1. Abstract
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Figure 1: Instrumentation used to

study current tectonics of the NE
Caribbean. Top: Ocean Bottom
Seismometers. Bottom:
Continuous GPS.
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Persistent seismic swarms northeast of the
Puerto Rico-Virgin Islands (PRVI) tectonic
block have been recorded and documented
for more than a decade. The heightened
seismicity typically lasts for days to weeks and
consists primarily of hundreds of Ms < 4
events, but events up to Ms 6 have been
recorded. The active region (sometimes called
the "Sombrero" region although it is far from
Sombrero Island) is located on the forearc of
the Puerto Rico trench north of the Virgin
Islands. What exactly causes the heightened
seismicity in Northeastern PRVI is unclear,
however some suggestions seeking to explain
its occurrence have included a tear in the
subducting North America plate and stress
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relief associated with subducted ridges, to slab tear or re-activation of pre-existing 2. What may be causing the seismic swarms in the Northeastern Caribbean?

reflecting either asperities in the subduction ridge faults? or 2) do they represent episodic
process or re-activation of faults. Seismic tremors and slip events that are associated
studies of the swarm based on land stations with forearc relaxation in subduction zones?
have not succeeded in estimating epicenters The island of Anegada, on the northeastern
accurately because of limitations in the tip of the PRVI block, is an ideal location at
distribution of the network's stations. which to test the latter question due to its
Deployment of ocean bottom seismometers proximity to the Puerto Rico trench, to the
(OBS) in 2005 and 2007 have been critical to north. To test this idea, a continuously
understanding the nature of these events by operating GPS (CGPS) site was installed in
providing more rigorous constraints on Anegada in March 2007. Here we present
hypocenters and focal mechanisms. results of this data spanning one full year
Complementing this new data with land and incorporate them to the seismic data in
stations of the Puerto Rico Seismic Network an effort to provide an improved view of the
(PRSN) we seek to answer; 1) Do these seismic nature of earthquake swarms in
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3. Instrumentally recorded Seismic Swarms
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Seismic sequences identified
in the PRSN catalog between
1976 and 2006. Each seismic
swarm has been defined as a
sequence of events that
occurred within three weeks
and 100 km of each other.
Histogram  insets  show
number of events as a function
of that particular year's Julian
day (DOY). Events have been
color-coded to represent depth
in kilometer using the bar to
the left. These events have
been relocated wusing the
double difference technique
(HypoDD). Notice a
persistent NE-striking linear
pattern north of Puerto Rico,
mostly predominant in 1992,
2004, and 2006 swarms. This
linear pattern led ten Brink

(2005) to suggest a tear in the
NA slab.
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Possible suggestions to explain the seismic swarms include:

Virgin Islands microblock has rotated ~16° CCW over the last 11 Ma. This
has focused and increased the stresses on the NE Caribbean plate boundary
and caused the corner to become sharper. In addition, the subduction of the
Main Ridge helped focus the tensile stresses and cause a tear (see Figure 3).
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B) Subduction of Aseismic ridges: Pre-existing NA plate spreading ridges _ | |
and/or transform faults being subducted today beneath the CA plate have ::e'gruif sﬁb%igt?:g 2:;?[3“”9
been suggested to be re-activated (McCann and Sykes, 1984). The Main accommodate curvature
ridge, located north of Puerto Rico and oriented obliquely across the northern
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activation due to increased stresses, it is possible that it may be directly related to the seismic swarms.
illes
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slope (see Figure 2), would be such a case. If the subduction of the Main ridge has resulted in its re- swarms are correlated with

C) Episodic tremor and slip events: It has been shown recently for several

A) Tear in the subducting NA plate slab: A tear in the subducting slab may occur as a consequence of the subduction zones that slow slip events detected on Continuous GPS (CGPS)
subduction of an indentor on an increasing plate boundary curvature (fen Brink, 2005). The Puerto Rico- data correlate with non-volcanic tremors observed on seismometers (Rogers

and Dragert, 2005). If the seismic swarms are due to forearc relaxation,
where energy is released seismically as a result of a aseismic slip loading,
then we should see that aseismic slip 1n the geodetic signal. In March 2007,
the USGS installed a CGPS site in the island of Anegada. The island belongs
to the British Virgin Islands and 1s located at the northeastern corner of the
PRVI microblock (see Figure 2).
One year of data has been
collected and processed in an effort
to understand whether seismic
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transient events.

Figure 4. From Rogers and Dragert (2005).
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swarms represent intraslab processes related  northeastern PRVI. - e L A ] > -=—— = Figure 2: Map of the NE Caribbean with USGS high-resolution shaded relief bathymetry (ten Brink et. al., 2004). Black gﬁ:a' daestzi;r:éc ;"pGOF':Sth; tgztg?:gax:fhf?arzfgf !
S ‘ | /0 | | ‘ | = 0 | DA 7 NI D : B dashed line represents a proposed tear in the NA subducted slab (ten Brink, 2005), which may have been initiated due cing laxati y ded by sei ‘ ’ T T e
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4. 2005 and 2007 OBS deployments
66°W 65°W 64°W 63°W 2005:
I A’ + Three months of OBS data merged with ten PRSN land stations.
+ Data analyzed and processed to identify a total of 50 events, of 5 Preliminarv GPS results ANEG G : : 66\W 64\W 62W
) ’ : eographical Coordinates - -
. ] ..., Which 15 were only recorded by the OBSs. y grap +The following CGPS sites were al.so processed to assess
i ! + Upon relocation, the jointly recorded events revealed tighter +One full year of continous data at the 80 - current N_E. Ca.r1bbean tectonic motions.
| i clustering and clear biases with respect to original PRSN locations. Anegada CGPS (ANEG) site. 2 ] +All velocities in 1GSb 2000 20N 20N
i I + Changes in epicenters were greatest in the NE limit of activity, +ANEG data shows no discontinuity in & 40 7 ] STE Cooation P —— v
| i while there was a consi.stent progression Foward deeper focal depths the velocity trend for any of the three g ANEG  |Anegada, BVI >o-Mar-07 148105 46 +10
I I for events closer to the island of Puerto Rico. components for the six month period. = CRO1  [St. Croix, USVI 28-Oct-03 12.5 +0.1 11.8 0.1
19°N 119N +The average change in focal depth for the cluster of five events +A lack of correlation between the 3 10 ] i gEI\RM5 gﬁZiaPER ;:-m:-gg 18-(7) fg-l ;-Z :—:8-3
i I closest to Puerto Rico was 35 km. seismic swarms and the velocities of the _ SMRT  |St. Martin, NA 23-May-07 17.4 405 7.3 +1.1
: I +Mostof the relocated events are consistent with the depth and dip of three components at ANEG suggests, at 80 1 . _ Slopes 1484/ 0.5 mmiyr: WRMS=20mmi CH/DOF=0.0 |- \/iTH [t Thomas, USVI ~ 18-Aug-06 12.4 £0.3  11.6 +0.6
: ! the subducted NA plate in this region and may therefore be least preliminary, that the seismic — 80° - ZSU1 Carolina, PR 28-Oct-03 12.0 +0.1 11.3 0.1
! associated with active subduction, rather than the shallow tectonics swarms are not related to forearc g Z
. - Pl et suggested by original locations. relaxation. b 407 )
Ie | I A . e A’ +Certainly, a longer time-series, where B 0] i +Used the latest realization of the North America (Sella, g 18N
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Figure 5: Figure from Pulliam et. al. (2008). Events of the q LI y \ * B, x| ; Virgin Islands (USVI) have similar velocities to that of
2005 seismic swarm recorded between August and 60 * [ & 0 80 - - ,
November. Black squares are short period ocean bottom an - if " g | a0 — ] the Caribbean plate. 66W 64W
seismometers (OBS). Large green stars were events not / Figure 9: Point-positions from March 2007 g +ANEG and SMRT have more northerly azimuths
dftﬁl"tegé’é the PESN”StatiO”S ﬁ:”d recorIdDeF;jSoany on Sfme e * 1% through March 2008 for CGPS site ANEG. = (similar azimuths to slip vectors shown in Figure 10). O:—‘:S'g—:mokm
or the S. mall green stars are epiceniers, 120 ' ' ' ' ' ' 1 ' r ' ' - 120 Data gap corresponds to power loss for 25 <
while red stars are relocations incorporating OBS data. 050 -025 000 025 050 075 100 125 150 175 200 225 250 days f?orFrD\ May 15p_ June16 (BOY 137-165) _%0 +Th.€S€ results SuggflS.t that a.t .lea.st, ANEG and SMRT are i 4t}
T_rlangles are PRSN statloqs. Profile A-A' (Figure 6) help Figure 6: Figure from Pulliam et. al. (2008). PRSN preliminary locations (green) 40 B belpg affected by Shp partitioning of the forearc due to 20N 20N
visualize hypocenter corrections. and relocated events (red) projected onto profile A-A'. Focal depths deeper and oblique convergence of the North America plate.
closer to the island of Puerto Rico may reflect the plate interface. Events near 80 7 Slone 16,1 4/ 2.3 mim/or: WRMS—73 mm: Chi2/DOF= 0.39 5
OBS D16 were relocated to be significantly further away from this cross-section. . _ e e . "
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+ A total of 597 events were recorded on the v 110 CA plate Vo = . . boundary. FOE I ¢ Xﬁm\ @ 18N 18N
| | o - Figure 11: Figure from McCaffrey and Nabelek =y ¢ Q) 5 s
PRSN network for the six month period. SON SON 100 16° -0 g (1998). Block motions with respect to upper Bt o 7/ D j
+ Average magnitude of these events is Ms 2.9, 90 AVES RN (A) and lower (B) plates. ANEG and SMRT TR T / s
with the largest being 4.5. 30 . W A follow strikingly similar behavior. B
: - & 0-20km S . D
¢S mon perod receded o s, of wlmm] T =
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events and peaked between Julian days 106- :
, P Y T9N T9N 50 P BARB Figure 10: Figure take from Loépez et al. deformation.
108 (Aprll 16-18). . . 40 190 g - (2006), where they suggest a forearc sliver +St. Thomas (VITH) closest to ANEG and yet moves with Figure 13: GPS velocities of CGPS sites in the Northeastern Caribbean with respect to North America
+ Second one consisted of apprOXHnately 220 30 in the northern half of the arc. The western the Caribbean plate (top) and Caribbean (bottom) plates. In a North America fixed reference frame (top), CGPS sites in
events and peaked between days 175-177 ) s @ TDAD & 5 boundary of such block must be a left- . P ) . . Puerto Rico (PURS5, PRMI, ZSUA), and USVI (VITH, CRO1) possess very similar velocities, whereas
] 2476 Th . £ th b 7 20 .,,.-a R lateral strike-slip fault. Arrows- white: slip +This suggests a left-lateral strike-slip fault somewhere SMRT and ANEG are rotated slightly north, an indication of forearc slip partitioning. The discrepancy is
(June -26). ¢ majority ol the events 18N A = i \ (- 18N 10 o | _ T A: vectors; black:predicted. between the two islands capable of cross-cutting the more noticeable when all sites are placed on a Caribbean fixed reference frame (bottom). While sites
(~183) occurred on day 176. " g g = S — Anegada Passage in Puerto Rico and the USVI have minimal velocities (or within their error ellipses), ANEG and SMRT
+ Data analysis close to completion. ' A g ) 0 ' show motions sub-parallel to trench strike.

60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
40 | | | | | | | | | | | | | | | | | |

35 1
30
25 1
20
154
10

No. of events

220
200
180 A
160
140 A
120
100

80

60

40

20 -
OM e =8 —=p_u

n I I I I I T I~

60 70 80 90 100 110 1‘20 130 140 150 160 170 180 190 200 210 220 230 21‘10 250
\

April 30 June 29 August 28

No. of events

DOY 2007

Figure 7: Approximately 600 events were recorded on PRSN land stations (triangles)
from March through September 2007. Inverted yellow triangles are the 5 deployed
OBSs. Stars are CGPS stations shown in Figure 13. Event color correlates with depth
bar to the right. Faults in the Anegada Passage were identified and mapped using
recently collected multi-channel seismic profiles.

Figure 8: Histogram for the 2007 seismic swarms show number of events as a function of
Julian Day (DOY). Bottom panel shows overall coverage, while top panel is an enlarged
view to help visualize better the frequency of events for the first smaller swarm (between
days 106-108).

6. Conclusions

- Seismic swarms 1n the Northeastern Caribbean might be the results of interactions of the subducted Main Ridge with the upper Caribbean plate.
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