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Two major seismic events occurred in the regiothefKuril Islands in 2006/2007, the
magnitude 8.3 November 16, 2006 compressional suifetizone interface event and the
magnitude 8.1 January 13, 2007 outer rise exteakewent. The aftershock sequence that
followed the November main shock is highly unudoala subduction zone sequence. Many of
the smaller aftershocks are too small to deterrfank geometries using conventional methods,
therefore determining the fault kinematics of thes®ller events requires a more indirect
approach.

Cross correlation techniques were used to studybattdr understand this unusual
sequence of events. Seismograms with known foeahamisms were used as a basis for the
identification of unclassified earthquakes in theaa The study revealed the validity of this
method for determining and developing a classiicasystem for aftershocks with unknown
focal mechanisms by an initial test on the smabsgt of aftershocks for which mechanisms
were determined by the Global CMT group.

Seismic waveforms of compressional and tensionamhvhave a characteristic shape,
and should be very similar to those caused by amyjpes of earthquakes. Digital seismograms
of 495 aftershocks that occurred during a four pyod following the compressional event for
which neither the focal mechanism nor the faultrabgeristics were known were cataloged. A
long trace seismogram for this period was compaidila seismogram for both a compressional

and tensional reference event for which the foaatmnism was known. Instances where these



two traces correlated resulted in a high croseetation coefficient at the corresponding time.
These aftershocks were then classified based dggansieismic waveform correlation with either
of the two known events as either compressiongmsional earthquakes.

Typical subduction zone aftershock sequences shatthe majority exhibit the same
fault geometry as the preceeding mainshock. Ehmt the case for the aftershock sequence
examined in this study, which displays similar nemsbof tensional and compressional events
following a compressional mainshock. Although sroserrelation techniques were verified as a
valid method for determining aftershocks with unkmdocal mechanisms, the method is
experimental and needs refinement. Possible wianefinement include filtering waveforms to

reduce background noise and incorporating additisgiamic stations.

The Kuril Island chain forms the northwestern regid the ring of tectonic activity,
known as the Ring of Fire, encircling the Pacifice@n. The entire volcanic chain contains an
estimated 100 islands, forty of which are curremtiicanically active, as well as numerous hot
springs and fumaroles. The individual islands tbelires comprise the segment of a volcanic
island arc formation that originated as the restitubduction of the Pacific plate under the
Okhotsk plate in the late Cretaceous. The resuifanl trench extends in a northeasterly
direction nearly 500km from the eastern coast dfkaalo to the southern coast of Kamchatka (

Figure 1).



The formation of the Kuril Island arc began in thte Cretaceous, about 90 million years
ago, when the Kula plate collided with the Sibeigantion of the Eurasian plate initiating a
subduction zone along the southeast margin (Kir&ufamaki, 1985). Regional uplift resulting
both from subduction and volcanic activity initidtéhe arc formation. This continued into the
Paleocene and Eocene as volcanic activity andtupiénsified. The Kula plate was eventually
completely subducted into the Kuril Trench.

Following the subduction of the Kula plate, thezaemtered into a volcanic calm period
late in the Eocene, although it is likely theinglgon continued to change for some time due to
isostatic crustal movements. Sedimentary evidenggests that at least a portion of the chain
subsided during this period and that glaciers @ enost of the islands during this regression
(Kimura & Tamaki, 1985).

Late in the Oligocene, roughly 30 million years athe area to the west of the arc began
to rotate clockwise and a back arc basin was aleabéch would eventually come to form the
Sea of Okhotsk. This period also saw a reawakewifinglcanic activity as the Pacific plate
began to subduct in the central portion of the @s.a consequence, many of the oldest rocks in
this vicinity date to late Oligocene and early Mdoe (Savostin, Zonenshain, & Baranov, 1983).

By the middle of the Miocene, the clockwise rotataf the back arc basin and creation
of the Sea of Okhotsk was fully complete. Intemskeanic activity and crustal uplift also
resumed, and sedimentary evidence indicates thasldnds again began to emerge from the sea
early in the Pleistocene (Kimura & Tamaki, 19838Jthough many of the islands in the

archipelago have not been extensively studied gemtly, evidence suggests that they have
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been uplifted and remained above sea level sinsefoch (Bulgakov, 1996). Traces of
glaciation on the northern and central islandsdatgi that they were covered with ice during the
high glacial period of the Pleistocene (Kryvolutgkal973). From late Pleistocene into the
Holocene, volcanic activity has continued and heenlresponsible for the creation of at least

one new island in the chain (Yakushko & Niknono283).

Historically the Kuril island arc has been verysseically active, both in terms of
subduction events and outer rise events. Figultestrates a seismic hazard map of the region.
Highly seismically active areas are denoted by ebad red and orange. The study area is
conveniently outlined in a red box, and the loagagiof the two main shocks are denoted by
yellow stars. The smaller star indicates the Ndwentompressional interface event and the
larger star indicates the January tensional oigeravent. Compressional outer rise events that
have been studied imply that the region has a $eggmic potential (Christensen & Ruff, 1988),
and historical seismicity is illustrated by Figie The tensional normal faulting in the outer rise
is a common feature of some subduction zonesadithese events, which are caused by the
stretching of lithospheric crust, are more comnf@antcompressional outer rise events
(Chappele & Forsyth, 1979).

For this study, the sequence of aftershocks tlukt ptace between the November 15,
2006 magnitude 8.3 compressional main shock andaheary 13, 2007 magnitude 8.1 tensional

main shock in the Kuril Islands were examined. No&ember event took place on the



subduction interface and the January event toateplathe outer rise just before the Kuril
Trench. The latter event was the largest outeraient in recorded history.

The aftershock sequence between the November andryaKuril Island mainshocks is
highly unusual. A plot of the 2004 Sumatra eartlguand its associated aftershocks has been
included for illustration of what a typical aftemstk sequence looks like ( Figure 4 ). Note that
the main shock of the Sumatra event was a thrtteand the vast majority of the aftershocks
that follow are of the same focal mechanism. Tlaénshock may not release all of the energy
stored along the fault plane, so small aftershatdsg the same fault plane are typical of a
subduction zone aftershock sequence.

Conversely, the aftershock sequence between therMosr and January Kuril Island
main shocks is highly unusual ( Figure 5). Theafanechanisms of this sequence do not follow
the typical subduction zone aftershock patterne miajority of subsequent aftershocks
following a subduction zone main shock are expetddake along the same fault plane and
display nearly the same focal mechanisms. Thel Kalaind aftershock sequence following the
compressional November interface event show sirati@unts of compressional and tensional
aftershocks. The unusual aftershock sequencedticatred between the Kuril Island main shock
events indicates that the two main shocks arelglegated, although how exactly is unclear.
Therefore it is important to gain understandindgpofv the sequence of events evolved both
spatially and temporally. To accomplish this taelfing geometry of these aftershocks must be
studied. Many of the aftershocks, however, arguch low magnitude that their seismic data is
not of high enough quality to determine their focechanism directly. Therefore, a more

indirect approach is needed.



Attention will first be placed on the first four ylafollowing the November main shock
on the subduction interface. This time period wlagsen because aftershock activity falls off
exponentially with time. It is also necessary édetimine where and when aftershocks started to
occur that were atypical for aftershocks followangubduction zone main shock.

Seismic waveforms have a characteristic shape dapgeon whether the event that
generated them was compressional or tensionalsellwaveforms can be used to match up, or
correlate, other events which are too small favaaf mechanism to be derived directly. By
correlating events with known focal mechanisms wlitfital seismograms of events with
unknown focal mechanisms, more insight into theirsaénd relationship of fault rupture can be

gained.

Cross correlation techniques, widely used in gtesi@nd signal processing, are
considered to be a valid technique to determineléugee of waveform similarity when applied
to seismograms. This technique will be applietlémtify fault kinematics for earthquakes with
unknown focal mechanisms. For this study the sigra@essing technique will first be tested to
determine its validity and application to this pierh.

In simplest terms, cross correlation identifiesiknties in signals, or in this case, digital
seismograms. For the purpose of this study, atiermg seismic trace as well as a short term
reference seismogram will be used. Computer softtwae shifts, or “slides”, the short term
seismogram against the larger one. As this talke® pthe amplitudes of each signal at any

given time are multiplied, normalized, and thenetitbgether. The resultant product output
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will have exaggerated peaks where similaritieh@ttvo signals occur, low amplitude noise
where they do not. These peaks are the foundfdraetermining whether the seismogram was
produced by a tensional or compressional evenebgrohining the degree of waveform
similarity between a seismogram from a small evatit an unknown focal mechanism and two
seismograms from two earthquakes with known meshasione tensional outer rise event and
one compressional interface event. For the purpb#as study, two reference events, one
tensional and the other compressional, recordachah quality, low noise seismic station
relatively close to the epicenter of the earthqusdaguence were chosen ( Figure 6 ).

Waveform patterns can be recognized by studyingémsanograms for earthquakes with
known fault mechanisms and correlating them witbrnges that have unknown mechanisms. This
technique can be used both to find these patterth$cadetermine the type of earthquake in
which the focal mechanism and fault kinematicswuarlenown. Events which have known focal
mechanisms were obtained from the Global CMT cgtalevents which have a magnitude too
small for a focal mechanism to be determined wétained from the National Earthquake
Information Center ( NEIC ) catalog.

The Global CMT catalog ( www.globalcmt.org ) origted at Harvard University as the
Harvard Centroid-Moment-Tensor project and was lath several goals in mind. First and
foremost was the desire to globally determine atdloag moment tensors for earthquakes
greater than magnitude 5. The project has devdltghniques for rapid determination of
moment tensors for earthquakes with magnitudedarédaan 5.5 and has also developed and
implemented methods for quantifying earthquake amkmematics, both on a global scale

(Ekstrom, Dziewonski, & Nettles).



The National Earthquake Information Center alsomaans a database of known
earthquakes (http://earthquake.usgs.gov/regioneljnaowever they do not determine a focal
mechanism. The date, time, latitude, and longitfdevents are recorded, but fault parameters

are not determined.

Digital seismograms were obtained for two referezgents, one tensional and one
compressional, with known focal mechanisms fromGhabal CMT catalog. The tensional
event, a magnitude 5.5 earthquake that occurrédomember 17, 2006 off the eastern coast of
the Kuril Island arc, and the compressional evaemhagnitude 5.8 earthquake that occurred on
April 9, 2007, were initially individually correlatl with themselves ( Figures 7,8 ). This
allowed for basic exploration and illustration bétapplication of cross correlation methods to
this problem. Seismic software correlates thensieisvaveforms and amplitude is reduced to a
value between negative one and positive one. Vdlige, called the cross correlation coefficient
(cce), represents the quality of correlation ng indicates the degree of waveform similarity.

An ideal (perfect) waveform match is shown by aaftt.O.

# $ N!&'# !

Following illustration of the cross correlation ieique, a long duration digital
seismogram trace for the four day period followamgl including the November 15, 2006 Kuril

Island subduction zone event was obtained ( Fi§yreThis trace was then correlated against
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both the compressional and tensional referencet&veroducing two separate traces of cross
correlation coefficients with time ( Figure 10The peaks corresponding to high cross
correlation values in these products should beesgtative of either compressional or tensional
events that occurred. It is expected that peakwsur on both cross correlation coefficient
traces for every earthquake, since the overalhgnaf energy arrival is similar, independent of
the fault geometry of the event. However, it ipbihesized that the cross correlation coefficient
from the tensional reference event will be greatéhe case of a tensional event, and the cross
correlation coefficient of a compressional everit ne greater in the case of a compressional
event. This hypothesis will be tested on a catalogvents with known focal mechanisms
before proceeding with the catalog of smaller eventh unknown focal mechanisms.

A full format Global CMT catalog search was perfedhfor a four day period following
and including the November 15, 2006 subduction zaréhquake located in the Kurile Island
arc to gather a database of earthquakes with kifiogah mechanisms. The search was confined
to the area bounded by latitude 40-55N and longitL4D-165E. A global search was completed
to first make certain that no earthquakes greltar magnitude 6.0 occurred at the same time as
this event, and further filtering assured that l@zeents were isolated to only those with known
focal mechanisms. A list of twenty three eventhwnown focal mechanisms, seven
compressional and sixteen tensional, was compildus list was then compared to both the
compressional correlated and tensional correlataxs$ of cross correlation coefficients with
time and cross correlation values were recordeddorpressional and tensional peaks

corresponding to each event with a known focal raeidm ( Appendix B ).



To discover patterns, regions were identified quhod for compressional cross correlation
coefficient versus tensional cross correlation toieht ( Figure 11 ). It was expected that
events which had a higher compressional crosslatime coefficient rather than tensional event
would plot in the blue area illustrated on the feiguvhereas the events which had a higher
tensional cross correlation coefficient rather thampressional would plot in the area illustrated
in red. It was found that the twenty three evevita known focal mechanisms plotted exactly
where they were expected to ( Figure 12 ) thudweg that the method works for relatively

large events.

# % %! ('# |

Once the technique was verified by correlating &vernth known focal mechanisms on a
seismic trace, a National Earthquake Informationt€e( NEIC ) catalog search was done using
the same boundary coordinates and time periodaidhguakes too small to have a known focal
mechanism. To classify these smaller aftershdbkssame four day period following the
November 17, 2006 earthquake was used. The NEIGgemke catalog search returned 495
aftershock events with a magnitude between 1.Gahébr which the focal mechanisms were
unable to be determined ( Appendix C ). Upon examgithe traces of tensional and
compressional correlation results from Figure Haks were identified in those waveforms that
corresponded temporally with events from the NEdalog. Both the tensional and
compressional cross correlation values were reddimeeach event. Out of the 495 initial
aftershocks, 422 events were able to have a pdakntiaed that corresponded to a known event.

The remaining 73 events proved impossible to betified with clear correlation peaks.
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Filtering was then applied to ensure only thoseraftocks that had been successfully
correlated with known waveforms were retained totHer study. Events which possessed
either a compressional or tensional cross corolatalue below 0.05 were considered to be
unreliable. In order to be as scientifically dtas possible, two zones were constructed based
upon the twenty three events with known focal madras for which the cross correlation
technique was known to work ( Figure 13 ). The d@&elated aftershocks with unknown focal
mechanisms were then plotted on a similar diagr&myre 14 ). From this plot, 108
aftershocks fell in the compressional zone, 12lirighe tensional zone, and 266 fell into the

unclassifiable zone.

It has been shown earlier in this study that thersifiock sequence following the
November 17, 2006 Kuril Islands interface main shischighly unusual. A comparison of a
typical subduction zone aftershock sequence ( Eigdr) and the distribution of the Kuril
Islands aftershock sequence ( Figure 16 ) illustrétis atypical pattern. To gain a better
understanding of this unusual pattern, spatial {hoés were created.

For reference, a spatial time plot was construfiiethe 23 larger aftershocks with
known focal mechanisms ( Figure 17 ). The prditle runs northwest to southeast
perpendicular to the Kuril Trench, representedhgyline indicated in Figure 5. Time is plotted
on the X-axis. The bottom portion of the figur@nesents landward of the trench and the top
portion of the graph represents seaward of thelrefhis plot clearly shows the spatial patterns
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of the larger tensional and compressional evengnsional events are organized seaward of the
trench, which is to be expected along the outer rlGompressional events are organized
landward of the trench, which is also to be expketethese events occurred on the interface of
the subduction plate and overriding plate.

A similar plot along the same profile was madetha smaller aftershocks with unknown
focal mechanisms ( Figure 18 ). When all magnisuofethese aftershocks were plotted on the
same diagram, no patterns could be observed. abhstieplotting all aftershocks between
magnitudes 1.0 and 5.0 on the same plot, sevdrat ptots were made with different groupings
to try and identify patterns similar to the largeents with known focal mechanisms. A plot of
magnitudes 5.0 to 4.8 ( Figure 19 ), magnitudegaet86 ( Figure 20 ), magnitudes 4.6 to 4.4 (
Figure 21 ), magnitudes 4.4 to 4.2 ( Figure 22ggnitudes 4.2 to 4.0 ( Figure 23 ) and
magnitudes 4.0 and lower ( Figure 24 ) were conterl

Aftershocks between magnitudes 5.0 and 4.8 shamitas distribution as that of the
larger aftershocks with known focal mechanismse plots of lower magnitudes demonstrate
that the expected pattern breaks down. It is ptes#hnat the cross correlation technique works
for events greater than magnitude 4.8 but notrfmaller events. It is also possible that smaller
earthquakes may occur in response to small stexigrpations, whereas larger events reflect the
overall regional state of stress.

The application of cross correlation techniquedatermining focal mechanisms for
events is in its infancy. The technique was vedifio work for events with magnitudes greater
than 4.8 and fault kinematics for aftershocks is tange which did not have known focal

mechanisms could be determined. The method aplesarseliable for events smaller than
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magnitude 4.8, and more refinement and study sftdthnique is needed to determine whether
the observed spatial patterns are real. Filtesiageforms to reduce background noise would aid
in identifying peaks which coincide temporally wikhown aftershocks. This would result both
in greater amounts of aftershocks being classdietlan increased confidence of those
classifications. Initially, seismograms were obhéal from a single seismic station.

Incorporating additional stations would also aidha further verification of the method for

smaller aftershocks and will eventually enhancefitsctiveness.

The aftershock sequence in the four days followirgNovember 17, 2006 magnitude
8.3 Kuril Island subduction zone main shock is hjginusual. Typical aftershock sequences
follow the same fault geometry as the main shoek pineceded them, but data reveals that
pattern was not observed in this case, with mae ttalf of the examined aftershocks classified
as tensional events. For this particular afterslsggjuence, small events are furthermore
observed to demonstrate different spatial pattévais larger events.

Large earthquakes tend to follow a consistent stregime, whereas smaller earthquakes
can follow different patterns depending on smadieras of localized stress. This can cause the
spatial distribution of small events to also bdat#nt than those for large events. In the case of
the aftershock sequence examined in this studycthild offer an explanation for the observed
differences in the location of smaller aftershoCk4<4.8 ) as compared to the locations of larger
events.

13



The cross correlation techniques that were explam@ verified to work for relatively
large earthquakes for which mechanisms were avaifatim the Global CMT catalog. Figures
17 — 24 illustrate the spatial patterns of aftec&ispas well as a potential limitation of this
method. Expected spatial patterns are not cldambmagnitude 4.8. It could be that cross
correlation is applicable to events greater thartragnitude but not smaller. Further study and
exploration of the method is ultimately neededdtedmine the validity of applications to other
events. Integrating additional seismic stationsil@lso aid in verification of the method for

smaller aftershocks.

14



% (

Bulgakov, R. (1996). Reconstruction of Quaternasydny of southern Kuril Islandgournal of
Coastal Research 1,2930-939.

Chappele, W. M., & Forsyth, D. W. (1979). Earthgesland Bending of Plates at Trenches.
Journal of Geophysical Reserach, Vol.,8729-6748.

Christensen, D. H., & Ruff, L. J. (1988). Seismicupling and Outer Rise Earthquakésurnal
of Geophysical Reserach, Vol. 983421-13441.

Ekstrom, G., Dziewonski, A., & Nettles, M. (n.d3Global CMT CatalogRetrieved November
2007, from Global Centroid Moment Tensor Projettip:ywww.globalcmt.org/

Kimura, G., & Tamaki, K. (1985). Tectonic framewarkthe Kuril Arc since its initiation. In N.
Nasu, K. Kobayashi, S. Uyeda, |. Kushiro, & H. KagaFormation of Active Ocean Margins
(pp. 641-676). Tokyo: Terra Scientific Publishing.C

Kryvolutskaya, G. O. (1973Entomofauna of the Kuril Islands: Principle featsrand origin.
Leningrad: lzdatelstvo Nauka.

Lay, T., Kanamori, H., Ammon, C. J., Nettles, M.akll, S. N., Aster, R. C., et al. (2005). The
Great Sumatra-Andaman Earthquake of 26 Decembet. 3afence 308 1127.

NEIC. (n.d.).National Earthquake Information CentdRetrieved November 2007, from US
Geological Survey: http://earthquake.usgs.gov/megjineic/

Savostin, L., Zonenshain, L., & Baranov, B. (1983gology and Plate tectonics of the Sea of
Okhotsk. In T. Hilde, & S. Uyed#&eodynamics of the Western Pacific-Indonesian Regip.
189-221). Washington, D.C.: American Geophysicalbdn

USGS. (n.d.)Summary Poster of the Kuril Islands Earthquake®Nbvember 2006 -
Magnitude 8.3Retrieved May 2008, from US Geological Survey:
http://earthquake.usgs.gov/eqcenter/eqarchive®pag06/20061115.php

Yakushko, G. G., & Niknonov, A. A. (1983). Verticadustal movements in the Kuril Islands
from geologic-geomorphological and tidal datactonophysics 9,7103-111.

15



**

Figure 1: World map showing the location of the Kuil Island arc chain
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Figure 2: Map of study area and surrounding regionillustrating seismic hazard potential. The smallellow
star denotes the November compressional interface@nt and the large yellow star denotes the January
tensional outer rise event.

17



Figure 3: lllustration showing historical seismicty for the study area ( red box ) as well as the stounding region.
The November 15, 2006 compressional mainshock iglinated by the small yellow star and the January 132007
mainshock is indicated by the large yellow star. @duction rate of the Pacific Plate under the Okhagk Plate is

shown to be 84mml/year.
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Figure 4: Map of the 2004 Sumatra earthquake illusating a typical aftershock pattern. The majority of
aftershocks should have the same fault geometry, dithus focal mechanism, as the main shock. ( Lagt al.,
200¢%)
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Figure 5: Map view of the Kuril Island study areashowing historical seismicity of aftershocks with kown focal
mechanisms for the period beginning with the Novenmdr 15, 2006 event and extending to the January 13007
event
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Figure 6: Digital vertical component seismogramstowing characteristic wave forms. Pictured here a the
November 17, 2006 tensional ( left ) and the Apr), 2007 compressional ( right ) reference event&cale along
the X-axis is in hundreds of seconds and scale atpthe Y-axis is an arbitrary measure of wave amplitde.
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Figure 7: Digital seismogram of the November 17,7 tensional Kuril Island event ( left ) showing mss
correlation with the same event ( right ). Scalalong the X-axis is in hundreds of seconds. Y-axésale for the
top illustration is an arbitrary measure of wave amplitude. Y-axis sde for the bottom illustration is the
normalized cross correlation value. The peak at eross correlation value of 1.0 indicates a perfestaveform
matchup.
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Figure 8: Digital seismogram of the April 9, 200€ompressional Kuril Island event ( left ) showing mwss
correlation with the same event (right ). Scalalong the X-axis is in hundreds of seconds. Y-axésale for the
top illustration is an arbitrary measure of wave amplitude. Y-axis sde for the bottom illustration is the
normalized cross correlation value. The peak at eross correlation value of 1.0 indicates a perfegtaveform
matchup.
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Figure 9: Four day long trace seismogram beginninffom November 15, 2006 and ending four days aftehe November 17, 2006 compressional interface magmock.
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Figure 10: lllustration showing digital seismograns that have been correlated with both the tensiongltop ) and compressional ( bottom ) reference ents.
Note the exaggerated peaks in the waveforms. Mamyf them correspond to earthquakes with known focatechanisms ( data obtained from the Global CMT
catalong ) or with unknown focal mechanisms ( databtained from the NEIC catalog ). Scale along th¥-axis is hundreds of thousands of seconds. Scale
along the Y-axis is the cross correlation value.
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Figure 11: lllustration showing colored regions where everst with specific cross correlation coefficients arexpected to plot. Evets that have a higher compressione
cross correlation coefficient rather than tensionabkre expected to plot in the blue area. Ents that have a higher tensional cross correlationoefficient rather than
compressional are expected to plot in the red area.
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Figure 12 Plot of 23 aftershocks with known focal mechanias that occurred in the four day periodfollowing the November 17, 2006 compressional subdiion zone
main shock confirming expected patterns. Seven ewis plotted in the expected compressional region drsixteen plotted in tte expected tensional region. -axis is
compressional cross correlation value and Xxis is tensional cross correlation valu
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Figure 13 Plot illustrating confidence zones based upon t@nty three aftershocks with known focal mechanismsThe zone between thcompressional ( blue ) anc
tensional ( red) areas represents a region in which aftershocks paot be strictly classified
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Figure 14 Plot of # correlated aftershocks with unknown feaal mechanisms showing their distribution in relaton to defined zones ccompressional ( top | tensional
( bottom ), and uncertain ( middle )
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Figure 15: Histogram illustrationg the relative distributio n of aftershocks that is expected following a compssional subduction zoe earthquake. The vast majority of
aftershocks should follow thesame fault orientation as the main shoc
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Figure 16. Histogram illustrating the observed aftershock dstribution following the November 17, 2006 magnitde 8.3 main shock in tle Kuril Islands. Note that the
distribution is not typical of what is normally observed following a compressional subductio zone earthquake
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Figure 17: Spatial and temporal plot of 23 large fiershocks with known focal mechanisms. Red dotepresent tensional and blue dots represent compréssal events.
The red line represents the Kuril Trench.
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Figure 18: Spatial and temporal plot of 229 smalaftershocks with unknown focal mechanisms. Red dstrepresent tensional and blue dots represent comgssional
events. The red line represents the Kuril Trench.
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Figure 19: Spatial and temporal plot of aftershock with unknown focal mechanisms between magnitude®and 4.8. Red dots represent tensional and bldets represent
compressional events. The red line represents tiauril Trench.
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Figure 20: Spatial and temporal plot of aftershock with unknown focal mechanisms between magnitude&and 4.6. Red dots represent tensional and bldets represent
compressional events. The red line represents ti@iril Trench.
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Figure 21: Spatial and temporal plot of aftershock with unknown focal mechanisms between magnitude@and 4.4. Red dots represent tensional and bladets
represent compressional events. The red line repsents the Kuril Trench.
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Figure 22: Spatial and temporal plot of aftershock with unknown focal mechanisms between magnitude4tand 4.2. Red dots represent tensional and blaets
represent compressional events. The red line repsents the Kuril Trench.
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Figure 23: Spatial and temporal plot of aftershock with unknown focal mechanisms between magnitude2tand 4.0. Red dots represent tensional and blaets
represent compressional events. The red line repsents the Kuril Trench.
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Figure 24: Spatial and temporal plot of aftershock with unknown focal mechanisms between magnitude@tand 3.0. Red dots represent tensional and bldets represent
compressional events. The red line represents theuril Trench.
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