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ABSTRACT 

This dissertation evaluates the hypothesis that hurricane activity levels in the North 

Atlantic during the late Holocene have been driven by latitudinal movements of the North 

Atlantic circulation system. Multi-millennial sedimentary proxy records, based on the occurrence 

of overwash clastic layers, provide clear evidence of abruptly alternating periods of hurricane 

landfall frequency for Nicaragua and Belize. Three Belizean transects exhibit an Active period 

(hyperactivity) occurring from ~2000-6000 cal yr BP, although dating is inconsistent across the 

transects. An Active period covering the last 500 years is found at one location. The Nicaraguan 

record, derived from three transects covering >90 km of coastline, consistently displays an 

Active period covering the last 800 years, preceded by a Quiet period that lasts until at least 

~2800 years BP, before which time environmental factors render the sites insensitive. For both 

coastlines the calculated strike frequency increased by a factor of 3-12 during Active periods.  

The Barbados depositional record is characterized by sudden shifts from organic to clay, 

attributed to increased aridity, with the arid periods being roughly contemporaneous with the 

Active periods occurring in Belize and Nicaragua, as well as periods of southern residency of the 

Intertropical Convergence Zone. Latitudinal movements of a unified North Atlantic circulation 

system were probably the driver of these changes, with southern migration increasing both 

landfall frequency and aridity regionally.   

When correlated with published records, the timing of activity regime changes identified 

from our sites indicates that periods of increased hurricane activity proceed across the North 

Atlantic in a time-transgressive manner, with the Caribbean hyperactive period preceding that of 

the Gulf of Mexico. The Active period for Nicaragua beginning ~850 years BP is anti-phase with 

a recently published model, predicated upon basin-wide synchroneity in activity patterns. This 
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discrepancy possibly results from differences in spatial coverage, as correlations between 

hurricane landfall and track patterns indicate three distinct groupings resulting from atmospheric 

conditions. The basin-wide pattern is derived from locations contained within a single (Atlantic 

coast) track set, while our time-transgressive model is derived from sites within both the 

Caribbean and Gulf of Mexico track sets. 
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CHAPTER 1 INTRODUCTION  

 

1.1 Introduction 

Tropical cyclones are extremely powerful events that can cover tens of thousands of 

square kilometers, produce battering waves, high storm surges, heavy rainfall and winds  > 300 

kph. Globally, they cause more death and property damage than any other class of natural 

disasters (Murnane, 2004). In the North Atlantic  (NA) these storms, called hurricanes, have 

killed between 300,000-500,000 people over the last 500 years (Rappaport and Fernandez-

Partagas, 1997) and have caused damages averaging ~ $10 billion/year (in 2005 dollars) since 

1900 in the United States alone (Pielke et al., 2008). Even in the highly industrialized United 

States individual storms can cause vast destruction producing long lasting politico-economic 

effects at the national scale, as evidenced by such recent storms as Ivan (2004), Katrina and Rita 

(2005), and Ike in 2008. The human suffering resulting from tropical cyclones, though 

unquantifiable, is tremendous, especially in less developed countries. Examples are the unnamed 

1970 cyclone that killed more than 300,000 people in Bangladesh (Murnane, 2004); and Cyclone 

Nargis that killed >100,000 in Myanmar in 2008 (United Nations, 2008). The damages caused by 

Mitch in 1998 in both Nicaragua and Honduras approached their respective gross domestic 

products (Murnane, 2004), while Haiti was devastated by a series of storms in 2008 that 

damaged or destroyed > 50,000 homes and left >100,000 people homeless (International 

Federation of Red Cross and Red Crescent Societies, 2008).  

Hurricane can also cause tremendous ecological damage, with Katrina, Rita and Ike all 

demonstrating that hurricanes can lead to the collapse of barrier islands, drive shoreline retreat 

and devastate forests along the northern coast of the Gulf of Mexico (Chambers et al., 2007; 



2 

 

 Culver et al., 2007; FEMA, 2008). This, of course, increases the potential damage of future 

hurricanes. 

The effect of climate change on the frequency and intensity of tropical cyclones has 

recently become a focus of intense debate. Several studies, both empirical (Emanuel, 1987, 2005; 

Walsh and Ryan, 2000; Webster et al., 2005; Elsner et al., 2008; Saunders and Lea, 2008) and 

modeling-based (Knutson et al., 1998; Knutson and Tuleya, 1999, 2004) indicate that the current 

global warming regime does/should result in an increasing percentage of intense hurricanes 

and/or an overall general intensification of storms. Many researchers have disagreed strenuously 

with this view, based primarily on the inability of reliably distinguishing trends from the current 

data set, given its  various instrumental inadequacies (Landsea, 2005, 2007; Pielke et al., 2005; 

Kossin et al., 2007), but also due to objections raised by theoretical and atmospheric constraints 

(Wang and Lee, 2008). As ~85% of the damage in the United States is inflicted by major storms 

(category 3 or above on the Saffir-Simpson scale) (Pielke et al., 2008) increases in either average 

or maximum hurricane intensity could result in very significant increases in overall damages. 

Clearly, a better understanding of tropical cyclone mechanics is of great societal 

importance. Of particular importance are controls over track locations. From a societal viewpoint 

even large, intense hurricanes that stay far enough offshore to not affect coastal areas are of little 

concern. Therefore, in addition to understanding frequency and intensity changes, attention must 

be paid to the geo-spatial distribution of landfall locations. The determination of accurate long-

term return intervals and average annual probability of landfall for hurricanes for any (or all) 

coastal locations throughout the North Atlantic would be extremely useful for governmental 

agencies, coastal managers and other policy making entities. However, currently this is not 

possible, especially for major hurricanes, as the instrumental record extends, with decreasing 
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accuracy, only back to the mid nineteenth century (Neumann et al., 1993; 

http://www.nhc.noaa.gov/pastall.shtml.)  Return intervals have been calculated for coastal 

communities along the entire coast from Mexico to Canada (Keim et al., 2007);  however, even 

based on a 120 km wide storm swath,  calculations for  22 of the 45 localities are based on a 

single major hurricane strike for the  entire 105 year period investigated;  eight others have been 

hit only twice. Clearly, this data set is too small to generate useful statistics. Calculating return 

intervals for the most damaging storms is statistically impossible, as there have been only three 

category 5 landfalling US hurricanes during the length of the NOAA database (Blake et al., 

2005), for all localities the number of cases is either zero or one. Additionally, these return 

intervals are calculated by dividing the number of years examined by the total number of strikes, 

ignoring well recognized changes in activity levels, such as the Atlantic Multidecadal Oscillation 

(AMO), under which North Atlantic hurricane activity fluctuates between ñActiveò and ñQuietò 

periods on a multidecadal time scale (Enfield et al., 2001). Naturally, lower frequency 

oscillations (centennial length and longer) will be completely missed in the historical record, 

although shifts in hazard regimes need to be incorporated into risk and vulnerability calculations 

(Nott, 2003).  

1.2 Paleotempestology 

This inability to identify longer term changes in hurricane activity is being met by 

paleotempestology, which is the examination of the hurricane record by historical and geological 

investigative methods. The driving force behind this relatively new field is the desire to extend 

the database chronologically in order to determine temporal-spatial changes in hurricane activity. 

Hurricanes in the North Atlantic Basin (which includes the Gulf of Mexico and the Caribbean) 

have been recorded sporadically for centuries, with the earliest known records dating from the  

http://www.oar.noaa.gov/pastall.shtml
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time of the Maya civilization (Konrad, 1985; Rappaport and Fernandez-Partagas, 1997; Dunning, 

personal communication), with an enigmatic glyph from Naranjo Alter I possibly recording an 

event dated June 3, 544 AD (Houston, 2006).  More accessible and systematic records began in 

the earliest post-Colombian period with the town of Isabella on Hispaniola, founded by 

Columbus, being recorded as destroyed by a hurricane in 1495 (Rappaport and Fernandez-

Partagas, 1997). These early records are far from complete, however, as storms were at best 

recorded only in populated land areas and when encountered at sea. Many of these records were 

subsequently lost through happenstance over the intervening centuries, particularly from the 

sinking of ships. Land based records are naturally skewed by the lack of literate populations in 

many areas. The most complete and accurate North Atlantic record is NOAAôs HURDAT, or 

ñbest trackò data, based principally on U.S. Weather Bureau information and currently extending 

to 1851 (Neumann et al., 1993; HURDAT database http://www.nhc.noaa.gov/pastall.shtml), but 

complete and reliable information for the North Atlantic as a whole only began with aircraft 

reconnaissance in the 1940ôs. Satellite data has since improved this record. Lack of 

instrumental/procedural homogeneity, however, limits the ability of the even the best track 

record to identify long-term trends (Landsea, 2005, 2007; Pielke et al., 2005; Kossin et al., 

2007). 

Due at least partially to the brevity of this historical record, no clear understanding of 

hurricane activity changes has emerged. Various researchers have proposed frequency cycles of 

varying lengths, resulting from a variety of causative agents, but no consensus has emerged. For 

example, Reading (1990) detects an obvious decadal variation in frequency, while Caviedes 

(1991) views the variation as ñsurgesò, subdecadal in period, caused by a connection with the El 

Nino-Southern Oscillation (ENSO) system; Liu and Fearn (2000a,b) see a negative correlation  

http://www.oar.noaa.gov/pastall.shtml
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between activity in the Gulf of Mexico and the Atlantic coast of the United States on a millennial 

timescale, whereas Boose et al. (1997) views New England hurricanes as temporally clustered.  

 In order to resolve these issues, paleotempestology attempts to extend the hurricane record by a 

variety of means. One method recreates historical storms by combining historical data with 

computer models in order to improve track paths (Boose et al., 1997, 2001). This model, of 

course, depends upon the availability of sufficient historical records and can, at best, only extend 

the record through colonial times. Other researchers correct the historical records by a variety of 

archival means (Sandrik and Jarvinen, 1999; Mock, 2004, 2009; Chenoweth, 2006, 2007; 

Garcia-Herreraet al., 2007). An example of this method is Rappaportôs (1999) reconstruction of 

the 1775 hurricane(s), which researched colonial newspapers, dairies, Lloydôs List, company 

reports and logs from more than 20 vessels, including a canoe. Several studies compiled primary 

sources to establish regional records; important early ones being Poey (1856); Redfield (1831); 

Stormy Jack (1848); Tannehill (1956); Ludlum (1963); Millas (1968); and Salivia (1972). 

Particularly complete is the six volume work by Partagas and Diaz (1995a, 1995b, 1996a, 1996b, 

1997 and 1999), covering the period 1851-1910. The longest known historical storm records 

(>1000 years in length), though of varying accuracy and completeness, are preserved in county 

gazettes from southern China (Liu et al., 2001).  

The investigation of pre-historic storms, however, requires the examination of the 

geologic record, and most importantly, the selection of an appropriate proxy. To be useful, the 

chosen proxy must be: 

1. Instrumentally measurable and individually resolvable 

2. Preservable 

3. Datable 

http://www.aoml.noaa.gov/hrd/Landsea/Partagas/index.html
http://www.aoml.noaa.gov/hrd/Landsea/Partagas/index.html
http://www.aoml.noaa.gov/hrd/Landsea/Partagas/index.html
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4. Verifiable by modern analog 

5. Attributable solely (or at least principally) to storms (i.e., preclusion of other causes). 

A variety of proxy records have been attempted, including the dating of beach ridges 

(Hayne and Chappell, 2001; Nott and Hayne, 2001), speleothems (Malmquist, 1997; Frappier et 

al., 2007), tree rings (Stonebrunner, 1978; Johnson and Young, 1992; Doyle and Gorham, 1996; 

Donnelly, 2006; Miller et al., 2006; Rodgers et al., 2006) and corals (Nyberg et al., 2007). 

However, to date the most effective and oft-utilized method is the identification of overwash 

sand layers within the sediments of coastal wetlands, a technique pioneered by Liu and Fearn, 

(1993). The underlying assumption is that intense storms generate such large storm surges that 

the barrier dunes are crested and sand is deposited in fans landward of the dunes. Commonly, 

major storms (Category 3 or greater on the Saffir-Simpson hurricane scale; storms with wind 

speeds greater than 50 meters/second [110 mph]) are required to deposit these proxy layers.  The 

layers can be quite distinct, usually consisting of light colored clastic material (quartz) 

interbedded with the typically dark, normally occurring back barrier organic deposition.  

These candidate layers are then subjected to a variety of more intense analyses to confirm 

their marine/beach origin, generally through the identification of environment-specific 

microfossils, such as diatoms, dinoflagellates, phytoliths and foraminifera (Collins et al., 1999; 

Scott et al, 2003; Donnelly and Webb, 2004; Liu, 2004). Sedimentary evidence, such as clastic 

layers thinning and fining landward also support marine origin, while internal structure, 

particularly fining upward sequences can identify the layers as event-generated. Dating is usually 

accomplished through radiometric and/or stratigraphic methods (Donnelly and Webb, 2004; Liu, 

2004). 
14

C is commonly used to date events older than 200 years BP, while 
137

Cs and 
210 

Pb  
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methods are used for more recent events. Loss-on-ignition analyses record the organic content of 

the material; abrupt drops in organic content commonly reflect a transported clastic layer.  

Working along the northern section of the Atlantic coast of the United States, investigators 

(Bravo et al., 1997; Donnelly et al., 2001a, 2001b, 2004; Scileppi and Donnelly, 2007) have 

successfully identified sand layers that represent historically documented storms using a variety 

of stratigraphical methods. On the Gulf Coast Liu and Fearn (1993, 1997, 2000a,b)  have 

similarly identified coastal sand layers as representing historical storms and have established a 

strike record extending up to 7000 years (Liu and Fearn, 2000a, b, 2002; Liu, 2004). Similar 

studies conducted on the Carolina coast (Collins et al., 1999; Scott et al., 2003) have obtained a 

5000-year hurricane record. Recently research has been extended to the Caribbean, with 

hurricane strike records being produced for Puerto Rico (Donnelly, 2005; Donnelly and 

Woodruff, 2007), Belize (McCloskey and Keller, 2009), St. Martin (Bertran et al., 2004), 

Nicaragua (Urquhart, 2009) and the Bahamas, Barbuda and Anguilla (Knowles, 2008).  

Significantly, the majority of the long records show long-term fluctuations in landfall 

(Liu and Fearn, 1993, 2000; Donnelly et al., 2001a, b; Scott et al., 2003; Liu 2004; Donnelly and 

Woodruff, 2007; Scileppi and Donnelly, 2007; Knowles, 2008; McCloskey and Keller, 2009). 

Typically, cores preserving a long enough record display alternating  ñActiveò (characterized by 

a high frequency of events), and ñQuietò (much less frequent landfalls) periods,  with these 

oscillations usually occurring on multi-centennial to millennial time scales. The changes in 

landfall frequency between the differing activity regime are too large to be explained (Donnelly, 

2008) as random. The existence of these activity regimes changes is tremendously important for 

both practical and scientific reasons. From a societal perspective, investigators (Liu, 2004; 

McCloskey and Liu, 2009) have shown that a return from the current ñQuietò to the previous 
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ñActiveò period for the northern Gulf of Mexico results in a three to five fold increase in regional 

hurricane landfall. Similar increases have been found for the Caribbean coast of Nicaragua 

(McCloskey et al., 2009).  Scientifically, being able to correlate changes in hurricane behavior 

with paleoclimatic conditions offers the potential of better understanding the atmospheric forcing 

mechanisms behind such changes. If short- and long-term drivers are similar, documenting paleo 

changes may significantly improve our short-term predictive abilities. 

Two main hypotheses have been presented attempting to explain these observed low 

frequency changes. One correlates NA hurricane activity with general climatic conditions, 

especially the state of ENSO, NA sea surface temperature (SST)  and the West African monsoon, 

as the proximate cause of basin-wide activity increase (Donnelly and Woodruff, 2007; Mann et 

al., 2009). This is based on the synchrony of active periods found in cores from a number of 

sites, mainly Puerto Rico and the Atlantic coast of the United States, particularly New England. 

The competing model, the Bermuda High hypothesis, regards increased landfall as a time 

transgressive feature with temporally staggered periods of increased activity migrating 

latitudinally across the NA)(Liu and Fearn, 1993, 2004; McCloskey and Keller, 2009; 

McCloskey and Knowles, 2009).  

The Bermuda High hypothesis, advanced by Liu and Fearn  (1997, 2000a,b; Liu, 2004), 

is based on their identification of a hyperactive period along the northern coast of the Gulf of 

Mexico for the period 3400-1000 
14 

C yr BP, which they attribute to changes in  

location/intensity of the Bermuda High (BH).  Tropical cyclones (counterclockwise rotating low 

pressure systems) generally form off the coast of Africa and drift westward across the Atlantic, 

where they are forced to curve around the blocking BH, a clockwise rotating high pressure
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system, thereby producing their typical parabolic track pattern. This steering control over NA 

hurricane tracks exerted by the BH apparently operates on a variety of time scale, from short- 

(Elsner et al., 2000) to long-term (Liu and Fearn, 1997, 2000; Liu, 2004). The BH hypothesis 

argues that a long-term southwestward shift in the mean annual position occurred ~ 3400 
14 

C yr 

BP, thereby funneling storms into the Gulf of Mexico, accounting for increased landfall along 

the northern Gulf coast until ~ 1000 
14 

C yr BP, when a movement back to the northeast allowed 

earlier recurvature of the BH and subsequent increased landfall along the Atlantic coast (Liu and 

Fearn, 1993, 2000; Liu 2004). This model implies an anti-phase relationship between landfall 

frequency for northern and southern locations (specifically the US Atlantic and Gulf coasts), 

which has been supported by findings from New England (Liu and Lu, 2005) and South Carolina 

(1999; Scott et al., 2003). Timing of the movement of the long-term mean position is also 

supported by paleoenvironmental data (Hodell et al., 1991). 

1.3 Hypotheses 

Accepting long-term geographical movement in the mean position of the BH as the 

primary control over millennial scale variability in hurricane landfall, the purpose of this 

dissertation is to move the question one level higher and examine the causes of this movement. 

The guiding hypotheses are: 

1. That tropical cyclones are an integrated feature of the NA circulation system 

2. That large scale movement of this system has occurred throughout the Holocene, resulting in 

quantifiable latitudinal migration of the hurricane zone. 

3.  That this movement is driven by variations in the pole-equator temperature differences, with 

stronger pole-equator temperature gradients (colder NA) driving the hurricane zone south ward 

and weaker gradients (warmer NA) driving the zone northward. 
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1.4 Hypotheses Testing 

The dissertation tests these hypotheses by establishing hurricane strike records from the 

southern and western Caribbean, based on the geologic proxy of overwash sand lobes.  To this 

end a total of ~150 meters of sediment cores were extracted from coastal wetlands in Barbados, 

the southern Caribbean coast of Nicaragua, along the mainland coast of Belize and from a 

number of mangrove cays in Turneffe Atoll, offshore of Belize (Figure 1:1).   
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CHAPTER 2 LITERATURE  REVIEW  

 

2.1 Physical Parameters 

Testing of the hypotheses requires both a rigorous approach to field and lab work and a 

thorough understanding of background conditions and influencing factors. Presented below is a 

discussion of the key environmental and methodological factors forming the foundation upon 

which the field and lab work stands. 

 2.1.1 Selected Proxy 

2.1.1.1 Overwash Sand Lobes 

One of the most visually obvious features of landfalling hurricanes is the vast amount of 

coastal material moved at the point of impact. Depending upon topography and the intensity of 

the storm, the storm surge and accompanying waves will move material from the near shore, 

intertidal area and beach/dune area inland. If the energy involved is large enough this material 

will be transported beyond the barrier dunes and deposited in the back barrier area. Typically 

storm cut passages through a barrierôs lower elevations, channeling the transported material 

through narrow cuts (which can occur at intervals all along the beach), and then depositing the 

material in a fan shape sheet in the back areas. This process results in a very typical geomorphic 

feature, commonly referred to as overwash sand lobes. Overwashes were described as early as 

1919 (Johnson, 1919), characterized by a narrow neck through the barrier and a fan shaped 

deposition beyond the barrier. These fans are usually well sorted, thinning and fining landward 

with standard foreset bedding at the edges (Kraft, 1971) (Figure 2:1). The edges of these fans 

can be quite abrupt, especially when encountering water. Overwash commonly occurs during 

storms, and is particularly well documented for barrier islands, where it is recognized as the main 
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driver of island rollover (Kraft, 1971; Leatherman, 1979a, b, 1981, 1983; Rampino and Sanders,  

1981), whereby material is moved from the front to the back of the island. During times of sea 

level rise this leads to landward migration of the barrier island (Roy et al., 1994), often preceded 

by a narrowing of the  island width  sufficient to permit overwash material to be transported from 

the beach to back barrier locations (Leatherman, 1979 b, 1983 (Figure 2:2). Insufficient 

sediment supply relative to sea-level rise may result in a drowning of the islands (Masselink and 

Hughes, 2003; Carter, 1988).  The deposition and preservation of storm generated overwash fans 

can be extremely idiosyncratic. Deposition in the back barrier area depends on the relative 

heights of storm waves and barrier crests. Total wave height is the additive sum of storm surge, 

tidal stage, and significant wave height, and thus varies with storm intensity and size, offshore 

bathymetry, track location, and distance from site, fetch, duration of maximum wind speed, tide 

stage, and direction and speed of storm movement. Barrier crest heights are controlled by an 

equally large number of factors. Geographically, therefore, overwash fans may vary dramatically 

over relatively short area (from meters to kilometers, see Reese et al., 2009; Appendix B this 

disertation). Temporal variations are also potentially significant, as geomorphological changes 

may change a siteôs sensitivity over time. Common examples include the opening/closing of 

inlets and the reduction of barriers by storms (Donnelly and Webb, 2004).  Preservation may also  

present a problem, as thin layers may be disturbed by bioturbation, leaving no visual record of 

the storm. Investigators working in coastal ponds and salt marshes near the Apalachicola Bay 

Florida, suggest that an original deposition depth of > 1 cm is needed for the event to be 

preserved in the geological record (Mertz et al., 2003). 

Many of these difficulties can be overcome, however. Paleotempestology seeks to 

establish a minimum record of storm strikes, and, given the random nature of the factors 
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2.1 Hurricane-generated overwash sand lobes; (a) diagram of an overwash lobe on Caye Caulker, 

Belize deposited by Hurricane Hattie, 1961, from Vermeer, 1963; (b)  overwash fan in Homer 

Pond, Massachusetts, following Hurricane Bob, 1991, photo courtesy of Kam-biu Liu. 
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2.2 An example from Navarre Beach, Florida of the overwash 

process whereby hurricanes transport sediments (predominately 

sand) from the front to rear of a barrier island. The picture is from 

http://coastal.er.us.gov/hurricanes/dennis2005/photosets/images/Nav

arre-Overwash-05, accessed 02-12-09. 

 

http://coastal.er.us.gov/hurricanes/dennis2005/photosets/images/Navarre-Overwash-05
http://coastal.er.us.gov/hurricanes/dennis2005/photosets/images/Navarre-Overwash-05
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controlling wave height, spatial distribution and preservation, the rate of underestimation should 

remain fairly constant over time, thus preserving the ability to distinguish between activity 

regimes. The microtidal nature of the Gulf coast and the Caribbean makes tidal stage basically 

irrelevant for those areas. Deposition resulting from inlet openings and/or fluvial influence 

should be readily discernable, and site specific geomorphic change can be controlled for by 

correlating a number of regional locations. Bioturbation, resulting in mixing and subsequent lack 

of visual clastic layers, can be overcome by several laboratory methods capable of identifying 

subvisual clastic content.  

Perhaps of greater importance is the consideration that overwash fans occur only over 

restricted distances near the point of eyewall impact. Because of this constraint, the identification 

of overwash clastic layers records storms over a limited area, and is almost entirely a storm surge  

proxy; conveying only inferred information about wind speed at landfall and nothing about 

previous track pattern or location. It also only informs as to relative intensity between storms for 

each site, and is unable to separate the conflicting effects of storm strength and distance (i.e. a 

more  intense storm crossing the coast farther away and a less intense storm making landfall 

closer to the site may leave equivalent sedimentary signatures (Figure 2:3) (Liu, 2004).  

Appropriately spaced coring sites along a kilometers-scale transect would clarify these 

relationships if individual storms could be identified consistently. However, although specific 

events can often be identified visually by distinguishing geologic markers (grain size, color, 

stratigraphic position, intensity) across a single site, current methods do not permit definitive 

identification across larger distances. Dating can suggest probable matches, but given the 

numerous possible date ranges typically associated with radiocarbon dating methods, 
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2.3 A diagram displaying the effects of distance, location, and intensity on the sedimentary 

signature of storms within a single study location. The magnitude of the signature (as 

represented by the thickness of the hatched layers in the upper diagram) will depend on all 

three factors, with increased distance and unfavorable geographical positioning reducing the 

signal. In this case a small storm passing close to the site (ñBò) leaves a signal, while a larger 

storm, passing farther away (ñAò) does not. Diagram from Liu (2004). 
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identification of specific storms remains uncertain.  

A further consideration is that the dependency upon a supply of unconsolidated material 

renders this proxy less effective on rocky coasts. Combining the overwash information with 

precipitation  proxies, such as tree rings (Miller et al., 2006), speleothems (Malmquist, 1997; 

Frappier et al., 2007a), coral (Nyberg et al., 2007) and slope wash (Bianchette, 2009; Dunning, 

personal communication) , which record events over much larger areas, is one way of 

minimizing this spatial limitation (Frappier et al., 2007b).  

2.1.2 Site Selection 

Due to the idiosyncratic nature of overwash deposition and preservation, site selection is 

crucial in determining the maximum age and usefulness of cores, with minimal temporal 

geomorphic change being the goal. Changes in barrier height and distance to the sea affect the 

recording sensitivity of the site, as does uplift and subsidence, by changing the elevation of the 

recording environment relative to sea level. The opening/closing of inlets changes the amount of 

sand in the system as well as the water chemistry and microfossil composition. Changing 

ecological conditions (marsh to swamp to forest, for example) can alter the distance that clastic 

material can be transported, while changing water depth will be reflected in differing 

depositional characteristics. Fluvial influences and meandering river beds can mimic overwash 

effects.  

The ideal site would be an anoxic coastal wetland, without a water course, at or near sea 

level situated behind a rock sill covered by a sandy barrier of appropriate height, all at 

appropriate distances from the sea. The accompanying geologic conditions would be surrounding 

bedrock, tectonic stability, and a steep, micro-tidal coast, as steeper bathymetry results in smaller 

shore movement with sea level changes. Naturally, all these conditions can rarely (if ever) be 
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met, but form selection criteria.  The characteristics of each site will be discussed in the relevant 

chapters.  

2.2 External Factors  

The accuracy of any proxy record can be compromised by changes in a large number of 

external factors, each of which must be carefully controlled for in order to correctly interpret the 

data. This is especially true in highly dynamic coastal settings which are usually characterized by 

rapid changes and a host of high energy processes.  This section will describe the major external 

factors capable of invalidating/confusing results.  

2.2.1 Relative Sea-level Rise 

One of the most important external factors is change in relative sea-level (RSL), which 

can potentially alter a siteôs recording sensitivity, especially along low gradient coasts. As sea 

level rises, the ocean transgresses landward, in effect moving the beach closer to all inland 

locations. Because sea level has been rising in the NA throughout the Holocene, the energy 

required to record storm occurrences potentially varies with depth for each core. Therefore, a 

thorough understanding of sea level changes is a necessary foundation for all long paleostrike 

records. For this reason, I will here present a fairly detailed synopsis of Holocene sea level 

changes from the global to regional perspective. Country specific details will be included in the 

relevant chapters.  

2.2.1.1 Global 

The accepted model of post Wisconsin sea level change has become increasingly 

complex over the past few decades. The original assumption of a globally applicable eustatic rise 

since the Last Glacial Maximum (LGM) has fragmented to the point that now ñno sea level 

changes can be strictly globalò (Moerner, 1987, p. 338). The causes of such variability range 
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from local to global in scale and are not yet fully resolved. Figure 2:4 (from Moerner, 1987) lists 

the major factors involved. Although I will not discuss each factor individually, it is obvious that 

their impacts are important over vastly differing temporal scales. Clearly, factors such as 

ñOrogenyò and ñMid- Oceanic Ridge Growthò operate at much longer scales than do 

meteorological and hydrological features. For the purpose of this discussion, the important 

factors are those categorized as ñIsostasyò, ñOcean Water Volumeò and, to a lesser degree, 

ñGeodial Eustasyò.  Although the overall direction of sea level change since the LGM is 

generally accepted, the local details are usually difficult to ascertain, particularly at fine scales, 

either temporally or spatially (Masselink and Hughes, 2003).  

Nearly all short term (< millions of years) absolute sea level change results from changes 

in total ocean water volume (i.e. the eustatic change, consisting of both the changing number of 

water molecules due to glacial melt/growth and the increased volume of water, due to thermal 

expansion). However, the primary measurable indicator of such change is relative sea level, 

which is strongly dependent upon local vertical land movement, and (to a lesser extent), local 

deformation of the geoid. Therefore, although nearly all post Wisconsin eustatic change is driven 

by global climatic changes resulting from the transition from glacial to interglacial conditions, 

the observable relative effects have varied substantially both locally and regionally. As Figure 

2:5 (from Newman et al., 1989) shows, there is immense scatter in both the amount and direction 

of observable sea level change across the Holocene and beyond. The major cause of the large 

spread in this data is the inability to separate eustatic and isostatic effects. Uncertainty over the 

relationship between these factors goes back as far as the 18
th
 century when the general theory of 

sea level changes was divided between the ñplutonistsò (holding crustal movement as the major 

control) and the ñneptunistsò, who emphasized oceanic control (water volume) (Moerner, 1987). 
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2.4 Major factors influencing eustatic sea level rise. From Moerner (1987). 
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This is not surprising, considering that absolute sea level is difficult to determine even for 

present conditions, as a globally uniform level does not exist, due to geoidal (oceanic surface 

level) deformations caused by the uneven distribution of water masses over the ocean surface. 

These deformations, which can vary as much as 100 meters, are due to a number of temporally 

variable internal and external stresses, such as lithospheric loading and regionally variability in 

water balances (Hallam, 1992). For example Hallam (1992) calculated that of the observed 127 

meter rise in the central Pacific, 27 meters results for the deformation of the geoid.  The effects 

of tides and waves further complicate the issue. However, even after determining a calculated 

Mean Sea Level (MSL), the lack of paleo records for absolute sea levels only permits the 

measurement of relative change, which, of course, depends upon the vertical movement at each 

specific site. Most importantly, it can be seen that neither the absolute or relative sea level rises 

uniformly across the planet as oceanic water volume increases. 

Since the continental deglaciation of ice sheets was predominantly a northern 

hemispheric phenomenon, the eustatic response to their melting has varied regionally. This is 

because changes in the location and amount of the glacial ice masses caused changes in the 

spatial distribution of the internal mass of the planet itself, thus altering the gravitational field, 

which, in turn affects the geoid. One such effect is Mitrovica and Peltierôs (1991) proposed 

ñequatorial ocean syphoningò, whereby water from the equatorial regions is drawn to the higher 

latitudes in response to the isostatic uplift of the periglacial regions following deglaciation 

(discussed below).  The net result is that eustatic changes can be grouped regionally, based 

principally on distance from the former centers of continental glaciations (Figure 2:6) 

However, the regional geoidal differences are generally overshadowed by regional 

relative differences. Since the outer skin of the Earth is basically a thick fluid upon which the 
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2.5 4,272 radiocarbon dated sea level indicators. From Newman et al. (1989). 
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crust and continents float, changes in mass of the suspended entities result in changes in 

buoyancy. Thus the removal of the significant mass of kilometers thick ice sheets will result in 

increased buoyancy (uplift) for the affected area. This concept of glacial isostasy was developed 

in the mid 19
th
 century, with De Greer providing a clear demonstration by 1889 (Moerner, 1987). 

Surrounding areas are also affected, and depending upon their specific geologic nature and 

distance, peripheral areas will either be depressed or uplifted. Specifically, areas immediately 

beyond the area depressed by the glacial mass generally form an elevated ñforebulgeò, which 

then collapses with the retreat/melting of the ice sheet. Thus generalized regional sea level 

curves can be created for any specific eustatic change, with strong regional gradients of vertical 

movements occurring in the area of forebulges. As a first approximation, for the Holocene 

transgression, the world can be regionalized into Near, Intermediate, and Far-fields, each with 

their respective generalized curve (Moerner, 1987; Bloom, 1977; Komar, 1998), as shown in 

Figure 2:7.  

Naturally, these regional curves are somewhat of an abstraction, as individual local 

records can exhibit considerable variation. One of the most important local controls is 

hydroisostasy, the principal impact of which is the structural response of shelves and sea floors 

to changing water depths. In the context of Holocene eustatic sea level increase this generally 

means a downward deformation, or increased relative sea level rise. Bloom (1967) advanced this 

theory after examining five submergence curves for the Atlantic coast of the United States. The 

acceptance of this theory was the death knoll for the idea of a universal (or even regional) sea 

level curve(s), as it became obvious that under such conditions, each locality, controlled by local 

geologic conditions, could exhibit a unique response to eustatic change. Eventually it was 

realized that both the ñflexuralityò of the crust and lithosphere, as well as the viscosity of the 
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2.6  Diagram showing Mitrovica and Peltierôs (1991) calculated current rates of siphoning of 

water from  low to high latitudes as a result of changes in the geoid, These changes are 

calculated from changes in the earthôs internal masses resulting from continental deglaciation.  

Three scenarios are presented based on lower mantle viscosities of (a) 1021 Pa/s; (b) 1022 Pa/s; 

(c) 1025 Pa/s. 
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mantle exhibited important control over the amount of deformation.  Moerner (1987) even argues 

that such lithospheric loading can have significant bathymetric effects through the medium of 

altered rates of mid-ocean ridge growth and sea floor spreading.  Severe loading can result in 

faulting, which results in stepped discontinuities in local sea level curves (Scott et al., 1989). 

Unrelated tectonic activity can also, naturally, have important local impact (either negative or 

positive) on relative sea level change, as can subsidence by sediment loading. Subsidence is 

particularly important near areas of heavy sediment deposition, such as the mouths of large or 

sediment-laden rivers. The subsidence, which generally occurs at a fairly constant rate, results 

from both the mass of the material and the dewatering that occurs in the finer grained materials 

therein.   

2.2.1.2 Empirically Determined Sea Level Curves 

Sea levels curves have a long history and have been produced for various time spans 

from many different types of data sets and proxy records, with the resolution increasing both 

over time and for more recent periods. Early curves were forced to rely on relative dating, 

generally based on biostratigraphy. Relatively crude geological proxies have been utilized for 

many years as a way of comparing long scale changes over geologic time spans. These include 

such indicators as wave cut platforms, terraces, notches and caves, relict beach deposits 

(including encrusting organisms), and stratigraphic correlations. More recently, deep ocean cores 

have been used to yield records of such indirect proxies as relative global oceanic water volume 

or relative depth of deposition through micropaleontological and isotopic analyses (Hallam, 

1992). Ice cores have yielded high-resolution records of total oceanic water volume through the 

last four glacial/interglacial periods (Alley, 2000; Dansgaard et al., 1993; Petit et al., 1999; Steig 

et al., 1998). 
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2.7 Regional sea level curves; generalized regional hydro-isostatic response to post 

glacial deglaciation. From Masselink and Hughes (2003), based on Komar (1998), 

modified from Clarke et al. (1978). 
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For the Holocene, however, the emphasis has been on radiocarbon dated marine proxies. 

The most commonly used proxies are mollusks, corals, emergent micro-atolls, mangrove peats, 

and basal clays and salt marsh peats. For Australia, where oceanic transgression has been less 

severe due to the global geoidal effects discussed above, storm shingle ridges, coastal dunes, and 

eustarine sediments have served as sea level markers (Hallam, 1992).  

The ideal proxy occupies a narrow, clearly understood and recognized depth zone, and 

consists of material that can be dated easily and accurately. Under such conditions, a time series 

of depths and ages can be compiled and an accurate sea level curve determined. Naturally, 

however, there are no perfect markers and each proxy has their particular 

advantages/disadvantages. Living organisms may occupy a broader depth range than desired, or 

the preferred depth may vary over time or conditions. Peat and other soils can be compacted, and 

both organisms and inorganic markers, such as dune ridges or beach lag, may be transported 

either landward or seaward, which can result in false depth/age correlations (Lighty et al., 1982), 

as can the inability to distinguish between similar species with different elevational ranges.     

Accurate dating control can also be difficult to achieve. Although 
14

C dating, which can 

be used for the entire Holocene, is generally regarded as less problematic than the 
230

Th/
234

U  

geochronological method used for dating Pleistocene material, (which accuracy can be 

compromised by geochemical alteration), contamination by either younger material (principally 

roots) or reworked older material often occurs. Likewise, the effect of tides, storm events, and 

rapidly changeable riverine and eustarine environmental gradients can confuse the determination 

of paleo sea levels (Moerner, 1987). 

Two of the earliest and most influential radiocarbon dated curves were those compiled by 

Fairbridge (1961) and Shepard (1963), whose basic differences generated a long running debate 
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(Figure 2:8. The Fairbridge curve shows episodic movement over the past 5000 years, including 

several highstands above present mean sea level, while Shepardôs shows a smooth, continuous 

curve with an incrementally decreasing rate of rise as it approaches the present (Hallam, 1992).  

Due to the early date, both of these curves were based on the idea of a global eustatic sea level  

curve and incorporate data from various regions (Scott et al., 1989; Moerner, 1987; Cronin, 

1987).  Although this approach is no longer regarded as valid, the general argument over form 

has endured, with consensus generally supporting Shepardôs smooth curve (Cronin, 1987).  

2.2.1.3 Western Atlantic Sea Level Curves 

After the realization of the chimerical nature of a global curve, workers began producing 

regional curves. An important experimental approach was the idea that oceanic ñpinnacleò 

islands would provide ideal locations for determining sea level curves, since they would act like 

ñ a dipstick thrust into the ocean floorò (Bloom, 1967, p. 1490) recording the eustatic change, 

due to the lack of isostatic deformation. Fairbankôs (1989) study of the massive coral Acopora 

palmata in southern Barbados was an especially y influential paper based on this concept. This 

species has several properties that qualify it as a near ideal candidate for sea level studies. It is 

extremely common, often dominating West Indies reefs, and has a fairly restricted depth range, 

usually occurring at less than 5 meters, often accompanied by coralline algae with an even more 

restricted depth range (Lighty et al., 1982; Fairbanks, 1989). Due to its large size, transport is 

reduced, while its aragonite structure facilitates both 
14

C and 
230

Th/
234

U dating. The orientation 

and shape of the coral permits easy identification of disturbed/transported specimens. Similarly, 

geological conditions make southern Barbados an excellent location for such studies. The area 

has experienced a fairly uniform uplift of ~ 34 cm/1000 years over recent geologic time, with the 

result that not only have the paleo coral records been preserved, their preuplift elevation can be 
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2.8 Two early eustatic sea level curves based on conflicting conceptual models. Figure is from 

Masselink and Hughes, 2003; (a) is the curve by Fairbridge (1961); (b) is by Shepard (1963). 
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calculated. Additionally, Barbados happens to be located in an area where eustatic and local sea 

level history are very similar (Peltier, 2002; Fairbanks, 1989; Lambeck et al., 2002). This study 

produced a curve resembling Shepardôs, marked by two periods of rapid rise (Figure 2:9a).  

However, Moerner (1987) argues that such islands are ñunsuitable for eustatic analysesò because 

they can create local geoid rises of 4 meters.  

 It should be pointed out that analysis based on Acropora palmata results in a minimum 

sea level curve, as the coral itself is subaqueous. An exact sea level curve cannot be determined 

as the organisms occur over a depth of ~ 5 meters, with occasional individuals occurring at 

depths of 17 meters (Lighty et al., 1982). Lighty et al. (1982) produced a general sea level curve 

for the western Atlantic based on their examination of 42 radiocarbon dated Acropora palmata 

samples from the literature (Figure 2:9b). This curve resembles the Shepard curve, with a 

decreased rate of rise through the late Holocene. The length of the error bars should be noted. 

A more recent regional sea level curve is that by Toscano and Macintyre (2003). This is 

an attempt to place a more specific curve by means of combining maximum and minimum sea 

level curves. The curve is based on 145 samples (both new and culled from the literature) of 

coral (Acopora palmata) and mangrove peat (mainly Rhizophora mangle) from the western 

Atlantic/ Caribbean. Since intertidal mangroves grow at or slightly above MSL, while corals 

grow slightly below, the time/depth plot of each establishes maximum (mangrove) and minimum 

(coral) curves, which can be expected to bracket actual MSL. However, the correlation of these 

two curves requires the use of a common dating framework (calendar years), as does any 

correlation between the resulting curve and paleoclimatic events. Previously the dates for each 

group were generally reported in 
14

C years, which differed between the terrestrial and marine 

records. The conversion of these dates to universally usable calendar years required the 
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2.9 Western Atlantic sea level curves. Shown are (a) Fairbanksô (1989), basedon Barbadian coral; 

(b) is from Lighty et al. (1982), derived from coral from several western Atlantic locations. 
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recalibration and correction of all of the previously published samples. Three major 

modifications were required in order to achieve accurate calendar dates; namely: 

1. The calibration to calendar years based on the more accurate 
14

C half life of 5,730 years, 

as opposed to the generally used ñLibbeyò half life of 5,568 years 

2. Correction for ŭ13
C effects 

3. Correction for the oceanic reservoir effect 

Making these adjustments resulted in increasingly older dates as sample age increased, resulting 

in a progressively higher curve for the early Holocene. These upward shifts in elevation for the 

older dates are particularly noticeable when compared to the Lighty  et al. (1982) curve (dashed 

line, Figure 2:10).  

              The placement of the curve was based on the best fit between the peat and coral 

samples, attempting a complete separation of the two groups, although this was not entirely 

successful. There are several possible explanations for these discrepancies, mainly the inaccurate 

dating of peat samples, due to such factors as differing elevational environments for similar 

species, the compaction of peat either in situ or during coring, and the contamination by younger 

roots. Although Woodroffe (1995) argues that mangroves only occur over a 15 cm elevational 

range in Belize, this is not necessarily true for all sample sites. Toscano and Macintyre (2003) 

included non-basal peats in this study, after demonstrating that such samples achieved a good fit 

with the basal peat curves. By including the non-basal peats, gaps in the curve were filled. A 

major objection to this curve is that it does not control for geoidal deformation, which, according 

to Lambeck et al. (2002), can be as much as 3 meters for the northernmost sites (Florida) (Figure 

2:11).  

            Gischler (2006) has objected to the manner in which Toscano and Macintyre (2003) used 
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2.10 Combined peat and coral based sea level curve for the western Atlantic. From Toscano and 

Macintyre (2003). The curve from Lighty et al. (1982) is shown as a dashed line. 
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2.11 Geoidal deformation. Calculated differences in relative sea level between 

various sites in the western Atlantic due to geoidal deformation. The solid line 

represents the eustatic sea level curve. From Lambeck et al. (2002). The units for 

the X axis are cal yr BP. 
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the data in determining this curve, particularly the inclusion of non-basal peat and the 

interpretation of published coral data (from Gischler and Hudson, 2004) as being supratidal 

storm rubble.  The Gischler and Hudson (2004) data delineates a curve that parallels that of 

Toscano and Mcintyre (2003), but sits considerably higher (Figure 2:12). This curve will be 

discussed more fully in Chapters 5and 7. Despite the precise nature of the data collection, the 

general shape and placement of these more recent curves do not differ significantly from 

previously published curves for the area, especially for the late Holocene, although they do plot 

higher (Figure 2:13). In fact, due to the equatorial position of the Caribbean and the lack of 

either dramatic hydro-isostatic response, or active seismicity, these curves are simply a more 

precise placement of a generally accepted curve. A recent  sea level curve for the northern Gulf 

of Mexico, based on basal peat and swash zone deposits (Milliken et al., 2008) displays very 

similar trends, further supporting the accepted pattern.  Further examples of older, similar curves 

are offered in Figure 2:14.  All have very similar profiles, with 14c (Panama) showing lower and 

more episodic sea level rise, while 14b (Guyana and Central America) shows an earlier approach 

to, and in some cases rise above, present MSL. Sea level curve specifics will be discussed more 

fully for each site in the relevant chapters. 

2.2.1.4 Minimizing Procedures 

Regardless of the specific curve chosen, the general shape of the post glacial sea level 

rise in the western Atlantic is clear; with early rapid rise changing to a more gradual increase 

over the last few millennia. Although the exact date  given to this slowing of the rate of sea level 

rise varies by location (and investigator), throughout the region the wetland development that 

began ~5-6000 yr BP is commonly attributed to this decrease (Masselink and Hughes, 2003).  

Because few of the sediment cores discussed in this dissertation extend much beyond this date, 
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extensive shoreline translation is generally not a problem. Internal evidence can be extremely 

useful in resolving core-beach distance problems. A standard sequence of ecological 

environments occurs moving inland from a beach, each of which results in distinctive 

sedimentary facies, with both transgressive and regressive barrier movement marked by 

recognizable sedimentary sequences (Roy et al., 1994; Mitch and Gosselink, 2007).  Any 

significant transgression should be detectable in individual cores; i.e. a core in a location 

transitioning from back barrier wetland to shore front will display a change in deposition 

environment from dark, anoxic, fibrous organic material to laminated sands and shells. Unlike an 

event layer, such a change resulting from transgression will not be replaced farther upcore by a 

resumption of the wetland depositional environment. 

               It is important to note that regional sea level changes may not always be expressed at 

all sites, as local factors, such as sediment supply, erosion, uplift, and subsidence can dominate, 

thereby negating or reversing regional effects.  Coastal regression/progradtion can occur locally 

regardless of direction of sea level regime (Masselink and Hughes, 2003; Psuty, 1992).  

2.2.2 Geologic Setting 

 The geologic setting can be extremely important in selecting sites for 

paleotempestological studies. Geologic influences vary from such large scale effects as plate 

movement to such local factors as geomorphic stability and beach bathymetry.  What follows is a 

short description of the important geologic influences at the regional level; country and site 

specific details will be included in the relevant chapters.  

2.2.2.1 Global 

              As is well known, the lithosphere of the Earth, consisting of the crust and uppermost 

mantle, floats on top of the more plastic asthenosphere. The lithosphere is divided into a number 
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2.12 Belize specific sea level curve derived from a combination of basal peat and coral. From 

Gischler (2006). 
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2.13 Four western Atlantic sea level curves showing increasingly higher plotting by 

date of publication. From Gischler (2006). 
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2.14 Regional sea level curves, (a) West Indies-Bermuda; (b) Guyana-Central America; (c) 

Panama; (d) Bermuda, Pacific coast of Mexico, U.S. Atlantic coast, (e) Virgin Islands. (a),b 

are from Pirazolli (1991); c, d, e  are from Bloom (1977). 
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of rigid plates which are in constant, slow movement, driven by mantle convection. Like saucers 

moving on the surface of a basketball, these rigid plates converge and diverge in a variety of 

ways, resulting in large scale movements of continents and oceanic crusts.  The tremendous 

forces involved ensure that the first order control over any region is its geographical position on 

the plate it occupies, and the relationship between this plate and its neighbors.   

2.2.2.2 Regional  

Five of these rigid plates come together in the Caribbean region (Figure 2:15). The 

Caribbean Plate (CAR) is sandwiched between the North American Plate (NAP) to the north and 

east, and South American Plate (SAP) to the south and east, with the Cocos and Nazca Plates 

(formed from the breakup of the Farallon Plate ~ 23 mya) subducting beneath it along the Middle 

America Trench off the western edge of Central America (Duncan and Hargraves, 1984; Mann et 

al., 2007). The boundary between the NAP and SAP is somewhat indistinct, with relative  

movement being only a few mm/year (McCann, 2006). Although all three plates are moving 

westward relative to the global hotspot reference frame (Meschede and Frish, 2002), the CAP is 

 moving slowest, (by ~ 1.5 cm/year (Meschede and Frish, 2002) to  2 cm/year (Mann et al., 2002, 

Dixon and Mao, 1997), resulting in relative westward movement of the  NAP and SAP, which 

are therefore  subducting  under the eastern edge of the CAR along a 1000 km face (McCann, 

2006). Along the southeastern boundary of the CAR the subduction is covered by a large 

sediment wedge; moving northward it becomes increasingly well-marked by the Lesser Antilles 

Trench (McCann, 2006).  Rounding the corner, the east-west trending boundary is more 

complicated, confused by a number of microplates and changing from transpressional to 

collisional to strike-slip moving from Puerto Rico west past Jamaica (McCann, 2006) where the 

lateral displacement of the NAP and the northern boundary of the and CAR is estimated at 
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between 120 and 1000 km over the Cenozoic (Lara, 1993; Coates, 1997;Meschede and Frish, 

2002). Transitions along the southern CAR-SAP boundary are similar, changing from 

convergent offshore to strike-slip on the continent.  

 The Central American land mass is split between the NAP and CAR, with the plate 

division occurring in the Motagua valley in southern Guatemala.  Each plate consists of a 

number of blocks. The northern section of Central America, consisting of Guatemala north of the 

Motagua, Belize, the Yucatan peninsula, and all of Mexico west to the Isthmus of Tehuantepec, 

is on the Maya block of the NAP. Southern Guatemala, El Salvador, Honduras, and Nicaragua 

are on the Chortis block, which is part of the CAR (Donnelly et al., 1990). These two blocks, 

although located on separate plates, form the nucleus of Central America (Donnelly et al., 1990) 

and differ significantly, both structurally and stratigraphically, from the southern section of 

Central America (Weyl, 1980; Escalante, 1990). The southern section, referred to variously as 

the Isthmian Link (Schuchert, 1935) and the South Central Orogen (Dengo, 1962, Lloyd, 1963) 

is composed of the Chorotega and Choco blocks  (Dengo, 1985), both which are more closely 

related to  western Columbia (Figure 2:15). Due to plate position, the entire Caribbean coast of 

Central America is considered a passive margin (Cortes, 2007). 

2.2. 3 Tsunami 

 Tsunami of varying sizes occur fairly commonly in the Caribbean (Lander et al., 2002; 

OôLoughlin and Lander, 2003). Because their geomorphic effects can resemble those of 

hurricanes, a discussion of their frequency, location of occurrence, and the physical properties of 

their sedimentary signature is necessary here.  

2.2.3.1Calculated Caribbean Tsunami Risk   

          There are several sources of tsunami; they can form as a direct result of earthquakes
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2.15 Tectonic setting of the Caribbean region, showing the five plates and the four blocks relevant to our study. 

 


