GEODYNAMICS & TECTONOPHYSICS RECENT GEODYNAMICS

Published by the Institute of the Earth’s Crust, Siberian Branch, Russian Academy of Sciences

2025 VOLUME 16 ISSUE 5 ARTICLE 0853 ISSN 2078-502X

DOI: 10.5800/GT-2025-16-5-0853

EARTHQUAKES IN THE EASTERN SECTOR OF THE RUSSIAN ARCTIC
IN THE FIRST HALF OF THE 20th CENTURY

AN. Morozov ®*2*¥, N.V. Vaganova ©3, V.E. Asming ©®*

1Schmidt Institute of Physics of the Earth, Russian Academy of Sciences, 10-1 Bolshaya Gruzinskaya St, Moscow
123242, Russia

2Geophysical Center, Russian Academy of Sciences, 3 Molodezhnaya St, Moscow 119296, Russia

3 Laverov Federal Center for Integrated Arctic Research, Ural Branch of the Russian Academy of Sciences, 23 Northern
Dvina Emb, Arkhangelsk 163000, Russia

*Kola Branch of the Geophysical Survey, Russian Academy of Sciences, 14 Fersman St, Apatity 184209, Russia

ABSTRACT. The parameters of earthquakes recorded in the Arctic region during the early 20th century and calculated
by researchers in the first half of the century continue to be used in modern seismic event catalogs. However, these hypo-
central parameters are predominantly computed based on bulletins compiled only from a subset of the seismic stations
operated during that period, utilizing outdated velocity models and location algorithms, which restricts their accuracy
and reliability.

This study presents a consolidated catalog of all earthquakes recorded between 1900 and 1950 within the geograph-
ic region bounded by 70.0° to 90.0° N latitude and 70.0° E to 170.0° W longitude. Using the most comprehensive set of
instrumental data, a modern velocity model, and a location algorithm adapted for early instrumental earthquakes, a
refined catalog of earthquakes was compiled for the eastern sector of the Russian Arctic during the first half of the 20th
century. Additionally, a secondary catalog was developed for earthquakes attributed to the region in various sources.
However, after recalculating the epicentral coordinates, these events were excluded from the considered area. A total of
19 earthquakes were recorded within the study area, with magnitudes (Mw) ranging from 5.2 to 6.9, primarily associated
with the Gakkel Ridge and its continuation on the Laptev Sea shelf, as well as the continental portion of northern Yakutia.
The results of this study can be used to refine seismic regime parameters, develop geodynamic models, and investigate
the stress-strain state of the Earth’s crust. Furthermore, these results may be applied to address safety concerns in the
operation of industrial systems and facilities during the exploration of major deposits in the eastern sector of the Russian
Arctic.
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3EMJIETPSICEHMA BOCTOYHOI'0 CEKTOPA POCCUMCKOW APKTUKH
B IIEPBOW MMOJIOBUHE XX BEKA
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AHHOTAIUA. [TapaMeTpbl 3eMJIETPSICEHUH, 3apErUCTPUPOBAHHBIX B ADKTUUYECKOM peruoHe B epBOM NOJ0BUHE
XX B. M pacCUMTaHHBIX UCCJIe0BaTeNsIMU TOIO BpeMeHH, 10 CUX IOpP COXPAHSIOTCS B COBPEMeHHbIX KaTajlorax ceu-
CMUYEeCKUX COObITHH. OJHAKO 60JIIIMHCTBO 3TUX IapaMeTpPOB OblJIO ONpe/ie/IeHO IPeUMYLeCTBEHHO Ha OCHOBe 610JI-
JleTeHel JIMIIb YaCTU CeICMUYeCKUX CTaHIIUMN, YHKIIMOHMPOBABIIUX B TOT IIEpHO/, C IPUMEHEeHHEeM YCTapeBLIUX M0
COBpeMeHHbIM MepPKaM CKOPOCTHBIX MOJieslell U aJI'OPUTMOB JIOKa/JIM3aLUH, YTO CYIleCTBEHHO CHUXKAaeT UX TOYHOCTb
Y JJOCTOBEPHOCTb.

B HacTos1el cTaTbe Ha OCHOBe aHaJ/IM3a Pa3JIMYHbIX UCTOYHHUKOB COCTaBJIEH CBOJHBIN KaTaJlor BCeX 3eMJIeTps-
ceHUH, 3apeructpupoBaHHbIx B 1900-1950 rr. B npefesiax peruoHa, orpaHuyeHHoro kooparuHatamu 70.0-90.0° c.u.
u 70.0° B.&. - 170.0° 3.1. Ha ocHOBe HaunboJiee MOTHOr0 HA6Opa UHCTPYMEHTAJbHBIX JaHHbIX, C UCII0Jb30BaHUEM CO-
BpPEMEeHHOW CKOPOCTHOM MOJe/M U aJIfOPUTMa JIOKALMK, alalTUPOBAHHOTO AJisl paboThI € 3alIUCIMU PaHHEUHCTPY-
MEHTaJIbHBIX 3eMJIETPSACEHUH, ObLT cPOPMUPOBAH YTOUHEHHBIN U YHUPULIUPOBAHHBIN KaTaJl0T 3eMJIETPSICEHUN BO-
cTO4HOro cekTopa Poccuiickoit ApKTHKH 3a epBYto noioBUHY XX B. KpoMe Toro, 66171 TOATOTOBJIEH JONOJIHUTETbHbBIN
KaTaJIoI COGBITHH, KOTOpPBIE B psiJie HCTOYHUKOB IPUNIUCHIBAJINCh UCCIelyeMOMy PErMOHY, HO IToCJ/Ie llepecyeTa Ko-
OpZMHAT 3MHULEeHTPOB 0Ka3a/MCh 3a Npejie/laMy pacCMaTpHUBaeMOH TeEPPUTOPHUHU. B cOBOKyNHOCTH B Ipejiesiax pailioHa
Hccae0BaHUsA ObLIO 3aperucTpupoBaHo 19 3eMyeTpsiceHUH ¢ MarHuTyf0i Mw ot 5.2 10 6.9, ry1laBHbIM 06pa3oM CBs-
3aHHBIX € XxpebTOoM ['akKesisl U ero NpoJo/KkeHHeM Ha lliesbde Mopsl JIanTeBbIX, @ TaKXKe C KOHTUHEHTaJIbHON 4acCThIO
CeBepHoii fAkyTuu. [losryyeHHbIe pe3yAbTaThl MOTYT ObITh UCIIO/Ib30BaHbI A/ YTOYHEHUS IapaMeTPOB CECMUYECKOT0
peXXrMa, IOCTPOeHUsI TeoJMHaMUYeCKUX MoJieslell M aHa/u3a HalpsXKeHHO-epOPMHUPOBAHHOTO COCTOSIHUS 3eMHOMU
kopbl. KpoMe TOro, oHM HMelOT NpUKJIaJHOe 3HaYeHHe NPU pellleHUH 3a/iad obecrnedyeHus 6e30nacHOCTH QYHKIMOHU-
pPOBaHMs NPOMBILIJIEHHBIX 06'bEKTOB U MHPPACTPYKTYPhI B IPOLjecCe OCBOEHUsI KPYIHBIX MECTOPOXAEHUM BOCTOUHOTO
cekTopa Poccuiickoit ApKTHKHU.

KJ/IIOYEBBIE CJIOBA: BocTouHbIN ceKTOp Poccuiickoit ApKTUKHU; paHHEUHCTPYMEHTAJbHbIE 3eMJIETPSICEHUS]; YTOU-
HeHHbIN KaTaJIoT 3eMJIeTPsICEHU I

®UHAHCUPOBAHHME: lccnenoBanue npoBeseHo npu noaaep:xke PH® (rpant Ne 21-77-30010-I1, CucTeMHbli aHa-
JIU3 AMHAMUKU reo$pr3nyecKux npoueccoB B Poccuiickoit ApKTHKe U UX BO3/eHCTBHE Ha pa3BUTHe U QYHKIIMOHUPOBa-
HUe HHPPACTPYKTYPhI XKeJ1e3HOL0POXKHOI'0 TPAHCIIOPTA).

1. INTRODUCTION

Throughout the instrumental period, the Arctic was
inadequately and unevenly covered by permanent seismic
stations, primarily due to challenging climatic and geo-
graphical conditions, as well as historical and economic
factors. The development of instrumental observations
was uneven both temporally and spatially. These factors
directly influenced the extent of seismological studies in
the Arctic regions [Hodgson et al., 1965; Avetisov, 1996;
Schlindwein et al,, 2015].

To assess seismic hazards, the earthquake catalog is the
primary source upon which seismic regime parameters
are based. In the Arctic region, information on historical
and paleo-earthquakes is limited, making the accuracy of
calculated earthquake parameters throughout the instru-
mental period particularly critical. However, only a small
number of stations, often far from the epicenters, record-

ed the Arctic earthquakes throughout the 20th century.
Moreover, the calculation of earthquake parameters was
performed using outdated velocity models and location al-
gorithms. Bulletins from all seismic stations operating in
the region during that time were also not fully accessible
to seismologists [Morozov, Vaganova, 2024].

The development features of instrumental observations
and the necessity to assess potential natural and techno-
logical risks, as well as to ensure safety during the explora-
tion of large deposits in the Arctic, requires summarizing
and recalculating source parameters of earthquakes re-
corded throughout the instrumental observation period,
particularly for the first half of the 20th century. These re-
search activities must employ new and validated regional
and global velocity models, modern location algorithms,
and all available current data and bulletins from seismic sta-
tions that operated in the region [Morozov et al., 2022].
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Earlier studies have been conducted for the Arctic earth-
quakes recorded in the first two decades of the 20th cen-
tury [Morozov et al,, 2019] and for earthquakes in the
western sector of the Russian Arctic throughout the entire
instrumental period [Morozov et al., 2023]. This article
presents the results of creating a consolidated and recal-
culated catalog of earthquakes for the eastern sector of the
Russian Arctic in the first half of the 20th century. The ul-
timate goal of this study is to supplement the GS RAS and
the IEPT RAS earthquake catalog for the Arctic zone of the
Russian Federation for the period 1962-2022 [Gvishiani
et al,, 2022; Vorobieva et al., 2023a, 2023b] with consoli-
dated and recalculated data on the Arctic earthquakes re-
corded from 1900 to 1962. This study builds upon the
methodological approaches and materials outlined in the
doctoral dissertation [Morozov, 2024].

2. DATA AND RESEARCH METHODS

Based on data from various sources, as shown in Fig. 1,
preliminary information was gathered for all earthquakes
recorded between 1900 and 1950, with epicenters located
within the following coordinates: 70.0° to 90.0° N latitude
and 70.0° E to 170.0° W longitude. Using this information, a
preliminary consolidated catalog of earthquakes was com-
piled for the eastern sector of the Russian Arctic for the
period 1900-1950, as presented in App. 1, Table 1.1.

Phase arrival times were identified for each earthquake
based on the bulletins from seismic stations that were op-

erating during the first half of the 20th century. Bulletin
searches were conducted in archives compiled as part of
major scientific initiatives, including the ISC-GEM (Inter-
national Seismological Centre Global Earthquake Model)
project [Storchak etal., 2013, 2015] and the "EuroSeismos"
project [Michelini et al., 2005]. Scanned copies of Inter-
national Seismological Summary (ISS) bulletins, published
on the website of the International Seismological Centre
(ISC) (https://storing.ingv.it/ISS/index.html) [ISC Bulletin,
2025], were also utilized.

Recalculation of the parameters of the Arctic earth-
quakes was performed using the NAS (New Association Sys-
tem) software [Fedorov et al., 2019; Asming et al., 2021],
which is part of the NSDL (New System for Detection and
Location) software suite developed at the Kola Branch of
the Geophysical Survey of the Russian Academy of Sciences.
The NAS software incorporates a novel event location al-
gorithm that combines two methods: the maximization of
a ranking function over a spatial grid - an enhancement of
the Generalized Beamforming method [Ringdal, Kvaerna,
1989] - and the minimization of residuals in origin time
estimation.

The NAS algorithm includes several features particu-
larly useful for recalculating the parameters of early in-
strumental earthquakes based on bulletins from seismic
stations of the beginning of the 20th century. First, it auto-
matically disregards erroneous phase arrival times that may
result from operator mistakes or instrument malfunctions.

1 8|80 18|90 19|00 1 9I1 0 1 9|20 19|3O 1 9|40 19|50
: Consolidated quaterly bulletin ‘
of the seismological station network
; of the USSR
ISS
Eﬂﬁ
[Kondorskaya, Shabalin, 1982]
Atlas of earthquakes of the USSR
[Linden,1959]
ISC-GEM
ISC
: [Gutenberg, Richter, 1954]
§ISA \Bulletins ‘ ‘
Bulletin bflm_perial Russia
§hide circulars
[Tanjws, 1922]
i 1 1 I 1 i i i
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Fig. 1. List of sources used for searching information on earthquakes recorded in the eastern sector of the Russian Arctic during the

first half of the 20th century.

Puc. 1. UcTOUYHUKHY, UCTI0JIb30BAHHbIE IpU NOUCKe CBeAEHI/Iﬁ 0 3eMJIETPACEHUAX BOCTOYHOI'O CEKTOPa pOCCHﬁCKOﬁ ApKTI/IKI/l B HepBOﬁ

noJsioBuHe XX B.
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Second, it is capable of phase identification in cases where
arrival times are listed in the bulletins without phase la-
bels - an issue frequently encountered in early seismologi-
cal records.

For earthquake location, use has been made of the global
velocity model ak135 [Kennett et al., 1995; Kennett, 2005].
Due to the limited number of seismic stations and their
significant distance from most of the epicenters, depth
determination was not feasible for the majority of events.
Consequently, epicenter coordinates were generally cal-
culated using a fixed depth of 10 km. However, the earth-
quake hypocenter cannot lie above a certain minimum
depth (Hmin), which is dependent on its magnitude. There-
fore, if the Hmin value for a given event exceeded 10 km,
the calculation was performed assuming a fixed depth of
15 km. The minimum possible depth of the earthquake
source was determined from its magnitude according to
the relationship proposed by [Riznichenko, 1979]:

M<3.31gH+3.1. (1)

We recognize that the use of fixed depths (10 or 15 km)
introduces additional uncertainty into the hypocenter lo-
cations. However, test relocations with alternative fixed
depths (10, 15, and 20 km) demonstrated that the result-
ing epicenter shifts generally do not exceed the size of
the formal error ellipses. Thus, while focal depths remain
poorly constrained, the epicentral coordinates and their
tectonic interpretation can be considered robust within
the stated uncertainties.

For some earthquakes, the range of possible depths cal-
culated by the NAS algorithm is indicated in the final cata-
log, with the depth corresponding to the maximum value
of the ranking function shown in parentheses. Epicenter
coordinates for those depths were then computed.

The magnitude of an earthquake is one of the funda-
mental parameters used in seismic catalogs. In the final
catalog, priority was given to moment magnitudes (Mw)
calculated in the ISC-GEM catalog [Storchak et al., 2013,
2015]; the second-priority magnitudes (MLH) were pro-
vided in the catalog compiled by [Kondorskaya, Shebalin,
1982]. MLH magnitudes, analogous to surface-wave mag-
nitudes (MS) and computed at the Geophysical Survey of
the Russian Academy of Sciences, were then converted to
Mw using the empirical relationships derived in [Petrova,
Gabsatarova, 2020].

In cases where earthquake magnitudes could be re-
calculated using data from a larger number of seismic sta-
tions, the Prague formula was applied to compute MS values
[Vanék et al., 1962]. Amplitude values and their corre-
sponding periods in the range of 10 to 60 seconds for
epicentral distances between 20 and 160° were extracted
from seismic station bulletins and used to calculate MS ac-
cording to the following formula:

MS=log(%jmax+ 1.66log(A)+3.3. (2)

We acknowledge that the conversion of MLH magni-
tudes into Mw using empirical relationships [Petrova, Gab-

satarova, 2020] inevitably introduces some uncertainty,
particularly for historical events with limited station cov-
erage. These conversions, however, were employed only
when Mw values from the ISC-GEM catalog were not avail-
able. Whenever sufficient amplitude-period data could be
obtained from a broader station network, MS values were
recalculated with the use of the Prague formula.

3. DESCRIPTION OF THE RESULTS OBTAINED

The principal results of this study, aimed at recalculat-
ing the parameters of earthquakes in the eastern sector of
the Russian Arctic, are presented in two catalogs (App. 1,
Table 1.2, 1.3). The first catalog is a consolidated, refined,
and unified list of earthquakes that occurred in the eastern
sector of the Russian Arctic during the period 1900-1950.
Itincludes 19 events with moment magnitudes (Mw) rang-
ing from 5.2 to 6.9. For two of these earthquakes, the avail-
able seismic station bulletins lack the amplitude values and
their corresponding periods required for calculating the
surface-wave magnitude (MS). The final catalog provides
hypocentral parameters, error ellipses, characteristics of
the input data, and both calculated and unified magnitude
values (App. 1, Table 1.2).

The second catalog comprises six earthquakes, which,
according to various sources, had previously been attrib-
uted to the study area, but whose epicenters were further
found as lying beyond its boundaries (App. 1, Table 1.3).
This catalog also includes the earthquake of March 26,
1927. The phase arrival times, available at that time from
seismic stations SVE (Sverdlovsk), TIF (Tiflis), BAK (Baku),
and TAS (Tashkent), did not provide a basis for computing
the epicenter. This may be due to significant timing errors
exceeding acceptable limits, or the arrival times may cor-
respond to different seismic events. The "Notes" column in
App. 1, Table 1.3 provides explanations for the inclusion of
each earthquake in this catalog.

For several earthquakes in the final catalog, the epi-
central error ellipses cover relatively large areas. This is
primarily due to the limited number of available seismic
stations, their considerable distances from the epicenters,
and the narrow azimuthal coverage. Nevertheless, the large
size of these error ellipses does not hinder the reliable as-
sociation of the calculated epicenters with specific seismi-
cally active zones.

4. RESULTS AND DISCUSSION

According to various sources, there were 26 earth-
quakes recorded within the study area in the first half of
the 20th century. Only 19 of those were attributed to the
study area after recalculating the epicenter coordinates
(Fig. 2). The epicenters of six earthquakes shifted beyond
the study area. For one earthquake, the location procedure
could not be performed due to insufficient initial data.

Of the 19 earthquakes, only 17 were reported in [Kon-
dorskaya, Shebalin, 1982], 12 in [Gutenberg, Richter, 1954],
16 in the ISS (International Seismological Summary) bul-
letins and [Linden, 1959], and 9 in the ISC-GEM catalog
[Storchak et al., 2013, 2015]. Two earthquakes, of August
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Fig. 2. Map of earthquake epicenters in the eastern sector of the Russian Arctic.
Red circles show the recalculated earthquake epicenters from App. 1, Table 1.2. Black circles show the original earthquake epicenters according to different sources from App. 1, Table 1.1. The red line
indicates the study area.

Puc. 2. KapTa snuieHTpoB 3eMJIeTpsiCeHUN BOCTOUHOTO cekTopa Poccuiickoit ApkTuku 3a nepuog 1900-1950 rr.
KpacHble Kpy»XKHU - epecuuTaHHble 3MULEHTPhI 0 AaHHBIM [Ipui. 1, Ta6s. 1.2. YepHble KPYKKU — UCXOJHble STMULEHTPHI 110 JAHHBIM pa3JUYHbIX UCTOYHUKOB ([Ipu. 1, Ta6s. 1.1). KpacHas Jsiu-
HHUA - TPaHUIA palloHa UCCIe0BaHUs.
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11, 1924, and August 10, 1949, are not included in [Kon-
dorskaya, Shebalin, 1982], possibly due to the lack of the
data required for calculating their magnitudes. In this study,
it was also not possible to find the amplitude and surface-
wave period values for these earthquakes in the seismic
station bulletins. Four earthquakes (June 2, 1928; August
16, 1928; June 20, 1931; September 26, 1948), attributed to
the study area according to [Kondorskaya, Shebalin, 1982],
were excluded from the analysis (App. 1, Table 1.3).
[Gutenberg, Richter, 1954] suggested that all 20th centu-
ry worldwide M=>7.0 earthquakes were recorded. [Wetmiller,
Forsyth, 1978] concluded that this statement also applies
to the Arctic, noting that by the 1940s, earthquakes with
magnitudes M=6.0 had been recorded in the Arctic re-
gion. [Avetisov, 1996] estimates the representative magni-
tude values for the Arctic territories during this period as
M=5.5-6.0. The earthquakes recorded in the Arctic region
by the 1940s were measuring M=6.0, and those recorded
from the mid-1950s were measuring M=5.0 [Wetmiller,
Forsyth, 1978]. According to [Morozov et al., 2019], from
1904 to 1911, global network stations could record the
Arctic earthquakes with magnitudes (Mw) no lower than

6.0, and from 1911 onwards - those with magnitudes (Mw)
no lower than 5.0.

Earthquakes with magnitudes (Mw) no lower than 5.4
were recorded in the study area until 1928. Earthquakes
with magnitudes no lower than 5.2 have been registered
there since 1948 (Fig. 3, a). From 1929 to 1948, there were
no earthquakes recorded within the study area. The distri-
bution of earthquakes by magnitude is presented in Fig. 3,
b. Based on this figure, it can be inferred that the represen-
tative magnitude (Mw) for this region in the first half of the
20th century did not exceed 6.0.

The distribution of earthquakes over time is highly ir-
regular (Fig. 3, a). The first earthquake recorded in the
study area occurred on April 10, 1909 in the eastern part of
the Gakkel Ridge near the continental slope of the Laptev
Sea shelf and had a magnitude of Mw=6.7. From 1923 to
1928, the highest number of earthquakes (N=13) was re-
corded during the entire period under review. This may be
related to a decrease in the earthquake-recording thresh-
old during this period, as the operation of seismic stations
in the USSR gradually resumed after the Civil War, and
the number of seismic stations in neighboring countries
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Fig. 3. Data analysis from the final earthquake catalogue.

(a) - distribution of the recorded-earthquake magnitudes by year; (b) - distribution of the recorded-earthquake number by magnitude
(Mw); (c) - minimum distance to the nearest seismic station for earthquakes recorded during different time periods; (d) - number of

stations that recorded earthquakes as a function of magnitude.
Puc. 3. AHa/IM3 JaHHBIX UTOTOBOTO KaTaJ0ra 3eMJeTpsICeHUH.

(a) - pacnipesesieHrMe MarHUTYy/J, 3aperuCTPUPOBAHHBIX COOBITUH 10 rofaM; (b) - pacnpejesieHUe KOJUYeCTBa 3eMJIETPSICEHUH 10
3HaYeHUsIM MarHuTyzabl (Mw); (¢) - MUHMMaJIbHOE paccTosIHUE A0 GJrKalleld ceiCMUYeCKON CTaHLIMU AJ151 COOBITUH, 3apeTrUCTPU-
POBaHHBIX B pa3Hble nepruo/bl; (d) - YMCI0 CEHCMUYECKUX CTAHIIMH, 3apErMCTPUPOBABIIMX 3€MJIETPSICEHUS], B 3aBUCUMOCTH OT Mar-

HUTYADIL.
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Fig. 4. Map of recalculated earthquake epicenters in the eastern sector of the Russian Arctic for the period 1900-1950 (App. 1, Table 1.2) and their error ellipses. The red line indicates the study area.

Puc. 4. KapTa yTOYHEHHBIX 3NUIEHTPOB 3eMJIETPsSICEHUM BOCTOUHOTO cekTopa Poccuiickoit ApkTuku 3a nepuog 1900-1950 rr. ([Iput. 1, a6 1.2) ¥ Ux a/uncel on60ok. KpacHasi TMHUS - rpaHULa
paiioHa Hcclel0BaHUSI.
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increased. However, it is also likely that this period repre-
sents a phase of increased seismic activity in the region.

Between 1929 and 1948, there was a complete ab-
sence of recorded earthquakes. While the lack of recorded
earthquakes from 1939 to 1945 can be attributed to the
events of World War II and the corresponding reduction in
the number of operational seismic stations in Europe and
Asia, the absence of recorded earthquakes between 1929
and 1939 remains difficult to explain. A similar situation
is observed in the western sector of the Russian Arctic
[Morozov etal., 2023]. It is possible that during that period
we observe a decrease in regional seismic activity after its
increase in the 1920s.

Overall, refining the earthquake epicenter coordinates
involved the data from varying numbers of seismic stations
(Fig. 3, ), often located at significant distances from the
epicenters (Fig. 3, d) and within a wide azimuthal gap. This
was primarily due to the specific characteristics of instru-
mental observations in the early 20th century [Morozov,
Vaganova, 2024].

Within the oceanic part of the study area, most of the
epicenters of instrumentally recorded earthquakes are lo-
cated along the ultraslow spreading Gakkel Ridge and its
continuation on the Laptev Sea shelf, which forms part of
the boundary between the Eurasian and North American
lithospheric plates (Fig. 4). On the continent, the region
of the Lena River delta shows elevated seismic activity,
where most earthquakes are concentrated near the Leno-
Anabar marginal fault, which marks the boundary of the
Precambrian Siberian Platform and the Chersky Ridge
(boundary between the Eurasian and North American litho-
spheric plates). A series of strong earthquakes occurred in
the northern part of Yakutia along the Verkhoyansk Ridge
in 1927 and 1928.

No earthquakes were recorded on the shelf of the East
Siberian and Chukchi Seas, as well as in the adjacent areas
and the Taimyr Peninsula. Within the continental shelf,
only one earthquake was recorded on October 19, 1924
near the Severnaya Zemlya (Fig. 4). The magnitude (MS)
of this earthquake was calculated based on the data from
four seismic stations (App. 1, Table 1.4). The magnitude
was estimated using the Prague formula (2) in a manner
similar to the approach in [Ambraseys, Douglas, 2000],
by vector summing the maximum amplitudes of surface
waves from two horizontal components and the period
corresponding to the maximum amplitude. If the data from
the second horizontal component were unavailable, then
the amplitude from the first horizontal component was the
only one used for the MS magnitude calculation, with an
additional correction of 0.1 to the calculated magnitude, as
per [Ambraseys, Douglas, 2000] to account for the missing
information.

5. CONCLUSION
The parameters of earthquakes recorded in the Arctic in
the early 20th century, and subsequently calculated by re-
searchers during that period continue to be used in modern
earthquake catalogs. However, these parameters were of-

ten determined using data from only a subset of seismic
stations that operated in the early 20th century, employing
outdated velocity models and location algorithms.

This article presents a consolidated earthquake catalog
for the period from 1900 to 1950 within the geographic
coordinates of 70.0° to 90.0° N latitude and 70.0° E to
170.0° W longitude, compiled from various sources. The
most complete set of instrumental data, a modern veloci-
ty model, and a location algorithm, optimized for early
instrumental earthquakes, were used to compile an up-
dated catalog of earthquakes for the eastern sector of the
Russian Arctic in the first half of the 20th century. A sepa-
rate catalog was compiled for earthquakes attributed to
the study area in various sources but excluded therefrom
after recalculating the epicenter coordinates. For the ma-
jority of these earthquakes, the refined epicenter coordi-
nates significantly differ from those provided in the origi-
nal sources.

A total of 19 magnitude Mw 5.2 to 6.9 earthquakes were
recorded within the study area, primarily attributed to the
Gakkel Ridge and its continuation on the Laptev Sea shelf,
as well as the continental part of northern Yakutia. The
four-stations-based recalculation of MS magnitude of the
October 19, 1924 earthquake, recorded near the continen-
tal slope of the Severnaya Zemlya, yielded a value of 5.6.
This value exceeds the catalog magnitude by more than one
unit [Kondorskaya, Shebalin, 1982]. No earthquakes were
recorded on the shelf of the East Siberian and Chukchi
Seas, as well as in the surrounding areas.

An analysis of the distribution of earthquake epicenters
over time reveals a 1923 to 1928 high seismic activity peri-
od, during which 13 out of 19 earthquakes were recorded.
This was followed by a 1929 to 1948 seismic inactivity pe-
riod, during which no earthquakes were recorded.

The results described herein may serve as a foundation
for future research related to the assessment of potential
natural and technogenic risks, as well as seismic hazards in
the Arctic and surrounding areas. They could contribute to
the refinement of the parameters of seismic regime, to the
development of geodynamic models, and to the analysis of
the stress-strain state of the Earth’s crust. Furthermore,
these findings may be utilized to address challenges as-
sociated with ensuring the safe operation of industrial
systems and facilities during the exploitation of major de-
posits in the eastern sector of the Russian Arctic.
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APPENDIX 1

Table 1.1. Preliminary consolidated catalog of earthquakes in the eastern sector of the Russian Arctic for the period 1900-1950

Ta6auna 1.1. CBogHbIN IpeABapUTENbHBIM KaTa/I0T 3eMJIETPSICEHUM BOCTOYHOT0 ceKTopa Poccuiickoit ApkTuku 3a nepuof 1900-
1950rT.

) Hypocenter ]
No Datadd.mm.yyyy Time hh:mm:ss.0 Magnitude* Source
®,° A° h, km
18:46:54.0 77.5 128.0 35 M(GUTE)=6.6 [Gutenberg, Richter, 1954]
18:46:58.0 78.0 128.0 - MS(PAS)=6.6 [Linden, 1959]

1 10.04.1909 M=6.5
18:46:58.0 78.0 128.0 20 MLH=6.8 [Kondorskaya, Shebalin, 1982]
18:46:54.3 78.54 129.16 10f Mw(ISC-GEM)=6.7 ISC-GEM Catalog
02:40:00.0 86.4 94.6 - [Tams, 1922]
02:39:42.0 80.0 100.0 35 MS(PAS)=5.6 [Gutenberg, Richter, 1954]

2 13.04.1912 M=5.0
02:39:36.0 78.9 107.9 - MLH=5.2 [Linden, 1959]
02:39:36.0 78.9 108.0 20 [Kondorskaya, Shebalin, 1982]
16:24:00.0 73.0 119.0 - M=5.3 [Linden, 1959]

3 07.06.1914
16:24:00.0 73.0 119.0 15 MLH=5.5 [Kondorskaya, Shebalin, 1982]
06:48:31.0 70.1 132.0 - ISS
06:48:40.0 71.0 132.0 35 MS(PAS)=6.2 [Gutenberg, Richter, 1954]
06:48:38.0 71.2 134.0 - M=6.0 [Linden, 1959]

4 30.11.1918 MS(ISC)=6.4 _
06:48:40.0 71.2 134.0 20 MLH=6.2 [Kondorskaya, Shebalin, 1982]
06:48:46.9 70.54 130.51 15f Mw(ISC-GEM)=6.5 ISC
06:48:47.0 70.56 130.44 15f ISC-GEM Catalog

08:30:30 76.5 127.0 - ISS
08:30:46 77.0 127.0 35 MS(PAS)=6.0 [Gutenberg, Richter, 1954]
M=5.5 .

5 30.05.1923 08:30:40 77.5 128.4 - MLH=5.8 [Linden, 1959]

08:30:40 77.0 127.0 20 Mw(ISC-GEM)=6.0 [Kondorskaya, Shebalin, 1982]
08:30:41.9 76.76 127.07 10f ISC-GEM Catalog

17:56:42 76.5 127.0 - ISS

17:56:42 77.0 127.0 35 MS(PAS)=6.0 [Gutenberg, Richter, 1954]

6 30.05.1923 17:56:55 76.0 129.0 - EEEIES 8 [Linden, 1959]

17:56:55 76.0 129.0 20 Mw(ISC-GEM)=6.1 [Kondorskaya, Shebalin, 1982]
17:56:58.4 77.06 126.14 10f ISC-GEM Catalog
14:00:24 84.0 100.0 - ISS
7 11.11.1923 MLH=5.2
14:00:27 85.0 102.0 20 [Kondorskaya, Shebalin, 1982]
8 11.08.1924 02:25:42 82.0 120.0 - - ISS
15:34:45 79.0 110.0 - ISS
M=4.3 .

9 19.10.1924 15:35:11 78.2 107.5 - MLH=4.5 [Linden, 1959]

15:35:11 78.2 107.5 20 [Kondorskaya, Shebalin, 1982]
10:04:35 73.5 127.0 - ISS
10:04:50 74.0 125.0 35 MS(PAS)=5.8 [Gutenberg, Richter, 1954]
10 09.04.1926 10:04:47 74.0 127.4 - gig_ss 8 [Linden, 1959]
10:04:50 74.0 127.4 20 Mw(ISC-GEM)=5.9 [Kondorskaya, Shebalin, 1982]
10:04:44.2 74.18 128.02 10f ISC-GEM Catalog
05:23:48 85.0 85.0 ISS
05:23:58 86.0 85.0 35 MS(PAS)=5.6 [Gutenberg, Richter, 1954]
11 06.08.1926 M=5.3
05:23:54 85.5 100.0 - MLH<5.6 [Linden, 1959]
05:23:54 85.5 100.0 20 [Kondorskaya, Shebalin, 1982]
10:43:00 80.5 113.0 ISS
10:43:12 80.0 117.0 35 MS(PAS)=5.6 [Gutenberg, Richter, 1954]
12 07.01.1927 M=5.0 )
10:43:00 82.0 126.5 - MLH=5.1 [Linden, 1959]
10:43:00 82.0 126.0 20 [Kondorskaya, Shebalin, 1982]
13 26.03.1927 18:32:40 85.0 85.0 - - ISS
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Table 1.1 (continued)

Ta6aunpa 1.1 (npojosnkeHue)

. Hypocenter .
No Datadd.mm.yyyy Time hh:mm:ss.0 Magnitude* Source
®,° A° h, km
14 24.05.1927 11:52:24 74.0 -173.0 - - ISS
15 24.05.1927 12:08:00 74.0 -173.0 - - ISS
00:12:00 70.0 128.0 - ISS
00:12:05 70.5 128.0 35 MS(PAS)=6.5 [Gutenberg, Richter, 1954]
00:12:07 70.0 129.7 - M=6.5 [Linden, 1959]
16 14.11.1927 MLH=6.8 )
00:12:07 69.9 129.9 20 MS(ISC)=6.6 [Kondorskaya, Shebalin, 1982]
00:12:08.5 70.22 128.94 15f Mw(ISC-GEM)=6.7 ISC
00:12:08.6 70.32 129.00 15f ISC-GEM Catalog
04:56:24 70.0 128.0 - ISS
04:56:24 70.0 128.0 35 MS(PAS)=6.8 [Gutenberg, Richter, 1954]
04:56:28 70.0 1315 - M=6.5 [Linden, 1959]
17 14.11.1927 MLH=6.8 )
04:56:28 70.1 129.2 20 MS(ISC)=6.7 [Kondorskaya, Shebalin, 1982]
04:56:33.3 70.09 128.73 15f Mw(ISC-GEM)=6.9 ISC
04:56:33.2 70.09 128.78 15f ISC-GEM Catalog
21:48:36 70.0 128.0 - ISS
21:48:46 70.5 128.0 - MS(PAS)=6.0 [Gutenberg, Richter, 1954]
18 15.11.1927 21:48:48 70.0 128.5 - ﬁ;i{—SS 8 [Linden, 1959]
21:48:46 70.5 128.5 16 Mw(ISC-GEM)=6.0 [Kondorskaya, Shebalin, 1982]
21:48:46.3 70.30 128.59 10 ISC-GEM Catalog
13:47:28 70.0 128.0 - ISS
13:47:35 70.5 128.0 - MS(PAS)=6.2 [Gutenberg, Richter, 1954]
19 03.02.1928 M=6.0 )
13:47:38 70.6 128.8 - MLH =6.2 [Linden, 1959]
13:47:38 70.5 128.8 16 [Kondorskaya, Shebalin, 1982]
17:46:20 84.0 100.0 - ISS
20 27.03.1928 17:47:04 82.7 87.8 - ﬁ;:{_ss 0 [Linden, 1959]
17:47:04 82.7 88.0 20 [Kondorskaya, Shebalin, 1982]
20:12:54 83.0 70.0 - ISS
M=4.5 .
21 02.06.1928 20:13:00 83.4 81.6 - MLH=47 [Linden, 1959]
20:13:00 83.4 82.0 20 [Kondorskaya, Shebalin, 1982]
07:36:12 70.0 128.0 - ISS
07:36:37 70.0 126.0 35 MS(PAS)=5.6 [Gutenberg, Richter, 1954]
22 16.08.1928 07:36:42 73.9 130.2 - ﬁ;;_ss 6 [Linden, 1959]
07:36:42 70.0 126.0 16 Mw(ISC-GEM)=5.9 [Kondorskaya, Shebalin, 1982]
07:36:40.7 69.41 125.17 15f ISC-GEM Catalog
15:05:22 86.3 79.0 - ISS
15:05:15 86.25 79.0 35 MS(PAS)=5.6 [Gutenberg, Richter, 1954]
23 20.06.1931 15:05:17 87.0 86.0 - ng?s 3 [Linden, 1959]
15:05:17 87.0 86.0 20 Mw(ISC-GEM)=5.5 [Kondorskaya, Shebalin, 1982]
15:05:24.8 87.01 64.33 10f ISC-GEM Catalog
14:56:44 84.5 100.0 - ISS
14:56:44 84.3 123.8 - [Linden, 1959]
24 31.05.1948 MLH=4.8
14:56:44 84.3 124.0 20 [Kondorskaya, Shebalin, 1982]
14:56:51.2 85.01 99.52 15f ISC-GEM Catalog (supplement)
05:51:15 80.7 99.6 - [Linden, 1959]
25 26.09.1948 MLH=5.0
05:51:15 80.7 99.6 20 [Kondorskaya, Shebalin, 1982]
26 10.08.1949 20:33:42 86.0 82.0 - - ISS

Note. *GUTE - from [Gutenberg, Richter, 1954]; PAS - California Institute of Technology (https://www.isc.ac.uk/cgi-bin/agency-get?agency=PAS);
ISC-GEM - from ISC-GEM Catalog [Storchak et al., 2013, 2015].

[Ipumeuanue. *GUTE - no [Gutenberg, Richter, 1954]; PAS - KanudopHuiickuil TexHosorndeckuit ”HCTUTyT (https://www.isc.ac.uk/cgi-bin/agency-
get?agency=PAS); ISC-GEM - katasor 3emsnetrpsicenuit ISC-GEM [Storchak et al.,, 2013, 2015].
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Table 1.2. Final consolidated, refined, and unified catalog of earthquakes in the eastern sector of the Russian Arctic for the period 1900-1950, within the coordinates 70.0° to 90.0° N latitude and
70.0° E to 170.0° W longitude

Ta6una 1.2. UToroBbli CBOJHbIM YTOUHEHHBIN U YHUUIIMPOBAHHBIN KaTa/lIor 3eMJIeTPsICEHUI BOCTOYHOr0 ceKTopa Poccuiickoit ApkTuku 3a nepuog 1900-1950 rr. B npefeax koopauHat 70.0-
90.0° c.ur. u 70.0° B.A.-170.0° 3.4.

. Ran i
No. dd H?g[a hh-Tlm'e 0 Hypocenter Ncasons/ Gap,°  of epeilcegnetral prror Ellipse Magnitude  Mw
Mm.yyyy "MM:SS. ®,° A° h, km phases distances, km Az . ,° S . .km S . km

1 10.04.1909 18:47:02.2 78.04 123.09 15f 11/18 344 3607-6086 30 108.9 310.3 Mw(ISC)=6.7 6.7
2 13.04.1912 02:39:45.7 85.03 95.99 10f 6/8 325 3135-4468 10 125.0 184.4 MLH=5.2 5.5
3 07.06.1914 16:24:02.9 73.01 116.19 10f 8/13 253 2361-5155 80 42.1 87.5 MLH=5.5 5.6
4 30.11.1918 06:48:44.9 70.42 130.92 15f 9/12 197 3492-6312 70 35.7 187.9 Mw(ISC)=6.5 6.5
5 30.05.1923 08:30:44.6 77.37 127.27 10f 20/29 128 4737-6467 30 44.2 65.2 Mw(ISC)=6.0 6.0
6 30.05.1923 17:56:58.6 77.05 125.02 10f 23/36 128 3913-6602 50 41.9 81.0 Mw(ISC)=6.1 6.1
7 11.11.1923 14:00:08.8 84.66 104.75 10f 2/3 - 3207-3241 40 177.3 260.4 MLH=5.2 5.5
8 11.08.1924 02:26:00.6 81.73 119.23 10f 4/5 332 3423-4890 0 236.1 341.8 -

9 19.10.1924 15:34:48.2 80.45 105.89 15f 4/6 181 3072-5796 90 49.9 93.6 MS=5.6 5.7
10 09.04.1926 10:04:46.2 73.97 126.17 10f 20/24 228 2591-6712 80 41.9 62.0 Mw(ISC)=5.9 5.9
11 06.08.1926 05:24:00.8 85.63 85.86 13 (0-50) 33/51 132 3073-6544 130 30.7 36.6 Mw(ISC)=5.8 5.8
12 07.01.1927 10:43:04.0 81.18 122.07 10f 6/10 276 3231-5106 50 78.1 140.5 Mw(ISC)=5.7 5.7
13 14.11.1927 00:12:10.1 70.08 127.73 27 (0-60) 70/97 115 2300-7152 70 211 31.6 Mw(ISC)=6.7 6.7
14 14.11.1927 04:56:30.4 69.99 128.31 15f 63/86 107 2320-7240 70 21.5 309 Mw(ISC)=6.9 6.9
15 15.11.1927 21:48:47.3 70.13 127.36 10f 28/43 134 2283-5906 80 36.7 43.9 Mw(ISC)=6.0 6.0
16 03.02.1928 13:47:39.1 70.35 126.79 14 (0-50) 48/66 128 2317-7239 60 20.8 37.5 Mw(ISC)=6.3 6.3
17 27.03.1928 17:46:35.4 84.01 116.54 10f 4/5 278 3352-3691 50 100.7 263.2 MLH=5.0 5.4
18 31.05.1948 14:56:49.6 85.01 98.71 10f 17/18 173 2507-6572 150 26.5 58.8 MLH=4.8 5.2
19 10.08.1949 20:33:46.3 86.33 75.26 10f 22/23 179 3246-6522 120 19.2 57.2 -




Table 1.3. Catalog of seismic events excluded from the final consolidated earthquake catalog of the eastern sector of the Russian Arctic

Ta61mua 1.3. KaTasior celicMU4YecKux C06blTI/II‘/JI, HWCKJ/IDYEHHBIX U3 UTOIOBOI'0O CBOAHOI'O KaTaJsiora BGMHETpHCGHI/Iﬁ BOCTOYHOI'O CEKTOpa Poccuiickoi ApKTI/IKl/I

Data Time Hypocenter _y . Re_mge Error Ellipse _
No dd.mm hh:mm:ss.0 stations Gap, of epicentral Magnitude  Mw Note
mm.yyyy TS @,° A° h, km phases distances,km Az . .° S . major’
The location cannot be determined
1 26.03.1927 18:32:40 850 850 - N N - N N - N N based on the data available
2 24.05.1927 11:52:44.3 80.30 -162.93 10f 3/4 320 4310-5955 150 169.4 193.3 - - Beyond the study area
3 24.05.1927 12:07:00.0 79.15 -132.65 10f 2/2 - 6258-6289 - - - - - Beyond the study area
4 02.06.1928 20:13:07.3 83.03 68.33 10f 3/5 292 2772-3975 30 90.5 179.5 MLH=4.7 5.2 Beyond the study area
5 16.08.1928 07:36:37.3 69.81 124.94 10f 8/12 263 2174-5559 90 46.7 118.9 Mw(ISC)=5.9 5.9 Beyond the study area
6 20.06.1931 15:05:21.9 86.86 64.71 5 (0-50) 22/30 130 2160-6282 110 26.2 344 Mw(ISC)=5.5 5.5 Beyond the study area
7 26.09.1948 05:51:14.1 82.31 41.28 10f 11/12 174 2887-6790 80 271 68.4 MLH=5.0 5.4 Beyond the study area
Table 1.4. Initial data for calculating the magnitude MS for the earthquake of October 19, 1924
Ta6auna 1.4. UcxonHble faHHbIe [Jis pacyeTa MarHUTYyAbl MS 3eMsieTpsiceHus 19 okTsa6ps 1924 1.
L MS value with correction .
Seismic o Calculated . Final Average
. An,pm Tn,sec Ae,um Te,sec A, of 0.1 according to Note
station value of MS MS value MS value
[Ambraseys, Douglas, 2000]

SVE 2 20 - - 27.21 4.68 4.78 4.78
IRK - - 1 16.2 28.22 4.50 4.60 4.60
VIC - - 25 10 48.16 6.49 6.59 6.59

- - 17 15 55.86 6.26 6.36 6.36

5.58
The value was excluded from the calculation of the average MS magnitude.
TNT 5 10 - - 55.86 4.29 4.39 - The chosen value MS=6.36 was that which was obtained from the maximum
amplitude (17 pm) of the surface wave on the W-E horizontal channel.

SLM _ B 800 9 60.59 821 831 _ The value was excluded from the calculation of the average MS magnitude as

an unrealistic.
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