implicate sea level rise as a contributor to the ecological and political 
demise, a natural force not previously recognized to be of significance to the Maya. 
 Rising sea level also floods the coastal fresh groundwater system. Chemical analyses, 
complimentary to the study of core lithologies, will allow me to reconstruct the past water 
salinity. The stable isotopes of oxygen have distinct ranges of values in fresh or marine water. 
These distinct values are incorporated into carbonate minerals in the sediments, creating a record 
of how the water varied from fresh through saline over time. I will observe these data in each 
layer along with a measurement of the organic matter concentration to reconstruct the dynamics 
of the mangrove ecosystem productivity with rising sea-level and the changes in water salinity. 

Methods     I have selected 3 representative cores to study from the set of 12 based on field 
observations and the lithology of the 1 cm increment samples now at Northwestern. To attach 
time constraints to the cores, I have selected intact shell samples in good condition (thus unlikely 
to have been transported) from distributed depths and submitted them for carbon-14 dating (14C). 
The density of the 1 cm increments will reveal non-visual changes in the sediment bulk 
composition, and allow me to target chemical analysis. I will measure organic material using loss 
on ignition at 5 cm intervals in the cores. Stable oxygen isotope analysis of the carbonates will 
enable me to determine of the proportion of seawater to freshwater that was present in the system 
as the heavier oxygen isotope (18O) is more common in seawater than freshwater (I will take the 
temperature dependence of 18O incorporation into carbonates into account when interpreting 
these data [10]). I will compare seasonal ranges of salinity in the modern environment to the 
results of this analysis. All of the stable isotopic analysis will be done in the newly completed 
Integrated Laboratories for Earth and Planetary Sciences (ILEPS) here at Northwestern. 
Together, all of these measurements will constitute a multi-proxy analysis of the cores. This type 
of study is very powerful because each measurement provides an insight of its own as well as 
corroboration of the trends of the other proxies.  

Personal Statement     During a semester at Woods Hole Marine Biological Laboratory (2010) 
and then as a summer intern at WHOI in 2011, I gained knowledge of marine and forest 
ecological systems relevant to this research project. I also studied the techniques of stable 
isotopic analysis in these systems and learned how to make these measurements using a mass 
spectrometer. I have firsthand experience at Vista Alegre and in the Yucatan Peninsula; I 
participated in a 10-day field season with my faculty advisor on this project. This knowledge of 
the geology and ecology of the area will help me contextualize my research results. By taking 
leadership with this research project for my senior thesis in earth sciences, I aim to be better 
prepared for graduate studies at the PhD level.    
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