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Abstract 

Historical records indicate frequent seismic activity along the 

northeast Caribbean plate boundary over the past 500 years, 

particularly on the island of Hispaniola.  We use accounts of 

historical earthquakes to assign intensities, and intensity assignments 

for the 2010 Haiti earthquakes to derive an intensity attenuation 

relation for Hispaniola.  The intensity assignments and the attenuation 

relation are used in a grid search to find source locations and 

magnitudes that best fit the intensity assignments.   

 

Here we describe a sequence of devastating earthquakes on the 

Enriquillo fault system in the 18
th

 century. An intensity magnitude 

MI6.6 earthquake in 1701 occurred near the location of the 2010 Haiti 

earthquake and the accounts of the shaking in the 1701 earthquake are 

similar to those of the 2010 earthquake.  A series of large earthquakes 

migrating from east to west started with the October 18, 1751 MI7.4-

7.5 earthquake, probably located near the eastern end of the fault in 

the Dominican Republic, followed by the November 21, 1751 MI6.6 
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earthquake near Port-au-Prince, Haiti, and the June 3, 1770 MI7.5 

earthquake west of the 2010 earthquake rupture. The 2010 Haiti 

earthquake may mark the beginning of a new cycle of large 

earthquakes on the Enriquillo fault system after 240 years of seismic 

quiescence.  The entire Enriquillo fault system appears to be 

seismically active; Haiti and the Dominican Republic should prepare 

for future devastating earthquakes there. 
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The island of Hispaniola is part of the Antilles island arc, which wraps around the 

Caribbean plate from Cuba to the Virgin Islands to Trinidad and to Curacao (Fig. 1). The 

arc was constructed during the Early Cretaceous, but the segment from Cuba to the 

Virgin Islands has not been active magmatically since early Eocene-Oligocene times 

(Mann et al., 1991). The cessation of magmatic activity was likely the result of the 

collision of the Bahamas carbonate platform, situated on the North America (NOAM) 

plate, with the Antilles arc in Cuba, which forced a change in interplate convergence 



direction from NE-SW to ENE-WSW (Pindell and Barrett, 1990). Presently, the eastern 

tail of the buoyant Bahamas platform collides obliquely with the arc along a ~220 km 

long section in northern Hispaniola between 68.5°W and 70.5°W (Dolan et al., 1998, 

Dolan and Wald, 1998). The collision is partly being absorbed by compressional 

deformation and uplift in central Hispaniola (e.g., Heubeck and Mann, 1991; Pubellier et 

al., 2000) and partly by left-lateral motion on the Septentrional and Enriquillo-Plantain 

Garden strike-slip fault systems (Fig. 1). The uplift and perhaps the formation of the 

Enriquillo fault are thought to have started in mid-to-late Miocene (McLaughlin and Sen 

Gupta, 1991; Mann et al., 1995, Pubellier et al., 2000). The Septentrional fault may be 

older (Oligocene age) having accommodated intra-arc separation and eastward movement 

of Hispaniola away from Cuba (Dolan et al., 1998).  The subduction and collision of the 

NOAM plate appears to be presently driving the internal deformation of the arc 

including, probably the Enriquillo fault (Manaker et al., 2008).



We used the descriptions to assign intensities for felt earthquakes in Hispaniola over the 

past 500 years.  The modified Mercalli intensity (MMI) scale (Wood and Neumann, 

1931), like every intensity scale, includes recipes for assigning the assignment for 

damage to buildings made of known brittle material (e.g., adobe or un-reinforced 



masonry) or constructed using designs particularly vulnerable to shaking from 

earthquakes.  Such buildings often sustain significant damage or complete failure for 

levels of shaking that do not damage nearby buildings constructed according to 

earthquake-resistant standards.

Building materials and construction practices in Hispaniola have likely been poor in both 

the near and the distant past.  The January 12, 2010 M7.0 earthquake devastated Port-au-

Prince because many structures were vulnerable to even modest levels of earthquake 

shaking, but well-constructed buildings in the city generally were not damaged 

(USGS/EERI Advance Reconnaissance Team, 2010).  We ranked the levels of 

destruction described in the accounts (Flores et al., 2011) and tied these levels to the 

MMI intensity scale, according to the association of damage with intensity shown in 

Table 2.

The USGS/EERI Advance Reconnaissance Team (2010) did not see much damage of the 

one-story, cement-block-wall structures that comprise most of the housing in Port-au-

Prince.  In contrast, they found numerous examples of severe damage and collapse to the 

residences, hotels, and public buildings with heavy concrete slab floors and roofs.  That 

is, many, but not most, structures in Port-au-Prince were damaged.  This account can be 

compared with the damage criteria that we used for assigning intensity for historical 

earthquakes (Table 2).  Most structures in Port-au-Prince were not destroyed, so our 

assigned intensity would be less than VIII.  Damage was reported for more than a few 

significant structures, so our assigned intensity would be greater than VII.  An MMI of 



7.4 for Port-au-Prince was assigned for the January 12, 2010 M7.0 earthquake using the 

“Did You Feel It” internet survey (Earthquake Hazards Program, 2010a). The Port-au-

Prince MMI assignment is consistent with the damage-intensity association criteria 

(Table 2) used for assigning intensities for historical earthquakes.



We used 96 MMI >2.0 assignments (Earthquake Hazards Program, 2010a) for the three 

largest 2010 Haiti earthquakes (65 for the January 12, 2010 M7.0 main shock, 20 for the 

January 20, 2010 M5.9 aftershock, and 11 for the February 22, 2010 M4.7 aftershock) to 

estimate the intensity attenuation relation for Hispaniola.  A regression on the 96 data 

points using the Microsoft EXCEL data analysis regression tool (Middleton, 1995) 

yielded the relation: 

 MMI =  -(1.69 ± 0.81) 

  +(1.70 ± 0.19) * M  

  -(0.00165 ± 0.00054) * h      (1) 

  -(2.13 ± 0.34) * log10 (h), 



where M is moment magnitude and h is the hypocentral distance in kilometers of the 

MMI site from a point source at h = 10 km depth.  The MMI residuals do not depend on 

the variables M, h, and log10 (h).  The intensity attenuation relation (1) is similar to that 

obtained for southern California (Bakun, 2006) (Fig. 2). 

 

 

Method of Analysis 

 

We use (1) to estimate M from individual intensity observations for a trial epicenter 

(Bakun and Wentworth, 1997).  That is, 

MI  = mean (Mi),         (2) 

where 

  Mi = {(MMIi + 1.69 + 0.00165h,i + 2.13 log (h,i)}/1.7,    (3) 

MMIi and h,i are the intensity value and the hypocentral distance, respectively, at site i. 

We find the misfit for each trial epicenter from 

rms [MI] = [rms (MI - Mi) - rms0(MI- Mi)],     (4) 

where rms (MI - Mi) = {i[Wi(MI - Mi)]
2
/iWi

2
}

1/2
, rms0(MI-Mi) is the minimum rms 

(MI-Mi) over the grid of trial epicenters, and Wi is the distance-weighting function 

(Bakun and Wentworth, 1997): 

0.1 + cos[(i /150)(/2)]  for i  < 150 km  

Wi = {         (5) 

0.1     for i  > 150 km. 

 



The intensity center is the trial source location for which rms [MI] is minimum (Bakun, 

1999) and corresponds more to the moment centroid than to the epicenter. 

 

The rms [MI] contours bound the intensity center region and are associated with 

confidence levels that the intensity center is located within the contour (Bakun and 

Wentworth, 1997).  The MI at trial locations are the best estimates of moment magnitude 

M for these source locations. Uncertainties in M appropriate for the number of MMI 

assignments are also estimated ( .  

 

 

Verification Tests 

 

The three 2010 calibration events used to obtain equation (1) were located on the 

Enriquillo fault system.  Location estimates using intensity data are controlled primarily 

by the geographical distribution of the intensity sites relative to the source; the intensity 

attenuation relation is generally not important for estimating the source location.  The 

intensity attenuation relation is critical in the estimation of magnitude. Analyses of the 

intensity assignments for the three 2010 calibration events satifactorily reproduced the 

instrumental magnitudes (See Fig. S1-S3

).  

 



(See Fig. S4

) he intensity center is 19 km east of the epicenter and MI is 

6.0 ± 0.2.

(Earthquake Hazards 

Program, 2010b)

(Earthquake Hazards Program, 2010a).  The intensity center is located 20 

km east of the epicenter (See Fig. S5 ).  

MI is 5.2 ± 0.2, greater than the instrumental mb4.3. 

There are two outstanding calibration verification questions: a) Is equation (1) applicable 

to events larger than the M7.0 2010 Haiti main shock? ; b) Is equation (1) applicable to 

other source regions in Hispaniola, particularly for subduction earthquakes? 

Unfortunately, there are not many events in Hispaniola with known instrumental 

locations and magnitudes, and with sufficient intensity assignments to test equation (1).  

A notable exception is the August 4, 1946 Puerto Rico Trench subduction earthquake. 



 

The August 4, 1946 Puerto Rico Trench earthquake.  The August 4, 1946 earthquake, 

located at the Puerto Rico Trench near the north coast of Hispaniola, was a large 

subduction zone event. The intensity assignments for the 1946 event 

were analyzed using the techniques described 

above.  The intensity center is near the reported tsunami, about 100 kilometers WNW of 

the epicenter (Fig. 3), but within Dolan and Wald’s (1998) rupture zone for the 1946 

earthquake.  The instrumental magnitude estimates vary: MS8.1 (Earthquake Hazards 

Program, 2010b; Kelleher et al., 1973); MS8.0 (Abe, 1981); and MS7.8 (Pacheco and 

Sykes, 1992; Russo and Villaseñor, 1995).  Our MI = 7.8 ± 0.2 is consistent with these 

estimates, providing evidence that equation (1) can be used for large Hispaniola 

earthquakes and for subduction zone sources. 

≥ 6.0 events

mb4.3, and the MI 5.0 ± 0.2 obtained for the February 22, 2010 aftershock is 

greater than the instrumental M 4.7.  We conclude that MI estimated using equation (1) 

and the intensity analysis methodology described above are accurate estimates of M for

 6.0 and larger events in Hispaniola; equation (1) can be used to provide unbiased 



estimates of location and M for crustal and subduction zone earthquakes throughout 

Hispaniola.   







(Earthquake Hazards Program, 2010a).  



It is not surprising that  VII and VIII were assigned by WHB and CHF, 

respectively, for the October 18, 1751 effects at Santo Domingo.  There is no mention of 

a tsunami in the contemporary accounts of Santo Domingo; a tsunami at Santo Domingo 

is first mentioned by Scherer (1914).
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(Moreau de Jonnes, 1822)
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 series of devastating earthquakes on the Enriquillo fault system in the 18
th

 century 

started with an MI6.6 earthquake on November 9, 1701 near the location of the January 

12, 2010 Haiti earthquake.  Accounts of the shaking in the 1701 earthquake are similar to 

those of the 2010 earthquake.   

2. The accounts for the October 18, 1751event can be satisfied by two source solutions: 

a) our preferred solution, an MI7.4-7.5 earthquake on or near the east end of the 

Enriquillo fault system; b) an MI7.9-8.0 event on the Los Muertos thrust belt. 

3. A series of large earthquakes migrating from east to west possibly started with the 

October 18, 1751 MI7.4-7.5 earthquake near the eastern end of the fault in the Dominican 

Republic, followed by the November 21, 1751 MI6.6 earthquake near Port-au-Prince, 

Haiti, and the June 3, 1770 MI7.5 earthquake west of the 2010 earthquake rupture.   

4. Other than the 18
th

-century earthquakes and the 2010 earthquake, we associate no other 

post-1500 significant earthquakes with the Enriquillo fault system, but the uncertain 16
th

- 



and 17
th

-century detection threshold is probably greater than M6
1
/4.   

5. The 2010 Haiti earthquake may mark the beginning of a new cycle of large 

earthquakes on the Enriquillo fault system after 240 years of seismic quiescence.   

6. The entire Enriquillo fault system appears to be seismically active. 

http://www.eqclearinghouse.org/20100112-haiti/wp-

content/uploads/2010/02/USGS_EERI_HAITI_V1.1.pdf, last accessed May 2011

http://earthquake.usgs.gov/earthquakes/dyfi/
http://www.eqclearinghouse.org/20100112-haiti/wp-content/uploads/2010/02/USGS_EERI_HAITI_V1.1.pdf
http://www.eqclearinghouse.org/20100112-haiti/wp-content/uploads/2010/02/USGS_EERI_HAITI_V1.1.pdf
http://maps.bpl.org/
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Table 1. Significant Enriquillo Fault System Earthquakes

Date Lat (°N)Long (°W) MI
†

November 9, 1701 18.42
§

72.65
§

6.6 ± 0.3

October 18, 1751 18.36
§

70.84
§

7.4-7.5 ± 0.2
§§

November 21, 1751 18.54
§

72.32
§

6.6 ± 0.2

June 3, 1770 18.50
§

72.86
§

7.5 ± 0.2

April 8, 1860
‡‡

18.55
§

73.17
§

6.3 ± 0.2

January 12, 2010 18.45 72.54 M7.0
______
†
 MI is our best estimate Of M.  ± is the 1s range.                  

‡‡
 Probably located offshore north of the Enriquillo fault system

§
 Preferred location obtained using weighted preferred intensity 

    assignments. Weights are proportional 

    to the number of assignments for that site. 
§§

 MI8 if located on Los Muertos Trough

Table 1



Table 2. Intensity Criteria

MMI
‡

Damage

IX Total Destruction

VIII Most structures destroyed. Only a few buildings remain standing.

VII Damage to several structures. Most of the building stock remains 

standing

VI Some damage reported for a few significant structures. Damage 

to the cathedral was often reported to secure rebuilding funds 

from Spain.

V No damage reported. Intensity V, as described in Richter (1958).

IV No damage reported.  Intensity IV, as described in Richter 

(1958).

III No damage reported.  Intensity III, as described in Richter 

(1958).____
‡
Half intensity levels are used. E.g ., VI

1
/2,  for damage reports 

  sufficient for  VI but not clearly  VII. (E.g. , major damage reported

  for a few structures.)

Table 2



Table 3. Intensity Assignments for November 9, 1701

Site Intensit

y (CHF)

Source 

A‡ 

Intensit

y (WHB)

Source 

B†

Intensity 

(Preferred

)

Preferred 

Source §

Cap Haitien 3 4.3 4 4.9 3.5 4.6

Cul-de-Sac 6 5.8 6 6.1 6.5 5.9

Leogane 7 7 7 7.1 7 7

Petit Goave 6 6 7 7 6.5 6.5

Santo Domingo 4 3.5 5 4.1 4.5 3.8_____

‡MI 6.4 at 18.48°N, 72.60 W (Solution using CHF intensity assignments)

†MI 6.8 at 18.37°N, 72.71°W (Solution using WHB intensity assignments)  

§MI 6.6 at 18.42°N, 72.65°W (Solution using preferred intensity assignments)  

Table 3



Figure 1

Figure 1



Figure 2.

Figure 2



-72°  -70°  -68° 
17° 

19° 

21° 

50 km

8.1

8.0

Figure 3. 1946 earthquake.

IX VIII VII VI IVV

Figure 3



-74°  -72°  -70° 
17° 

19° 

21° 

50 km

7.0
6.9

IX VIII VII VI IVV

Figure 4. November 9, 1701 earthquake.

Figure 4



-74  -73  -72  -71  -70  -69  -68 
17 

18 

19 

20 

21 

50 km 8.0

7.8

IX VIII VII VI IVV

Figure 5.   

SD

Figure 5



-74°  -72°  -70° 
17° 

19° 

21° 

50 km
7.2
7.1

IX VIII VII VI IVV

Fig. 6. November 21, 1751 earthquake .   

Figure 6



-75°  -73°  -71°  -69° 
17° 

19° 

21° 

50 km
7.8

7.7

IX VIII VII VI IVV

Fig. 7. June 3, 1770 earthquake.  

Figure 7



-76°  -74°  -72° 
17° 

19° 

21° 

50 km 7.0
6.9

IX VIII VII VI IVV

Figure 8. April 8, 1860 earthquake.

Figure 8



0
2
4
6
8

10
12

1500 1600 1700 1800 1900 2000 2100

Fe
lt 

re
po

rts

Year

Figure 9

Figure 9




