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1 Introduction

This annual report on the seismicity of Norway and adjacent aremsnpasses the
time period January®1- December 31, 2013. The earthquake locations have been
compiled from all available seismic stations operating on the Norwegian territory
including the Arctic islands of Spitsbergen, Bjgrnggyapenand Jan Mayen.

In Norway, the University of Bergen (UiB) operates the Norwegian National Seismic
Network (NNSN) consistigp of 32 seismic stations wher0 have broadband
sensors. NORSARperates threseismic arrays antivo seismic statios (Figurel).

One station with reaime data is provided from the Ekofisk field by ConocoPhillips.
Data from temporarily installed local networks are also included whendevarare
made availablen addition tothe NNSN dations waveform data fronothersdected
stations in Norway (operated by NORSAR), Finland, DenmBdandand Great
Britain are transferred in real time and included in the NNSN datalvatsal data
from 15 stations located iror operated byneighbouring countries are recorded
continuausly in Bergerand can be used for locating earthquakes

Phase data from arrays in Russia (Apatity), Finland (Finess), Sweden (Hagfors) and
stations operated by the British Geological Survey (BGS) are also included when
available All phase data are coltteed by UiB, and a monthly bulletin is prepared
and distributedAll local and regionakéathquakesrecorded on NNSN statioreze
presented orthe web pages andhe largest aralso emailed tothe European
Mediterranean Seismological Centre (EM3G)be pblished on the EMSC web
pagesA brief overview of the events published in the monthly bulletins is given in
this annual report. Macroseismic data for the largest felt earthquakes in Norway are
collected, and macroseismic maps are presented.

Local, regional and teleseismievents that are detected by the UiB network are
included. The merging of data between NORSAR and UiB is based on the following
principles:
1) All local and regional events recorded by NORSt&t are also detected
by theNNSN network & included.
i) All local and regional events with local magnitude larger than 2.0 detected
by NORSAR and not recorded by the NNSN are included.
iii) All teleseismic events recorded by NORSAR and also detected by the
NNSN are included.
iv) All teleseisme events with NORSAR magnitude ,#5.0 are included
even not detected by the NNSN
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2 Data availability to the public

All the dat stored in the NNSN database also available to the public via Internet,
e-mail or on manual requestThe main wekportal for earthquakanformation is
www.skjelv.na It is possible to search interactively for specific data, display the data
locally (waveforms and hypocenters) and then downloadifita. Data are processed
as soon as possibénd updated lists of events recorded by Norwegian stations are
available son after recordingThese pages are automatically updated with regular
intervals.
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3 Velocity models andmagnitude relations

The velocity model used for locating all local and regional events, except for the
local Jan Mayen events, is shownTiable 1 (Havskov and Bungum, 1987). Event
locations are performed using the HYPOCENTERBgpam (Lienert and Havskov,
1995) and all processing is performed using the SEISAN data analysis software
(Havskov and Ottemdller, 1999).

Table 1. Velocity model used for locating all local and egional events, except fortte local Jan
Mayen events (Havskov and Bungum, 1987).

P-wave velocity Depth to layer
(km/sec) interface (km)
6.2 0.0

6.6 12.0

7.1 23.0

8.05 31.0

8.25 50.0

8.5 80.0

Magnitudes are calculated from coda duration, amplitudedisptacement source
spectra. The coda magnitude relation was revised in 2006 (Havskov & Sgrensen
2006). The coda wave magnitude scale)M estimated through the relation

Mc =-4.28 + 3.1600g10(T) +0.0003D

where T is the coda length in seconds and D is the epiceigtahce in km. The

new scale made {more consistent with Msince M in general is reduced. For this
report all data are updated using the new magnitude scale. When instrument
corrected ground amplitudes A (nm) are available, local magnityde balcdated

using the equation given by Alsaker et al. (1991):

M_ = 1.00og(A) + 0.910Qog(D) + 0.0008%D - 1.67



Seismicity of Nrway, January December 2013 Department of Earth Science, UiB

The unit of My is Nm. The seismic moment is calculated from standard spectral
analysis assuming the Brune model (Brune, 1970) and using the following
parameters:

Density: 3.0 g/cth

Q = 440G %7
P-velocity = 6.2 km/s
S velocity = 3.6 km/s

For more computational details, see Havskov and Ottemdller, (2003).

For the Jan Mayen area, a local velocity model {&aae 2) and coda magnitude
scale is usedAndersen, 1987

Table 2. Velocity model used for locating locallan Mayen events.

P-wave velocity Depth to layer
(km/sec) interface (km)
6.33 18
8.25 50

The coda magnitude scale for Jan Mayen which is used in this report is given by
Havskov & Sgrensen (2006). Ttisale was implemented in 2006 but all events used
in this report are updated during April/May 2006.

Mc = 3.27Qog(T) 2.74 + 0.001D

where T is the coda duration and D is the epicentral distance in km.

The egional and teleseismic events recorded by the network are located using the
global velocity model IASPEI91 (Kennett and Engdahl, 1991).

Body wave magnitude is calculated using the equation by Veith and Clawson
(1972):

= log(A/T) + Q(D,h)

Here h is the hypocentre depth (km), A is the amplitude (microns), T is period in

L I (N Y N P
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Starting from January 2001, the European Macroseismic Scale, EMS@8th@&hr
1998) has been used. All macroseismic intensities maationthe text will refer to

the EMS98 instead of the previously used Modified Mercalli Intensity scale. The two
scales are very similar at the lower end of the scale for intensities less than VII.

4 Events recorded by theNNSN

Based on the criteria mentied in section ,1a totalof 6427Iocal and regional events,

were detected by thINSN during 2013. Of these lgal and regional eventd48%

were large enough to be recorded by several stations and hence could be located

reliably. The numbes of local/regicmal and teleseismic events, recorded per month in

2013 areshown inFigure2. The average number lwicatedlocal and regionagvents

recoded per month i423 The number of recorded local/regional eventslightly

lower than previous yeanuch due to théarge number of fore and afsdrocks ofthe

magnitude & (MW GCMT) earthquake west of Jan Mayi@&2012 " comment [BMS1]:

stk. Det kan ikkje forkl
mayen i 2012. Har de

A total of 1354teleseismic events were recorde®013andthe monthly average of | 2013?
teleseismic earthgakes in the NNSN database,1i$3 In addition to the locations | comment [Bvsz]:
determined at Uiland NORSAR also preliminary locations published by the USGS [ atalle D skjelv er slat
(United States Geological Survey) based on the worldwide netverlkacludedor

earthquakes also registeredXdNSN stations
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Figure 3. Epicentre distribution of earthquakes with M23.0, located by the Norwegian Seismic

Network from January to Decemker 2012 Teleseismic events recorded only by NORSAR have {Comment [BMS3]:

M25.0.

UiB, as an observatory in the global network of seismological observatories, reports
secondary phases from the telesetsmeicordings. All events (teleseismic, regional
and local) recorded frordanuary to December 2018ith M 2 3 are plotted on
Figure3.

Monthly station recording statistics from January tecBmber 203 are given in
Table3. This table shows, for each station, local events recorded on more than one
station and recorded teleseismic eventse statistics are based on the analysed data
and are taken from the database.

Table 3 shows both earthquakes and explosions, and that the large number of
detections at KTK mainly is due to explosions at the Kirruna/Malmberget mines in
Sweden. The MOR station also records the Kirruna/Malmberget explpbigini
addition the statiomecords adrge number of lad earthquakes. Thesarthquakes

are ale recorded on the stations STOK and KO&IR] thereforge the number of
recordeckarthquakes in this regionhggher.

The following was observed froiiable 3:
1 The seisnt activity in the Jan Mayen are@as higher between July and

SeptemberSome of the activity between June and August was in the same
area as the MW=6.7 earthquake on 30 August 2012. Aftershocks frem th



Seismicity of Nrway, January December 2013 Department of Earth Science, UiB

recorded at any of the NNSN stations. Thereftine number of recded
teleseismic earthquakeshgher than for the other stations at Jan Mayen.

1 DOMB is detecting teleseismic earthqeak quite well. However, no
detections were made in November and December due to communication
problems.

1 The stations KONS, STOK and MORBnNtinue to record a relatively large
number of small earthquakes in the area
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Table 3a. Monthly statistics of events recorded at each station for Januaryune 2012
Abbreviations are: LM = Number of local events reorded at more than one statiorand D =
Number of teleseismic events.

JANUARY FEBRUARY | MARCH APRIL | MAY JUNE

STATION LM D LM D LM D LM D LM D LM D

ASK

BER

BJO1

BLS5

DOMB

FOO

HAMFE

HOMB

HOPEN

HYA

JMI

JMIC

JNE

JNW

KBS

KMY

KONO

KONS

KTK1

LOF

MOL

MORS8

NSS

ODD1

OSL

SNART

STAV

STEI

STOK

SUE

TBLU

TRO

NORSAR

ARCES

SPITS
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Table 3b. Monthly statistics of events recorded at edtstation for July-December 2012
Abbreviations are: LM = Number of local events reorded at more than one statiorand
D = Number of teleseismic events.

JULY AUGUST | SEPT OCT NOV DEC

STATION LM D LM D LM D LM D L D LM D

ASK

BER

BJO1

BLS5

DOMB

FOO

HAMFE

HOMB

HOPEN

HYA

JMI

JMIC

JNE

JNW

KBS

KMY

KONO

KONS

KTK1

LOF

MOL

MORS8

NSS

ODD1

OSL

SNART

STAV

STEI

STOK

SUE

TBLU

TRO

NORSAR

ARCES

SPITS




Seismicity of Norway, JanuaryDecember 2012 Department of Earth Science, UiB

5 The seismicity of Norway and adjacent areas

The main area of interest is defined as82M and 15W35E. We also show the
seismicity for the Arctic region including the Barents Sea defined by the coordinates
65-85°N and 20°W50°E. A total of 31450f the recorded events are located inside
the NNSN prime area, 5M-82 N and 15W-35 E. During analysis and using the
exploson filter (Ottemdller, 1995), 4% of these events were identified as probable
explosions After including stations 'm the NORSAR array the number of located
small events has increased in eastern Nor#agure 4 shows all local/regional
events in the prime area, analyzed and located d2@hg
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It should be emphasized thidie magnitudecalculationfor the earthquakes located
on theoceanic ridge in the Norwegigseauses the same formula as for mainland
Norway. As the scale is not appropriate for this region, theninatgs for these
earthquakes arenderestimatedVost of the recorded earthquakes in this draze
magnituwdes above 3.0 if 8y are recorded on Norwegian mainland stagion

Figure 5. Epicentre distribution of located events withone of the calculated magnitudes above or
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Table 4.

Local and regional events in prinagea with any magnitude above or equal to 3.0 for the time period
January through Decemb2013 Earthquakes at the miditlantic ridge are excluded. Earthquakes at
Jan Mayen are discussed separatalgases where all BER magnitudes are below 3 butviet etill

is included in the list, NORSARNAO) or the British Gological Survey BGS) has reported a
magnitude of 3.0 or larger. Abbreviations @i = hour (UTC),MM = minutes Sec= secondsl. =
distance identification (L=local, R=regional, D=teleseis), Latitud = latitude, Longitud =
longitude,Depth = focal depth (km)F = fixed depthAGA = agency (BER=BergenNST = number

of stations,RMS = root mean square of the traimhe residualsMl = local magnitude antw =
moment magnitude.

Year Date  HRMM Sec L Latitud Longitud Depth FF AGA NST RMS MI Mw Ml

2013 1300953 15.5L 80.135 32.729 15.0 F BER 13 0.9 3.5 4.0(NAO)
2013 340326 5.5L 64.522 -4.361 100F BER 44 1.1 2.7 2.7 3.6(B GS)
2013 315104352.1L 57.008 1.840 15.0 F BER 43 0.6 2.6 3.1(BGS)
2013 3221032 44.3L 61.576 4.676 13.0F BER 31 0.5 3.1 3.3 3.6 (BGS)
2013 322 135223.6L 61.605 4.694 14.0F BER 34 0.8 2.9 3. 3 3.5(BGS)
2013 4190928 40.5L 66.504 12.229 12.0 F BER 20 0.7 3.3 3.2

2013 4191329 0.1 L 65.942 -10.132 10.0F BER 17 0.9 3.1 3.4 3.1(NAO)
2013 426 0624 44.1 L 75.198 16.652 20.0 F BER 14 0.8 2.7 3.4(NAO)
2013 5100406 22.5L 76.987 18.934 9.0F BER 11 0.5 2.8 3.3 3.4(NAO)
2013 714 1017 50.6 L 76.801 22.278 120F BER 8 05 2.5 3.0(NAO)
2013 727 162253.9L 77.024 18.377 15.0F BER 25 1.0 3.8 4.5

20131080140 1.3L 74.284 14.337 10.0F BER 27 0.9 3.1 4.3(NAO)
20131091747 10.4 L 76.943 18.366 18.0F BER 6 0.5 2.8 3.7 3.1(NAO)
201311192341 8.1 L 61.503 7.165 14.0F BER 31 0.6 3.0 2.9 2.7(NAO)
2013 1121 2138 31.8 L 77.202 17. 800 14.0F BER 19 1.2 3.7 4.2 4.2(NAO)
20131210948 19.4 L 60.743 1.685 10.0 F BER 46 0.6 3.0 3.1 3.4(BGS)
2013121 143515.9L 76.966 18.971 12.0F BER 8 0.6 2.7 2.9 3.0(NAO)
20131260932 15.8L 77.242 18.118 8.0F BER 10 0.8 2.3 3.0 3.1(NAO)
2013 1227 0007 3.8L 77.655 17.450 15.0 F BER 20 0.9 3.7 4.2 4.5(NAO)

The largest local or regionabrthquake in 2013ecordedn Norwegian stations and
within the prime area, occurred doly 27" at 16:22UTC) in Storfjorden, Svalbard.
The earthquake had a magnitude oivivh.5.

Themost significanearthquakes in the vidily of the Norwegian mainland were

1 March 2292013 10:32(UTC): Theearthquakavaslocatedwest of Solund,
Sogn og Fjordanewith a magnitude of M=3.1L Only three hours later
another earthquake occurred in the same area. Both earthsjua&s
reported felin Sogn og Fjordand3oth earthquakes were recordadBRritish
seismic stations.

T April 19" 2014 at 09:28JTC): The earthquake occurréu the Lurgy area
in Nordland, about 11&m west of Mo i Rana. The earthquake had

magnitude ML=3.3 and was reported felHelgeland.
q NAavamhbar 18 9014 at 92-4A 1ITCY An aarthAaiialba wace falt in tHaictar



Seismicity of Norway, JanuaryDecember 2012 Department of Earth Science, UiB

5.1 Seismicity in Nordland

Figure 6shows the seismicity in Nordland since 2000. The area includes the locations
of earthquie swarm activity such as Melgy, Steigen and Stokkvagen. The latter two
areas are clearly visible on the map.

Steigen was active between 2007 and 2008, but has been relatively quiet since then.
The activity in the Stokkvagen area has been nearly conniut specific clusters

in time and space have occurred. The temporal distribution shows the cluster in 2005,
which is when the three station network was installed. The number of events during
and after2011 was lower than in previous years, probabliecéhg that the station

FLOS was closedn February 2011This also reduced the number of very small
earthquakes that are located in this area, as can be seen for 2012.

- ML=1
ML=2
e ML=3
e ML=4
® ML=5
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5.1.1 The NEONORZ2 projedt Neotectonic in Nordland

The NEONORZ2 project is a collaboration between NGU, Kargterthe University

of Bergen (UiB) NORSAR and NPD. This project is part of the PETROMAKS2

program of the Norwegian Research Council anespmnsored by ten industry

partners.

Theprime objectivas to promote understanding of regiossahle stress andrain

dynamics in the Nordland aredich hasproved to be the tectonically most active

area in NorwayThe secondary objectives are to

A Obtain a new seismicity map of the Nordlan
evaluation

A Expl or e c omb iodsédeterniine the regiomalstressdielchby

integrating GPS, DInSAR, seismic data, in situ stress, and mapped faults

A Quantify the contribution of Pldayi stocene s
stress field using numerical modelling

A E s ttHe Rleidtoeene palaairesses and palatemperatures using numerical

modelling
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recorded local events, 6 are assumed to be local explosions. Figure xx shows an
example of an earthquakecorded on the NeoNor2 stations+++
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5.2 Seismicity in the arctic area

With the mainland stations on the Lofoten, in Tromsg and Hammerfest, the network
on Jan Mayen, and stations on Bjgrngya, Hopen and Svalbard, the network detection
capability in the arcti area is reltively good. We define the aictarea as the region
65-85°N and 20°W50°E. Most of the activity falls into three areas: Jan Mayen, the
Mid-Atlantic ridge and Storfjorden southeast of Svalbard, as can be deguia?.

- ML=
° ML=2
e ML=3
® ML=4
® ML=5
©® ML=6

Figure 7. Seismicity in the Norwegian arctic area during 2013. A total of 142%ocated
earthquakes.

5.2.1 Seismicity in theJan Mayenarea

Jan Mayen is located in an active tectonic area with two major structures, the Mid
Atlantic ridge and the Jan Mayen fracture zone, interacting in the vicinity of the
island. Due to both tectonic and magmatic activity in the area, the number of recorded
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The largest earthquake in the Jan Mayen remd2013 occurredon 28 Novemberat
09:24(UTC) and the magnitude is estimated to.4 e earthquake is ¢ated slightly
north of the island inhe Jan Mayen fractureaneand is reported felt by the staff at
Jan Mayen

72°00'

71°30'

+ ML=1 |
o ML=2 |
e ML=3 71°00" h "
®© ML=4
® ML=5
® ML=6

70°30'

70°00'

Figure 8. Earthquakes located inthe vicinity of Jan Mayen during 2013
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Figure 9. Monthly distribution of the earthquakes recorded on Jan Mayen during 2012nd 2013 | Comment [BMS7]:

The number of recorded earthquakeshe Jan Mayen area has varied over the last
years(Figure1l0). The number of relative strong earthg
time variation than for the smaller earthquakes. The increases in 2004 and 2005 were
due to the M=6.0 earthquake 2004 and its aftershocks (Sgrensen et al., 2007). The
same is true for 2011,here the M=6.0 earthquake on 29 January was followed by a
seqguence of aftershockBhe 30 august 2012 earthquakeh its fore and aftershocks
clearly increases the number of recorded events in 2012 compared with previous
years making it the largest numbef recorded events since 200here are twice as

many large earthquakes but more than four times as many smaller events recorded in
the vicinity of the islandFor 2013 the number of earthquakes has decreased to an
expected yearly average for the snrallarthquakes. With only six earthquakes with
magnitude3 or above, 2012 has less larger earthqutias any of the previous years
shown in figure 11.

2500
2000 [
OTotal number of recorded
1500 earthquakes
1000 B Number of events with
magnitude equal to or
500 above 3.0
0 -I-rl]—l

2001 2003 2005 2007 2009 2011 2013

Figure 10. Yearly distribution of earthquakes located in the Jan Mayen areaince 2001

‘ Comment [BMSS8]:
som tok for seg dei st

5.2.2 Seismicity in Storfjorden, Svalbard

The Storfjorden area southeast of Svalbard has been seismically active since the
M,=6.0 earthquake on 21 February 2008. A preliminary study was presented by Piril
et al. (2@8). One of the main objectives from this study was to resolve the source
mechanism. which was found to be obliqummal. This result was found from the






