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TECHNICAL ABSTRACT

During the one-year time period of this grant, we have integrated digital marine geophysical data
collected in May 2000 offshore western and southern Puerto Rico with existing analog marine
multichannel and single-channel seismic data, bathymetry sidescan sonar imagery,
sedimentologic, lithologic and earthquake seismicity data into a geographical information
systems (GIS) database. Numerous never-before published multichannel seismic (MCS) lines
have been incorporated into the database along with recently acquired high-resolution sub-
bottom profiler data. Neither seismic dataset by itself can completely constrain fault distribution;
the MCS lines have deep penetration but low resolution; the sub-bottom profiler data have high-
resolution but only image to depths of 20-30m. However, taken together, these datasets allow us
to identify active faults and have a better understanding of the crustal structures that are being
reactivated and may be capable of generating earthquakes. The integrated database is used to
generate a fault compilation map to enhance scientific visualization of active offshore faults,
their surface and subsurface geometries, and characterize the style of recent faulting offshore
western and southern Puerto Rico. The GIS database is available to scientists and relevant
government agencies in Puerto Rico by request. To date this database has been incorporated into
a regional Caribbean geologic database (Mann et al., 2003).

NON-TECHNICAL SUMMARY

We have integrated recently acquired high-resolution digital marine geophysical data from
offshore western and southern Puerto Rico with existing (circa 1972) never-before-published
analog marine geophysical data, sedimentologic, lithologic and earthquake seismicity data into a
geographical information systems (GIS) database. Taken together, these datasets allow us to
identify active faults and to have a better understanding of the crustal structures onland and
offshore Puerto Rico that are being reactivated and may be capable of generating earthquakes.
The GIS database is available to scientists and relevant government agencies in Puerto Rico by
request.



PROJECT OVERVIEW AND SIGNIFICANCE

The island of Puerto Rico is located within a diffuse and complex plate boundary zone
between the North American and Caribbean plates. The dominant motion along the plate
boundary is left-lateral strike-slip but lesser amounts of compression and extension are locally
significant (Sykes et al., 1982; Mann and Burke, 1984; Byrne et al., 1985; Stein et al., 1988,
Mann et al., 1990; Deng and Sykes, 1995.

Seismicity data and marine geophysical and geodesy studies of the easternmost portion of
the North American-Caribbean plate boundary suggest that Puerto Rico is part of a microplate
which also includes the Virgin Islands (Byrne et al., 1985; Masson and Scanlon, 1991, Grindlay
etal., 1997; van Gestel et al., 1998; Lopez et al., 1999). The Puerto-Rico Virgin Island platelet
(PRV1) is defined by the Puerto Rico Trench to the north, the Muertos Trough to the south, and
the Anegada passage to the east and south. On the basis of side-scan sonar imagery and single-
channel seismic data Grindlay et al. (1997) and van Gestel et al. (1998; 1999) have identified
extensive normal faulting of the Oligocene to early Pliocene carbonate platform in the central
and western portion of the Mona Passage, the marine strait separating Puerto Rico and the
Dominican Republic. This localized extension of the platform strata reflects the differential
eastward relative motions of the island of Puerto Rico and Hispaniola. Recently published GPS
geodetic measurements collected during a 10-year period in the region support these findings and
suggest the amount of differential motion is about 5 mm/yr (Dixon et al., 1998; Lopez et al.,
1999, Jansma et al., 2000).

Most geophysical and geological data sets including GPS geodesy indicate that the
deformation zone extends onshore within western Puerto Rico (cf. van Gestel et al., 1998;
Jansma et al., 2000). The onshore and offshore region of southwestern Puerto Rico is one of the
most seismically active regions near the island of Puerto Rico. During the past five years alone
over 70 earthquakes with a magnitude of 3.0 or greater have been recorded by the local seismic
network in the western region of Puerto Rico (Seismic Network, 1998). Several large to great
historical earthquakes have occurred within the nearby Puerto Rico Trench (McCann and Sykes,
1984). There is also historical evidence of at least 40 strong events originating in the Mona
Passage or northwest Puerto Rico between 1524 to 1958 (Asencio, 1980). One of the best
known large events (M=7.3) to significantly affect the west coast of Puerto Rico occurred in
1918. The epicenter of this event was located in the northern part of the Mona Passage,
approximately 50 km west of the town of Aguadilla. The earthquake caused a substantial
amount of damage to life and property on the western coast of Puerto Rico due to effects of
ground shaking and tsunami. This event, as reported by Reid and Taber (1919), killed at least
116 persons and caused four million dollars (adjusted to current equivalence) in damage. At the
time of the 1918 earthquake the population of Mayagiiez was about 17,000. Today, western
Puerto Rico is heavily populated and the Mayagiiez metropolitan area alone now has a
population of more than 132,000.

This intense seismic activity associated with crustal and lithospheric deformation along
an active plate boundary within 50 km of the west coast of Puerto Rico poses a serious threat to



the growing population in the region. In May 2000, a systematic sidescan sonar mapping and
high-resolution sub-bottom profiling effort on the shallow insular shelf of western and southern
Puerto Rico was conducted by the investigators, Grindlay and Abrams, P. Mann (University of
Texas, Austin), two University of North Carolina Wilmington graduate students (J. Backstrom
and L. DelGreco) and one University of Puerto Rico undergraduate student (D. Lao). The main
objective of the mapping program was to identify and characterize active faulting on the insular
shelves of western and southern Puerto Rico and to link these offshore faults with active faults
onland. These results confirm the presence of seafloor scarps interpreted to be late Holocene in
age along the trends of the Cerro Goden, Mayaguiez, and Great Southern Puerto Rico Fault
zones. We have presented the preliminary interpretation of these data at the 2000 Fall American
Geophysical Union meeting (Delgreco et al., 2000, Grindlay et al., 2000) and are in the process
of writing up these results (Grindlay et al., submitted, Mann et al., in submitted).
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Figure 1. A DEM of Puerto Rico and insular shelves showing the location of the May 2000 marine geophysical
survey (orange lines). Black lineations represent faults interpreted by Furgo, Inc. and Western Geophysical Co.
from multichannel seisimc data collected in 1972. The interpretation did not distinguish between active and inactive
faults. Comparison of these fault locations with high-resolution sidescan sonar and sub-bottom profile data
collected in May 2000 show that many of the faults do not break surface sediments. The fault locations do,
however, provide information about the past tectonic history of the region and locate regions of potential crustal
weakness where reactivation could occur.

One result of our offshore survey and the coordinated onland trenching and mapping studies
(Prentice et al., 2000; Lao et al., 2000) is to show that areas of late Holocene faulting are
widespread through the west and south coasts, and that many of these faults appear to reactivate
older WNW trending basement structures. In addition to our newly acquired data, a considerable
amount of marine geophysical and geological data has been collected by various institutions over



the past 25 years offshore the island of Puerto Rico. Much of these data are in analog format
(e.g. paper copies of MCS lines) and are part of geophysical data reports commissioned by
Puerto Rican Governmental agencies. The reports have not been published and therefore have
not been widely distributed within the scientific community. As individual data sets they have
limited scientific value, but as an integrated GIS database they have proven invaluable to the
assessment of neotectonics and seismic hazards within the region and to planning future marine
geophysical investigations. Unlike previous GIS studies conducted in the region which have
dealt with terrain or infrastructure databases (e.g. Marcari, 1997; McCann, 1995; Scanlon and
Briere, 2000; Torres-Pulliza et al., 2000), to our knowledge, no GIS database has been compiled
for marine geophysical and geological data of the region.

We have augmented the analysis of the newly acquired side-scan sonar imagery and sub-
bottom profiles by an extensive data set of existing marine geophysical and geological data that
includes the following:

e adense grid of MCS profiles on the insular shelf and slope of western and southern Puerto
Rico (Western Geophysical Company and Fugro, Inc., 1973). The grid of MCS profiles
separated by 5-10 km surrounds the island and were collected as part of a geological-
geophysical reconnaissance for citing of power plants in Puerto Rico. Seismic data obtained
imaged the entire sediment column and the top of volcanic basement. Analog records and
maps of selected seismic lines were made available through the Seismic Network at the
University of Puerto Rico. These MCS profiles have never been published. Integration of the
deeper penetration MCS data have allowed us to have a better understanding of the crustal
structures that are being reactivated, and thus are structures that are most likely capable of
generating earthquake (Digitally scanned and loaded as geotiff files)

e NOAA/NOS digital bathymetric database of nearshore area of Puerto Rico and Virgin
Islands (Mercado, 1994) and elevation data from USGS 1:250000 Digital Elevation Models
(DEMs). (gridded with 2 arc sec interval)

e Earthquake epicenters from the local Puerto Rico seismic network and the USGS NEIC
(database files).

e Analog maps of sediment distribution and core locations distributed by the USGS as
Miscellaneous Investigations Series Maps (Grove, 1993: Morelock et al., 1994; Beach and
Trumbul, 1981; Trias, 1991). (Digitally scanned and loaded as geotiff files)

e Onshore and offshore fault traces from a variety of sources (Glover, 1971, Joyce et al. 1987,
Lao et al., 2000, McCann et al., 1987, Meltzer et al., 1998; 2000, Curet, 1986, Volckmann,
1984a; 1984b). (shape files)

Various data layers listed above have been projected into a true cartographic projection and
seamlessly integrated into an ArcView GIS database. The digital database allows us to make
overlays of different data sets at the same scale and effectively integrate a wide range of data
types (Fig 2). In addition, hot links have been developed in the GIS database to access
georeferenced seismic profiles and sidescan sonar mosaics (Fig. 3a, b, and c).
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Figure 2: ArcView GIS project showing integration of multiple data sets.
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Figure 3a: ArcView GIS project showing integration of multiple data sets. Hotlink to
georeferenced high-resolution single channel seismic line collected in 2000.
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Figure 3b: ArcView GIS project showing integration of multiple data sets. Hotlink to
georeferenced digitized Western Geophysical multichannel seismic line.
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Figure 3c: ArcView GIS project showing integration of multiple data sets. Hotlink to
georeferenced high-resolution sidescan sonar mosaic.



PROJECT RESULTS
The final results of the one-year project are three fold:

1. We have catalogued and made readily available in digital (GIS) format to the
scientific community and local planners, important and relevant data sets that are
currently only in analog format and of limited access. The GIS database is available
at no-charge upon request. To date this database has been incorporated into a
regional Caribbean database of active faults and earthquake seismicity presented at
the 2003 Seismological Society of America conference in San Juan, Puerto Rico
(Mann et al., 2003). In addition, the high-resolution seismic reflection data have been
submitted to the online Marine Seismic Data Center at the University of Texas
Austin, Institute for Geophysics http://www.ig.utexas.edu/sdc, and the high-resolution
sidescan sonar data files and processed mosaics have been provided to NOAA/NMFS
scientist José Rivera for habitat analysis;

2. We have developed a fault compilation map in GIS format that enhances the
scientific visualization of the surface and subsurface geometries of offshore faults and
characterize the style and geometry of recent faulting;

3. We have examined the relationship between the offshore and onshore structures of
southwestern Puerto Rico to gain a regional perspective of the neotectonic setting of
the Mona Passage and southwestern Puerto Rico within the North American-
Caribbean plate boundary zone. We have presented these findings at the annual
Seismological Society of America Conference in San Juan, Puerto Rico, 2003
(Grindlay et al., 2003) and are incorporating the results in two publications that have
been submitted (Grindlay et al., submitted, and Mann et al., submitted).
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