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ABSTRACT

As a result of a seismic hazard assessment for the Puerto Rico

Electric Power Authority, a number of west- and northwest-trending
lineaments on the south-central coastal plain of Puerto Rico have
been identified as late Quaternary active faults. LiDAR imagery was
collected along an 11-km-wide and 60-km-long strip from just east
of Punta Arenas continuing west past Juana Diaz. The imagery shows
two zones of lineaments that cut across topography and are
coincident with topographic scarps on Quaternary deposits. To the
north, the relatively straight, more northwest-trending lineaments
are coincident with large bends in streams suggestive of right-lateral
strike-slip offset. Where these lineaments cross generally southward
flowing streams there are dramatic changes in the channel geometry
(width and slope), the depth of channel incision, thickness of channel
alluvium, the preservation of stream terraces, and the evolution of
some drainages against the regional slope. This zone of lineaments
coincides closely with the mapped trace of the Great Southern
Puerto Rico Fault Zone (GSPRFZ).

To the south, the more westerly-trending lineaments form a sinuous
~0.5-km-wide zone composed of two or more sub-parallel
lineaments. This zone is coincident with the Salinas fault zone (SFZ)
and continues to the east and appears to merge with the mapped
trace of the GSPRFZ. The northernmost lineament is a nearly
continuous and consistently south-facing topographic scarp. The
southernmost lineaments are discontinuous, with both north- and
south-facing scarps. Topographic profiles constructed across the zone
consistently display up to 2 to 3 m of displacement. Excavations across
the scarps expose displace late Quaternary deposits. Evidence points
to at least two late Quaternary surface rupturing events with both
vertical and lateral motion.

METHODOLOGY

Our investigative approach included:

1. Review of literature, mapping and prior studies in Puerto Rico

2. Collect LiDAR data

3. Create geomorphic map on LiDAR identifying Quaternary deposits/ landforms, scarps, and
any tectonically-produced landforms or signatures (e.g.- offset drainages, shutter ridges)

4. Field reconnaissance (March 2012) to check locations of mapped scarps, areas of interest,
identify potential trench locations

5. Trenching investigation on scarps located on Quaternary deposits
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Figure 1: (Step 3 in methodology)- Part of a geomorphic map used to identify

tectonic features and locations for further, detailed study. In this figure there is a broad
alluvial plain (partially outlined in yellow) that is composed of coalescing alluvial fans. This
alluvial plain is cut by a shoreline (dated from shells as being a minimum of ~3,000 yrs
before present (Prentice and others, 2004). Inset alluvial fans and fluvial deposits (mapped
in tan) are inset into the older alluvium and are not faulted.
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PRIOR WORK ON THE SALINAS
FAULT AND THE GREAT SOUTHERN
PUERTO RICO FAULT ZONE (GSPRFZ2)

We are not the first to work in this area. Geomatrix (1988)
concluded any fault displacements on the Salinas fault
are older than Holocene (~10,000 years ago), but that dis-
placements younger than about 35,000 years ago could
not be precluded. Wong and others (2004) also con-
cluded that any displacements on the Salinas fault are
older than Holocene based on their examination of aerial
photographs. Based on displaced bedrock along a
nearby fault system, Geomatrix (1988) and Wong and
others (2004) inferred about 35 m of post-Oligocene ver-
tical displacement and used this vertical bedrock dis-
placement and rock age to estimate a low long-term ver-
tical slip rate for the Salinas fault.

The GSPRFZ is shown by Glover (1971) as a zone of gener-
ally northwest-striking faults through bedrock composed
of the Esmeralda fault and the Canas Abajo fault (Glover,
1971). Glover (1971) interpreted these faults as normal
faults, although he noted that, overall, displacement on
the GSPRFS has been both vertical and left lateral, with a
total of about 10 km of left-lateral strike slip. Evidence for
Quaternary displacement on the GSPRFZ is primarily
from observations on the shallowly submerged shelf off
the south coast of Puerto Rico, the Muertos insular shelf
of Garrison (1969). Glover (1971) noted lineaments from
bathymetric data correlate with discontinuities in total
magnetic intensities identified by Geddes and Dennis
(1964) and Griscom and Geddes (1966). Also, Garrison
(1969) measured seismic profiles near Bahia de Jobos and
interpreted a N65°W-striking fault with a 15-meter-high,
down-to-the-southwest scarp and interpreted this as
most likely an active fault. Lineaments were also re-
ported by Grindley and others (2000) and McCann (2002)
used inferred sea level changes to estimate a maximum
vertical slip rate of 0.14 mm/yr or 0.19 mm/yr for that 15-
m-high scarp. Mann and others (2005) reported defor-
mation of recent (Holocene) sediments immediately off-
shore along the trend of the southeast GSPRFZ.
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Eolian - varies laterally. Sine sand and silt, eolian deposit on north end of

trench becoming interfingered with fluvial sands and gravels to the south
13 Fluvial (tidal?) sands and gravels. Weak soil development.

14 Variable- includes fluvial sands and gravels and eolian, may be equivalent with Unit 15.
Fluvial sands and gravels. Cut into unit 13.

(Units 4-10) Series of colluvial deposits that grade laterally

(southward) to alluvial fan and/or fluvial deposits
Fluvial sands and fine pebbles. Surface soil.
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Figure 3: Trench TM1. This ~55-m-long trench across the fault exposed a fairly long and complex middle-to-late(?) Pleistocene and Holocene depositional
and faulting history. A brief and over-simplified summary follows. The lower Units (4-10) are interpreted as a nested sequence of interfingered colluvial and alluvial deposits.

Eolian - dominated by silt and fine sand. Equivalent with Unit 177 20 A horizon of the surface soil.
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Eolian - well sorted medium to coarse, well-rounded sand. Buried soil.

These units all have a carbonate fabric, most likely of pedogenic origin, and some have carbonate shears (without offset). These deposits are deformed, the basal " N _*_ e

contacts of these units become progressively steeper with time (older units have steepest contacts) and the carbonate shears and pedogenic features appear to
rotate from south-dipping on the north side of the trench, to vertical, and then north-dipping near the shear zone. We interpret this package of sediments has been

faulted an

A younger group of deposits have been displaced by the two most recent faulting events. Units 13-16 are interpreted as fluvial deposits based on sorting and rounding. An
alternative interpretation is that some of these deposits (Unit 13) may be inter-tidal. Three or four generations of eolian deposits overlie the fluvial deposits (Units 17 -20) and were

deposited
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d possibly folded. We do not know how many events may be represented with this deformation.

against the fault scarp, therefore post-date the MRE.

--------

Figure 4: Photo of main fault zonein TM1. |- A
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Figure 6: Trench TC1. This ~20-m-long trench is across a fault trace that could be the GSPRFZ, the Salinas fault or a combination of the two. This trench exposes middle to late(?) Pleistocene to Holocene soils overlying
weathered bedrock. A brief summary follows. The basal unit of the trench is weathered bedrock, likely volcaniclastic, with many carbonate-filled fractures. Two soils were developed into the bedrock (Unit 40 and 30).
This soil is also in part eolian, demonstrated by a large amount of shells and fine-grained material incorporated into the units. There are many carbonate shears within the trench, one of which displaces Unit 40 (a sandy
soil horizon). Unit 30, the middle soil, extends across the trench (we tentatively correlate Unit 35 with Unit 30). Shells within these upper soil horizons have not been analyzed at this time.

The main fault zone juxtaposes sheared bedrock against sedimentary deposits. At least two carbonate-rich colluvial wedges were deposited against the shear zone. Units 92 and 95 are clay-rich with zones of

Figure 2: Step 3,4,5 in methodology. LIDAR imagery with mapped scarps and lineaments concentrated calcium carbonate that we have interpreted as sheared bedrock. Overlying is a package of sandy deposits interpreted aas fluvial based on the presence of sand lenses (Unit 35). Unit 30 also has some few
(Step 3). MF1 was the preliminary trench excavated during Step 4. TM1 and TC7 were the two sand lenses and is not displaced by the fault in TC1; however, fractures aligned along the fault plane do extend upward through unit 30 and 20. We have interpreted this as evidence of a second earthquake. Multiple
trenches excavated and presented here (Step 5). TM1 was located on the Salinas fault and colluvial wedges and different amounts of displacement o f Unit 40 relative to Unit 30 indicate multiple events. We have interpreted this fault as mostly or all strike-slip based on the laterally discontinuous stratigraphy,

TC1 was located on the intersection of the Salinas and GSPRFZ.

alternating direction of the scarp along the length of the fault, the low-relief of the multiple-event-fault-scarp, and the wide shear zone.

201 Eolian - well sorted medium to coarse, well-rounded sand.
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Evidence for late Quaternary faulting of the south-central coastal plain of Puerto Rico
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Figure 5: Photo of fault zone in TM1.
White arrow shows relative
displacement of stratigraphic units.

WHAT TYPE OF FAULT IS THIS?

We interpret the Salinas and GSPRFZ to likely be strike-slip with a possible
component of compression.

The lateral interpretation is based on the following observations:

- There are changes in unit thickness across the fault zone

- The units on either side of the fault do not match

- The faults are near vertical

- The shear zone is wide

- There are both north- and south-facing scarps along the same fault strand

The component of compression is based on the following observations:

- The meandering map pattern of this fault system, suggests a shallow-
dipping-fault

- The rotation of the carbonate shears and pedogenic features in TM1, show
apparent folding

- Progressive tilting may be shown by an increase in steepness of the basal
contact in progressively older alluvial units

- Any compression may be localized along a primarily strike-slip system

However, we do not have clear evidence for the type of motion in terms of
piercing points or matching correlative stratigraphy on either side of the fault.
More work is needed to document and understand the sense of motion of
these faults.

CONCLUSIONS

1. There are active, latest Pleistocene to Holocene onshore Quaternary faults
in Puerto Rico

2. There is evidence for > 2 events in each trench

3.Timing of events appears to be latest Pleistocene to Holocene. Preliminary
dates say 2 earthquakes since 16-9 ka

4. Fault type is unclear, although currently interprested as most likely a strike
slip fault with a component of compression
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SUMMARY OF EARTHQUAKE HISTORY
TM1
Penultimate Event :
Unit 13 and underlying units are displaced across the fault zone. Some faults terminate upward at the top of this unit. Preliminary 14C and Optically Stimulated Lumines-
cence (OSL) dates suggest Unit 13 may be 16 to 9 ka.
Most Recent Event:
Overlying Units 15 and 16 are also displaced across the fault zone. Upward terminations of some faults end at the top of unit 16. We interpret this as the most recent event.
Units 18-20 have been interpreted as unfaulted windblown deposits against the fault scarp.
TC1
Penultimate Event:
Unit 100 has been faulted (zoned rupture) within the trench, including a smaller truncation of Unit 40 on the north end of the trench, and main fault zone in a ~5-m-wide
zone in the deepest part of the trench. The main fault zone created at least two colluvial wedge deposits (Units 60 through 80), including fluvial sand deposits (Units 60, 70,
and 72) that suggest flowing water at the base of the fault scarp.
Most Recent Event:
Deposits overlying the faulted bedrock and colluvial wedges have soils forming into them and have been faulted sometime after the penultimate veent. Fractures from the
younger event terminate upward into Unit 20. We are still waiting for ages of Unit 30, which will provide a bracketing age for the latest rupture (post deposition of Unit 30).
AREA OF INTEREST:
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| Figure 7: Photo of TC1 with flagging. Note

.| truncated bedrock unit (Unit100) and

4 ¢ sedimentary colluvial package to the south (left)
of the fault.
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