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ABSTRACT

Risingsea level is threatening coastal areas, particularly those in the Caribbean which
rely heavily on tourism ahmarine resources to support local economigse purpose of
this study is to analyze shorelipesitionalong the south coast of Jamaica to dviee

the locations and rates of coastal change. IKONOS satellite imagery sets for 2003, 2007
ard 2012 weraised to monitor landse and shetine changes along Black River Bay
including Galleon Beaclirish Sanctuaryin St. Elizabeth, Jamaica. In partiay the

effect of Hurricane Ivan in 2004 on shoreline changasevaluated. Erosion rates were
significantly higher during 2002007, the period including Hurricane Iv&0.90 m/yr)

with reduced erosion rates asdmerecoveryby depositiorobserved dring the post
hurricane period0.21 m/yr) Little to no changewere observed alorignestone
headlandsind mangrovewampswith highest rates on sandy beaches lacking offshore
coral reef protectioand exposed to storm wave®verall, shorelie recessn averaged
0.31m/yr during the study periodith a peak erosion rate €f.13m/yr at Parrottee

Point. Within the next D to 30 years, an expected 9 km of mangrove swamps and over
100 buildings are at risk due to sea level rise and shoreline erosion.
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CHAPTER 1. INTRODUCTION

Coastal shorelines are dynamic since they represent the interface between marine
driven wave and current forces and terrestrial geological and biological materials of
variable resistance (Bush and Young, 2009). In the coastal zone, geomorphic processes
involving wind and wave action are most effective in landform development including
bedrock headlands, coastal dunes, longshore bars, spits, and pocket beaches (Huggett,
2011). Beacheform on coastal shorelineghere sedimestfromlocal source
accumulataelue to the influence afaves and currents (Bush and Young, 2009). Beaches
can form from a range of sedimany clasts and graisizes from cobblego fine sand.

Sandy beaches are the most desired beaches in the Caribbean region and are important for
economic, socigland ecological reasons. However, sandy shorelines are particularly

prone to changes in size and shape over human timescales due to variations in wave
energy including seasonal and annual time frames. Shoreline changes are caused by
changes in wind speed and patterand intensity of storms such asgiicanes (Davidson

Arnott, 2005).

The geomorphic impacts of natural processes and human activities on the
ecological balance of the coastal zone, including geomorphic processes and sediment
budget, need to be understood in order to plasdstainable communities (Correa,
AlcantaraCarrio, and Gonzale2005). The sediment budget indicates the balance
between sediment added or removed by maturhuman action (Morton, 2002
Richards, 2008 If sediment supply is relatively high, shorelines can resist erosion and

even build seaward by deposition. This is often where depositional landforms such as



beaches, spits, and bars form. If the supply of sediment is low, shorelines will erode and
disappear (Huggett, 2011).

Island nations in the Caribbean rely heavily on marine resources and coastal
tourism to support their economies (Cambers, 2009). Coral reefs, mangrove forests, and
sandy beaches are important economic, scamal ecologicaldctors due to their link to
tourism as well as fisheries@local culture (Gable, 1997). Economic development on
island nations in the Caribbean began along the coast since it provided easy and
convenient settlement as well as resources to make a s#ttlsaccessful (Small and
Nicholls, 2003). Accessibility to resources, ships and a food source created the
foundation for Caribbean settlement along the coastline. Over the past decades, the main
economic support for island nations in the Caribbean rstou/Cambers, 2009).

Tourism in the Caribbean accounts for approximately 15 percent of the regions gross
domestic product (GDP) and is dependent on the attractiveness and condition of the
beaches, as well as the warm climate, and other marine fact@sa@&ual, 2008).

Resorts and cruise lines are the most popular forms of tourism for these, istahtsey

are also located along the coast since it is the ideal location for acceptiuystop

tourists as well as the perfect balance of sea, sunaamd(Beekhuis, 1981). Tourism

also provides primary and secondary employment opportunities for the local population
in the form of accommodation work, retail trade, transport operations, construction, and
agriculture (Beekhuis, 1981).

Beaches are alsmportant socially for population growth and for recreaél and
cultural services (Jiret al.,2003). Most major cities located on Caribbean islands are

located near the coast since these areas are usually the first settled upon arrival (Hanson



and Lindh, 1993). The beaches near these populated areas are used by tourist and locals

as a location for social activity. Bar and restaurant owners tend to locate their businesses
near beaches to increase revenuebutestodheappea
overall tropical island culture which identifies with the coastal Z@eable, 1997)

In addition to beaches, coral reefs and mangroves are important ecologically for
habitats, fisheriesand the local culture (Gable, 1997). Coral reeéssaiructures made
from the buildup of calcium carbonate skeletons deposited by coral pdbgsl reefs
createecosyster suitabldor fish and other aquatic organisnasd this provides a
primary food source fdocal populatios (Burke and Maidens, 2@). Mangroves are
tropical trees thatrive inshallow marine settingsThe roots oftiese trees are typically
the habitat for juvenile fish and shellfish species and help keep the overall coastal
ecosystem in balance (Lugo and Snedaker, 1974). Theystens aredense anderve
astrapsfor sediment from river inpuand onshore transport from nearshore sand bars.

This sediment trapping process acts as a natural seawall which reduces the rate of erosion
from large storm event8éck, 2014) as well aggulatingthe amount of sediment being
transported offshore. By filtering the coastal sediment, this protects coral reefs, seagrass
and other aquatic organisms from being smothered in sediment and sealiswnated
pollutants (Rath, 2014).

Increased lpbal temperatures have increased sea water temperature and changed
weather patterns worldwide (Cubasehal, 2013; Peterson, Stott, and Herriag12;
Seneviratnegt al, 2012). Recent trends oforldwide sedevel rise (SLR)}hreaten
beach stability Sea level has fluctuated over geologic history. It is higher at times of

warmer global temperatures when there are fesgecapsandit is lower during glacial



periods when there is a greater volume of groumgligloial ice (Figure 1). This is
generaly a natural process; howevelimate scientists agreecreased carbon emissions
from fossil fuel combustion have raised global atmospheric temperatures resulting in
increased ocean temperatures, thermal expansion, and increased3afs afver the
past 130 years, global sea level (G3t¥e by <1 mm/yr until about 1930 after which
rates increased to almost 2 mm/yr and are currently arour813r@m/yr (Figure 2)
(Cabanes, Cazenzve, and Provaef)1; DavidsorArnot, 2005; Gable, 1997; Williams,

2013;Church,et al,, 2013).
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In the Caribbean, SLR is a concern and threatens many of the isRadsnt
studies by Gable (1997), Robinson, Rowe, and Kf2005) and Davidseirnott (2005)
show an average increase in Sic&n 1 to 2 mm/year over the past 100 yedviore
recent sedevel rates have beaalculated from 19586 withan average rate of 1.6
mm/yr (Cabanest al, 2001; Williams, 2013). Thisstimatedate has since increased to
3.0 to 3.3 mm/yr (Churctet al, 2013; Williams, 2013). Asealevel rises, bach
erosion rates tend to increase and shoretares torecede. The sediment budget for a
beach area becomes negative as more sedimemaedrom the beach to offshore
storage or inland as overwash or inlet depdsiisggett, 2011).

Rising sea leel is causing more frequent and larger wave interaction with the
coastal zondncluding potentiallythe impact oimore powerful hurricaneNASA,

2013. Erosion rates vgrdepending on tectonic settinglevation, composition of the
beachesand reeprotection (Gable, 1997; ZhanDouglas, Leatherma2004).
Shorelines with unconsolidated sediment such as sandy beaches are more susceptible to
wave action and will erode more rapidly (Dolotov, 1992). A study conducted in 2005
observed erosion rates afpwarious coastal environments in Colombia. This coastline
consists of high igneous and limestone cliffs, low beaches, mangrove sveatpeltas.
Erosion over the past 70 years veagragedo be between 0.43 m/yr and 0.71 m/yr
depending on location drenvironment. The study revealed increased erosion rates
ranging from 0.5 m/yr along the cliff faces anthyr along the beaches (Correa,
AlcantaraCarrio, GonzaleZ2005). Another study observedmparableates along the
coast of Californiawhere he shorelines ammade up of both rocky and sandy dess as

well as cliffs and waweut benches The cliff erosion rates were higher than the beach



rates at 0.3 m/yr and 0.2 m/yr respectively. These are averaged rates and some of the
beaches weraccreting and the rates varied depending on protection, composition and
wave interaction. This led to a lower erosion ratetierbeach environments (Hapke

Reid, and Richmond009).

Beach Concerns in Jamaica

Jamaica is a country reliant on tourism &edch attractions to support its
economy (Richards, 2008). Recently, there have been concerns over the risk of beach
degradation and erosion dueShR (Wong, et al, 2014). Northern Jamaica has ample
reef protection to resist beach erosion rates, buthfStamaica does not have this
protection (Figure 3)Along the south coaspatches of fringing reefs are more common
and have a higher percentage of dead coral opposed to living coral. This is likely due to
hurricane wave action damaging treefs in his area (Charpentie2005).

Southern Jamaica is made up of small communities supported byssaiall

agriculture, fishingand tourism activities. These communities aresgbiporting for the
most part but rely on tourism to suppdreir economis. In 2000, 26.7 perceat
Jamaicads gross nat i dhetadrismmdusirg(GthomasHo@@NP) was
andJardinecComr i e, 2007) . I n contrast to the no!
inclusiveodo resorts al on gesdrthattracs tounistshhrougha st o
Jamaicabds tropi cal 71ardihesa touwistsaherdsuppathd lpcalb e a ¢ h
communities through souvenir shops, restaurants, and guided tours around the area

(Richards, 2008).
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Richards (2008)reports that rising sea levels are decreasing the amount of sandy
beaches along Jamaicads shoreline and ther
year . Roughly 2.5 percent of Jamaicads sh
seaside parks. The majority of these sandy beaches are located along the north,
northwest, west and southwest coasts. The eastern part of the island is mainly composed
of bluffs and headlands. The northern beaches are composed of white sand from the
eroson of offshore corals and calciferous algae. The southern beaches are composed of
darker sand due to the large portion of the sediment supply comes from river sediment
(Richards, 2008; Moses, 2008%andy beaches are the most vulnerable to changes in se
level and the climate. These beaches are less consolidated than headlands or vegetated
shorelines so the geomorphic factors have a greater effect on these beaches. This makes
the reduction of energy reaching the sandy shoreline more important (H2§gd4ix,

Coral reefs line mostto J a ma i c a OI'kBesegdefs aresldcatad effshore and
are formed from the calcium carbonate skeletons of coral. The presence of these reefs
reduces the energy of waves from reaching the shoreline. It is estimatéd geatent of
Jamaicads shorelines are protected by frin
2004). Most of these reefs are found along the northern and western part of the country
leaving the southern coast exposed to the full force of wagegy from storms and
rising sea levels. Sandy beach profiles with reef protection tend to be more stable and
change at a slower rate since low energy waves are the dominate wave tyjeg thach

shoreline (Muno#erez, Tejedor, Medind999).



Purposeand Objectives

Most studies of sekevel effects on Jamaica have focused on ettbealreefs or
beachesocatedon the north or west coast (Robinsenal, 2012; Richards, 2008;
Robinson, Rowe, and KhaR005). Even though average beach erosion fatdamaica
have been reported tange from 0.23 to 0.30 n&gr (Robinsort al, 2012), ncstudies
of beach erosion rates along the south coast have been completed. Long Beach in Negril
is located alonghe west coast and one of the few beaches studied closéh®
southwestern portion of JamaicBiscussions wittmembers of the communities time
parishes oWWestmoreland and Saint Elizabeth are aware that their beaches are
disappearing. However, thimderstanding as to why this is happening and where beach
loss is greatest is lacking. More scientific analysis is needed to increase our
understanding of beach erosion rates and their spatial variability along the south coast of
Jamaica. The purposetbis study is to determine the effect of recent sea level change
and other factors on erosion rates of sandy beaches along southern Jamaica with a focus
on the Black River Bay area. Black River Bay is the capital of St. Elizabeth Parish and
has an estintad population obver5,000residences The economy of this town relies
on coastal resources and tourism which is vulneralfd Bsince the majority of the
town is at or below an elevation of 3 meters. Vulnerable areas within the bay that supply
resources to the area are the Galleon Fish Sanctuary and the Black River ecosystem.

Hurricanes arentensestorm events that produce highergy waves capable of

transporting large amount of sediment and changing the shoreline during a single event.
Hurricare Ivan occurred during September 2004 and passed within 32 km from the

southern coast of Jamaica. On average, the Caribbean region experiences 6 hurricanes per

10



year (NOAA, 2015, causingoroperty damage, loss of life, homelessness, and disruption
of econones. Theyare the main threat to islands in the regspecifically to Black
River Bay due to its low elevation and sandy shoreline

Remote sensing and satellite imagerysed to determine the shoreline changes
of Black River Bay beaches since 200he objectives of this thesis are:
(1) Geospatially determine patterns of shoreline erosion and accretion rates for 30 km of
shoreline over the past 9 years including the effects of Hurricane lvan in 2004. Digitized
beach widths, vegetation lines, amdter lines for each satellite image yeareused to
determinesrosion and deposition trends for the shoreljggDetermine the relationships
between erosion patterns and geology, vegetation emfighrotection. Shoreline zones
were classified accoirng to land form type, reef protection, and seaward orient&dion
evaluate erosicdeposition relationshipsEach factor was assessed using the IKONOS
satellite images to determine how they influence erosion patterns of beaches along Black
River Bay; and3) Use beach erosion rates, topography, anduaaefegetation

relationships to evaluate erosion risk to natural and cultural resources in the area.

Benefits

This is the first study on the south coast of Jamaica to measure erosion and
deposition ratewith high resolution satellite imageryl.he results of this study will
guantify beach erosion rates and patterns, suggest caused factors to explain erosion
patterns, and identify locations of higher and lower risk to beach erosion along Black
River Bay. This study will help to better understand the erosion patterns of the south

coast of Jamaica as well as aid to the overall understanding of how incé&sadd

11



hurricane events like Hurricane Ilvan will affect sandy beaches; specifically the south
coast d Jamaica. The procedures developed and results will provide a baseline approach
on how to measure the rate of erosion or recovery of beaches by satellite imagery and
help to set up longeerm monitoring programs.

Information provided by this study wihelp the communities of southern Jamaica
understand erosion and deposition trends and help guide future coastal management.
Fish sanctuaries, such as the Galleon Beach Marine Protected Area in Black River Bay,
help monitor fish populations, fishing rdgtions, coral reefs, beach conditions and
coastal habitats. These sanctuaries are monitored byrotihfoundations such as
BREDS(www.breds.organd SeaVibéwww.seavibe.organd work with the community
to enforce and manage the fish sanctuary. Fish and coral populations are allowed to
increase and counter the effects of overfishing and habitat degradation which aid in
preventing increased coastal erosion.

Socially, result®f this study can be used to raise awareness about coastal erosion
in Jamaica and can help encourage government response to help aid in coastal protection.
Fish sanctuaries and marine protected areas and the Beach Control Act have been created
by the goernment in Jamaica to help manage coastal resources for sustainable use.
Businesses such as Sandqas/w.sandalsfoundation.oypave funded projects for the
communities to help decrease the effects felt by human activittes Sandals
Foundation focusesn community, education, and environmental projects that help train
skilled workers, support educational facilities, and preserve reefs, marine life, beaches,
and the local flora and faundgndals Foundation, 201.0However, nostof these

projects and gvernment responses are located elsewhere in Jamaica and has a limited

12



presence in Black River Bayn 2009, the Galleon Fish Sanctuary was declared the first
and only marine sanctuary in Black River Bay, locdtetiveen Malcolm Bay and

Hodges Bay. Thisvas created to regulate fish populations and protect enand

coastal resources from natural and anthropogenic threats (BREDS, Eot4he most
part, he town of Black River ifocated atess than 3 meters above sea leVais

increased sea levelifthreatenthetown and itdnfrastructureand natural resources
Increased government involvement and management for this area is nesubeutdo

shoreline changes, predict storm effects, pmegare for future risks.
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CHAPTER 2. BACKGROUND

The coastal system isfluencedby changes il5LR resulting fromclimate
changeover timescales of decades to centurigassh and Young2009. Sandy beaches
in particular are somef the most dynamic areas on earth and susceptible to coastal
hazards suchs storm surges, coastal erosi@md inundation. Factors affecting beach
erosion include: ave height and duration, coral reef protectaiume and beach
vegetation covembeach orientation arahgle and composition determine the rate a
shoreline will @ode and how vulnerable it is 8_R (Huggett, 2011Bush and Young,
2009. The majority obeaches along the soutbast of Jamaica are sandy, langled
beaches with little reef protectigRichards, 2008 The degree of beach protection,
wave action ad type of sandy beaches found along Black River Bay will be discussed in
this chapter.This chapter will elaborate on the geomorphic characteristics and behavior

of beaches in the Jamaica setting.

BeachMorphology

Coastlines are influenced byth natural and human systems. The natural system
includes features like headland bluffs, beaches, sand dunes, lagoons, river mouths,
wetlandsand coral reefs. The human system includes structures that were built like sea
walls, buildings, roads, gnag and breakwaters. Sandy beaches are an equilibrium
landform within the coastal system and respond to changes in energy, sediment supply
and resistance. Morphologic changé®€eaches rely on factors such as wave, wind and
current energy, the sedimdnidget, and resistance factors such as coral reefs, bedrock

and human barriers (Wonet al., 2014).
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A beach iggenerallya highly dynamic landform formed by wave actadong
marine, estuarinand lacustrine shorelines. A beach is commonly refearad the
shoreline area between the lowest tide level and a physiographic feature such as a dune,
cliff or permanent vegetatiandicates the landward extent of waneluced sediment
transport or erosio(Masselink and Kroon, 2004). Beaches can be priyneomposed
of silt, sandor gravelsized grains depending on the energy of the environment. The
most vulnerable to erosion are sandy beaches.

BeachMorphology Model. Beach morphology is complex and depends on the
temporal and spatial scale. T$male can be extremely short such as seconds to measure
grain interactionsdays to measure changes due to a single storm evehg scale can
be much larger and cover shoreline etioln over decades or centur@arbuck and
Lutgens, 2007) The morplology of a beach can be divided into two parts, the primary
profile and secondary morphological features. The overall beach profile is known as the
primary beach profiland is used to classify beacl{ptasselink and Kroon, 2004 At
this scale, years drkilometers are used toeasure the temporal and spatial changes of
the overall beach shape and movement. The features formed on the primary profile and
at smaller scales are known as secondary morphological features. These are features that
form on a émporal scale of hours to years and range in size from 10 to 1000 meters
(Masselink and Kroon, 2004). Some of the main secondary morphological features
include bars, berms, beach cusps, beach steps, and low tide terraces. These features can
helpclassifya beachidentify the erosional factors that are interacting with the beach and
can help predict what the beach profile might look like in the future (Masselink and

Kroon, 2004; Huggett, 2011).
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A wave dominated beach model can be usatescribesandy beaches along the
south coast of Jamaickigure 4. This model is used for microtidal zones where beaches
experience less than a 2 m change in fitteseforefide processes are negligible and
waves are the main facttor changes in beach momlogy (Short, 196). Wave
dominated beaches are composethreedynamic zones, the nearshptiee foreshorer
beach faceand thebackshore The nearshors where waveapproach the shore and
become shallower and more unstable until they break, usually at &barsurf zone is
within the nearshore and the foreshore aridesarea after a wave breaks and interacts
with the shoreline. A berm crastformed at tb bowndary between the foreshore and the
backshore Thisis where sediment carried from a wave gets depoaitddndicates the
high waterline Thebackshoras the area wherenly the waves with the highest energy
will reach, which usually only occurs duriagstorm evenfHuggett, 2011Komar,

1976. The vegetation and waterline doegused onn this studyto helpdetermine

changes irthe shoreline morphology.

Coast Backshore Foreshore Nearshore Offshge

Beach
face

Surf Zone ]

Breaker

Figure 4. Wave Dominated Beachollel. This model represents the typical beaches
along the soth coast of Jamaica. Some variations in this model occur due to diffe
resistance factors such as sea walls and groins and due to different levels of reef
protection located offshore. The typical location of the vegetation line and waterlit
are indcated in red. These features are used in this study to determine changes ii
shoreline morphology. Modified from sour¢eroozfer, Neshaei, and Dykes, 2014.
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Resistance factorsuch as coral reefwiill deflect or reduce the energy reaching
the shorehe and change the dynarmsiof the wave dominated moddlhe incoming
waves will break along the offshore side of the reef, reducing the amount of energy that
will eventually reach the sholey an average d7 percent(Richards, 2008; Sheppard,
2005 Valentine, 2013 Headlang aremore resistant to erosion and deflect the energy of
the wave away from the morelaerable sandy beaches (Kohsiek, Hulsbergen, and
Terwindt,1987). Humans try to recreate natural basrley creating cement sgalls,
ripraps, groins, or artificial reefs. These are meant to direct or reduce the energy reaching
the shore as well as prevent sediment from being transported offshore (Huggett, 2001)

Wave ProcessedVaves and the energy of oceanrens are the main factoof
changing themorphologyof a beach. This energy is derived from differences in air
temperature which creates wind, as well as the rotation of the éagiteater difference
in temperature creates a strongendviln the tropics, the air is warmeran at higher
latitudes. This warm air rises and is replaced by denser, colder air from either the north
or south creating a major wind belt. The wind then flows over the swfdbe ocean,
creating a drag and forms a wg@Bascom, 1980) The energyf waves variegreatly
over the surface of the eartlThe Caribbean is located in the Northeast TiAtied belt
located north of the equator. Hetigeair is constantly moving, creating waves which
strike the coastline at a fairly constant raaserly winds dominate the Caribbean for
most of the year and are the dominate wind direction for Jarffagrae5). Storm
events such as tropical storms and hurricanes occur multiple times a year in the
Caribbearusually from June to NovembeThese stormsreatechanges in wind

direction and produckigh energy waves and storm swells which are capable of
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transporting large amounts of sediment from the dimeran a short amount of time

(Bascom, 1980Richards, 2008Huggett, 2011).

h

MILES /24
<——-/O-|O
<« |0-20

Figure 5. Dominate Wind Dection for the Caribbean. Jamaica is indicated in red ar
the arrows show a generalized wind velocity for the region. Modified 8eendrup,
Johnson, and Fleming, 1942.

The dominantvave direction will influence the orientation and spatial location of
sandy beaches along a shoreli@ertime, a beach casppear to move along the coast
and change its location (Hamblin and Christiansen, 2003). This natural process is called
longshoe drift. This process indicates the relationship between sediment transport and
form changes along the coagts waves approach the shoreline at a degree other than 90,
sediment will be moved in the directiohtbe dominate current {§ure §. Overtime

this will cause the beach to move along the shoreline in the direction of the current.
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Waves hitting the beach at a 90 degree angle will carry sediment to and from the beach
perpendicular to the shoreline. The shoreline will remain in its relativaqyosiith
variability either inland or offshore (Hamblin and Christiansen, 20@8yuck and

Lutgens, 200y.

S am
., DOWNSYCE ™ Ner movement
= of sand grains
(longshore drift)

Waves
approach
the beach
at an angle

Figure 6.Longshore Dift. Longshorre drifof beach sediment due to longshore curren
Waves hit the beach at an anghelanove sediments down shore. Overtime the beact
moves in the direction of the current. Souleearson Prentice Hall, 2004.
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SedimentBudget The rate at which a coastline will erode or accrete depends on
the amount of sediment availabl€he netamount of sediment available for transport
and how sediment is stored in different beach features is descritfelssegliment budget
andit is animportantconceptfor understandinghoreline in equilibrium. Beachedere
there is roughly the same amowhtsediment trasported to and from the beach are
classified as being iequilibrium. If more sedimens$ added than can be transported
offshoreor along shorethe beach is accreting and will often appear as if the waterline is
moving seawardue to acretion(progradation If more sediment is being transported
than depositedhen the beach is considered to be eroding and the waterline will move
landward (reessiof (Hanson and Lindh, 1998hort and Wright, 2006; Limber, Patsch,
and Griggs2008; Préhero and Schwab; 2004).

The beaches idamaica receive their sediment supply from the erosion of coral
reefs limestoneheadlandsandfrom river dischargesThe northern beaches are
composed of white, carbonate sands with a large amount originatinghfecanosion of
cor al reefs |l ocated offshore. The process
calcareous skeleton into rubble, sand or silt and clay, is called bioerosion and is done by
organisms such as pufferfish, parrotfish, hermit crabs, urdbémsacles and sponges
(Glynn, 1997). These organisms help sculpt the reef and produce sediment that
eventually ends up depositing on the adjacent shoreline. This creates a healthy sediment
supply and helps to keep the reef and beach system in equilic@anbbean reefs are
bioeroding at an estimated rate(96 to 3.67 kg CaC{m/yr (Perry,et al, 2019. This
sediment idioeroded by organisnand chemical processanad thertransportedrom

the offshore reefs and deposited on the shor@ieery,et al, 2014; Holl; 2003) Reefs
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are less common along the southwest coast of Jamaica, so the majority of sediment for
these beaches originate fravearby river system@®ichards, 2008 The reefs in Black

River Bay account foronly 1.6 percamf Jamai cabds ®@ladkRiverByeef s .
55 percentof the shoreline is protected by fringing reefs. This is less than the northern

part of the island where the average percent of shoreline protectarghly 70percent
(ReefBase, 20)3herefore, bioerosion is greater and more sediment from coraliseefs

produced.

Shoreline Types

Caribbean shorelineme varied and range froneadlands to sandy beaches.
Different shoreline features respond to hurricanes, rising sea levels, and human
interactions differently.The shoreline types focused in this study are the main features
found along the shorelines sbuthwestern Jamaica but atso commonlyound
throughout the Caribbean

Sandy Beaches Thesemake up roughly 2perceno f t he wor |l dés coa
are more common in microtidal regiofMasselink and Kroon, 2004Most of the
Caribbearis classified as microtidal environmenso wave dominated beaches #re
most common.These beachexxperience persistent ocean swells and constant wave
interactiongHuggett, 201). Storm events generally lower beach gradients, widen
beaches and increase beach erosion by changing thent@naeiion with the beach face
(Chambers, 1997 A general understanding of beach formation is that-kiggrgy
waves tend to form wide, flafine grainedbeaches whereas mqueotected lower energy
beaches tend to be narrower, steeper and can often form rip cukentze detailed

beach classificatioaystem was created by Short and Wright (2006). This sygtamps
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beaches intoidsipative, intermediate, or reflective beac{fégure 7). Thisstudy will
only focus orthebeaches mostommonly found in Jamaica.

Dissipative BeachesThesearegenerallyhigh-energywaveenvironmentsvhere

wavesaverage 2.5 meters in height and the beaches are composed of fine grained sand.
High-energy environmnts produce large waves that transport sediment offshore creating
a wide, low angled surf zone with offshore bars parallel to the sNéawes tend to

break orthese bars and can refomultiple timesbefore reaching the shordhese

beaches are gendgastraightand featurelessut the presence of headlands or reefs
decreasand redirecthe wave energy arzhn causeraoverallcrescent shape or cusps

and bermgo form (Short, 1996) A dissipaive beach can also form in leanergy
environments whereevy fine sand is present and where there is an abundance of sand
(Hesp, 2012).These beaches are heavily affected by storm events such as humitdnes
often show high signs of erosion during these evighiggett, 2011; Short, 1996).

IntermediateBeach Theseypesof beachegxperience less wave energy and are

more dynamic¢han dissipative beaches. One type of intermediate beadbtmistide
terrace or ridgeunnel. This type of beach is composed of fine to medium sand and
relatively steep beaclade. Small, shallow rips caform, creating weak currentsetween
the bar and beach fac€usps can form along the backshore where high swells may
reach during storm evenfduggett, 2011; Short,1996)

Reflective ReachesThese beachewe the lowestnergy beach typ&heyare

generally steeper with coarser sand (0.4rang) wave heightisetween 0 and 1 and
tend to be narrower than the other beach types and often display.aTierse beaches

could also be moderate to highergy beaches with coateegravel sized grains (Hesp,
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2012). Theyare usually well protecteahd located on highly sheltered coasts where
embyments are formed and commonly found behind coral fidafgett, 2011; Short,

1996). These beaches displhtgle temporalvariability and remaimrelatively stable

unless there is a drastic increase in wave height and energy in which beach erosion will

rapidly occur(Short and Wright, 2006

Dissipative Beach

Spilling
breaker

Bores

Swash

' tanp = 0.01

lntermediate Beach )
Plunging Secondary
breaker Reformed breaking
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Reflective Beach
Plunging 10 surging breakers

. “step’ .-

tanp = 0.1-0.2

Figure 7. Generalized BeaclaSsification. The classification system is based
on Short and Wright (2006). Beach scales are exaggerated.
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Beaches within Black River Bay are predominantly dissipative since the wave
energy is high in many areas. The beaches are dominantly fine gragihedlow slope
angle. Theshorelineghat have reef protection are generalized as intermediate beaches,
specifically low tide terrace beaches. These have a slightly steeper slope and cusps are
generally found on the beach facehe areas where interaliate beaches are thought to
dominate are along the south portion of the study area, past Parrottee Poineadine
classifications for Black River Bay are based off of observatmdsprofile
measurementisom satellite imagery.

Headlands and Resistat Shorelines Coastal headlands are rocky shorelines
surrounded by water on three sides and usually adjacent to a bay. These headlands are
composed of bedrock and am®reresistant ta&ahanges madieom waves and other
coastal processeddore resistanshorelines made of bedrock can be composed of either
hard or sofrtock. The hard rocks more resistant to wave forces amtl change at a
slower rate, usually over centuries to millennia. A softer rock will change more rapidly,
usually over a few dedas. A less resistargoftrock such as a clay or stockis
usuallyadjacent to anore resistarthardrock like limestong(Geomorphic Solutions,

2010) Differential erosion from waves and abrasion caussdfteock to erode at a
fasterratethan the hard roclcausing a bay to form. The sediment eroded from the rocky
shoreline deposits in the bay and forms a crescent beach surrounded by headlands
(Huggett, 2014British Broadcasting Corporation (BBC), 2014)

Headlands are usually high bluffs wheraves break and are diffused into the
bay. The headland takes the full force of the energy produced bys\wadehe more

sheltered bay receives refracted wawegch are lower in energiFigure §. Since
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headlandseceive more energy from waves than the adjacent bays, the erosion rate of

these landforms are greater than in the bays; however, headlands are more stable than
beaches. Beaches are more mobile and easily changed making geomorphic changes more
noticeableon human timescalésluggett, 2011).Shorelines where headlands are absent

are where the highest rates of erosion @mahges arebserved since the beaches and
shorelines are exposed to the full force of the energy from veankemovement is not

restriced (Tarbuck and Lutgens, 200Q7)

Quiet
beach

Destructive
Wave refraction waves hit Wave refraction

shelters bays from headlands shelters bays from
wave energy with force wave energy

Figure 8. Shoreline @nposition. Headlands, such as limestone bluffs, are n
resistant to wave processes but receive the full force of wave energy. Wan
refracted into the adjacent bays. SouBRntish Broadcating Corporation
(BBC), 2014.
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ReefProtected ShorelinesSimilar to headlands, coral reefs are a resistant
feature that provides shoreline protection from wave energg. type and condition of a
coral reef determines the amounteokgy absorbed from wave and stoevents from
reaching the shoreline. Coral reefs can abaarbverallaverageof 97 percent of the
energy from wind producedaves(Valentine, 2014 National Oceanic and Atmospheri
Administration, 2013The Nature Corevancy, 2014) In general, as waves approach a
reef, they break on the reef crest, releas
exposed above the surface of the water provide a higher level of protection than
submerged reefs (Carey, 2014)herearetwo types of coral reeffound along the coast
of Jamaica and vary in thevel of shoreline protection. A fringing reef is the most
common and are either connected to the shore or located very close to the shoreline. A
barrier reef is located offsihe usully within 1,000m from the shore and separated from
the shore by a lagoon. Often these reefs are damaged by stormsm@uéeiy can
become so damagexahly patch reefs remaifMicrodocs, 2012) Thus,SLR and
increased storm intensity can reduce coral peetiection.

In addition to shoreline protection, coral reefs are a productive ecosystem
important to the fishing community, and provide sediment through bioerosion for the
adjacent beaches as well asstal protection from waves and storm evéBeck, 2014)

Most coral reefs are located in shallow, tropical regions and are home to 25 percent of all
the known species of marine life which include around 4,000 fish speci€areef

building corals (Burkeet al, 2011). Since 2003, the fishing industry for members of the
Caribbean Community (CARICOM) has produced and consumed fish products above the

global average of 16.4 kg per capita. CARICOM members such as BarBatips,
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Grenada, Jamaica, St. Kitemd St. Lucia, have produced between 14.2 to 52.2 kg per
capita in 2003 of fish products making this industry important to the Caribbean economy
(CARICOM Secretariat, 2013)

Reefs are at risand require protection from natural and anthropogenic factors. It
is estimated that 30 percent of the worl do
could be lost by 2030 (UNE®/CMC, 2006). Overfishing, pollution, coral mining,
sedmentation, tropical stormand coral bleaching are all serious threats to coral reefs.

As these structures are damaged or destroyed, the fishing industry is threatened as well as
an important source of income for many coastal communities. Damaged|seeddiow

more energy to reach the shoreline, increasing the rate of shoreline erosion. These reef
systems should be managed along with other coastal resources to help insure their
existence in the future (UNEWCMC, 2006).

Artificial Shorelines. Structures built to protect shorelines from the natural
process of erosion are being consted to protect infrastructubriilt too close to the
shoreline. Thesartificial structuressuch as seawallgroins, and breakwatesese used
as a managemeptactice tadeflect wave energy and change the natural flow of sediment
along the coastThis process is usually called hard stabilizatibarbuck and Lutgens,
2007)and has a varied degree of sucd@stkey and Wright, 1988)

Hard structures amesgnedto trap sediment to increase beach widths or to
prevent waves from eroding the shoreline to the point where infrastructure will be
damaged. Structusesuch as groins are built perpendicular to the shoreline and trap
sedimentwithin updrift cells to slow sediment transport and reduce sediment loss.

However, hese structures interfere with the natyrocess of longshore drift and usually
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too muchsediment collects on ¢hwindward side of the groin so ttike lee side

becoms sediment depwed (Tarbuck and Lutgens, 2007peawalls and breakwaters are
built parallel to the shore t@sist wave energy directly apdevent excessive erosion due
to waves and storm swells. Seawalls are built on the shore to prevesftpogperty and
infrastucture whereas breakwaters are built offshore and act similar to/steins by
reducing wave energyThe problem with thesstructure is thatreflectedor dissipated
wavescreatea scourat the base of the structuaad caues erosion to occur without

allowing sediment to be replenished. This disrupts the equilibrium of the beach system
and theareaon the seaward side of the wall will ercaled often cause the structure to
collapse(Figure9). Building these hard structures only helpfew and degies or

destroys natural beach@&arbuck and.utgens, 2007Twu andLiao, 1999)
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Collapse of structure

Figure 9. Collapse of&walls. Seawalls are built on shorelines to protect a beac
infrastructure. The incoming waves hit the wall and reflect in a downwartidmot
This causes souring to occur at the base, increasing erosion. Eventually the st
may collapse. SourceSpiegel, 2013
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Beaches as Environmental Indicators

Beachesre dynamic and can be used to understaadges in the environment.
Beaches are formed by waves and respond to changes in seasons, storrarelents
sediment supply by eitheroding,accretingor relocating down shore. The level of
sediment transport between waves and a beach dependslewethof protection by
vegetation or landforms and the level of human interaction with the shoreline. Rising sea
levels are pressuring coastal regions and beaches are one of the first features to feel the
full effect of climate change and increasedIseals.

Depositional Landforms. Wave processes and currents influence the movement
of sediment and create erosional and depositional landforms. Depositional landforms
such as spits, bars, barriers, forelands, coastal gameé$eaches are relativelyhile
and will change over human timescales or during a single storm event (Huggett, 2011;
Tarbuck and Lutgens, 2007)These landformform when there is an adequate source or
supply of fine grained sedimestich as the sediment discharged from the BRickr.

These depositional landformase found along the south coast of Jamaica and can be used
to help determine the direction of longshore curramid dominate wave directiorA

spit is an accumulation of sand that projects out into a bay and iattentjred to the

shore on one side. Spits can either be long and straight with dikeskapghooked

spit) or shaped more like a triangle where the length of the spit is less than the width
(foreland spit) Areas where spits form are usually place&kelthe shoreline abruptly
changes direction and the spit only receives longshore movement on one side (Huggett,
2011). A bar is a straight accumulation of sand that forms parallel to the shore. Bars can

become barriers and cut off a bay to form a lagodmese depositional landforms often
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form in shelter areas and are usually formed when a spit complexly seals off a body of
water. Coastal dunes can form along the shoreline and are formed by wind energy;
however the sediment that forms thds@es ismportant to the sediment supply being
removed or added to the coastal zone. Beaches are the most common depositional
landform and will form in bayas pocket beachesd along shorelinashere sediment

can be deposite@Huggett, 2011Tarbuck and Lutgen007).

Seasonal Changes and Storm Event€£hanges in wave energy and direction
due toseasongind storm events can be seen in changes in beach morpl&&ogrally,
the changes in energy during the seasons create summer and winter beach profiles
Storms and wave heights generally incrdase fall into the winterduring hurricane
season from late August through November. Themesflatter beaches due to increased
wave energy.Beaches with a low angieill show a greater geomorphic change do
storms since wave swells are able to travel further inland and interact with berms,
vegetaibn and stored sediment (Bascal®80). During these storm eventsyins
typically erodeand thefine grainedbeach tends to flatten as sand is pulled ofislamd
deposited on offshore bafSigure 1Q. The beach may appear to be growing and
becoming wider; however, the vegetation line and berm line are damaged or eroded
which actually cause the shoreline to regrd3sring late spring t@arly summer waves
are generally calmer and smaller so beaches tend to recover as sand is slowly returned
from the offshore bars onto the beach and bérhe rate vegetation recovers is slower
than beach recovery andimultiple storm events occur during one season, elbedl
have less time to recover and the geomorphic changes due to erosion are greater

(Robinson, Rowe, and Kha2Q05)
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First dune
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Offshore bars

Figure 10. Storm f@files. General beach profile change before and after a
hurricane or strong storm event. Level of profile change is exaggerated.
SourceUniversity of South Florida, 2015.

Hurricanes and strong storm eveptsduce large storm swellgth average

heights doubling normal wave heights. These wavesapable of changing beach

profiles over short timfeamesof hoursor days(Bosseret al.,, 2000; Daniel and

Abkowitz, 2005) These beaches will recover during reiorm events. Studiesahe

level of beach change during storm events have been increasing during the past 30 to 40

years. Cambers (1997) explains the profile change<Caribbean islandturing two

major hurricanes; Hugo in 1988 and Luis in 199Bhe study documents periodsging

1 to 10 years on islandsine Lesser AntillegAnguilla, AntiguaBarbuda, British Virgin

Islands, Dominica, Grenada, Montserrat, St. Kitts/Nevis, St. Lucia, St. Vjrazehthe

Grenadines) (Bmbers, 1997) Monitoring stations where placed afptie shoreline of
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these islands and data was collected quarterly and immediately after a large storm event.
These measurements were taken using simple surveying techniques by staff members of
the COSALC coordinating center$he profile and width of thbeaches are then

averaged for each year and the first year was used as the baGeliaeerage, 70

percentbof the beaches were eroding ando@&dcentwere accreting. This trend changed
drastically after a hurricane event in which grefile areas deeiased from 6 td0
percentf{Cambers, 1997). Included @&a mb e r s(dable BamdCa mb egraphs

(Figure 1) displaying the results that hurricanes have a large effetteoshtape and rate

of change o beach profiles.

Table 1. Changes in BeachdaDunes from drricanes in 1995. Source: Cambers, 1997.

Distance to Cente Average Chang Average Chang Average Retre:
Island of Hurricane Luis in Profile Area in Beach Width of Veg/Dune

(km) (percent) (m) Line (m)

Barbuda 5 -40 -1.1 -17.5
Anguilla 28 -40 -8.7 -8.9
Antigua 40 -23 -4.9 -4.9
St. Kitts 70 -6 -3.2 -4
Nevis 90 -30 -5.7 -5.2
Montserrat 90 -31 -10.9 -3.5
Dominica 180 -24 -6.7 -2.5
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Fhgure 11. Beach Chudynngl@93. Therdmamondiradicebes thesdata
collected before Hurricane Hugo (red) and Hurricane Luis (orange). The graph shows
drastic change before and after a hurricane and the smaller changes between extreme
events.

Global warming has been indicated as a possible reason for hurricane
intensification as well as accelerati8gR (Mousavi, 2010). As more CG@nters the
atmosphere, the greenhouse effect causes the surface of the oceans and the air above it to
increase.Warmer air is able to hold more moisture, so evaporation occurs in tropical
areas. Preexisting climatic disturbances begin to interact with the moisture in the heated
atmosphere, causing a spiral to form and eventually a hurricane. The lighter and warmer
the air is above the storm, the more time the hurricane has to build up strength.
Therefore, rising global temperatures favor stronger storm systems (Mousavi, 2010). The
threat of stronger storms and rising sea level increases riskastal zones. igher

water levels mean more water displacement onto the [@nid.increases the rate at
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which waves interact with the shoreline, ultimately removing more sediment than lower

sea levels (Hubbard, 1992).

Sea Level Risen Jamaica

Studies by Robinson and Hendry (2012), Robiretoal., (2012), and Robinson,
Rowe, and Khan(2005) explain the history of sea level changes during the Holocene and
the effects on Jamaican shores. At the beginning of the Holocene, global temperatures
increased as the climate transitioned from a glacial to an interglacial period. The melting
of ice sheets caused sea level to rise gradually by roughly 6 mm/yr. This equals a total
displacement of 25 meters withime first 4,000 years (Robinson, Rowe, &tian,
2005). This was a gradual increase until around 14,000 years ago when sea level rapidly
increased to 4.5 cm/yr (Robinson, Rowe, and KB&A5). This trend of gradual then
rapid SLR continued until 6,007,000 years ago. After this initial rise&aslevel
fluctuated and followed a slowly increasing trend to where sea level is today (Donoghue
and White, 1995)

Recently, SLR has accelerated due to thermal expansion of the ocean due to
global warming (Buenet al, 2008). WhileSLR can have naturabtisesSLR has been
accelerating due to burning of fossil fuels and the release of greenhouse gases (Causes of
Climate Change, 2013). The most extensive research conducted in Jamaica on shoreline
erosion has been along Long Bay in Negril. This is local@uolg the west coast of
Jamaica. Studies by Mondon and Warner, (2012), Robinson and Hendry (2012) and
Robinsoret al (2012), produce a wide range of erosion rates along this shoreline. Over

the past 30 to 60 yeass;osionrates have been measdifeom 0.23 to 0.30 m/yr for the
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whole of Long Bay. In some areas, erosion rates have been measured to be as high as
0.59 m/yr over a 37 year span (Robingbml, 2012).

Longshore drift has been observed along the beaches in Negril and\teable
coastakecession has been observed in both areas over a 30 to 50 year period. Spits and
barrier bars have disappeared and occurred elsewhere along the skiiciianzie,

2012; Robinson, Rowe, and Khan, 2D0%ach shoreline is different atlde effects of
SLR on beaches are site specific. Continued research is needed to understand how
specific shorelines around Jamaica will respond to rising sea levels.

Responding toSea Level Rise Rising sea levels and associated shoreline
changes are pressuring stad communities in the Caribbean including Jamé@gable,

1997. ThefCoasts at Riskindexrateswhich coastlines are most at risk of floods,
tsunamis an&LR based on exposure and vulnerability. Jamaica is one of the top 20
countries most at risk (Coasts at Risk, 2014). Most shoreline erosion studies have
occurred in other countries or along the north coast of Jamaica. There is major concern
about the degre of property loss, reduced tourism, and degradation of coral reefs and
fisheries related t8LR throughout Jamaica, specifically along the south coast of Jamaica
(Richards, 2008).

To help reduce the pressuressaiR on the beaches in Negril, the local
government has made some attempts at beach restoration. A recent article from The
Gleaner by Veira (2014) explains the current proposed solutions and the repercussions
the plans will have on the local community and its beaches. Proposed solutions in 2007
by a local engineeiSmith Warner were: sand nourishment, nearshore breakwaters, reef

extension and a combined solution. Other proposed solutions for beach restoration
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included restoring mangrovesea grasseand coral reefs along with improvements in
water quality. These latter proposals have largely been ignored by the government and
The National Environment and Planning Agency (NEPA). Instead, NEPA started
designing rubble mound breakwaters along the ends of the beach (Veira, 2014).

The local stagholders have expressed their concerns about the project stating it
will affect businesses, tourism, daily traffand a loss of revenue (Veira, 2014). The
environmental and economic factors and repercussions must be considered in any
restoration project This proposed idea will deflect most of the daily wave action from
reaching the beach as well as waves produced from storm events. This case study
strengthen the need for a better understandif8l.Bfand erosion rates in Jamaica since
its effects aralready being felt by the local communities

There are many proposed solutions for dealing with shoreline erosion. Some
solutions are more permanent, effective and less expensive than others. In Negril, the
nearshore breakwater structures will requiree months for construction, 53,280 cubic
meters ofarmorstone, and cost roughly US$g&4llion - US$40 million to construct
(Veira, 2014). The breakwater structures will reduce the wave heights-By3dnland
reduce the wave energy up to@rcenttherefore, reducing the erosion rate by up to 50
percenf{Mondon and Warner, 2012). These breakwater structures act as an artificial
barrier reef buare costly to build

Other possible solutions are to replenish the sand supply by bringing in sediment
from inland, adding it to the existing beach. This could double the width of the beach;
however is only a temporary fix and has a lifespan e22@ears. Reef extension or

rebuilding of a dying reef would reduce the wave energy hitting the shoretineae a
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similar effect as the breakwater solution (Veira, 2014). Mangrove restoration or the
restoration of other coastal vegetation would also be a solution as this would create new
habtats for marine and coastaldifas well as act as natural seawall®wing the natural

flow of sediment to occur, unlike the antpogenic structures (Thamparstaal.,, 2006).

All these solutions and their repercussions need to be taken into account when proposing
a coastal plan. Understanding the dynamics of theebhe will improve the decision

making process.
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CHAPTER 3. STUDY AREA

Black River Bay is located on the sow#stcoast of Jamaicia the parish of St.
Elizabeth. t i s one of Jamai cads owitda sstimated wns an
population of 5,71t 2009(St. Elizabeth Parish Development Committee, 2013)e
town wasfounded sometime before 1685 as a port city at the mouth of the Black River
where the export of logwood allowed the town to exparmosper until it was
decl ared the parishoés capital i nThatgwh3 ( Jam
became an important port for the slave trade and became the main economic and
commer ci al center for the pravasittebecondnibst t he
important town in Jamaica with Kingston being the most important. Black River grew in
wealth and in 1893 became the first Jammatoavn to be lit by electricity In 1903, Black
River becaméhe first bwn to have cars and telephsr{&iwi Roots Jamaica, 2007).
Today, Black River is a mediwsized townwhere the seaport is less important and
environmental tourism and fishing are the main indus{dasiaica National Heritage
Trust, 2011) The area has also becomdestination fotourist looking to experience the

historic Jamaican culture along with the typical tropical experience of sun asahsea.

Geography

Jamaica is the third largastandof the Greater Antilles located in the Caribbean
Sea; appximately 150 knsouth of CubdMoses, 2008).Jamaicéd s Highsintedor
reaching2,256 min the Blue Mountainssurrounded by a coastal plain that is less than
3.2 km wide in most areas along the north and south coast and slightly wider along the

east and west coa@igure 12)Richards, 2008) The island has an area of 10, X?
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andthe coastline is roughly 895 km in length and described as irregatgimngfrom
sandy beaches, mangrove swamps, to limestone blTifis.southern coast of the island
has a shallowhelf of less than 36 m and extend328km from the shore where barrier
reefs, sand clays and low reef protection are found (Richards, 2008).

The area of Black River Bay used in this study includeghly30 km of
shoreline composed of sandy beached limestone headland$he area begins roughly
500 m northwest of the Fonthill Nature Reserve beach and ends 1.5 km east of Parrottee
Point. Most of these beaches are dissipative beactitkcated to 3 meters above sea
level (Hgure 13. The mairbeaches focused on in this stuahg Fonthill Beach Park,
Hunts Bay, Malctm Bay, and Parrottee Point. Hunts Bay and Malcolm Bay are sandy
beaches with limestone headlands on either side of the beadbttéePoint is a sand
spit located in the southeportion of the study area and hgh protection frontoastal

dunesand fringing reefalong the southeastern part of the shoreline.
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Elevation of Black River Bay

5

=

B,®

Q
A2

Elevation
8

Parrottee Point

Tm

3m

S5m

>5m

Coral Reefs

i iTown Outline
Black River (

- Zone Boundaries Map Created By: Karen Zelz_e‘

Sowss: Esr, DigiiBlos, Gocys, haubss,
2.50:25 0 2.5 Kilometers Gelimappling, Aoreg

Camrmunity, Set
|| | Deloms, HERE, ¢

Figure 13. Elevation of Black River Bay. The main beaches ostudy are
indicated.
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Geology

The island of Jamaica is located on the northern edge of the Caribbean plate
whichis adjacent to the North American Plaiehe Cayman Trench runs between Cuba
and Jamaica, separating the North American plate from thbl@an platéMoses,
2008) During the upper Cretaceous period, subduction of the North American Plate
under the Caribbean platesated an uplift of crust that formed the core of Jamaica. A
series of marine submergences after the islandevased andcausal a limestone mantle
to deposit which formedimost twethirds of the island (Asprey and Robbins, 1953).
The western portion of the island is dominated by-gm&tene carbonates overlaying the
Cretaceous basement rock.

Stratigraphy. The Black River Bay is mainly composed of alluvium deposited
on top of limestone formationd’he carbonates in this area are divided into/tigte
and YellowLimestone groupéTable 2). The Whiteimestone specifically the Troy
Formation,dominates theutcrops in the study area. The Troy Formation is the lowest
unit in the White Limestone Growmnd consists of dolostones and crystalline limestones
This unit was formed during the Milocene and is a compact, wieédded,
recrystalliszed limestone waitittle to no fossils presenfThe Montpelier Limestone
Formation is composed of two lithofacies; the Megue/Cobre and the Montpelier Beds
(Robinson and Mitchell1999) These are not distinguishable from each other and have
been grouped at thdontpelier FormationThe geology within the Black River Bay
(Figure 19 is composed dfew limestone outcrops of th@hite Limestonegroup. Most
of the lowlying area surrounding the Black River is covered with alluvium deposits

(Mitchell, 2004)
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Table 2. Stratigraphy of Southwest Jamaica. Source: Robinson and Mitchell, 1

Group Formation Period Age

. Pleistocene and 2.5 milion years

Alluvium®*
Holocene ago to present
Montpelier Limestone Mid- Miocene 23 to 5.3 milion
White Limestone years ago
Bonny Gate to
. . 55.8 10 33.9

Troy Limestone Mid-Eocene

milion years ago

Yellow 65.5t0 55.8
. Masenmure Paleocene .
Limestone** milion years ago

Jerusalem-Thickett River o

Limestone
Tom Spring Late Cretaceous 99.:|:6 to 65.5
Birch Hil milion years ago

* Not a formation
**Not all units are included for the Yellow Limestone Group

Bolded text represents main layers in Black River Bay

There are a series of faults throughout Jamaica with a dominantly-SSI&V
trend. The mjar fault in the Black Riveregion is the Montpetr Newmarket Belt
(Figure #). This belt is highly deformed and has caused som&WEshortening and
NW-SE extension in the area and is believed to be a revelsaiidan upthrown block
to theNE (Wiggins-Grandison and Atakan, 2004)he area west ohe major fault

accreted over a series of transgression events.
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Figure 14. Geologic érmations in Black River BayAlluvium deposits are
not included in this formations map but alluvium covers most of the area
surrounding the Black River. Source: Robinson and Mitchell, 1999.
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