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 INTRODUCTION

Once thought to be a period of climatic stability, 
the mid-Holocene has more recently been 
characterized as a dynamic time of changing 
global climate patterns and regional warming 
and cooling trends (Bond et al., 1997; Steig, 
1999).  With an increase in concern over the 
potential effects of current global warming, 
the mid-Holocene Thermal Maximum is of 
particular interest.  While evidence for rising 
tropical mid- to late Holocene temperature 
is abundant, dramatic changes in regional 
precipitation have been documented for this 
time period as well, most often as a transition 
from cool and dry to warm and wet conditions 
(e.g. Peterson et al., 1991; Hodell et al., 1995).  
Yet the onset, termination, and extent of 
changes in moisture can vary temporally and 
geographically.

The dominant control on the geographic 
distribution of tropical and sub tropical moisture 
in the Atlantic is the relative position of the 
Intertropical Convergence Zone (ITCZ) which 
is controlled by insolation and sea surface 
temperature (SST).  At present, the ITCZ is 
located farthest north in August and September 
and south in March and April (Black et al., 
1999) but the ITCZ rarely extends as far north 
as the Greater Antilles.  Numerous studies 
indicate that the ITCZ may have extended 
significantly farther north during the mid-
Holocene (e.g. Haug et al., 2001), but the 
actual northerly extent has not been fully 

determined.  Some models suggest an increase 
in precipitation as far north as the Dominican 
Republic during the mid-Holocene summer as 
the ITCZ moved north.

The primary goal of this Keck project was to 
characterize northern Caribbean paleoclimate 
variability during the Holocene and to 
understand how paleoenvironmental shifts 
in temperature and precipitation may have 
driven major facies shifts within a coral reef 
environment.  Key to understanding how 
climate affects reefs is the ability to determine 
the relative contribution of temperature and 
salinity to the marine environment.  Numerous 
proxy records of climate have been used to 
examine changes in aspects of the climate 
system beyond the limited instrumental record.  
In conjunction with detailed stratigraphic 
analysis, many carbonates (scleractinian corals, 
microfossils, etc.) provide proxy records 
of environmental conditions via temporal 
changes in geochemical composition.  Stable 
carbon (δ13C) and oxygen (δ18O) isotope values 
coupled with carbonate elemental concentrations 
are particularly useful for resolving regional 
temperature and precipitation patterns at intra-
annual (e.g. Swart et al., 1983; Cole and 
Fairbanks, 1990; Woodroffe and Gagan, 2000), 
even sub-weekly resolution (e.g. Patterson et al., 
1993; Patterson, 1998; Wurster and Patterson, 
2001).

This project focused on obtaining detailed 
proxy records of changes in Caribbean climate 
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(sea-surface temperature, salinity, precipitation, 
and storm activity) from ~9 to ~3 ka at both 
high and low resolutions.  A second goal of this 
project was to determine the nature of ecological 
response to paleoenvironmental changes via 
facies shifts within the Enriquillo deposits.

GEOLOGIC SETTING

The Enriquillo Valley (Fig. 1), located in the 
southwestern Dominican Republic, is home 
to perhaps the best preserved and exposed 
Holocene coral reefs in the world.  The unique 
exposure and preservation of Enriquillo 
carbonates makes this an excellent location to 
explore mid-Holocene climate change via proxy 
data (Fig. 2).  

Rising seas flooded the Enriquillo Valley from 
the east ~9.8 ka (Taylor et al. 1985).  Corals 
began to colonize alluvial fan deposits in the 
valley before ~ 9 ka, and by at least 7 ka a 
diverse and thriving coral reef community was 
established (Mann et al., 1984; Stemann and 

Johnson, 1992; Greer and Swart, in press).  
However, by ~4 ka the valley was cut off from 
the sea by erosion and sedimentation from the 
surrounding mountains.  A regional arid climate 
and intense evaporation eventually ‘drained’ the 
valley, leaving what is now a hypersaline lake 
that sits ~40 meters below present sea level.  
Coral reef and associated strata can be found 
exposed around much of the lake perimeter.   

Dominant facies include; 1) a massive 
coral facies dominated by Siderastrea sp., 
Montastraea sp., and Colpophyllia natans, 
2) extensive monospecific stands of Acropora 
cervicornis (staghorn coral), 3) laterally 
extensive, 3-meter high serpulid worm/tufa 
mounds, and 4) thin bedded alluvial carbonates 
with molluscan shell layers and microfossils.

Figure 1 Location maps showing the A) The Domini-
can Republic, B) a satellite image highlighting the En-
riquillo Valley, and C) sample locations around Lago 
Enriquillo, modified from Greer and Swart, in press.

Figure 2 The excellent exposure and preservation of 
Holocene corals and related sediments allows for high 
resolution proxy paleoenvironmental and paleoclimate 
analyses. This section (~1 meter in height) shows the 
massive coral facies (dominated by Siderastrea sp. And 
Montastraea sp. corals) exposed at Coral Graveyard.
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Las Clavellinas 

This location is dominated by a massive 
accumulation of A. cervicornis up to ~11 m in 
thickness with a well developed massive coral 
facies down slope.  Approximately 9.2 m of this 
section was sampled for high resolution dating 
and radiocarbon ages were determined for 50 
A. cervicornis samples from this location.  A 
cervicornis accumulated from ~9.4 to 5.8 ka at 
this site.   

Cañada Honda

Spectacular serpulid/tufa mounds cap a massive 
coral and less developed A. cervicornis facies 
with adjacent alluvial and molluscan carbonate 
facies at this site.  Termination of coral growth 
occurred between ~5.2 and 5.0 ka and serpulids 
dominated between ~4.4 and 3.7 ka at this 
site.  A Tagelus plebius razor clam layer has 
been dated at ~2.9 ka at this site, providing the 
youngest date for Enriquillo strata.

Coral Graveyard

This site is primarily comprised of the 
massive coral (patch reef) facies overlapped 
by accumulations of A. cervicornis that are 
clearly not in situ.  Coral accumulation here 
was contemporaneous with later reef formation 
(Greer and Swart, in press), ~5.4 ka.  

Abuela Grande

Geochemical and petrological analyses of 
serpulid worm tubes at Cañada Honda were 
compared with similar samples from this 
location (Guerard et al., 2004) which is 
dominated by the massive coral facies, but 
interrupted by thin layer of serpulid tubes within 
reef material.  This outcrop is capped by large 
Montastraea annularis corals that served as a 
substrate for serpulid mound aggregates.  

METHODS

Dominican Keck participants spent two weeks 
in the Enriquillo Valley mapping and collecting 
samples for laboratory analyses.  Methods 
varied according to individual project goals.  
Students generally worked in teams that focused 
on describing sample locations and obtaining 
coral, microfossil, serpulid, and/or mollusc 
samples (Fig. 3).  Taphonomy was assessed 
for all sieved and washed, coral and bivalve 
samples in the field (Fig. 4).  Coral diversity 
was assessed at Las Clavellinas and Coral 
Graveyard using standard quadrant sampling 
methods.  Site locations were surveyed using 
GPS.  Participants spent evenings discussing 
sampling strategies as well as sieving and 
cataloging samples (Fig. 5).  

Figure 3 Students Andy Taylor, Julia Jackson, and 
Lida Teneva sample A. cervicornis and bivalves at Las 
Clavellinas.
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Participants subsequently traveled to either the 
University of Saskatchewan or Washington 
and Lee University for two additional weeks 
of laboratory work.  Students at Washington 
and Lee cleaned and prepped samples for 
radiocarbon, stable isotope, petrological, 
SEM, and XRD analysis, micro-milling 
some carbonates for high resolution stable 
isotope analysis.  Students at the University 
of Saskatchewan prepared, micro-milled, 
and analyzed carbonates for geochemical 
data acquisition.  Corals and some shells 
were radiocarbon dated via Accelerator Mass 
Spectrometry at Lawrence Livermore.  All 
stable isotope analyses were performed at the 
University of Saskatchewan Stable Isotope 
Laboratory.  Each participant performed 
additional analyses at their home institution 
based on interest and available facilities.   

STUDENT PROJECTS

The larger goals of the project were to reconstruct 
high and low resolution tropical climate 
conditions from ~9-3 ka and to document the 
related rise and demise of a healthy fringing 
coral reef system as forced by changing 
paleoenvironment.  Student projects were roughly 
divided by facies and by climate proxy.  Julia 
Jackson, Lida Teneva, and Kelsey Dyck worked 
primarily with A. cervicornis coral samples from 
Las Clavellinas and Coral Graveyard to document 
changing climate and paleoenvironment from ~9-
6 ka.  Jean Taggart and Andy Taylor documented 
paleoenvironmental changes using bivalves from 
these same sites.  As a group, these students 
collected detailed taphonomy and diversity data 
from all transects.  Kelsey Winsor and Whitney 
Doss worked with the serpulid/tufa worm 
mounds to understand the timing and nature of 
paleoenvironmental conditions in the valley after 
reef demise, ~5-3 ka.  Pam Medley and Sarah 
Martell investigated more recent environmental 
variability using microfossil diversity, abundance, 
and ostracode pore morphology.  Projects were 
further refined as listed below.  

Whitney Doss (Washington and Lee University) 
used high and low resolution stable isotope 
data to better understand the paleoenvironment 

Figure 4 Kelsey Dyck sieves and records taphonomy 
data for coral samples at Las Clavellinas.

Figure 5 Keck participants discuss sampling strategies 
and compare notes in the ‘field lab’ at the end of the 
day.
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of serpulid/tufa mound formation at Cañada 
Honda.  For comparison she analyzed the 
geochemistry of serpulids from in situ reef 
deposits and a thin, low diversity serpulid 
colonization layer at Abuela Grande.  

Kelsey Dyck (Carleton College) analyzed 
coral taphonomy data from all transects at 
Coral Graveyard and Las Clavellinas in order 
to quantitatively differentiate in situ deposition 
from transported coral accumulation within 
the fossil reef.  Kelsey also sampled A. 
cervicornis coral from the uppermost section 
of Las Clavellinas for stable isotope analysis to 
characterize paleoenvironmental conditions just 
prior to reef demise.  

Julia Jackson (Washington and Lee University) 
performed high resolution radiocarbon dating 
and stable isotope analyses of A. cervicornis 
corals from the base section of Las Clavellinas.  
The dates obtained served as a temporal 
framework for all other student projects and 
showed uninterrupted accumulation of A. 
cervicornis for ~2000 years in the Holocene.  
With these data, high resolution coral 
accumulation rate could be determined.  

Sarah Martell (Smith College) studied 
microfossil assemblages (foraminiferans, 
ostracodes, micro-molluscs, and miscellaneous 
other groups) to identify depositional micro-
facies at Las Clavellinas.  Emphasis was on 
documenting stratigraphically the transition 
from stable, normal marine conditions to 
conditions of fluctuating salinity.  

Pamela Medley (University of Mary 
Washington) used pore morphometric and stable 
isotope data from ostracodes isolated from high 
resolution samples from the Cañada Honda 
stratigraphic section to determine paleosalinity 
shifts during later reef and post-reefal 
accumulation and to construct a basin model for 
changing paleosalinity conditions.  

Jean Taggart (Beloit College) conducted a 

multifaceted study of general paleoclimate 
conditions throughout the entire A. cervicornis 
accumulation period using stable isotope, 
population density, diversity, and taphonomic 
analyses of bivalves from Las Clavellinas 
and the Coral Graveyard.  Emphasis was 
on identification of changes in precipitation 
associated with ITCZ migration and the onset of 
the Holocene Thermal Maximum.   

Andrew Taylor (Amherst College) analyzed 
stable isotope data from bivalves at Las 
Clavellinas and the Coral Graveyard to 
investigate the paleo- ITCZ precipitation 
throughout the Holocene and the relative 
contribution of temperature and precipitation 
to stable oxygen isotope variability during reef 
formation.  

Lida Teneva (Franklin and Marshall College) 
focused on reconstructing paleoclimate 
conditions during early reef formation using 
stable isotope and elemental data from A. 
cervicornis that accumulated upslope (in 
shallower water) from the base section at Las 
Clavellinas.  Lida contrasted her data with data 
from the Jackson study to understand how stable 
isotope data may reflect reef microenvironments 
and coral depth.  

Kelsey Winsor (Smith College) mapped 
serpulid mound formations at Cañada Honda 
and examined the contact between reef and 
serpulid deposits to better understand the timing 
and nature of environmental transition after 
~5 ka.  Kelsey also focused on determining 
the relative contribution of tufa and serpulid 
aggregation to formation of these unusual 
deposits.  
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