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Abstract. A comprehensive catalogue of historical earth-
quakes, with accurate epicentres and harmonised magnitudes
is a crucial resource for seismic hazard mapping. Here we up-
date and combine catalogues from several sources to compile
a catalogue of earthquakes in and near Iceland, in the years
1900–2019. In particular the epicentres are based on local
information, whereas the magnitudes are based on teleseis-
mic observations, primarily from international online cata-
logues. The most reliable epicentre information comes from
the catalogue of the Icelandic Meteorological Office, but
this is complemented with information from several techni-
cal reports, scientific publications, and newspaper articles.
The catalogue contains 1281 moment magnitude (Mw) ≥ 4
events, and the estimated completeness magnitude isMw 5.5
in the first years, going down to Mw 4.5 for recent years.
The largest magnitude is Mw 7.0. Such merging of local
data and teleseismic catalogues has not been done before for
Icelandic earthquakes, and the result is an earthquake map
with much more accurate locations than earlier maps. The
catalogue also lists 5640 additional earthquakes on the Mid-
Atlantic Ridge, north of 43◦, with both epicentres and mag-
nitudes determined teleseismically. When moment magni-
tudes are not available, proxyMw values are computed using
χ2 regression, normally on the surface-wave magnitude but
exceptionally on the body-wave magnitude. Magnitudes of
Mw ≥ 4.5 have associated uncertainty estimates. The actual
combined seismic moment released in the Icelandic earth-
quakes is found to be consistent with the moment estimated

using a simple plate motion model, indicating that the seis-
mic activity of the catalogue period might be typical of any
120-year time span. The catalogue is named ICEL-NMAR,
and it is available online at http://data.mendeley.com (last ac-
cess: 19 July 2021).

1 Introduction

Seismic hazard in Iceland is the highest in northern Europe
and is comparable to that in southern Europe. The seismicity
is caused by tectonic movements of the plate boundary of the
North American plate and the Eurasian plate crossing the is-
land, as well as by volcanic activity (Einarsson, 1991, 2008).
Based on historical records, faulting mechanisms, and tec-
tonic context, it can be argued that earthquakes larger than
about Mw 7.2 are not to be expected (Halldórsson, 1992a).
This is further supported by the limited thickness of the seis-
mogenic part of the Icelandic crust, about 8–12 km (e.g. Ste-
fánsson et al., 1993). Since the settlement of Iceland in the
eighth or ninth century CE, destructive earthquakes have re-
peatedly been reported in local chronicles with descriptions
of structural damage and fatalities (Sólnes et al., 2013). How-
ever, because of low population density, the losses and num-
ber of deaths and injuries have been low and have gained lit-
tle global attention. The main characteristic of the seismicity
is shallow (< 10 km) strike-slip earthquakes as well as earth-
quakes related to volcanic activity. The first instrumentally
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recorded earthquakes in Iceland occurred in 1896 when six
destructive earthquakes struck in South Iceland in a 2-week
period (Ambraseys and Sigbjörnsson, 2000; Sigbjörnsson
and Rupakhety, 2014). These events were recorded at sev-
eral stations in Europe: England, France, Poland, and Italy,
equipped with rather primitive seismographs (Sólnes et al.,
2013, pp. 579–583). Damped seismographs, which could
measure absolute ground motion, were introduced around the
year 1900, allowing (later) magnitude computation. In 1909
a Mainka seismograph was installed in Reykjavík. It was op-
erated until 1914 and again from 1925 when continuous op-
eration was secured (IMO, 1924–2006).

The main motivation behind this study is to construct a cat-
alogue with harmonised magnitudes (which are comparable
in both time and space) and reassessed locations for Iceland
to use in seismic hazard analysis. Selection criteria for in-
clusion are that the earthquake was instrumentally recorded
by seismic centres outside Iceland and assigned a surface-
wave, body-wave, or moment magnitude (Ms, mb, or Mw)
and that it is listed either in the International Seismologi-
cal Centre (ISC) Bulletin event catalogue (ISC, 2020) or in
the catalogue of Ambraseys and Sigbjörnsson (2000), which
lists and reappraises internationally recorded earthquakes in
the region 62–68◦ N, 12–26◦W (Fig. 1), in the period 1896–
1995. This catalogue will be referred to as the AMB-SIG
catalogue. The new catalogue contains reappraised magni-
tudes and locations for earthquakes in the AMB-SIG region
(referred to as ICEL) and the period 1900–2019, a total of
1281 earthquakes. Icelandic earthquakes are almost always
less than 12 km deep, but the exact depth information is often
not resolvable, and therefore the catalogue does not include
hypocentral depth.

The magnitudes are all copied or computed from the ISC,
AMB-SIG, or the Global Centroid Moment Tensor (GCMT)
Catalog (GCMT, 2020).Mw values are provided for all earth-
quakes. They are of three types: (a) taken directly from
the GCMT Catalog if available there (the golden standard),
(b) averaged or copied from values in the ISC catalogue, or
(c) proxy values computed with regression using Ms or mb.
For the regression, region-specific magnitude relationships
were developed using data from a larger region, referred to as
NMAR. This region follows the northern Mid-Atlantic Ridge
(Fig. 2) and includes all of the region AOI (Atlantic Ocean
and Iceland) of Grünthal and Wahlström (2012). A byprod-
uct of our study is therefore a catalogue of 6921 events in
the whole NMAR region (including the 1281 ICEL events).
Locations of events outside ICEL are copied directly from
the ISC catalogue, and magnitudes are obtained in the same
way as inside it. The magnitude range of the new catalogue
is Mw 4–7.08, as events of Mw < 4 were omitted.

For the whole catalogue period local information is cru-
cial for improving earthquake locations. Before 1955 and
also for several subsequent events, written sources often pro-
vide valuable location information. Since 1955, when three
seismometers were installed in Iceland covering the primary

seismic zones, locally computed epicentres may be assumed
to be more accurate than teleseismic epicentres in interna-
tional catalogues, which are off by tens of kilometres. One
of the innovations in the new catalogue is therefore to use
such local data. The primary local sources on epicentres are
a catalogue compiled at the Icelandic Meteorological Of-
fice (IMO), seismological bulletins, newsletters and reports
published by the IMO and the University of Iceland Sci-
ence Institute (UISI), journal articles with results of stud-
ies on Icelandic earthquakes, and contemporary accounts of
earthquakes from newspapers. The origin times are generally
taken from the IMO catalogue when available and otherwise
taken from the international catalogues.

An early published list of instrumentally recorded earth-
quakes in Iceland and the surrounding oceans appeared in
Gutenberg and Richter’s book (Gutenberg and Richter, 1949,
pp. 196, 207), which lists 60 large earthquakes in the period
1910–1945 in the NMAR region; of these 8 are in the ICEL
region. Six years later Tryggvason (1955) compiled a list of
earthquakes ofM ≥ 5.25 in 1927–1945, with 121 in NMAR;
of these 22 are in ICEL. Another global source for earth-
quakes in the first part of the 20th century is the International
Seismological Summary (ISS), the predecessor of the ISC.

Since shortly after the IMO was established, it has been
responsible for monitoring earthquakes in Iceland. From the
beginning, accounts of earthquakes have been published in
the IMO monthly newsletter Veðráttan (The Weather) (IMO,
1924–2006); in addition the Seismological Bulletin (IMO,
1926–1973) was compiled and distributed to seismologi-
cal centres abroad, and since 1975 computerised earthquake
catalogues have been kept and made available to scientists
working elsewhere. After 1965 earthquake research took off
at the University of Iceland and has flourished ever since with
a number of case studies, as well as historical summaries.

The new century has seen a surge in the publication of
local and global earthquake catalogues, and Iceland is not
an exception. The aforementioned catalogue of Ambraseys
and Sigbjörnsson (2000) covers the same ICEL region as
the current study and lists 415 earthquakes with Ms and/or
mb magnitudes. The epicentres for a portion of these were
reassessed, but for the remaining ones, inaccurate teleseis-
mically determined locations were given. Unfortunately this
catalogue was only published with a very limited distribu-
tion, and it is not available online.

Grünthal and Wahlström (2003) compiled a historical cat-
alogue of earthquakes in central and northern Europe up to
1993, with magnitudes and locations in Iceland taken from a
data file obtained from the IMO. These data were compiled
at the IMO independently of the IMO catalogue discussed
in Sect. 2.2.1 and are still available on the IMO website
(http://hraun.vedur.is/ja/ymislegt/storskjalf.html, last access:
13 January 2021). The locations are reasonably accurate, but
the resulting Mw magnitudes are exaggerated compared to
our results, by up to a whole magnitude unit for some of the
early events (the average difference is 0.41 before 1970, 0.37
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Figure 1. The ICEL region, 62–68◦ N, 12–26◦W. The figure shows place names in Iceland mentioned in the article. Towns and villages with
a 2020 population of at least 800 are also indicated as well as the Tjörnes Fracture Zone (TFZ), the South Iceland Seismic Zone (SISZ), and
the Reykjanes Peninsula (RP).

between 1970 and 1980, and 0.27 after 1980; third quartiles
are 0.59, 0.47, and 0.36, respectively). The work on this cata-
logue continued with a number of subsequent projects (Grün-
thal et al., 2009; Grünthal and Wahlström, 2012; Grünthal
et al., 2013), under several abbreviations, CENEC (the uni-
fied catalogue of earthquakes in central, northern, and north-
western Europe), EMEC (European-Mediterranean earth-
quake catalogue), SHARE (Seismic Hazard Harmonization
in Europe), and SHEEC (SHARE European Earthquake cat-
alogue).

For the Iceland region, all these projects adopted the orig-
inal 2003 catalogue, adding data (locations and local mag-
nitudes) after 1990 from IMO’s catalogue. Among the prod-
ucts of these studies was the SHARE hazard map for Eu-
rope, where the hazard was greatly overestimated in some
places in Iceland, among them in the Reykjavík capital area,
where the estimated peak ground acceleration (PGA) for a
10 % exceedance probability in 50 years is given as 0.4–0.5 g
(Woessner et al., 2015). Several recent local studies estimate
10 % 50-year PGA as 0.1–0.2 g in the Reykjavík area (Sólnes

et al., 2004; SCI, 2010; Sólnes et al., 2013; D’Amico et al.,
2016). The reason for the presumed overestimation is likely
a combination of errors in the underlying catalogues and dif-
ferences in modelling.

In 2010 the ISC initiated work on a global catalogue of
large earthquakes since 1904, the ISC-GEM (Global Earth-
quake Model) Global Instrumental Earthquake Catalogue.
The first version was released in 2013, and the work is on-
going, with version 7 being released in 2020 (Storchak et al.,
2013; Di Giacomo et al., 2015). The catalogue contains 40
earthquakes in the ICEL region. It is not used as a source
for the new catalogue but instead for quality checking and
comparison.

Panzera et al. (2016) compiled a catalogue of earthquakes
in South Iceland 1991–2013. It reports locations and magni-
tudes from IMO’s database, cleaned and corrected, as well as
proxy Mw values based on regression of GCMT magnitudes
on the IMO data, like the CENEC and EMEC catalogues.
It has more than 150 000 events with magnitudes down to
M = 0. Unfortunately the IMO magnitudes are very inaccu-
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Figure 2. The NMAR region, 44–75◦ N, 0–40◦W, and 67–73◦ N, 0–17◦ E. The small part in the Eastern Hemisphere is added to make the
region include all of the AOI region of Grünthal and Wahlström (2012). The ICEL region is also marked. Four main seismic zones are marked
on the map, i.e. the Charlie-Gibbs Seismic Zone (CGSZ), South Iceland Seismic Zone (SISZ), Tjörnes Fracture Zone (TFZ), and Jan Mayen
Fracture Zone (JMFZ). The displayed locations and magnitudes are those of the new catalogue.

rate, at least when Mw ≥ 4 (Fig. 4), and thus this catalogue
has not been used directly in the current work.

The next section discusses the primary sources used to
compile the new catalogue. This is followed by two sections
describing how epicentres and magnitudes in the catalogue
are determined. The final section contains details of the cat-
alogue, including how to retrieve it, as well as a discussion
of completeness magnitude, comparison with ISC-GEM, and
comparison with the total moment of a simple plate motion
model.

2 Sources and data

This section discusses the primary sources used to compile
the new ICEL-NMAR catalogue. These sources consist of
four teleseismic international catalogues, used primarily to

obtain and/or compute magnitudes, and several types of lo-
cal Icelandic sources used as a basis for event locations. The
local sources include the catalogue of the IMO, scientific
publications, seismological bulletins, newsletters, and tech-
nical reports, as well as newspaper articles. The section con-
cludes with a few remarks on how individual events in dif-
ferent sources have been matched up.

2.1 Teleseismic catalogues

2.1.1 The ISC Bulletin event catalogue

The ISC database (ISC, 2020) contains data on earthquake
location and magnitude contributed by several seismological
agencies from around the world. For each earthquake a sin-
gle origin time (UTC) and location but multiple magnitude
values are provided. The magnitudes are of several differ-
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ent types, but in the present work only Ms, mb, and Mw are
considered. Magnitudes coded as mS and Ms are treated as
Ms and similarly for varying capitalisation ofmb. In addition
in the period 1955–1970, there are a few magnitude values
marked as M and these are also treated as Ms; see Sykes
(1965). When both M and Ms values are available for an
earthquake, the difference is small. Each magnitude is either
marked ISC, to signify that the value is computed by the ISC
themselves, or marked with the abbreviation of a submitting
agency. The ISC-marked values are referred to as reviewed,
and according to Storchak et al. (2017), “seismic events are
reprocessed resulting in more robust and reliable mb and MS
magnitudes”. Di Giacomo and Storchak (2016) say that the
ISC puts considerable effort into relocating earthquakes and
recomputing their magnitudes. They also recommend that
preference be given to three agencies, CTBTO (Comprehen-
sive Nuclear-Test-Ban Treaty Organization, also known as
International Data Center, IDC, Vienna), MOS (Geophysi-
cal Survey of the Russian Academy of Sciences, Moscow),
and USGS (United States Geological Survey). Among other
important agencies is the Swiss Seismological Service, pro-
viding the ZUR-RMT (Zurich moment tensors; Braunmiller
et al., 2002).

2.1.2 The GCMT Catalog

The GCMT Catalog (GCMT, 2020) contains data on seis-
mic moment tensors with associatedMw magnitudes of large
earthquakes (Mw ≥ 5) around the world, starting in 1976
(Dziewonski et al., 1981; Ekström et al., 2012). This is con-
sidered the most authoritative catalogue in providing Mw
(Di Giacomo and Storchak, 2016). There are 663 events in
the NMAR region in this catalogue, and all but 7 of them are
also in the ISC catalogue. The GCMT Catalog givesMw with
two decimal places, while the ISC gives only one, but apart
from that most of the values match between the catalogues.

2.1.3 The catalogue of Ambraseys and Sigbjörnsson

Ambraseys and Sigbjörnsson (2000) published an earthquake
catalogue for Iceland or more specifically for the region
shown in Fig. 1. The catalogue covers exactly 1 century,
i.e. from 1896 to 1995, and lists 422 earthquakes. The cat-
alogue is based on teleseismic data from seismological bul-
letins and information from books, journals, newspapers,
and reports. The authors recalculated surface-wave magni-
tudes (Ms) and locations when possible. Ambraseys and Sig-
björnsson (2000) mention that the greatest outstanding prob-
lem was the epicentral accuracy, particularity for pre-1960
macroseismic and instrumental events. They specially re-
mark that epicentres before 1918 reported by the British As-
sociation for the Advancement of Science (BAAS, 1913–
1917) are crude, as well as epicentres of events before 1950
reported by the ISC, although to a lesser degree (Ambraseys
and Sigbjörnsson, 2000). This catalogue contains valuable

information for the time period from 1900 to 1960 when
fewer records are available from other catalogues.

2.1.4 The USGS Earthquake Catalog

A simple online search in the USGS catalogue (USGS,
2020) provides one magnitude value per earthquake (Mw,
Ms, ormb), although several magnitude types are often com-
puted. The remaining values are in the ISC database, labelled
USGS. Corresponding magnitudes from the two sources are
in almost all cases identical. However the locations in the
USGS catalogue are different from those in the ISC cata-
logue, with the difference frequently amounting to a few tens
of kilometres.

2.2 Local sources and catalogues

2.2.1 The catalogue of the Icelandic Meteorological
Office

The Icelandic Meteorological Office (IMO) in Reykjavík has
been responsible for monitoring earthquakes in Iceland since
shortly after its foundation in 1920 when the Mainka seismo-
graph mentioned in the introduction was reinstalled there in
1925. A second Mainka instrument was installed in 1927,
also in Reykjavík. Data processing was conducted at the
IMO, and the results were published in seismological bul-
letins (IMO, 1926–1973) which were sent to several seismo-
logical agencies around the world. These results were mainly
phase readings and reports of felt earthquakes along with a
few locations.

After 1980 the IMO reanalysed these data and combined
them with other local and global sources, e.g. the University
of Iceland (UI) reports discussed in the next subsection and
Kárník (1968). The resulting event locations and magnitudes
form the basis of IMO’s catalogue for the period 1926–1952.

In 1951–1952, three Sprengnether short-period seismo-
graphs, measuring all three components of motion, were in-
stalled in Reykjavík and the old seismographs were moved
to Akureyri in North Iceland and to Vík in South Iceland
(Fig. 1), and in the following 2 decades several more instru-
ments were installed.

As detailed in the next subsection, the University of
Iceland Science Institute (UISI) initiated several research
projects after 1970 involving seismic measurements. Many
of these were in cooperation with the IMO, and at the same
time IMO’s network continued to expand. As before the re-
sulting data were published in the seismological bulletins.
The IMO catalogue of 1952–1974 is based on these and a
digital-only bulletin for 1974.

From 1975 to 1986 no bulletins were published, and to fill
this gap, phase readings from the UISI and the IMO stations
were merged and reanalysed to compute locations and mag-
nitudes. This work was carried out at the IMO after 1990, and
earthquakes of magnitudeMl > 3 were entered into the IMO
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database. The database for this period is somewhat prelimi-
nary and incomplete, as manual review is lacking. The period
1987–1990 is also in the IMO database, with results based on
Mánaðaryfirlit jarðskjálfta (Monthly reports of earthquakes)
(IMO, 1987–1990), published by the IMO in cooperation
with the UISI.

In 1991 a digital seismic system, the South Iceland Low-
land (SIL) system was implemented by the IMO (Stefánsson
et al., 1993; Bödvarsson et al., 1996). As the name implies, it
began in South Iceland but was gradually expanded to cover
all geologically active areas in the country. In 2020 around 80
stations are in operation in the SIL network. Even if the sys-
tem did not cover the whole island to begin with, all events of
magnitude Ml > 4 occurring within a few tens of kilometres
offshore should be present for the whole period. Locations
and local magnitudes are automatically computed by the sys-
tem; all automatically located events are manually reviewed,
and the locations are recomputed. The IMO catalogue from
1991 is based on the SIL system analysis.

2.2.2 Data from the University of Iceland Science
Institute

Research on historical seismicity at the University of Iceland
relies heavily on reports by Tryggvason (1978a, b, 1979) and
Ottósson (1980). Tryggvason’s reports are based on the early
seismographic observations at the IMO and overseas for the
years 1930–1960, augmented by felt reports and newspaper
reports. Ottósson’s report on earthquakes during 1900–1930
is based on felt reports and newspapers, supported by rare
teleseismic observations.

Technical advances and increasing interest in crustal ac-
tivity following the Surtsey eruptions in 1963–1967 led to a
proliferation of seismic observations in Iceland in the late
1960s (Einarsson, 2018). Cooperation started between the
UISI and the Lamont-Doherty Earth Observatory (LDEO)
at Columbia University in New York. A team from LDEO
came to Iceland with several portable seismographs to study
the background seismicity of the mid-Atlantic plate bound-
ary (Ward, 1971). A network of six stations was operated
on the Reykjanes Peninsula segment of the boundary during
1971–1976 (Björnsson et al., 2020), augmented by a dense
network in the summers of 1971 and 1972 (Klein et al.,
1973, 1977). The work continued by building an island-wide
network of short-period, vertical-component seismographs,
designed and built at the UISI. The installation began in
South Iceland in 1973, and the network was gradually ex-
panded in the following years, to the Tjörnes Fracture Zone
(TFZ) in North Iceland in 1974, and to other parts in 1975–
1979. A telemetered network was installed in Central Iceland
in 1985. These networks provided valuable data on major
events such as the Krafla volcano-tectonic episode of 1975–
1984 (Einarsson and Brandsdóttir, 1980; Brandsdóttir and
Einarsson, 1979; Buck et al., 2006; Wright et al., 2012), the
Hekla eruptions of 1980 and 1991 (Grönvold et al., 1983;

Soosalu and Einarsson, 2002), and the Gjálp eruption in Cen-
tral Iceland in 1996 (Einarsson et al., 1997), as well as the
location of the major seismically active structures of Iceland
(Einarsson, 1991). After 1991, the analogue seismic stations
were gradually replaced by the SIL system discussed in the
previous subsection. The last analogue stations were disman-
tled in Central Iceland in 2010. Some of the data gathered by
the seismic network discussed above, including epicentres,
are documented in the Skjálftabréf (Earthquake letter) (UISI,
1975–1988).

2.2.3 Newspapers

Newspapers are an important source on earthquakes in Ice-
land during the first part of the 20th century. The web page
http://timarit.is (last access: 19 July 2021) provides search
access to all newspapers published in Iceland during 1830–
2016. News about earthquakes often provides direct or indi-
rect information on their epicentres. In the current work we
have used this data source extensively to check the correct-
ness of the sources listed in the previous sections and, when
deemed appropriate, to correct earthquake locations for the
new catalogue.

2.3 Combining catalogues

All the catalogues that need to be combined for the cur-
rent study have their own version of both origin time and
location of each earthquake. Jones et al. (2000) and sev-
eral later publications propose that two records that differ
by less than 16 s and 100 km refer to the same earthquake.
We have discovered that this is too strict and use windows of
16 s and 320 km. Increasing the window to 25 s and 1000 km
gave identical event pairings. Furthermore, the AMB-SIG
catalogue only provides times to the nearest whole minute,
so for that a 90 s time window is used. For each earth-
quake, the ISC time, all available locations (ISC, AMB-SIG,
IMO, other local sources), and all available magnitude val-
ues of different types (Mw, Ms, mb) and from different cat-
alogues/contributors are entered into a data file. This file is
then used for further processing as described below. It con-
tains some smaller earthquakes that are absent from the final
catalogue, as explained at the beginning of Sect. 4 below. The
counts of events according to period, region, location source,
and magnitude source, in Sects. 3.1, 3.2, and 4.1, are how-
ever all made using the catalogue, instead of this data file, as
we deem that information to be more relevant for the reader.

3 Earthquake locations in the ICEL region

When an accurate instrumentally determined location of an
earthquake is missing, which applies to a large part of the
study period, several methods may be used to determine the
epicentre. Sometimes the historical accounts, discussed in
Sect. 2.2, provide quite accurate locations, especially in in-
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habited areas. For the past decades a major effort has been
devoted to the mapping of surface expressions of earthquake
faults in Iceland, and these often indicate the location of his-
torical earthquakes (Einarsson, 2015). Furthermore, the main
faults tend to produce microearthquakes detected with the
SIL network. By relative locations, detailed maps of the sub-
surface faults can be produced (Slunga et al., 1995). Com-
bining all these methods and adding expert judgement will
normally give much more accurate locations than those pro-
vided by the international catalogues, and the same holds for
many of the locations in the IMO catalogues, even before
1990. One could say that we have reinterpreted the data with
seismological and tectonic understanding that has been accu-
mulating in recent years and decades.

The remainder of this section describes details of how this
methodology has been applied for several subperiods of the
study period.

3.1 The period until 1990

In the period 1900–1925 there are 22 earthquakes in the
ICEL region listed in our final catalogue. All of these are
in the AMB-SIG catalogue, and 4 are also in the ISC
catalogue, originally coming from Gutenberg and Richter
(1949). The authors have viewed all these earthquakes on a
map and checked newspapers articles for contemporary ac-
counts of them (using the web service timarit.is mentioned
in Sect. 2.2.3), as well as scientific publications, in particular
the report of Ottósson (1980). The result of this scrutiny is to
use the AMB-SIG location for 14 earthquakes and the afore-
mentioned report for 1 event and to adjust the location of
6 events using the methodology described at the beginning of
this section. In the new catalogue these location sources have
been specified as Amb-Sig, Report, and New, respectively.
Finally, for the 22 January 1910 earthquake, we use the lo-
cation provided by Stefánsson et al. (2008), 20 km offshore
North Iceland. This source is marked as [1] in the catalogue,
with details in an accompanying reference list.

In the period 1926–1954 there are 87 earthquakes in the
catalogue, and their locations have been scrutinised in the
same way. Sometimes we can take into account that an origin
time is within a known earthquake series. For this period ad-
ditional data sources are the IMO catalogue (Sect. 2.2.1), as
well as the reports of Tryggvason (1978a, b, 1979) which of-
ten provide direct epicentres. This results in using 37 AMB-
SIG locations, 9 IMO locations (marked IMetO in the new
catalogue), 33 locations from the reports, 4 computed as av-
erages of the most believable reported locations (marked Av-
erage), and 4 relocations (marked New).

In the period 1955–1990 there are 346 earthquakes in
the catalogue. Having multiple local seismometers offers
the possibility of computing locations from local measure-
ments. Such locations have found their way into several of
our sources, but the quality is variable. There are several jour-
nal articles stemming from this period providing locations for

39 earthquakes, and our choice is to trust these. The relevant
articles are listed in the reference list in the readme file ac-
companying the catalogue and are specified as [2], [3], etc.,
in the catalogue itself. Some of the articles are also cited in
Sect. 2.2.2 above. Available locations for the remaining 307
earthquakes were viewed on a map, with up to four locations
per earthquake: from AMB-SIG; the IMO; the ISC; and one
of the earthquake reports, newsletters, or bulletins. It tran-
spired that none of these sources could be used as an overall
first choice, but instead we had to select the most believable
one in each case or sometimes take an average or relocate.
The result was to use AMB-SIG for 64 cases, the IMO cata-
logue for 94, the ISC for 17, reports for 3, locations from the
Skjálftabréf (Earthquake letter) (UISI, 1975–1988) (marked
Letter) for 73, averages for 15, and relocations for 40.

3.2 Earthquakes after 1990

For the period 1991–2019 the catalogue contains 826 earth-
quakes in the ICEL region. With the introduction of the
SIL system described in Sect. 2.2.1, the quality of the lo-
cal epicentre information vastly improved after 1990. We
have viewed maps of these locations together with ISC and
USGS locations, along with a background layer showing mi-
croearthquake activity. From this comparison it was evident
that the errors in the teleseismic locations are in many cases
of tens of kilometres (see Sect. 3.3). The SIL locations are
however accurate to a few kilometres inside the station net-
work, and they are judged to be more accurate than the tele-
seismic locations in the region 63–67◦ N, 13–25◦W. Outside
this region ISC, AMB-SIG, and USGS locations are used for
118 events, 2 events, and 1 event, respectively. Inside the
region SIL locations are used for 703 events and ISC loca-
tions are used for 17 (these events are missing in the SIL-
catalogue), and finally there are 2 events located using pub-
lished results as detailed in Sect. 5.2.

3.3 Uncertainty in earthquake locations

To obtain some indication of the uncertainty in event loca-
tions in the international catalogues we have looked at the
variability between different catalogues, which can be con-
sidered a proxy for the precision of the locations. For 293
events in both the AMB-SIG and the ISC catalogues (period
1910–1996), the median location difference is 10 km, the
90th percentile is 31 km, and the maximum is 311 km. The
difference does not seem to decrease markedly with time or
with earthquake magnitude. A similar comparison between
the ISC and the USGS catalogues in the whole NMAR region
(4186 events, 1973–2019) gave a median of 9 km, 90th per-
centile of 25 km, and maximum of 284. Comparison of the
ISC and SIL in the region defined in Sect. 3.2 (860 events,
1991–2019) gave a median of 4.4 km, 90th percentile of
23 km, and maximum of 150 km.
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4 Earthquake sizes

Contrary to earthquake locations, where local information is
crucial, estimating the size of larger earthquakes with tele-
seismic data is often easier and more reliable than using
regional and local data. The dominant periods at teleseis-
mic distances are longer and the structure is smoother due
to attenuation of the higher frequencies (Wang et al., 2009;
Karimiparidari et al., 2013; Yadav et al., 2009).

Modern earthquake catalogues generally provide moment
magnitudes for all earthquakes larger than about Mw 4. For
earthquakes whose source mechanism and magnitude have
not been modelled by moment tensor inversion of seismic
data, regression on surface- or body-wave magnitudes is cus-
tomarily used to obtain proxy Mw values, and this procedure
is followed here. As mentioned in the Introduction, earth-
quakes from the whole NMAR region are used to construct
the Ms–Mw and mb–Mw regression relationships, thus im-
proving the accuracy of these relationships and at the same
time obtaining a larger catalogue of 6921 earthquakes. The
data file discussed in Sect. 2.3 above contains some earth-
quakes that are too small to be included in the catalogue but
are used in the regression in order to improve the relationship
for small magnitudes.

For each earthquake there are usually several mb values,
contributed by different agencies, and the same applies to
Ms and sometimes also Mw. These values must be appro-
priately averaged or selected before they can be used in the
regression. This subtask is dealt with in the next subsection,
followed by a subsection on uncertainty in the magnitude es-
timates in the context of previous studies. Section 4.3 dis-
cusses the proxy regression, and finally there are two short
subsections on the uncertainty in the proxy and local magni-
tudes.

4.1 Best estimates of Mw, Ms, and mb

4.1.1 Estimates of Mw

In the NMAR region 868 earthquakes in our final catalogue
have modelled moment magnitudes; of these 148 are in the
ICEL region. The GCMT Catalog is the golden standard for
moment magnitudes, and available GCMT Mw values are
used verbatim, 665 in total in the larger NMAR region. The
magnitudes range from Mw 4.51 to 7.08, stemming from the
period 1976–2019. An additional 204 earthquakes have mod-
elled Mw values from other sources, all downloaded via the
ISC; 201 are from the ZUR-RMT from the Swiss Seismolog-
ical Service, all stemming from the period 2000–2005, and
2 are from the USGS catalogue. In addition 61 earthquakes
have both a GCMT value and a ZUR-RMT value, with the
ZUR-RMT values on average 0.08 magnitudes higher (stan-
dard deviation 0.09). The common values are in the range
4.8–6.6, and a graph of MGCMT against MZUR-RMT shows
that the relationship is approximately linear with a slope

of 1, which justifies using −0.08 as an agency correction
for ZUR-RMT. More precisely, we set Mest as equal to
MZUR-RMT− 0.08, and the estimated values are in the range
3.62–5.22. Gasperini et al. (2012) found a very similar result.

Similarly the GCMT and USGS catalogues have 109 com-
mon events, with a correction of 0.00 and standard deviation
of 0.08, and we setMest toMUSGS for the three events. Other
agencies which provide 35 additional Mw values in the ISC
catalogue have been compared with the GCMT Catalog in
the same way, but in all cases the standard deviation is too
high to include them.

4.1.2 Estimates of Ms

The final catalogue contains 5050 Ms values for earthquakes
in the NMAR region; of these 1080 are in the ICEL region.
This time the golden standard consists of reviewed values in
the ISC catalogue. The situation is somewhat complicated
by the fact that three important sources for magnitudes in the
first half of the catalogue period have very little overlap with
these reviewed values, so corresponding agency corrections
cannot be determined. In fact all sources have small overlap
with the ISC before 1965. The period has therefore been di-
vided into two: 1900–1964 and 1965–2019.

Of the 317 Ms values before 1965, 43 are ISC-reviewed.
The remaining 274 Ms values come from a total of 24 other
sources, the most important being Ambraseys and Sigbjörns-
son (2000), Sykes (1965) (PAL in the ISC catalogue), and
the California Institute of Technology in Pasadena (PAS). For
each of these earthquakes a direct average of available mag-
nitudes is used.

Of the 4733Ms values since 1965, 2828 are ISC-reviewed
and are again used unchanged. The remaining 1905 events
have Ms values from a total of 33 sources. After pooling
agencies with fewer than 20 events, all sources have suf-
ficient overlap with the ISC to estimate an agency correc-
tion,1i , computed as the average of all available differences,
δi =MISC−Mi , where Mi is the magnitude estimated by
agency i. When only one source is available, Mest is set to
Mi +1i , but otherwise a weighted average is computed us-
ing

Mest =
∑
i

wi(Mi +1i), (1)

where the wi values are normalised weights (summing to 1)
and the sum is taken over all available Mi values. If the 1i
values are independent, it is optimal to weigh with their in-
verse variance, and, even if not optimal, it is more robust
to use the same weights when the 1i values are correlated
(Schmelling, 1995). To be precise, wi = (1/σ 2

i )/
∑
i(1/σ

2
i ),

where σi is the standard deviation of the available δi . The
lowest corrections (0.02–0.04) and the lowest standard devi-
ations (0.10–0.16) are those for AMB-SIG, CTBTO, MOS,
and USGS. Of the 1905 events without reviewed ISC magni-
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tudes, 93 % are contributed by a single agency (the majority
from CTBTO), and for (only) 7 % of them Eq. (1) is used.

4.1.3 Estimates of mb

The catalogue contains 6581 NMAR events with an mb
value; of these 1128 are ICEL events. Again it is beneficial to
split the period at year 1965. ISC-reviewed values are once
more used when available, for 38 earthquakes out of 63 be-
fore 1965 and for 5262 out of 6545 since 1965. Of the 25 re-
maining earthquakes in the first period, Ambraseys and Sigb-
jörnsson (2000) provide mb for 17 events and USGS provide
it for 4 events, and for 4 events an average is taken. Of the
1283 remaining earthquakes in the second period, there are
44 contributors of mb values, the largest being CTBTO and
USGS. Final mb values are computed as forMs: 82 % have a
single contributor and 18 % use Eq. (1). Agency corrections
and standard deviations are somewhat higher than for Ms,
typically 0.1–0.2 and 0.15–0.25, respectively.

4.2 Uncertainty in magnitude estimates

4.2.1 A short survey of uncertainty estimates

Helffrich (1997) discusses the uncertainty in moment magni-
tudes in the GCMT and USGS catalogues, and his conclusion
corresponds to a standard deviation in Mw of 0.05, 0.04, and
0.10, for deep, intermediate, and shallow events, respectively.
Kagan (2003) studies the accuracy of earthquake catalogues
extensively. Among his conclusions are the standard devia-
tion of Mw for both the GCMT and the USGS catalogues
on the order of 0.05–0.09 for deep to shallow earthquakes,
0.07–0.11 forMw 6 to 8, and decreasing from 0.11 to 0.06 in
the period 1980–2002. Werner (2008) models the magnitude
accuracy of 25 000 events during 1980–2006 with a Laplace
distribution. The confidence interval presented in the article
corresponds to the confidence interval of a normal distribu-
tion with σ = 0.08. Finally, Gasperini et al. (2012) conclude
with an even lower value: σ(Mw)= 0.07. Many of the esti-
mates cited above are obtained by dividing the standard de-
viation of magnitude difference between the USGS and the
GCMT catalogues by

√
2, on the assumption that the errors

in them are independent and have the same variance. In real-
ity the errors are probably correlated, so the cited values may
be underestimates of the actual uncertainties.

With a little handwaving, Kagan (2003) estimates the un-
certainty in Ms in the ISC catalogue to be about 0.2 and that
of mb to be about 0.25. In line with these numbers, Kagan
also concludes that when Ms and/or mb is turned into proxy
Mw, the uncertainty is about 3–4 times higher than whenMw
is found with moment tensor modelling. This reckoning is
supported by both Werner (2008) and Gasperini et al. (2013).

4.2.2 Uncertainty in the best estimates

For earthquakes occurring before 1965, there are not enough
data to compute the uncertainty objectively, so a subjective
estimate must be used: for this period the uncertainty in Ms
has been set to 0.25 and that in mb to 0.35.

After 1964, Eq. (1) is used. Let M denote the actual mag-
nitude of an earthquake and Mg its “golden standard” esti-
mated magnitude (which may be unavailable), MGCMT for
moment magnitude and MISC for the other two magnitudes.
Also, let d equalMg−M . The uncertainty inMg, or standard
deviation of d , is set to

σd =

 0.09 for moment magnitude
0.18 for surface-wave magnitude
0.23 for body-wave magnitude,

(2)

and these numbers are used directly when Mg is available
and Mest is equal to Mg. Keeping in mind that almost all
the earthquakes in the NMAR region are shallow, these un-
certainties are perhaps somewhat lower than those quoted in
Sect. 4.2.1. However, the accuracy of the global catalogues
has probably improved since the quoted studies were carried
out, and, furthermore, these studies do not explicitly specify
GCMT or reviewed ISC magnitudes.

WhenMg is not available andMest is computed via Eq. (1),
the error in the magnitude estimate may be partitioned into
several terms:

Mest−M = (Mest−Mg)+ (Mg−M)

=

∑
wi(Mi +1i −Mg)+ d

=

∑
wi(1i − δi)+ d

using the knowledge that the wi values sum to 1. Treating d
and δi as random variables and 1i as constants, this gives

Var(Mest−M)= σ
2
d +

∑
i

w2
i Varδi

+ 2
∑
i<j

wiwjCov(δi,δj )

− 2
∑
i

wiCov(d,δi).

The first term is given by Eq. (2), and Varδi and Cov(δi,δj )
can be approximated by σ 2

i and σij , the data covariance of
the available pairs (δi , δj ). Finally, for the last term, we have

wiCov(d,δi)= riσdσi , (3)

where ri is the correlation between d and δi . A reasonable
constraint is that this correlation is positive: if Mg over-
estimates M, why should Mi overestimate M even more?
Another constraint is that the estimated variance in Mest is
not smaller than when the golden standard Mg can be used.
The second constraint corresponds to ri = σi/(2σd). Select-
ing the middle road with ri = σi/(4σd) seems reasonable:
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it gives ri in the range of 0.11–0.64 and on average 0.28.
This choice corresponds to approximating the last term with∑
iw

2
i σ

2
i and the uncertainty estimate:

SD(Mest−M)=

√
σ 2
d −

1
2

∑
i

w2
i σ

2
i + 2

∑
i<j

wiwjσij . (4)

The root-mean-square (rms) average uncertainty for all cases
where Eq. (1) is used to estimate Mw is 0.113; for Ms it is
0.205, and for mb it is 0.302.

4.3 Proxy values for Mw

In the New Manual of Seismological Observatory Practice,
Bormann et al. (2013) recommend the use of general orthog-
onal regression to convert between magnitude types when
uncertainties in the types differ significantly, as when esti-
mating Mw from Ms or mb. They also recommend using a
nonlinear relationship. An implementation of such a proce-
dure is given by Gasperini et al. (2013), which is based on
Stromeyer et al. (2004), and also by Di Giacomo et al. (2015),
and we have chosen to follow this procedure. A proxy Mw
value is computed from Ms using

M
proxy
w = exp(a+ bMs)+ c, (5)

where Ms is the best estimate of Sect. 4.1 and a, b, and
c are parameters determined by χ2 regression using MAT-
LAB’s optimisation toolbox and the formulae in Appendix B
of Gasperini et al. (2013) (note that the two terms in curly
braces in Eq. (B2) in the Appendix should be squared).

Bormann et al. (2013) and Di Giacomo et al. (2015) also
recommend weighing data points in magnitude ranges with
low data frequency higher (histogram equalisation). We use
a moderately weighted regression of this type: an earthquake
with moment and surface-wave magnitudes Mw and Ms re-
ceives a weight ofMw+Ms−2. The effect is that the largest
earthquakes weigh about twice as much as the smallest ones.

There is freedom in the regression to fix one of the uncer-
tainties, σ(Ms) or σ(Mw), and it is also possible to fix their
ratio. If the ratio is taken as 2.0, as in Gasperini et al. (2013),
the NMAR data give σ(Ms)= 0.176 and σ(Mw)= 0.0881.

Exactly the same method could be used to compute Mw
from best estimates of mb. However the NMAR dataset
contains far fewer large earthquakes than the one used by
Gasperini et al. (2013), so when this is attempted, the re-
lationship turns out to be very slightly concave rather than
convex (logarithmic rather than exponential). The nonlinear-
ity is so slight that it can be ignored with a linear model.
For earthquakes larger than about mb = 5.75, an Ms value is
almost always available and, as explained below, preferred.
Thus a model valid for mb < 5.75 is constructed and used:

M
proxy
w = a+ bmb . (6)

Earthquakes in the Bárðarbunga caldera (Fig. 1) exhibit a dif-
ferent relationship between Mw and mb than the rest of the

dataset: for the same Mw, their mb is ∼ 0.15 higher. There-
fore a separate model is used for these earthquakes. The rela-
tionship between Mw and Ms is also slightly different in the
caldera than elsewhere, and for consistency separate mod-
els are also used in this case. The ratio used by Gasperini
et al. (2013), σ(mb)/σ (Mw)= 2.5, gives σ(mb)= 0.225 and
σ(Mw)= 0.0900.

As one might expect, the deviation in theMs model is con-
siderably lower than in the mb model (Fig. 3). Thus Ms is
used to compute a proxy Mw when it is available, for 4217
events in the NMAR region, of which 933 are in the ICEL re-
gion. In the absence of an Ms value, the mb relation must be
used, for 2954 events in NMAR, of which 379 are in ICEL.
Ms is available for almost all large earthquakes, the ones that
are important for hazard assessment. Only three mb > 5 val-
ues are used to compute proxy Mw in the ICEL region,
and therefore the regression only uses data with mb < 5.5
(Fig. 3).

To use a somewhat round number and to have a singleMw
uncertainty, the current work uses σ(Mw)= 0.09 for all the
models, mb and Ms, in and outside Bárðarbunga (Fig. 3, Ta-
ble 1). These uncertainty values are in good agreement with
the results quoted in Sect. 4.2.1, although perhaps somewhat
lower, which might reflect that our data are more recent and
that there is continuous improvement in the quality of the
global catalogues.

To study possible change in the Ms–Mw relationship or
in the accuracy of the moment tensor Mw values, separate
modelling was tested for a few subperiods. A slight, some-
what erratic, improvement in the accuracy was observed, but
there was no significant change in the relationship. Thus it
was decided to use a single model for the whole period.

4.4 Uncertainty in the proxy magnitudes

Following Gasperini et al. (2013), the variance of Mproxy
w for

an earthquake obtained withMs regression may be estimated
with

σ 2
proxy = (f

′(Ms)σMS)
2
+ σ(Mw)

2

= b2 exp(a+ bMs)
2σ 2

MS+ σ(Mw)
2, (7)

where σ 2
MS is the variance estimate for the earthquake, ob-

tained as described in Sect. 4.2.2, σ(Mw) is 0.09 as in
Sect. 4.3, f is the model function given in Eq. (5), and a
and b are the regression parameters (Table 1). The values of
σproxy computed with Eq. (7) are in the range 0.11–0.24, and
their rms average is 0.15, indicating that only a few earth-
quakes have uncertainty at the high end of the range. A sim-
ilar procedure is used in the mb regression case, and the un-
certainties given by the analogue of Eq. (7) are in the range
0.26–0.53 (rms avg 0.27). For the caldera models, the uncer-
tainty ranges are 0.10–0.18 (rms avg 0.11) for Ms and 0.28–
0.39 (rms avg 0.28) for mb. Note that because f ′(Ms) < 1,
σproxy will be smaller than σMS.
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Figure 3. Magnitude pairs for earthquakes in the northern Mid-Atlantic Ridge (NMAR) region 1976–2019, exponential relations for Ms
and linear relations for mb, all fitted with χ2 regression. There are 733 Mw–Ms pairs outside Bárðarbunga and 95 in it and 744 Mw–mb
pairs outside and 97 in Bárðarbunga. Note that a few earthquakes with mb < 3.5, thus not included in the final catalogue, are used for the
regression. A slight random jitter has been applied to the pairs to avoid superimposing different data points.

Table 1. Parameters of exponential and linear models for Mw, obtained with σ(Mw)= 0.09; see Eqs. (5) and (6), RMSD is the root-mean-
square deviation between the model and the y coordinates of the data, and the last column gives the estimated σ(mb) and σ(Ms).

Model a b c RMSD Uncertainty

Non-caldera Mw ∼Ms 0.850 0.143 0.613 0.142 0.174
Non-caldera Mw ∼mb 0.070 1.041 0.257 0.225
Caldera Mw ∼Ms −1.401 0.383 3.657 0.072 0.009
Caldera Mw ∼mb −0.585 1.139 0.153 0.111

4.5 Uncertainty in recent local magnitudes

The SIL system described in Sect. 2.2.1 provides two types
of local magnitudes, denoted Ml and Mlw (Rögnvaldsson
and Slunga, 1993). To assess the uncertainty in these val-
ues, χ2 regression has been applied, with modelled (non-
proxy) Mw magnitudes on the y axis and Ml and Mlw on the
x axis with σ(Mw)= 0.09, as in Sect. 4.3 (with caldera earth-
quakes excluded). The resulting estimates are σ(Ml)= 0.47
and σ(Mlw)= 0.57, far higher than the corresponding values
0.18 for Ms and 0.23 for mb. Restricting the comparison to
earthquakes onshore (24 events) gave an improved σ(Ml) of
0.22 but a worse σ(Mlw) of 0.75. In all cases there is a con-
siderable negative bias of 0.6–1.4 magnitudes, more offshore
(outside the SIL network) than onshore. One explanation for
the large spread and bias of the local magnitudes is that the
SIL system’s analysis is optimised towards robust magnitude
estimation of earthquakes smaller than those of this compar-

ison. Figure 4 shows the spread of the data, evidently in line
with these estimates. There would be no meaning in showing
the regression curves because of the high uncertainties.

5 Results and discussion

The primary results of this study is the ICEL-NMAR cata-
logue, described briefly in the next subsection. Section 5.2
discusses the completeness of the catalogue as a function
of magnitude and time. Next is a section which compares
the new catalogue with the ISC-GEM catalogue discussed in
the introduction, and finally there is a section with a general
discussion. The catalogue earthquakes within the region 63–
67◦ N, 13–25◦W, are plotted in Fig. 5.
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Figure 4. Moment tensor modelled magnitudes (Mw) and two types of local magnitudes computed by the SIL system (see Sect. 2.2.1).
Earthquakes in the calderas Bárðarbunga and Katla have been excluded, but apart from that all events with both SIL and Mw magnitudes are
included, 24 onshore and 146 offshore. The ZUR-RMT Mw values were computed by the Swiss Seismological Service 2000–2005.

Figure 5. Earthquakes in or near Iceland during 1900–2019 listed in the new catalogue. For the first part of the period, location coordinates
are often given in round numbers (tenths of degrees or even half or whole degrees). The map shows slightly jittered locations (≤ 3 km, except
when Mw > 5.75) to avoid superimposing different events. The magnitude range for the smallest earthquakes is Mw 4–4.25. For the other
ranges the central value is specified so that, for example, Mw ∼ 4.5 implies the range 4.25–4.75. The largest event is Mw 7.00 in the TFZ at
18◦W. The indicated tectonic features are explained in Fig. 2.
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5.1 The ICEL-NMAR Earthquake Catalogue

The new catalogue is available in the repository Mendeley
Data, as the ICEL-NMAR Earthquake Catalogue (Jónasson
et al., 2021). There are three files, icel-nmar-v3.txt with the
actual earthquake data, supporting-info-v3.txt with meta in-
formation, and origin-time-v3.txt. For each earthquake icel-
nmar-v3.txt provides the region (ICEL or NMAR), origin
time, location, Mw, Mw uncertainty estimated with Eqs. (4)
or (7) as appropriate, and information on how the Mw value
is computed or what its source is. When available, similar in-
formation for Ms and mb are given, and finally information
on the origin time and location sources is given. For com-
pleteness, all available origin times are provided in origin-
time-v3.txt. All events smaller than Mw 4 were excluded
and the uncertainty was not computed for Mw < 4.5 because
the regression accuracy is reduced at the lower magnitudes.
Hypocentral depth is not provided in the catalogue. The brit-
tle part of the Icelandic crust in most areas is less than 12 km
thick, and earthquakes of any significance will rupture the
whole thickness (Hjaltadóttir, 2010; Pedersen et al., 2003;
Stefánsson et al., 1993).

5.2 Magnitude of completeness

To investigate the magnitude of completeness of the new har-
monised catalogue for the whole NMAR region, two meth-
ods were used. Firstly, histograms with 10- to 30-year bins
of the earthquake count with magnitudes exceeding different
thresholds were created (Fig. 6), and secondly Gutenberg–
Richter models were constructed for a few selected periods
and minimum magnitudes. The histograms show that the cat-
alogue appears to be complete for Mw ≥ 6 for the whole pe-
riod, for Mw ≥ 5.5 since 1915, for Mw ≥ 5 since 1970, and
forMw ≥ 4.5 since 2000. Gutenberg–Richter modelling with
simple declustering (Gardner and Knopoff, 1974) indicates a
magnitude of completeness of 5.5 for the whole period and
4.5 for the period after 1970 (data not shown). For the ICEL
region similar histograms indicated a completeness magni-
tude of 5.5 for the whole period, 5 from 1915, and 4.5 from
1965.

It is interesting to compare the number of large events dur-
ing the 20th century with lists of historical earthquakes in
earlier centuries. Table 2 shows earthquakes with estimated
magnitude ≥ 6 in Iceland or within 20 km offshore during
1700–1899, in total 17 events. In the new catalogue there are
8 earthquakes with Mw ≥ 6 in the 20th century in the same
region and 4 more in the first 2 decades of the 21st century.

In the final catalogue there are a few periods with dispro-
portionately many earthquakes connected to tectonic activity
(SISZ 2000 and 2008) and volcanic activity (Krafla region
1975–1976, Hengill 1994–1999, Bárðarbunga 2014–2015).

In the wake of large earthquakes it is possible that other
events are triggered by their propagating waves. These sec-
ondary events can be missing from the international cata-

Table 2. Historical large earthquakes in Iceland in the 18th and
19th centuries. The magnitude estimates are based on the resulting
damage (Halldórsson, 1992b; Stefánsson et al., 2008; Sólnes et al.,
2013). The epicentral locations are approximate, but overall the lon-
gitude is more accurate than the latitude since in most cases N–S
surface faults have been mapped and linked to the largest events.
Note that these earthquakes are not included in the new catalogue.

Date Lat Long Ms M
proxy
w

Apr 1706 63.9 21.2 6.0 6.1
Sep 1732 64.0 20.0 6.7 6.7
Mar 1734 63.9 20.8 6.8 6.8
Sep 1755 66.1 17.6 7.0 7.0
Sep 1766 63.9 21.2 6.0 6.1
Aug 1784 63.9 20.5 7.1 7.1
Aug 1784 63.9 21.0 6.7 6.7
Feb 1829 63.9 20.0 6.0 6.1
Jun 1838 66.3 18.8 6.5 6.5
Apr 1872 66.1 17.4 6.5 6.5
Apr 1872 66.2 17.9 6.5 6.5
Jan 1885 66.3 16.9 6.3 6.4
Aug 1896 64.0 20.1 6.9 6.9
Aug 1896 64.0 20.3 6.7 6.7
Sep 1896 63.9 21.0 6.0 6.1
Sep 1896 64.0 20.6 6.5 6.5
Sep 1896 63.9 21.2 6.0 6.1

logues because their signal is lost in the coda of the pri-
mary event at teleseismic distances. Examples of this are two
events on the Reykjanes Peninsula triggered by the Mw 6.52
South Iceland event on 17 June 2000 15:40:41 UTC, occur-
ring 26 and 30 s later and 65 and 80 km farther west, respec-
tively. The size of the first one was estimated to be Ml 5.5
(Antonioli et al., 2006), and that of the second one was es-
timated to be Mw 5.79 (Pagli et al., 2003). Our estimated
Mw for the first event is 5.5, and both Mw values have been
added to the new catalogue with uncertainties of 0.4 and 0.2,
respectively. These are the only events that do not come from
one of the four teleseismic catalogues of Sect. 2.1.

5.3 Comparison with the ISC-GEM catalogue

Version 7.0 of the ISC-GEM catalogue was released in 2020.
In the NMAR region it contains far fewer events than our
new catalogue (168, with Mw in the range of 5.42–7.00),
and no local information is used to relocate them. Non-proxy
Mw magnitudes in ISC-GEM and the current catalogue are
identical, but in general the proxy values differ, both because
ISC-GEM uses a different regression model and because the
underlying Ms and mb data may differ. The difference in the
more important Ms regression curves is slight. Comparing
Fig. 3 and the corresponding figure in Di Giacomo et al.
(2015), for Ms = 5 the ISC-GEM curve is 0.06 higher, for
Ms = 6 it is 0.02 lower, and for Ms = 7 it is 0.05 lower.
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Figure 6. Count of earthquakes in the NMAR region exceeding different Mw thresholds according to period.

There are 119 earthquakes with proxy Mw common to the
catalogues; of these 30 are in the ICEL region. Their ISC-
GEM magnitudes are on average 0.06 lower than the ones
presented here. The largest absolute difference is 0.47, and
for 85 events the difference is less than 0.2. For the ICEL
region, the mean difference is 0.02 and the largest absolute
one is 0.26, and there are 24 events which differ by less than
0.2 magnitudes.

A few events which differ the most were investigated, and
it transpired that the explanation was usually a combined ef-
fect of the regression curve difference and the underlying
data difference.

5.4 Cumulative seismic moment and the earthquake
cycle

The question arises of how representative the seismic activ-
ity of the catalogue period is for any period of 120 years. The
answer depends on the length of the typical earthquake cycle.
If the cycle is significantly longer than 120 years, our sample
may underestimate the seismicity greatly, e.g. if the period
does not contain a characteristic maximum magnitude earth-
quake. Studies of South Iceland earthquakes indicate that we
may be near this critical duration of the cycle. The study of
Einarsson et al. (1981) gave an average time between ma-
jor earthquake sequences of about 80 years, ranging between
45 and 112 years. Stefánsson and Halldórsson (1988) con-
cluded that the South Iceland Seismic Zone (SISZ) had a to-
tal release of accumulated strain in about 140 years. Decriem
et al. (2010) estimated the accumulated strain by plate move-
ments since the 1896–1912 earthquakes and compared this to
the released seismic moment during the earthquakes of 2000

and 2008. They found that only about half of the strain had
been released by these events.

For comparison with our catalogue, we estimate the po-
tential seismic moment release in the two fracture zones,
the SISZ and the TFZ, by a simplified geometric model of
two transform faults parallel to the relative plate motion. The
simplification is justified by the arguments of Sigmundsson
et al. (1995), who showed that the seismic moment of many
closely spaced, short transverse faults (bookshelf faults) is
equivalent to that released by a single transform fault. We
also assume that almost all the seismic moment is released
by the transform zones and not by the divergent segments
of the plate boundary or the magmatically induced seismic-
ity. The length of the transform zones is taken as 180 and
150 km for the South Iceland and North Iceland zones, re-
spectively, i.e. the offset of the ridge axes. The width of the
fault is taken to be the thickness of the seismogenic part of
the crust, about 10 km, below which the slip is assumed to be
aseismic. The spreading rate is 19 mm/yr, and the shear mod-
ulus is 20×109 Pa (McGarr and Barbour, 2018). The moment
rate will then be

(20× 109)× (19× 10−3)× (330× 103)× (10× 103)

= 1.25× 1018 Nm/yr. (8)

This result can be compared with the total seismic moment
released in Iceland during the catalogue period, which may
be estimated using the catalogue data and the completeness
information of Sect. 5.2. Such computation for all earth-
quakes ≥Mw 4 in the area shown in Fig. 6, excluding the
Reykjanes Ridge and Bárðarbunga, gives a total of 1.61×
1020 Nm. Adding a simple correction for smaller events as-
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suming the Gutenberg–Richter law with b = 1 raises the es-
timate to 1.64 · 1020 Nm, corresponding to an annual rate of
1.37×1018 Nm/yr. This agrees quite (even surprisingly) well
with the result of Eq. (8).

5.5 General discussion

We have constructed a new catalogue of earthquakes in
Iceland and, as a byproduct, for the northern Mid-Atlantic
Ridge. A general criterion for entry into the catalogue is that
an earthquake has been instrumentally recorded by agen-
cies outside Iceland. Locations of events in the ICEL re-
gion (Fig. 1) have been reassessed, and proxy Mw values
for earthquakes without modelled moment magnitudes have
been computed. The resulting moment magnitudes range
from 4 to 7.08. For the ICEL region the catalogue is rea-
sonably complete for Mw ≥ 5.5 for the whole period. There
are 36 earthquakes of this size onshore or less than 20 km
offshore, i.e. 2.8 per decade, and of these 10 have Mw ≥ 6,
i.e. 0.8 per decade.

To our knowledge, the map in Fig. 5 is the first earthquake
map of Iceland which is not substantially confounded by mis-
placed events. The locations of the two large TFZ events
marked with a star in Fig. 5 (the easternmost 1910 and the
westernmost 1963) are still uncertain and controversial. Nei-
ther of them appears to have occurred on the best known
structures, the Húsavík-Flatey Fault or the Grímsey Oblique
Rift. Stefánsson et al. (2008) suggest that the 1963 event
originated on a NNE-striking fault offshore Skagafjörður,
based on the distribution of recent earthquakes and the focal
mechanism solutions of Stefánsson (1966) and Sykes (1967).
They furthermore suggest that the 1910 event originated on
the eastern margin of the Grímsey Shoal. We adopt these lo-
cations in our catalogue. Distribution of epicentres and recent
bathymetric data support these suggestions (Einarsson et al.,
2019).

The largest events occur in the two seismic zones, where
the plate boundaries are parallel to the plate movements
(Figs. 1 and 5). The distance from these events to the Reyk-
javík capital area, where 63 % of the population live, is some
tens of kilometres, and the same holds for Akureyri in North
Iceland, with 5 % of the population. However there are sev-
eral towns and villages within the zones. An important future
task is to carry out a detailed analysis of the seismic hazard
both in these urban areas and elsewhere in Iceland. The new
catalogue should prove to be an essential resource for such
seismic hazard mapping.

Data availability. The international earthquake catalogues from
USGS, GCMT, and the ISC are freely available online. In addi-
tion we used the catalogue of Ambraseys and Sigbjörnsson (2000),
as well as scattered data on individual earthquakes from various
printed sources, as detailed in Sect. 2. We also used the Icelandic
Meteorological Office catalogue for the period 1926–2019. Work

is currently underway to put at least part of this catalogue online.
The new catalogue is available in the repository Mendeley Data
(https://data.mendeley.com/datasets/7zh6xg22cv/3; Jónasson et al.,
2021).
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