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In this presentation:
Note: Sincemany of us may not be familiar with the earthquake 
deformation features observed in Haiti, appropriate Jamaican examples 
have been included 

ÅFacts about the Mw 7.0 Haiti Earthquake of  

January 12, 2010- geology  and damage (Sources: 

USGS/EERI Advance Reconnaissance Team Report, 

2010/02/18; United Nations, 2010)

ÅHaiti Natural Hazards Profile

ÅGeotechnical  aspects of damage to the Built 

Environment

ÅWay forward



FACTORS CONTROLLING  EARTHQUAKE DAMAGE:
A recurring theme in all of the earthquakes is that it is the geologic 

framework which determines how strongly the ground will shake, 

and where ground deformation - liquefaction, landslides, road 

embankment failure, tsunami, subsidence- is likely to occur. 

These were noted in Haiti following the 12 January 2010 

earthquake and were a cause of serious damage to infrastructure. 

We will show examples from Haiti and Jamaica

LESSONS FOR REBUILDING AND DISASTER RISK REDUCTION:

Prediction of geologically controlled earthquake-induced

processes and their spatial distribution provides a basis for 

engineering design, land use and disaster preparedness. 

More importantly, these data facilitate modeling of vulnerability 

and risks.



Natural Hazards Profile of the Republic of Haiti: Multiple hazards 
Area: 27,750 km2 on the island of Hispaniola

Population : approximately 9 million

Largest city: Port-au-Prince; estimated population  2.5 to 3 million 

Located 25km ENE of the epicentre of 12 January 2010 earthquake.

Hazardous processes: Earthquakes ( 1751,1770,1860); Recurrent Rain 

Storms cause Landslides, Sediment floods, Water floods; Accelerated soil 

erosion; Hurricanes, Storm surge; Tsunami. (Munich Re Map, modified with 

permission) 

HAITI



US Geological Survey

Epicentre Earthquake of 2010/12/01

HAITI: Tectonic 

setting, Faults, 

Earthquakes.
The sub parallel 

Enriquillo and 

Septentrional Faults are 

the principal active 

faults forming the plate

boundary between the 

Caribbean and North 

American tectonic 

plates



12 January 2010 Earthquake parameters: 

Limitations: There were no seismographic stations in Haiti 

during the main earthquake or its largest aftershocks, so it

is impossible to estimate accurately the intensity of ground 

motions (Source: US Geol. Survey). 

Epicentre: 18.457ÁN, 72.533ÁW, 

25 km WSW of Port-au-Prince, 

Near the Enriquillo fault zone; 

horizontal uncertainty 
+/- 3.4km

Magnitude: Mw7.0 moment 

magnitude

Local time : 04:53 PM

Focal depth: estimated 13km; 

uncertainty due to lack 

of local seismic data 



Earthquake fault: no surface rupture found
Additional  ground surveys : To help determine the fault rupture and quantify 

the history of ground deformation in order to inform reconstruction and 

retrofitting.
Fault plane solution of the Jan 12th, 2010 earthquake main shock indicates 

leftȤlateral obliqueȤslip motion on an east-west oriented fault. 

The earthquake rupture was very abrupt and sharp with a strike dimension of 30 km, 

smaller than the earthquake of this size. 

The fault rupture from east to west, away from Port-au-Prince and towards the cities of 

Léogâne, Grand Goâve, and Petite Goâve. ( From USGS/EERI, 2010)

N

Seismogram of Jan 12th, Haiti Earthquake recorded at 

Mayagüez, Puerto Rico ( Courtesy: Grenville Draper)
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Haiti Earthquake: Magnitude and Energy 

HAITI 2010



Human tragedy
As of February 6, 2010:

ÅDeath toll:  exceeds 

212,000

Å Injuries : exceeds 

300,000

ÅPeople living in the area 

directly affected by the 

earthquake: 

More than 5 million

ÅPeople now living in 

temporary shelters:  

More than 1.2 million



Ground Motion Amplification in Port-au-Prince 

ÅMost of Port-au-Prince rests on  
Holocene alluvial fan deposits 
consisting of gravel, sand, and clay 
reaching a thickness of more than 200 
m (650 ft) . 

Å In the areas proximal to the waterfront, 
the groundwater surface occurs close 
to the surface.

Å It has been demonstrated during 

the 12 January earthquake that 
earthquake waves are amplified upon 
reaching the fan sediments which may 
be water saturated.

Å This setting is similar to what obtains 
in the coastal cities in Jamaica, for 
example,  the Liguanea Fan where 
Kingston Metropolitan area is located, 
the Hope River Fan at Harbour View.



BEHAVIOUR OF EARTHQUAKE WAVES AS THEY TRAVEL THROUGH DIFFERENT TYPES OF SUBSTRATE 

NOTE Amplification of seismic waves in water-saturated/soft sediments 

Granodiorite

/Limestone

FAULT ZONE

Recent sediments  that were deposited by the rivers. 

WATER-SATURATED SEDIMENTS IN GULLY 

COURSES

LANDSLIDE DEBRIS FANS:

HILLS HARBOURPLAINS ISLAND

Earthquake 

Waves

Interaction of earthquake waves and sub-surface geology: 
A cartoon to show the influence of subsurface geology on the 
seismic wave behaviour on the alluvial fan setting. 



PORT FACILITIES:Port de Port-au-Prince suffered extensive damage due 

to liquefaction-induced lateral spreading; inhibiting the delivery of relief 

supplies. Numerous surface manifestations of the liquefaction are 

present: light-coloured areas are sand boils (USGS/EERI, 2010).



Jamaica Earthquake of 14 January 1907: 
Liquefaction-sand boils and earthquake induced landslides ( 

Institute of Jamaica Photo)

Bull Bay
Landslides

Hope River 
Fan at 
Harbour View

Sand Boils
Fissures



Cartoon of the Liquefaction-induced 
landslide that destroyed a section of the Port 
Royal following the June 7, 1692 Port Royal 
Earthquake.  This submarine landslide 
displaced some 720,000m3 of sediments 
resulting in a tsunami  in the Kingston 
Harbour area. (FROM: Ahmad)

PORT ROYAL BEFORE
THE LANDSLIDE

PORT ROYAL AFTERTHE 
LANDSLIDE

Dotted line encircles the 
section of  the Port Royal 
that remained above 
water

PORT ROYAL 
SHORELINE 
BEFORE 
LANDSLIDE

Present-day 
shoreline at 
Port Royal

Source  of shoreline change:
http://nautarch.tamu.edu/portroyal/PRhist.htm



Port Facilities: The collapse of a pile-supported pier at the

Varreux Terminal resulted in the deaths of about 30 people working

on the pier at the time of the earthquake. Fissures are caused by lateral 
spreading ( From USGS/EERI, 2010) M5.4 Jamaica Earthquake of 13 

January 1993 caused ground 
fissures at several places

Ground crack 
in the north 
approach 
road to the 
Hunts Bay 
Causeway 
Bridge

M6.5 Jamaica Earthquake  
14 January 1907: Fissures 
caused by lateral spreading


