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THE ANTARCTIC TERRITORY WAS CONSIDERED TO BE A NON-SEISMIC ZONE FOR A
LONG TIME. HOWEVER, OVER TIME IT WAS UNDERSTOOD THAT THIS PART OF THE
GLOBE IS A VERY COMPLEX GEODYNAMIC SYSTEM COMBINING SUBDUCTION ZONE,
RIFTING AND SPREADING ZONES, AND MAGMATIC ACTIVITY. ANY OF THESE ZONES
SHOULD BE MANIFESTED WITH HIGH SEISMICITY.

TYPICAL SEISMICITY FOR BRANSFIELD STRAIT CONSISTS OF SHALLOW, WEAK TO
MODERATE EARTHQUAKES. THIS TYPE OF SEISMICITY IS ATTRIBUTED TO WEAK
MAGMATIC ACTIVITY ALONG THE RIDGES AND CRUSTAL MOVEMENTS DURING THE
EXTENSION OF THE STRAIT AND RIFT ALONG ITS AXIS. SPORADIC DEEP EARTHQUAKES
(UP TO ABOUT 65 KM), A RESULT OF RESIDUAL SUBDUCTION, ARE ALSO DETECTED
NORTH OF THE SOUTH SHETLAND ISLANDS. ONE OF THE ACTIVE AREAS IN THE
BRANSFIELD STRAIT IS DECEPTION ISLAND WITH MODERATE TO INTENSE SEISMIC
ACTIVITY.

THE SEISMIC ACTIVITY IN THE BRANSFIELD STRAIT HAS INCREASED SINCE AUGUST

2020, ACCOMPANIED BY THE STRONG EARTHQUAKE ON 23 JANUARY 2021 (MW=6.9). A
SWARM OF EARTHQUAKES IS OBSERVED ALL THROUGHOUT 2020 AND THE ACTIVITY
SLOWLY INCREASES OVER TIME. IT REACHES ITS PEAK ON THE 2 OF OCTOBER AND 6 OF
NOVEMBER WITH A MW 5.9 AND A MW 6.0 EARTHQUAKES RESPECTIVELY. IN THE FIRST
MONTHS OF 2021, THE SEISMIC ACTIVITY REMAINS HIGH, AND ON SOME DAYS THAT
MORE THAN 20 EVENTS/HOUR ARE RECORDED (FIGURE 2). SEISMICITY ALSO IN OTHER
AREAS NEAR SOUTH SHETLAND ISLANDS HAS ALSO INCREASED IN 2021-2023.

THE EARTHQUAKE ACTIVITY FROM THE END OF 2020 WAS DETECTED BY THE GLOBAL
SEISMIC NETWORKS. HOWEVER, DUE TO THE LOW COVERAGE OF SEISMIC STATIONS IN
THE AREA OF ANTARCTIC PENINSULA AND SOUTH SHETLAND ISLANDS, THE WEAK
SEISMICITY HAS NOT BEEN STUDIED. MANY OF THE EARTHQUAKES IN THE REGION ARE
RECORDED ALSO ON SEISMIC STATION LIVV. ALTHOUGH DUE TO TECHNICAL PROBLEMS
IN THE STATION, THE STRONGEST EARTHQUAKES ARE NOT RECORDED.

IN OUR STUDY WE USE SINGLE STATION LOCALIZATION METHOD TO ESTIMATE THE
EARTHQUAKE'S EPICENTERS. A PYTHON CODE FOR LOCALIZATION WAS DEVELOPED FOR
THIS PURPOSE (DIMITROVA ET AL. 2019). IT IS BASED ON THE GOLITSYN'S METHOD,
BASED ON THE ANALYSIS OF THE SEISMIC SIGNALS RECORDED AT ONE THREE-
COMPONENT SEISMIC STATION. THE GEOGRAPHIC COORDINATES OF THE EPICENTER
ARE CALCULATED USING THE EPICENTRAL DISTANCE AND AZIMUTH FROM THE STATION
TO THE EVENT. THE DIffERENCE BETWEEN ARRIVAL TIMES OF P AND S-WAVES IS USED TO
CALCULATE THE DISTANCE TO THE EPICENTER DEFINED BY TRAVEL-TIME TABLES. THE
AZIMUTH ANGLE STATION — EPICENTER IS DEFINED BY THE SIGN OF THE AMPLITUDES
AT THE THREE COMPONENTS (DIMITROVA ET AL. 2019). A LOCAL VELOCITY MODEL WAS
CONSTRUCTED FOR THE REGION OF THE SEISMIC STATION. THE GEOGRAPHYC
COORDINATES ARE ESTIMATED WITH VINCENTY FORMULAE.
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FIGURE 3. SEISMICITY NEAR LIVINGSTON ISLAND. EARTHQUAKES' EPICENTERS FORM THREE CLUSTERS.

THIS STUDY IS PART OF THE PROJECTS 70-25-70/03.08.2021, 70-25-94/28.04.2023 AND 70-25-12 / 15.01.2024
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FIGURE 1. SEISMIC STATION LIVV
ON LIVINGSTON ISLAND,
ANTARCTICA

SEISMIC STATION LIVV (FIGURE 1) IS SITUATED ON LIVINGSTON ISLAND CLOSE TO THE BULGARIAN ANTARCTIC BASE. THE STATION IS LOCATED NEAR THE BALKAN
GLACIER AND ABOUT A KILOMETER AWAY FROM THE BULGARIAN ANTARCTIC BASE. IT WAS FIRSTLY INSTALLED IN 2015 AS A TEMPORAL STATION, RECORDING ONLY IN
ASTRAL SUMMERS. IN 2020 THE STATION WAS MOVED TO A NEW MORE QUIET PLACE AND BECOME PERMANENT.

THE STATION IS EQUIPPED WITH TWO SEISMOMETERS — ONE BROADBAND GURALP CMG 40T AND ONE SHORT-PERIOD GEOSPACE, WHICH COVER THE FREQUENCY
RANGE FOR THE STUDY OF LOCAL, REGIONAL AND GLOBAL SEISMICITY. THE SEISMOMETERS ARE PLACED ON BEDROCK AND ORIENTED TO THE GEOGRAPHIC NORTH.
THERE IS THERMAL AND HYDRO INSULATION AROUND THEM IN ORDER TO PREVENT EXTERNAL INFLUENCES AND NOISE. THE SAMPLING FREQUENCY IS 100 HZ.

IN ORDER TO ANALYZE THE WEAK SEISMIC
ACTIVITYIN THE STUDIED REGION BEFORE AND
AFTER THE SWARM NEAR ORCA VOLCANO FROM
2020, THE DATA WITHIN THE TIME PERIOD FROM
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FIGURE 2. MAP OF THE EARTHQUAKES IN BRANSFIELD STRAIT AND NEAR LIVINGSTON ISLAND IN THE STUDIED PERIOD. ORANGE POINTS SHOW EARTHQUAKES TAKEN FROM EMSC
CATALOG, PURPLE POINTS SHOW EPICENTERS FOR EVENTS RECORDED ON LIVV STATION AND LOCATED USING SINGLE STATION METHOD. RED AND GREEN POINTS SHOW THE POSSIBLE
EPICENTER OF TWO EARTHQUAKES RESPECTIVELY OR THE ERROR IN EPICENTER ESTIMATION

MORE THAN 600 EARTHQUAKES WERE DISTINGUISHED ON THE RECORD OF THE SEISMIC
STATION LIVV BETWEN 2020 AND 2023. FOR THE EVENTS WITH CLEAR ONSET, THE TIME
DIFFERENCE OF P AND S WAVE ARRIVALS (S ARRIVAL TIME-P ARRIVAL TIME) AND THE
AMPLITUDES OF THE ONSET ARE MEASURED. AS A RESULT, THE NUMBER OF THE EVENTS
TO BE LOCALIZED BY SINGLE-STATION METHOD IS REDUCED TO 120 (FIGURE 2). MOST OF
THE RECORDED EVENTS HAVE S-P TIME DIFFERENCE IN THE RANGE BETWEEN 12.5 AND
14 S. THEY OCCURRED IN THE REGION OF ORCA VOLCANO.

IN THE STUDIED PERIOD, ABOUT 40 EVENTS WERE LOCALIZED NEAR LIVINGSTON
ISLAND. THE EPICENTERS OF THOSE EVENTS FORM THREE CLUSTERS WHICH ARE
MARKED WITH RED CIRCLES ON FIGURE 3. ONE OF THE CLUSTERS IS SITUATED IN THE
NORTH-EASTERN DIRECTION FROM THE CAPE SHIREFF OF THE LIVINGSTON ISLAND.
THE SECOND CLUSTER COMPRISES THE WESTERN PART OF THE LIVINGSTON ISLAND
(BAYERS PENINSULA) AND THE SNOW. THE THIRD CLUSTER IS IN THE NORTH-WESTERN
DIRECTION OF THE SNOW ISLAND. ONE EVENT FROM EMSC CATALOG IS PRESENTED IN
THE SECOND CLUSTER. THERE, SMALL NUMBER OF EVENTS ARE ALSO REPORTED IN
PREVIOUSE STUDIES.

RED ARROW ON FIGURE 3 SHOWS A GROUP OF EARTHQUAKES LOCATED NEAR THE
SOUTH-EASTERN COAST OF LIVINGSTON ISLAND. IN THIS AREA, HIGH SEISMIC ACTIVITY
WAS OBSERVED IN 2014-2016. TILL THE END OF 2016 THE ACTIVITY DECREASED AND IN
EQ epicariters THE PERIOD FROM 2017 TO 2020 NO ONE EARTHQUAKES WAS REGISTERED THERE.

2020-2023 BETWEEN 2020 AND 2022 FIVE EARTHQUAKES ARE REGISTERED AGAIN.
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