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Assessing geohazards near Kingston, Jamaica: Initial results 
from chirp profi ling

Kingston, Jamaica, the capital of the Caribbean island 
nation of Jamaica, is prone to infrequent but devastating 

earthquakes and tsunamis, yet the locations of the faults 
responsible for generating these geohazards are poorly 
known. Th e city rests precariously at the western terminus 
of the Enriquillo Plantain Garden Fault (EPGF)—the 
same fault that ruptured during the 12 January 2010 Haiti 
earthquake, destroying Port-au-Prince and killing about 
250,000 people (Figure 1 inset). Like Haiti, Jamaica has 
experienced a signifi cant earthquake every few hundred 
years; however, the exact frequency and location of large 
earthquakes across Jamaica remain unclear. In the past 300 
years, Jamaica has experienced at least two earthquakes (in 
1692 and 1907) comparable to the 2010 Haiti earthquake 
and, like Haiti, these earthquakes caused signifi cant loss of 
life, triggered tsunamis, slope failure, and caused widespread 
ground liquefaction (e.g., Sloane, 1694; Tabor, 1920). Th e 
1907 earthquake killed ~1000 people in Kingston. Th e 
1692 earthquake completely destroyed Port Royal, a city 
then notorious as a haven for privateers and as the Western 
Hemisphere’s center for slaving operations.

It has now been more than 100 years since Jamaica was 
struck by a large (>Mw 6.5) earthquake. Recent GPS stud-
ies suggest the EPGF is capable of generating a Mw 7.2–7.3 
earthquake—an event with more energy than the Mw 7.0 
Haiti event in 2010 (DeMets and Wiggins-Grandison, 2007). 
In addition, during both the 1692 and 1907 earthquakes, 
tsunamis were reported in Kingston Harbour. However, the 
active faults responsible for generating these tsunamis and 
Jamaica’s most severe historic earthquakes remain unknown.

Observations of ground fi ssures and tsunami formation 
reported within Kingston Harbour during both the 1692 
and 1907 earthquakes indicate sea-fl oor deformation and ac-
tive faulting may occur within the harbor during large earth-
quakes. Since the 1907 earthquake, Kingston has undergone 
signifi cant industrial, urban, and commercial development, 
much of it on reclaimed land built into Kingston Harbour 
(Figure 1). Recent studies of the 2010 Haiti earthquake sug-
gest hard-to-detect “blind” thrusts sometimes exist in a con-
vergent strike-slip fault system like the EPGF (e.g., Hayes 
et al., 2010; Calais et al., 2010). Man-made development 
around Kingston during the past few centuries makes it dif-
fi cult to assess the location of possible active or blind thrust 
faults extending below the city. A USAID study suggests that 
a moderate (Mw 6) regional earthquake could be damaging 
to the city; however, due to development across the city, this 
study was unable to address if active faults exist, through the 
city center or immediately off shore, in Kingston Harbour.

In 2010, we undertook an SEG Geoscientists Without 
Borders study to provide scientifi c information that will help 
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prepare the ~1 million inhabitants of Kingston (and the 2 
million additional Jamaicans dependent on Kingston’s wel-
fare) for future earthquakes. Specifi cally, the primary goals 
of this study are to: (1) determine if active faults exist be-
neath Kingston Harbour; (2) if faults exist, determine the age 
and rate of deformation along these faults; and (3) assess the 
source of reported tsunamis that formed in Kingston Har-
bour during both the 1692 and 1907 earthquakes. Working 
with our colleagues in Jamaica, we will ultimately use these 
results to help update the geohazard profi le for Kingston in 
coordination with Jamaica’s Offi  ce of Disaster Preparedness 
and Emergency Management (ODPEM).

Data collection
Currently, we are halfway through our two-year research 
campaign. In January, with the help and support of the Coast 
Guard Division of the Jamaica Defense Force, we completed 
our initial chirp sub-bottom imaging fi eld campaign. Our 
study will utilize both chirp sub-bottom images and sedi-
ment cores to identify, map, and date potentially active faults 
and slope-failure events across the harbor. Here, we present 
preliminary results of our chirp study which reveal evidence 
of at least one potentially active fault beneath Kingston Har-
bour. Th is fault, in the northeast corner of the harbor, shows 
evidence of Holocene activity, extends through densely pop-
ulated neighborhoods and infrastructure in the eastern part 
of the city, and is overlain (perhaps not coincidently) by a 

Figure 1. (inset) Location of Kingston, Jamaica with respect to the 
Enriquillo Plantain-Garden Fault (red line). Th e blue box shows 
the location of main part of the fi gure. (main fi gure) A Google Earth 
image of Kingston, Jamaica. Red line marks the approximate location 
of a proposed active fault imaged in the harbor. Th e location of dense 
urban neighborhoods as well as key infrastructure around Kingston is 
also noted. Some facilities (such as industrial plants, the containership 
dockyard, and airport) have been built on reclaimed land extending 
into the harbor. Nearly all the city is on an alluvial plane.
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young, large submarine slide. Th e slide is directly adjacent to 
an area in Kingston Harbour that reported a local tsunami 
during the 1907 earthquake, and we hypothesize that this 
slide generated the reported 1907 tsunami. In addition, our 
chirp study reveals evidence of liquefaction along the south-
ern and eastern half of the harbor, adjacent to the only road to  
Kingston’s Norman Manley International Airport.

Figure 2. (a) Map view image of Kingston Harbour generated using 
high-resolution Space Shuttle Radar Tomography Mission (STRM) 
data. A subtle northwest-southeast trending elevation change in these 
data matches the strike and location of where a proposed active fault 
we observe in the harbor extends onto land. Black lines show the 
location of chirp profi les collected in the harbor. Th e green line shows 
the location of the chirp line in Figure 3. Additional lines collected 
outside the harbor are not displayed here. (b) A map showing the 
diff erence in depth of the horizon picked in Figure 3 and the sea fl oor, 
and its location across the subsurface. Th e relative diff erence (and 
thickness of this horizon) thickens to the south-southwest. Th e horizon 
abruptly terminates along a linear trend that is nearly identical to 
Long Mountain. We suggest this linear termination point defi nes the 
location of an active normal fault that extends across the northeast 
corner of the harbor into eastern Kingston.

Figure 3. A north-south chirp seismic line collected across the eastern corner of Kingston Harbour that shows progressively tilted beds with depth, 
recent slumping along the north shore, and evidence for liquefaction near the base of the steep southern drop-off  that pervades across the south side 
of the harbor. Both the slump and liquefaction are surface features indicating that they occurred in the recent past. Th e slump along the north 
shore is coincident with reports of a large local tsunami that occurred in this region of the harbor during the 1907 event. Future coring of these 
sites will help constrain the timing of deformation.

We spent two weeks in January collecting single-channel 
chirp data in Kingston Harbour using a 3.5-kHz center fre-
quency, portable chirp system developed by Knudsen Engi-
neering. Th e system was mounted on a small (~18 ft long) 
Coast Guard vessel operated by the Jamaica Defense Force. 
Despite sometimes less-than-ideal conditions for data col-
lection due to ship traffi  c, we managed to collect more than 
150 km of high-quality 2D chirp profi les (Figure 2). Depth 
penetration was excellent at most locations across the har-
bor, sometimes exceeding 20 m below the sea fl oor with sub-
surface refl ections clearly imaged (Figure 3). Currently, only 
one-third of the data have been loaded, fi ltered, processed, 
and interpreted; however, these data alone already reveal valu-
able information.

Active faulting in Kingston Harbour
Our chirp study indicates that a complex network of faults 
extends south of Kingston. At least one of these faults lo-
cated in the northeast corner of the harbor appears to be 
recently active (Holocene). Th e progressively rotated beds 
adjacent to this fault are in less than 25 m of water and were 
therefore likely deposited and rotated within the last 10,000 
years, when sea level was rising. Densely spaced 2D chirp 
lines collected in the northeast corner reveal sedimentary lay-
ers that both thicken and progressively tilt to the southwest 
with depth, consistent with active normal faulting (Figure 3). 
Preliminary subsurface maps of this feature, created by pick-
ing horizons along several closely spaced 2D chirp profi les, 
demonstrate that dipping sediments terminate along a linear 
feature running northwest-to-southeast across the northeast 
corner of the harbor, nearly identical to the trend of Long 
Mountain. Th ese observations support the existence of a nor-
mal fault in the harbor with a strike direction approximately 
parallel to Long Mountain (Figures 1 and 2).

Close inspection of photographs taken along strike, and 
images generated by Space Shuttle Radar Tomography Mis-
sion Data, indicate where this normal fault extends onto land 
and into Kingston (Figures 2 and 4). Th us, our preliminary 
research indicates this active fault may extend onto land 
through a densely populated and industrial area of eastern 
Kingston.
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Interpretation
Chirp sub-bottom profi les also clearly reveal a zone of shal-
low, low-refl ectivity sediment consisting of primarily chaotic 
refl ections located just northeast of the fault in shallower wa-
ter (Figure 3). We interpret these chaotic refl ectors, which 
overlay continuous seismic refl ectors, as submarine slide de-
bris. Th e fact that this debris is not overlain by any sediments 
suggests the slide occurred in the recent past; however, future 
sediment coring will allow us to constrain slide timing. Th e 
location of this slide is directly adjacent to the coast where a 
local tsunami was reported during the 1907 earthquake. We 
therefore hypothesize that this slide may have generated the 
reported tsunami, similar to the tsunamis reported in the 
2010 Haiti earthquake (Hornbach et al., 2010). Additional 
observations on slide volume, combined with age dating and 
tsunami wave modeling, should ultimately allow us to con-
fi rm whether this slide generated the 1907 tsunami.

We also observe chaotic seismic refl ectors in the subsur-
face along the southeast half of the harbor, adjacent to the 
only road to Norman Manley International Airport (Figure 
3). Th is road extends along the narrow Palisadoes sand spit. 
Th e chaotic refl ectors are adjacent to the road at the base of a 
steep slope, and their seismic character is similar to chaotic re-
fl ectors observed near Port Royal in areas where known lique-
faction occurred during both the 1692 and 1907 earthquakes. 
Like Port Royal, this corner of the harbor also experienced 
liquefaction during the 1907 earthquake. Steep, failure-prone 
slopes exist along the edge of the Palisadoes and, given both 
the historical and seismic evidence of liquefaction in this re-
gion, it seems likely it could fail again in future earthquakes. 
Additional sedimentary geotechnical analysis combined with 
earthquake ground acceleration modeling in this region will 
help address this concern.

Preliminary conclusions
Our initial analysis of chirp data collected in Kingston Har-
bour is that these data reveal evidence for active faulting, re-
cent slumping, and liquefaction across the harbor. Th e fault 
in the northeast corner of the harbor appears active. Reacti-
vation of this or an adjacent fault beneath Long Mountain 
represents a potentially serious geohazard, as this fault ex-
tends through densely populated neighborhoods and indus-
trial areas that rest on alluvium. Both our preliminary study 
and previous observations of the 1692 and 1907 earthquakes 
suggest liquefaction may occur along the Palisadoes during 
the next large earthquake near Kingston, and that this may 
make Norman Manley International Airport inaccessible by 
land.

Th e 1907 Mw 6.5 earthquake occurred when Kingston’s 
population was only ~50,000 and resulted in ~1000 deaths. 
In the past century, no signifi cant earthquake has occurred in 
Kingston and, meanwhile, the metropolitan population has 
swelled to nearly a million people. Th us, future earthquakes 
here could cause signifi cant destruction and loss of life. Our 
research, supported by Geoscientists Without Borders, is 

Figure 4. Photograph showing where the proposed active fault in 
Figures 1, 2, and 3 extends onto land. An additional fault appears 
up slope of this feature and also runs parallel to Long Mountain. We 
are unaware of any paleoseismicity studies constraining the timing of 
deformation along these faults.
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helping Jamaica further quantify these risks, and fortunately, 
government, industry, and academic offi  cials have shown 
strong commitment and support for preparing Jamaica for 
the next earthquake. We have presented our work in recent 
months at local meetings that target a broad spectrum of Ja-
maican society, including the business community and Jamai-
can broadcast media. In the wake of the Haiti earthquake, 
Jamaicans have become keenly sensitive to the potential for 
destructive earthquakes across the region. ODPM has recent-
ly run mock simulations of future earthquake disasters across 
Kingston. Th e government also sponsored an “Earthquake 
Awareness Week” in January that we contributed to, resulting 
in outreach across the island.

Th is research combined with the Jamaica’s strong commit-
ment to earthquake preparedness is laying the foundation for 
a more thorough and comprehensive study of paleoseismicity, 
geohazards, and tectonics around Kingston and throughout 
Jamaica. Recent fruitful discussions with ODPEM, the Ja-
maica Defense Force, and the Petroleum Corporation of Ja-
maica suggest future academic-industry-government collabo-
rations focused on geohazard risk analysis are possible and 
represent potential win-win opportunities for all involved. 
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