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ABSTRACT

We have collected and modeled the seismograms of historic earthquakes of M >6.0 
occurring in the Puerto Rico and Virgin Islands region between 1915 and 1963. Study 
of offshore events in the north Mona Passage region indicate likely rupture along the 
North America plate interface in 1915 (M

W
 = 6.7), 1920 (M

W
 = 6.5), and 1943 (M

W
 

= 7.8 and 6.0) at depths of 20–30 km. (M
W

 is moment magnitude.) An event in 1917 
(M

W
 = 6.9) involved strike-slip faulting possibly within the subducting North America 

plate (36 ± 7 km). The 1918 central Mona Passage earthquake (M
W

 = 7.2) represents 
normal-oblique faulting at ~20 km depth. This earthquake generated a tsunami that 
killed over 100 people on the island of Puerto Rico. The event has a complex source-
time function, suggesting rupture along several fault segments. This is consistent 
with previous tsunami modeling studies. An event in 1916 in southeastern Hispaniola 
(M

W
 = 6.8) occurred at a depth of ~16 km, with a reverse faulting mechanism similar 

to aftershocks of the 1946 great Hispaniola earthquake. Within the Virgin Islands 
region, we studied three moderate (M ~6–6.5) events. An event in 1930 (M

W
 = 6.0) 

appears to involve strike-slip faulting, possibly within the subducting North America 
plate, while events in 1919 and 1927 (M

W
 = 6.2 and 5.6) are consistent with rupture 

along the plate interface. An event in 1939 (M
W

 = 6.4), located well to the north of the 
Puerto Rico trench, appears to be a normal faulting event in the outer rise. Slip vec-
tors for earthquakes along the plate interface show northeastward directed slip (~50°) 
of the Greater Antilles crust relative to the North America plate in the Virgin Island 
region, north-northeast (~27°) directed slip in the northeast Mona Passage (east of 
67.5°W), and east-northeast (~70°) directed slip in the northwest Mona Passage. Nor-
mal faulting events in the Greater Antilles crust suggest southeast-northwest oriented 
extension. Over the past ~85 yr, 87% of the seismic moment release has occurred on 
structures to the north and northwest of Puerto Rico. This is comparable to estimates 
of the amount of plate motion that is occurring across these structures from global 
positioning system and geodesy studies.
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INTRODUCTION

The Puerto Rico–Virgin Islands region is located within a 
zone of complex, oblique subduction (Fig. 1) between the North 
America and Caribbean plates. East and south of the Puerto 
Rico–Virgin Islands region, trench normal subduction of North 
America beneath the Caribbean plate occurs along the Lesser 
Antilles arc. West of the Puerto Rico–Virgin Islands region, the 
buoyant Bahamas Platform sits upon the North America plate. 
The platform resists subduction, causing a transition to transform 
motion along the northern boundary of the Caribbean plate (e.g., 
Dolan et al., 1998). Both global positioning system (GPS) results 
(Jansma et al., 2000) and recent earthquake focal mechanisms 
(e.g., Deng and Sykes, 1995) indicate left-lateral oblique shorten-
ing is occurring north of the Puerto Rico–Virgin Islands region 
along the Puerto Rico trench (Fig. 1).

Subduction also occurs south of Puerto Rico along the Muer-
tos trough (Fig. 1), with the Caribbean plate thrust beneath the 
Greater Antilles crust (e.g., Dillon et al., 1994). This leads to active 
collision between the Caribbean and Atlantic lithospheric slabs 
beneath eastern Hispaniola and the Mona Passage (Dillon et al., 
1994; Dolan et al., 1998). Recent GPS (Jansma et al., 2000) and 
focal mechanism studies (Huerfano, 1995) suggest there is also a 
signifi cant component of left-lateral strike-slip motion across the 
trough. The Muertos trough appears to die out within the southern 
Virgin Islands (Fig. 1) near 65°W (Masson and Scanlon, 1991).

The Mona Passage (Fig. 1) separates the Puerto Rico–Vir-
gin Islands region from Hispaniola. Structures observed on the 
seafl oor of Mona Passage (Larue and Ryan, 1990; van Gestel et 
al., 1998) suggest recent, east-west oriented extension within the 
central Mona Passage. Modeling of tsunami run-ups generated 
by the 1918 central Mona Passage earthquake (Mercado and 
McCann, 1998), as well as focal mechanisms of recent earth-
quakes, indicates normal faulting is presently occurring within 
the central Mona Passage.

The Anegada Passage forms the southeastern boundary of 
the Puerto Rico–Virgin Islands region (Fig. 1). It appears to be a 
zone of left-lateral transtension that transfers displacement from 
the eastern edge of the Muertos trough to the Puerto Rico trench 
(Masson and Scanlon, 1991; Jansma et al., 2000).

Thus, the Puerto Rico–Virgin Islands region is sandwiched 
between four seismogenic zones: the Puerto Rico trench to the 
north, the Muertos trough to the south, the Mona Passage to the 
west, and the Anegada Passage to the southeast (Fig. 1). This 
complex tectonic setting has produced numerous large to great 
earthquakes, although most have occurred prior to 1963, and thus 
little is known about the relationship between these events and 
the regional tectonics.

In order to study the earthquakes of the Puerto Rico–Virgin 
Islands region, we have divided the region into two areas, based 
on the clustering of historic and recent events (Fig. 2). The fi rst 
region (Figs. 4 and 5), located primarily west and northwest of 
Puerto Rico, is dominated by seismicity associated with the 
Puerto Rico trench and strike-slip faults within the Greater Antil-
les crust (Septentrional fault, North Puerto Rico Slope fault, 
South Puerto Rico Slope fault). The region is located at the east-
ern edge of the rupture zone of the 1946 great (M

W
 = 8.0) Hispan-

iola earthquake (Dolan and Wald, 1998) and includes the source 
regions of the 1943 (M

W
 = 7.8) North Mona Passage earthquake 

(Dolan and Wald, 1998) and the 1787 (M = 8–8¼) Puerto Rico 
trench earthquake (McCann, 1985) (Fig. 2).

Eastern Puerto Rico and the Virgin Islands form the second 
study area (Figs. 6 and 7). This region is the site of the 1867 (M

S
 

= 7.5) Anegada Passage earthquake (McCann, 1985) (Fig. 2). 
Most recent seismicity occurs within the northern portion of the 
study area. McCann and Sykes (1984) suggest that the seismicity 
clustered between 64°W and 65°W is caused by the subduction 
of an aseismic ridge that can be followed to the northwest along 
strike to the position of the Main Ridge (Fig. 1) within the unsub-
ducted North America plate.

70°W 65°W 60°W 15°N 

20°N
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Figure 1. Map of the Puerto Rico–Vir-
gin Islands study area showing major 
tectonic features modifi ed from Jansma 
et al. (2000). AP—Anegada Passage; 
BP—Bahamas Platform; HP—His-
paniola platelet; LAT—Lesser An-
tilles trench; MP—Mona Passage; 
MR—Main Ridge; MT—Muertos 
trough; NHFB—northern Hispaniola 
fold belt; PRT—Puerto Rico trench; 
PRVI—Puerto Rico–Virgin Islands 
block; SF—Septentrional fault
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ANALYSIS TECHNIQUES

The earthquakes we have selected for analysis are listed 
in Table 1. In order to obtain adequate, high quality body-
wave information at teleseismic distances, we restricted our 
study to M >5.9 earthquakes occurring after 1914 and prior 
to 1964 when the establishment of global seismograph net-
works allowed for more routine analysis of moderate to large 
magnitude earthquakes. Within the Puerto Rico–Virgin Islands 
region, the most recent M >5.9 earthquake occurring prior 
to 1964 was an aftershock of the 1943 North Mona Passage 
sequence (Table 1).

Locations for our earthquakes are taken from Russo and 
Bareford (1993) and Russo (1995, personal commun.). The 
relocations used a technique similar to that described in Russo 
and Villaseñor (1995) using the location technique of Wyses-
sion et al. (1991) and Russo et al. (1992). Error ellipses were 
not given for the earthquakes; however, standard deviations in 
predicted versus observed arrival times for the earthquakes are 
given in Table 1.

Although we did not have access to the complete phase data 
set used by Russo and Bareford (1993) and Russo (1995, per-
sonal commun.), we did relocate the 1918 central Mona Passage 
event and the 1920 North Mona Passage event using the iterative 
bootstrap relocation technique of Petroy and Wiens (1989). Error 
ellipses for these relocations are shown in Figure 2, and suggest 
that the uncertainties in the locations of the oldest events (pre-
1930, when worldwide seismograph station coverage was very 
poor) could be as much as 50 km.

Our waveform modeling technique uses the inversion 
method of Baker and Doser (1988), which inverts body 

 waveforms for focal mechanism, focal depth, and source-time 
function shape. First motion data, mapped surface faults, focal 
mechanisms of recent earthquakes and surface wave mag-
nitudes, when available, are used to estimate a priori source 
parameter values and their associated uncertainties from the 

Figure 2. Approximate rupture zones of historic earthquakes (dashed 
lines) from McCann (1985) and Dolan and Wald (1998), recent 
seismicity (x’s) (NEIC catalog magnitude >3.9 from 1973 to 2001), 
earthquakes of this study (diamonds) (Table 1), and recent M

W
 > 4.8 

earthquakes (octagons) (Table 2). The boxes indicate the northwestern 
offshore Puerto Rico and Virgin Islands study areas described in the 
text and shown in Figures 4 and 6.

TABLE 1. SOURCE PARAMETERS OF HISTORIC EARTHQUAKES

Date
(mo/d/yr)

Time Location*
(lat–long)

s.d.*
(sec)

Focal mechanism
(strike, dip, rake)

Slip† vector
(deg)

Depth
(km)

Mo
§ MW

# M**

101115 1933 19.04–67.10 4.2 85, 40, 55†† 50 20†† 4.5†† 6.4 6¾
042416 0426 18.26–68.53 3.1 281 ± 38, 50 ± 10, 105 ± 20 9 16 ± 7 19 ± 3 6.8 6¾
072717 0101 19.16–67.66 3.3 65 ± 28, 80 ± 17, –170 ± 13 — 36 ± 7 22 ± 4 6.9 7
101118 1414 18.28–67.62 3.7 207 ± 22, 54 ± 8, –127 ± 28 170 20 ± 7 64 ± 7 7.2 7½ 
090619 0604 19.36–64.77 3.9 153, 40, 80†† 65 30†† 2.4†† 6.2 6¼
021020 2207 19.07–67.28 3.1 65 ± 40, 30 ± 21, 50 ± 20 20 27 ± 7 5.7 ± 2 6.5 6½
080227 0051 19.10–64.43 2.8 317, 84, 122†† 47 20†† 0.5†† 5.6 6½
062530 1206 18.72–64.87 2.9 167, 87, 168†† — 50†† 1†† 6.0 6¼
061239 0405 20.41–65.90 2.3 310, 65, –120†† — 10†† 1.5†† 6.4 6¼
072943 0302 18.99–66.97 2.7 50 ± 21, 30 ± 16, 30 ± 24 23 29 ± 3 529 ± 30 7.8 7¾

60, 20, 60§§ >25§§ — 7.9§§

073043 0102 19.17–66.86 2.0 60 ± 40, 30 ± 17, 45 ± 30 18 24 ± 3 1.1 ± 0.2 6.0 6½

*Locations and standard deviations (s.d.) from Russo and Bareford (1993) and R.M. Russo (personal commun., 1995).
†See text for description of how fault plane was selected. Slip vectors were not calculated for events within the subducting North America or 

Caribbean plates.
§Seismic moment in N-m × 1018.
#Moment magnitude.
**Magnitude from Gutenberg and Richter (1954).

††Results from forward modeling.
§§Results from Dolan and Wald (1998).
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TABLE 2. SOURCE PARAMETERS OF RECENT EARTHQUAKES

Date
(mo/d/yr)

Time Location
(lat–long)

Focal mechanism
(strike, dip, rake)

Slip vector*
(deg)

Depth
(km)

MW
† Reference§

052363 0743 19.10–64.78 188, 80, –90 — 50 — MS
081064 0110 19.03–67.28 168, 82, –100 — 48 5.2 (mb) MS
110366 1624 19.17–67.93 94, 39, 9 85 23 5.6 SB
012279 0425 19.10–64.64 75, 14, 28 46 22 5.3 CMT
031579 0658 18.87–68.69 348, 41, 62 — 93 5.0 CMT
110579 0151 17.96–68.46 93, 22, 87 — 78 6.2 CMT
021480 1711 18.43–64.38 138, 17, 82 55 55 4.9 CMT
061182 2157 18.74–64.25 105, 48, 27 85 42 5.1 CMT
093082 1335 18.59–63.76 155, 36, 116 33 37 5.0 CMT
092083 0851 18.39–68.67 50, 43, 64 — 96 5.4 CMT
062685 1710 19.25–64.73 90, 29, 18 73 27 5.9 CMT
072185 1310 19.12–68.11 76, 23, 14 62 23 5.6 CMT
110388 1942 19.04–67.58 63, 38, 0 63 37 5.9 SB
061889 1406 17.28–68.53 34, 64, –22 — 73 5.4 CMT
112392 0631 18.51–66.96 224, 43, –64 110 15 5.3 CMT
080193 1932 17.42–65.71 267, 28, –57 140 15 5.3 CMT
051196 0218 19.54–65.41 143, 39, 134 0 27 5.1 CMT
120898 0232 18.98–64.27 215, 50, –126 125 15 5.4 CMT
121100 1854 19.41–66.40 174, 50, 135 25 15 5.4 CMT
101601 1527 19.31–64.88 40, 18, –24 62 15 5.6 CMT
101701 1129 19.30–64.97 88, 24, 41 48 15 5.8 CMT

*See text for description of how fault plane was selected. Slip vectors were not calculated for events within the 
subducting North American or Caribbean plates.

†Moment magnitude, except for the 081064 earthquake, where body wave magnitude (mb) is given.
§MS—Molnar and Sykes (1969); SB—Soto-Cordero and Bataille (1993); CMT—Harvard Centroid Moment Tensor 

catalog (www.seismology.harvard.edu/CMTsearch.html).
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Figure 3. Historic and recent seismicity (M

W
 >4.8) of the northern offshore 

Puerto Rico region. Locations of historic events are from Russo and Bar-
eford (1993) and R.M. Russo (1995, personal commun.). Dashed ovals 
and open symbols show 90% confi dence ellipses and locations for the 
1918 and 1920 earthquakes, respectively, obtained by using the relocation 
technique of Petroy and Wiens (1989). See text for details. Triangles are 
aftershocks of the 1943 North Mona Passage mainshock (labeled 1943m), 
squares are aftershocks of the 1946 great Hispaniola earthquake, diamonds 
are historic events of this study, and octagons are recent M

W
 >4.8 events 

(Table 2). SFZ—Septentrional fault zone; NPRSF—northern Puerto Rico 
slope fault zone; SPRSF—southern Puerto Rico slope fault zone.
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inversion. Individual seismograms are weighted based on their 
observed signal to noise ratios and the uncertainties in instru-
ment response parameters. Final covariances in the inversion 
are calculated using the maximum value of the misfi t of the 
best solution or the initial covariances. These revised covari-
ances result in an estimate of solution uncertainty (Table 1; 
Appendix, Figs. A1–A11) that is less likely to be biased by 
overly optimistic estimates of initial data or model quality or 
by restrictive a priori information (Baker and Doser, 1988). The 
uncertainties obtained using this inversion technique have been 
extensively compared to estimates from forward modeling and 
from other inversion techniques (e.g., Doser et al., 1999; Doser 
and Webb, 2003) and have generally been found to be more pes-
simistic than other techniques for describing source parameter 
uncertainties.

Layered near-source velocity models were built using the 
crustal velocity models of Huerfano (1995) combined with the 
structural cross sections of Dolan et al. (1998) to estimate depth 
to the plate interface. A water layer was also used in our models, 
since many events are located beneath 4–5 km of water.

Seismograms were hand-digitized. Each seismogram was 
corrected for mean and trend and resampled at a 0.5 s sampling 
rate.

Suffi cient waveform data (normally 5–6 seismograms from 
a total of at least 3 stations) to conduct inversions for source 
parameters were not available for about half of the events. In 
these cases, as explained in the following sections, we conducted 
forward modeling studies of possible focal mechanisms for the 
earthquakes. The results from forward modeling are indicated 
by the striped focal mechanisms in Figures 4 and 6 and are also 
given in Table 1. The waveform fi ts and focal mechanism uncer-
tainties are shown in the Appendix.

RESULTS

Northwestern Offshore Puerto Rico

Waveform analysis was conducted for seven events within 
the northwestern offshore region. Our analysis included the 
1943 North Mona Passage mainshock. Dolan and Wald (1998) 
had previously studied this earthquake (Table 1), but have 
not published a complete, detailed account of their wave-
form modeling analysis procedures. They suggest both the 
1943 North Mona Passage and 1946 Hispaniola earthquakes 
represent rupture along the North America plate interface at 
strongly coupled asperities associated with underthrusting of 
the Silver, Navidad, and Mona carbonate banks of the eastern 
Bahamas platform.

The focal mechanisms of historic and recent earthquakes 
are shown in Figure 4. Recent mechanisms (smaller size) were 
obtained from fi rst motion or Centroid Moment Tensor (CMT) 
studies (see Table 2). The symbol color indicates suspected posi-
tion relative to the plate interface (Fig. 5). All earthquakes fall-
ing within 10 km of the plate interface and having mechanisms 

Figure 4. Focal mechanisms of northwestern offshore Puerto Rico 
earthquakes. Large mechanisms are from this study (Table 1); small 
mechanisms are for recent M

W
 >4.8 events (Table 2). Striped mecha-

nisms were obtained from forward modeling studies and are less reli-
able. The italic numbers in brackets are focal depths. Black symbols 
are events below the plate interface, gray symbols are events on the 
plate interface, and open symbols are events above the plate interface. 
Striped symbols denote suspected plate interface events (based on focal 
mechanisms) whose depths are poorly constrained. See text for details. 
A north-south cross section along 67.75°W is shown in Figure 5.
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Figure 5. Cross section along 67.75°W showing the locations of the 
North America and Caribbean plate interfaces, modifi ed from Dolan 
et al. (1998). Diamonds indicate historic events with error bars shown 
for results obtained from waveform inversions. Striped symbols de-
note more poorly constrained depths obtained from forward waveform 
modeling studies. Note vertical exaggeration.
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consistent with low angle slip along the interface were consid-
ered plate interface events. Striped mechanisms indicate poorly 
constrained mechanisms obtained from forward waveform mod-
eling. Striped symbols indicate events with poorly constrained 
focal depths obtained from forward modeling.

The earliest event of our study occurred in 1915 and appears 
to be located west of the 1943 mainshock (Fig. 3). The sparse 
waveform data from two stations (Fig. A1) did not allow for wave-
form inversion studies of this event. We used forward modeling to 
test several possible strike-slip and dip-slip mechanisms (based 
on mechanisms of surrounding recent and historic events) for this 
earthquake. The waveforms are most consistent with rupture on a 
reverse or thrust fault with a focal mechanism similar to the nearby 
1920 and 1943 earthquakes. The depth could not be constrained 
well enough to determine if the earthquake occurred on the plate 
interface (Fig. 5), but its similarity to other nearby interface events 
suggests it also may have occurred on the interface.

Inversion of waveform data for the 1916 southeastern His-
paniola earthquake suggests it occurred on a reverse fault within 
the Greater Antilles crust (Figs. 4, 5, and A2). Its mechanism is 
similar to some of the aftershocks of the 1946 great Hispaniola 
earthquake determined by Dolan and Wald (1998). The mecha-
nism indicates continued compression and uplift within eastern 
Hispaniola due to the collision of the Caribbean and Atlantic 
slabs beneath this region.

The 1917 North Mona Passage earthquake is located in a 
region between the 1943 and 1946 aftershock zones (Fig. 3) 
where bathymetric data reveal a 7-km-deep pull-apart basin 
(Dolan et al., 1998). Dolan and Wald (1998) suggested the gap 
between the 1943 and 1946 rupture zones existed either because: 
(1) a recent earthquake (possibly the 1917 event) had occurred in 
the region and had relieved the strain along the plate interface, or 
(2) strain accumulation occurred more slowly along this portion 
of the plate interface due to a lack of asperities. Although several 
reverse faulting mechanisms were used as a priori starting mod-
els, the waveforms do not appear to be consistent with a reverse 
mechanism (see modeling results, Fig. A3). The best waveform 
fi t was obtained for strike-slip mechanisms (Table 1; Fig. 4) at 
a depth of 36 ± 7 km, suggesting faulting within the subducting 
North America plate (Figs. 4 and 5). Thus, the 1917 earthquake 
does not appear to have relieved strain along the plate interface.

Of special interest to this study was analysis of the 1918 
central Mona Passage earthquake. This earthquake generated a 
tsunami that struck the western coast of Puerto Rico, resulting 
in the loss of over 100 lives. Mercado and McCann (1998) mod-
eled tsunami run-up heights for the earthquake, suggesting the 
earthquake occurred along a series of four normal faults striking 
185°–235° with lengths of 4–31 km and displacements of 4 m. 
Our results are consistent with their multiple fault rupture model. 
The complexity and duration of the source-time function we 
obtain (Fig. A4) indicates slip along at least two fault patches, 
each ~18 km long with ~3 m average slip. The nodal plane strik-
ing 210° (Fig. 4) is most consistent with Mercado and McCann’s 
modeling results. Limited fi rst motion data from Vieques, Puerto 

Rico, and Seminaire Saint Martial, Haiti (Reid and Taber, 1919), 
are also consistent with this mechanism (Fig. A4).

Focal mechanisms and depths for the 1920 earthquake and the 
1943 North Mona Passage mainshock and its largest aftershock 
are all consistent with rupture along the plate interface (Figs. 4, 
5, A6, A10, and A11). Our results for the 1943 mainshock agree 
with those of Dolan and Wald (1998), although our best-fi t mecha-
nism has a slightly lower rake (Table 1). Dolan and Wald suggest 
that rupture in the 1943 mainshock propagated in the down-dip 
direction starting at a depth of ~25 km (comparable to our depth 
estimate of 29 ± 3 km) and that the lateral extent of the rupture 
zone was related to the collisional underthrusting of a portion 
of the Bahamas Bank (Mona Bank). This is consistent with the 
hypocentral location of the 1943 aftershock we studied (Fig. 5), 
which indicates the aftershock occurred well up-dip of the main-
shock rupture. The hypocenter for the 1920 earthquake, although 
poorly constrained, also appears to be up-dip of the 1943 main-
shock (Fig. 5) and located at the southwestern edge of the 1943 
aftershock rupture zone (Fig. 3). Thus, the 1920 event may have 
relieved stress along the plate interface in this region and arrested 
continued westward rupture of the plate interface in 1943.

Figure 6. Historic and recent earthquakes of the Virgin Islands region. 
Large focal mechanisms denote historic earthquakes of this study 
(Table 1). The striped mechanisms indicate more poorly constrained 
mechanisms from forward modeling studies. Small focal mechanisms 
denote recent M

W
 >4.8 earthquakes (Table 2). Black symbols are 

events below the plate interface, gray symbols are events on the plate 
interface, and open symbols are events above the plate interface; the 
symbol fi lled with wavy lines denotes an event that is suspected to 
have occurred within the subducting North America plate. A north-
south cross section along 65°W is shown in Figure 7.
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Virgin Islands Region

There were fewer large (M >5.9) earthquakes in the Virgin 
Island region than the Puerto Rico region during the twentieth 
century (Fig. 2), although the southwestern Virgin Islands expe-
rienced an M ~7.5 earthquake (McCann, 1985) in 1867. We stud-
ied three events in this region, as well as an event in 1939 located 
well to the north of the Puerto Rico trench (Fig. 2). Because these 
earthquakes were smaller than M = 6.5, very limited seismogram 
data were available. This required us to conduct forward model-
ing of the seismograms using a number of starting models for 
each event that were based on the focal mechanisms and depths 
of recent earthquakes located within 100 km of their epicenters.

Figure 6 shows focal mechanisms (smaller mechanisms) 
of recent events (Table 2) in comparison to the historic events. 
Striped focal mechanisms indicate events with poorly constrained 
mechanisms obtained from forward modeling studies. Striped 
symbols indicate events with focal depths poorly constrained by 
forward modeling, but with mechanisms consistent with rupture 
along the plate interface. The symbol with wavy lines indicates 
an event with a focal depth poorly constrained by forward mod-
eling, but with a mechanism that is not consistent with rupture 
along the plate interface. Note that although the mechanism for  
earthquake 101601 appears to be normal-oblique (Table 2), only 
a slight change in the dip (<5°) of the more steeply dipping nodal 
plane would create a reverse-oblique mechanism similar to the 
neighboring earthquake on 101701. Thus, we have classifi ed 
earthquake 101601 as a plate interface event.

A cross section of the region is shown in Figure 7. Again, all 
earthquakes falling within 10 km of the plate interface and hav-

ing mechanisms consistent with low angle slip along the interface 
were considered interface events.

Limited waveform data for the 1919 northern Virgin Islands 
earthquake (Fig. A5) suggest this event involved reverse/thrust 
faulting, possibly along the plate interface (Fig. 7). The 1927 
earthquake is also consistent with reverse or thrust faulting along 
the plate interface (Figs. 6, 7, and A7), with a mechanism similar 
to that of the nearby June 1985 (M

W
 = 5.9) earthquake.

Waveform modeling suggests a strike-slip mechanism for 
the 1930 earthquake (Figs. 5 and A8). Reverse and normal fault-
ing mechanisms similar to nearby recent earthquakes did not fi t 
the observed P-wave fi rst motion polarity at La Paz and grossly 
overestimated P-wave amplitudes at La Paz and DeBilt.

Forward modeling of waveform data for the 1939 earth-
quake (Fig. A9), located well north of the Puerto Rico trench 
(Fig. 2), gives a mechanism that suggests normal faulting within 
the North America plate at a depth of ~10 km (Fig. 7). Thus, this 
earthquake appears to be an outer rise event.

SLIP VECTORS AND SEISMIC MOMENT RATES

Slip vectors of events known or suspected to be located 
above the plate interface (i.e., within the Greater Antilles crust) 
(open symbols) or on the plate interface (gray or striped symbols) 
are shown in Figure 8 and given in Tables 1 and 2. Thin arrows 
indicate events with focal mechanisms that were more poorly 
resolved (i.e., from forward modeling studies). Striped symbols 
indicate events with poorly determined focal depths that we sus-
pect occurred on the plate interface. The large arrow in Figure 8 
indicates the average direction of motion of the Puerto Rico–Vir-
gin Islands block relative to the North America plate (~17 mm/yr, 
N68°E) from the GPS studies of Jansma et al. (2000).

For reverse or thrust events of the Puerto Rico region 
(101115, 042416, 021020, 072943, 073043, 110366, 110388, 
072185, 121100), we selected the southward dipping nodal plane 
as the fault plane, with slip vectors indicating the movements of 
the south blocks of the faults relative to the north blocks. Note 
that we grouped the 121100 event with other events in the Puerto 
Rico region since it is actually closer to the North Mona Passage 
events than the northern Virgin Island events (Fig. 8). In the case 
of known or suspected plate interface events, the slip vectors 
would thus represent the movement of Greater Antilles crust 
relative to the North America plate.

For normal faulting events on 101118 and 112392, we 
selected the northeast-southwest striking, northwest dipping 
nodal planes as the fault planes, with slip vectors indicating the 
motions of the southeastern fault blocks relative to the north-
western fault blocks. These nodal planes are the most consistent 
with mapped faults in the region. For the 1918 event, the selected 
nodal plane is also the nodal plane most consistent with the tsu-
nami modeling studies of Mercado and McCann (1998).

The slip vectors from the reverse or thrust events suggest that 
in the northeastern Mona Passage motion of the Puerto Rico plate 
relative to North America is directed toward the north-northeast 
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Figure 7. Cross section along 65°W showing the North America plate 
interface (modifi ed from Dolan et al., 1998). Diamonds are historic 
events. The focal mechanism for the 1939 earthquake is shown in Fig-
ure 8. Symbols are as in Figure 6. Note vertical exaggeration.
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(an average of 27° for the 5 interplate events located between 
66°W and 67.5°W). There is a rotation of slip along the interface 
to ~70° west of 67.5°W (average of 3 events). This rotation of 
slip to a most westerly direction west of 67.5°W is consistent 
with the GPS studies of Mann et al. (2002) that suggest there 
is a change in the direction and rate of plate motion across the 
Mona Passage, from a most easterly strike (~80°) and slower rate 
(4–17 mm/yr) of plate motion within central and eastern Hispan-
iola to a strike of ~70° and rate of 19–20 mm/yr within the Puerto 
Rico–Virgin Islands region.

Slip vectors for events within the Greater Antilles crust show 
southwest to south-southwest directed extension within the cen-
tral and eastern Mona Passage. The 1916 Hispaniola event shows 
possible northward directed slip along the thrust fault systems of 
eastern Hispaniola.

In the Virgin Islands region, we again selected the southward 
dipping nodal planes as the fault planes for the thrust or reverse 
events (090619, 080227, 012279, 021480, 061182, 093082, 
062685, 051196, 101601, 101701), all of which are known or 
suspected plate interface events. The average slip vector for these 
ten events is northeast (50°), rotated ~20° counterclockwise of 

the motion of the Puerto Rico–Virgin Islands block relative to 
North America.

For the 080193 and 120898 normal faulting events, we 
selected the northwest dipping nodal planes as the fault planes. 
These gave slip vectors suggesting southeastward directed slip of 
the southeastern sides of the fault blocks, similar to that observed 
to the west within the Mona Passage.

The GPS and geodesy studies of Jansma et al. (2000) sug-
gest that ~85% of North America–Caribbean plate motion takes 
place within the Puerto Rico trench and upon faults located north 
and northwest of Puerto Rico, with the remainder taken up to 
the south. This is in good agreement with estimates of seismic 
moment release over the past ~85 yr, with 87% of seismic 
moment release (Tables 1 and 2) occurring along structures 
located north and northwest of Puerto Rico. Another 13% of 
the seismic moment release took place within the Mona Passage 
region, where extension rates are estimated to be 2–5 mm/yr 
(Jansma et al., 2000).

Although offshore faults do not pose as much hazard to 
Puerto Rico as onshore faults, the effect of rupture directivity 
should not be overlooked. The 1943 mainshock appears to have 
ruptured to the west (Dolan and Wald, 1998) and down-dip, 
causing only intensity V shaking in Puerto Rico (Coffman and 
von Hake, 1982), and thus may not be representative of the “typi-
cal” shaking that could be expected from north Mona Passage 
events. The 1918 central Mona Passage earthquake, however, 
with rupture propagation upward to the surface as indicated by 
the tsunami modeling studies of Mercado and McCann (1998), 
produced intensity IX effects within Puerto Rico (Coffman and 
von Hake, 1982).

CONCLUSIONS

Studies of M > 5.9 historic earthquakes of the Puerto Rico–
Virgin Islands region indicate that many historic events are con-
sistent with slip along the plate interface, both in the northeastern 
Mona Passage and the Virgin Islands regions. Crustal deforma-
tion has been limited to the 1918 central Mona Passage and the 
1916 eastern Hispaniola earthquakes. Focal mechanisms and 
focal depths for earthquakes in 1917 in the north Mona Passage 
and 1930 in the Virgin Islands region suggest strike-slip faulting, 
possibly within the subducting North America plate.

Slip vectors suggest north-northeast to east-northeast directed 
movement of the Greater Antilles crust relative to North America 
along the plate interface. The strike of slip appears to change most 
dramatically across the northern Mona Passage, a result consistent 
with recent GPS observations of marked differences in the rate and 
direction of relative plate motion across the Mona Passage.

Seismic moment release within the Virgin Islands region 
over the past ~85 yr has been nearly two orders of magnitude 
lower than that of the northwestern offshore Puerto Rico region. 
This is also consistent with GPS studies suggesting that the struc-
tures offshore of northwestern Puerto Rico accommodate ~85% 
of North America–Caribbean plate motion.

Figure 8. Slip vectors of earthquakes occurring in the upper plate (i.e., 
Greater Antilles crust) (open symbols) or along the plate interface (i.e., 
between the Greater Antilles crust and North America plate) (gray 
symbols). Striped symbols denote events with poorly constrained fo-
cal depths that are suspected to have occurred on the plate interface. 
Slip vectors are given in Tables 1 and 2. Small bold arrows denote 
events with better determined focal mechanisms. See text for a detailed 
description of how slip vectors were determined. The large bold arrow 
is the direction of motion of the Puerto Rico–Virgin Islands block rela-
tive to the North America plate (Jansma et al., 2000). The focal mecha-
nism for the 1939 outer rise event (Table 1) is shown at top.

Puerto Rico

Virgin Islands

17.5°N 

19.5 °N

68°W 64°W 

Puerto Rico Tr ench

Los Muertos Tr ough

120639

[10]

 on April 12, 2015specialpapers.gsapubs.orgDownloaded from 

http://specialpapers.gsapubs.org/


 Historical earthquakes of the Puerto Rico–Virgin Islands region 111

APPENDIX

In the following appendix fi gures, the observed seismograms are 
shown on top and the synthetic seismograms on the bottom of each seis-
mogram pair. The labels below seismogram pairs refer to station code and 
waveform type (z = vertical P-waves, r = radial P-waves, sh = transverse 
S-waves). The vertical scale shows the amplitudes of the waveforms in 

centimeters. Seismogram labels with a slash (/) indicate seismograms 
have been reduced relative to the vertical scale by the given factor. Labels 
with asterisks indicate that seismograms have been magnifi ed by the given 
factor relative to the vertical scale. The bold vertical lines above each 
observed seismogram indicate the start of the phase that was modeled.

11  October 1915

North Mona Passage

180 seconds

0.15 cm

LPZ pr/3

LPZ sh/3

UCC pz UCC sh

LPZ pr

LPZ sh

OTT pr OTT sh
UCC pz

UCC sh

24 April 1916

0.5 cm

180 seconds

Dominican Republic

0.25 cm

180 seconds

UCC sh

UCC pz

OTT sh

OTT pr

LPZ sh

LPZ pr

North Mona Passage
27 July 1917

OTT sh

UCC pz

UCC sh

LPZ pr

LPZ sh

OTT pr

strike–slip

dip–slip

Figure A1. Waveform modeling results obtained from forward mod-
eling of the 1915 North Mona Passage earthquake (see Table 1 and 
Fig. 4). LPZ—La Paz, Bolivia; UCC—Uccle, Belgium.

Figure A2. Results of waveform inversion for the 1916 Dominican 
Republic earthquake. The inversion results are given in Table 1. The 
range of focal mechanisms shown indicates the solution uncertainty 
(see Table 1). LPZ—La Paz, Bolivia; OTT—Ottawa, Canada; UCC—
Uccle, Belgium.

Figure A3. Results of waveform inversion for the 1917 North Mona 
Passage earthquake. The top synthetic seismograms were obtained for 
the strike-slip solution shown in Figure 4 and given in Table 1. The 
range of focal mechanisms shown refl ects the uncertainty in the fo-
cal mechanism obtained from the inversion. The bottom seismograms 
were obtained for the dip-slip solution shown. Note that P-wave ampli-
tudes are grossly overestimated at UCC and OTT, S-wave amplitudes 
are grossly overestimated at UCC, and the polarity of the S-wave at 
LPZ is mismatched for the dip-slip mechanism. The moment-mag-
nitude of the event would have to be lowered to 6.6 (from 6.9) to 
obtain an amplitude match to the P-waves observed at UCC and OTT, 
although Gutenberg and Richter (1954) estimated the event to have 
a magnitude of 7.0 (Table 1). LPZ—La Paz, Bolivia; OTT—Ottawa, 
Canada; UCC—Uccle, Belgium.
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Virgin Islands
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0

5
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Central Mona Passage

Figure A4. Results of waveform inversion for the 1918 central Mona Pas-
sage earthquake. The range of focal mechanisms shown refl ects uncertain-
ties obtained in the inversion process (Table 1). The source-time function 
shown at the lower left indicates the complex nature of the source rupture. 
The black symbol indicates the compressional fi rst motion observed at 
Seminaire Saint Martial, Haiti, and the open symbol the dilatational fi rst 
motion observed at Vieques, Puerto Rico (Reid and Taber, 1919). LPZ—
La Paz, Bolivia; UCC—Uccle, Belgium; UPP—Uppsala, Sweden.

Figure A5. Results of forward modeling of the 1919 Virgin Islands 
earthquake. DBN—DeBilt, Netherlands; LPZ—La Paz, Bolivia.

Figure A6. Results from the inversion of waveform data for the 1920 
North Mona Passage earthquake. LPZ—La Paz, Bolivia; OTT—Ot-
tawa, Canada; UCC—Uccle, Belgium.

Figure A7. Results obtained from forward modeling of the 1927 Virgin 
Islands earthquake. DBN—DeBilt, Netherlands.
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LPZ pz
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Virgin Islands

25 June 1930

Figure A8. Results obtained from forward modeling of the 1930 Virgin 
Islands earthquake. DBN—DeBilt, Netherlands; LPZ—La Paz, Bolivia.
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Figure A9. Results obtained from forward modeling of an earthquake 
located north of the Virgin Islands. This earthquake appears to be an 
outer rise event (see Fig. 8). DBN—DeBilt, Netherlands; LPZ—La 
Paz, Bolivia.

Figure A10. Waveform inversion results for the 1943 North Mona 
Passage earthquake. Open symbols indicate dilatations obtained from 
listings of the International Seismological Summary. DBN—DeBilt, 
Netherlands; UPP—Uppsala, Sweden; WES—Weston, Massachusetts.

Figure A11. Waveform inversion results for an aftershock of the North 
Mona Passage earthquake. DBN—DeBilt, Netherlands; WES—
Weston, Massachusetts.
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