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6.2  The Novaya Zemlya event on 11 October 2010

6.2.1 Introduction

The area around the archipelago of Novaya Zemlya is considered to be relatively aseismic. 
However, since Novaya Zemlya was the site of many years of extensive nuclear testing by the 
former Soviet Union, there has been a considerable interest in analysis and classification of all 
seismic events occurring in this region. Apart from the large explosions at the known test sites, 
there have during the last decades only been two events with magnitudes larger than 4. An 
analysis of the mb 4.7 event on 1 August 1986, located on the east coast of the island (see Fig-
ure 6.2.1), was published by Marshall et. al, 1989.

On 11 October 2010, at 22:48:25.6 (IDC_REB), an event with magnitude 4.3 (IDC_REB) 
occurred on the north-west coast of Novaya Zemlya. The event was well recorded globally, and 
phase readings at 44 IMS stations contributed to the REB location. It has previously been 
observed that there is very efficient propagation of high-frequency signals for ray-paths cross-
ing the Barents Sea (Ringdal et. al, 2008). As a consequence, both the IMS seismic stations on 
Svalbard (the SPITS array) and in northern Norway (the ARCES array) have been equipped 
with instruments having sampling rates of 80 Hz and 100Hz, respectively. In addition to an 
assessment of the reported event locations, we will in this contribution present the high-fre-
quency recordings at SPITS and ARCES.

Fig. 6.2.1.   Map showing the location of the SPITS and ARCES array, seismic events near Novaya 
Zemlya since 1992 (red/orange filled circles), and the seismicity of the region as reported 
in NORSAR’s monthly seismic bulletin 1998-2008 (blue filled circles). The 1 August 1986 
event is marked by a red star, and the 11 October 2011 event is labelled by the number 6. 
The 
figure is adapted from Gibbons et. al, 2011.
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6.2.2 Location estimates

The IDC reviewed event bulletin (REB) reports the following hypcenter information for the 11 
October 2010 event:

The REB location and the associated error ellipse is shown red in Figure 6.2.2. The NEIC loca-
tion is shown by a green symbol. The REB location is mainly based on readings at distant sta-
tions. ARCES is the only station within 2000 km of the event that contributed to the REB 
location, and surprisingly the high-quality recordings at the SPITS array were not used in the 
REB.

Phase picks at regional distance stations, on Svalbard and in northern Fennoscandia, dominated 
the input to the initial location reported in NORSAR’s regional bulletin. This location, differed 
significantly, by about 65 km, from the REB location (see black symbol in Figure 6.2.2). In an 
attempt to combine phase readings at both regional and teleseismic distances, we relocated the 
event using the re-picked phases listed in Table 6.2.1. The location was calculated with the 
HYPOSAT program of Schweitzer, 2001, using a combination of the regional “barey” model 
(Schweitzer and Kennett, 2007) and the global “AK135” model. The recalculated location dif-
fered by 22 km from the REB location (see blue symbol in Figure 6.2.2). The following hypo-
central parameters were obtained:

The distances to the stations used for the event relocation were all exceeding 900 km from the 
event epicenter. The stations at regional distances (within 2000 km) cover a very narrow azi-
muth range (240-310 degrees) in the westerly direction from the event (see Table 6.2.1). As a 
result, a small error in the propagation velocities of the one-dimensional location model may 
cause in a significantly biased location. This is particularly apparent for NORSAR’s initial 
event location, shown by the black symbol of Figure 6.2.1. We conclude that there is a need to 
improve the regional location models used for routine data analysis of events, and use of exist-
ing three-dimensional regional propagation models in this analysis should be encouraged.

Origin time (UTC) 2010/10/11 22:48:25.62 

Location 76.2640N; 64.7619E

Location errors (km) Smaj10.6; Smin 8.6; Az 160

Depth 0 (Fixed)

Magnitude mb1mx 4.3; ms1mx 3.2

Origin time (UTC) 2010/10/11 22:48:27.725 

Location 76.2999N; 63.9627E

Location errors (km) Smaj6.3; Smin 5.6; Az 39

Depth 0 (Fixed)
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Fig. 6.2.2.   Location estimates of the 11 October 2010 event. 
Red: IDC Reviewed Event Bulletin
Green: NEIC
Black: NORSAR’s regional reviewed bulletin
Blue: NORSAR’s relocation using a combination of regional and teleseismic data
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Table 6.2.1.  Phase readings used for relocating the 10 October 2010 event
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6.2.3 Spectral characteristics of SPITS and ARCES observations

The SPITS and the ARCES arrays are located at distances of 1178 and 1451 km, respectively, 
from the event epicenter (REB location). Waveforms, phase spectra and spectrograms for the 
SPITS and ARCES observations are shown in Figures 6.2.3 - 6.2.7. For the SPITS recordings, 
the presence of significant energy up to the Nyquist frequency of 40 Hz confirms the docu-
mented efficient high-frequency wave propagation from the Novaya Zemlya region to Sval-
bard, across the Barents Sea (Ringdal et. al, 2008). 

For the ARCES high-frequency element, installed in March 2008, there has so far only been 
recorded two events from the eastern Barents Sea/Novaya Zemlya region. The magnitude 3.2 
event on 11 November 2009 located in the eastern Barents Sea (labelled 5 in Figure 6.2.1), 
showed significant energy event up to 40 Hz both for the Pn and Sn phases (Kværna and Ring-
dal, 2010). The epicentral distance from ARCES to the 11 November 2009 event was about 
800 km. 

The 10 October 2010 event was located at a distance of about 1450 km from the ARCES array, 
and the spectra show signal energy up to about 25 Hz for the Pn and Sn phases. As compared to 
the SPITS spectra and the ARCES spectra of the 11 November 2009 event, the ARCES spectra 
for this event has comparatively less high frequency energy. We attribute this to a longer prop-
agation path, and to signal attenuation when the seismic waves crossed the heterogeneous 
crustal structures of the Novaya Zemlya island. However, we nevertheless consider this as very 
efficient propagation of high-frequency energy.

Fig. 6.2.3.   Waveforms from the 11 October 2011 event recorded at the SPITS array. The upper trace 
shows the Pn beam of the 9 vertical-component sensors. The middle trace shows the Sn-
beams of the 6 horizontal component sensors after rotation into the radial direction of the 
incoming wave. The lower trace shows the corresponding Sn beam of the transversely 
rotated horizontal sensors.All traces are bandpass filtered between 2 and 25 Hz.
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Fig. 6.2.4.   Waveforms from the 11 October 2011 event recorded at the ARCES high-frequency ele-
ment ARE0. The upper trace shows the vertical component sensor. The two lower traces 
show the horizontal components after rotation into the radial and transverse directions. 
All traces are bandpass filtered between 2 and 25 Hz.

Fig. 6.2.5.   Left: Spectra from the SPA0 three-component sensor of the SPITS array of the Pn (blue) 
and Sn (green) phases of the 11 October 2010 event. The noise spectrum (magenta) pre-
ceding the event is also shown. The Pn and noise spectra are calculated from the vertical 
component sensor, whereas the Sn spectrum is calculated from the transverse horizontal 
component.
Right: Corresponding spectra for the ARE0 high-frequency three-component sensor of 
the ARCES array. Time windows of 60 seconds were used for calculating all spectra.
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Fig. 6.2.6.   Spectrogram for the vertical-component sensor SPA0_BHZ of the SPITS array for an 
eight minutes time interval around the P and S phases of the 11 October 2010 event.

Fig. 6.2.7.   Spectrogram for the vertical-component sensor ARE0_XHZ of the ARCES array for an 
eight minutes time interval around the P and S phases of the 11 October 2010 event.
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