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Abstract East Arctic is a key region for understanding the current geodynamic pattern and lithospheric
evolution of the whole Arctic. To close an evident gap in regional seismic data, we calculate source parameters
for 103 earthquakes (Mw > 4.2, 1990-2021) and compile a representative uniform data set including source
depths, scalar seismic moments, moment magnitudes, and focal mechanisms. On its basis, crustal stresses

are estimated within four blocks with the homogeneous stress field. Extension dominates along the Gakkel
Ridge and over most of the Laptev Sea shelf. On the continent and east and west of the shelf, it is replaced by
compression. The obtained results indicate that the spreading axis of the Gakkel Ridge does not continue to the
Laptev Sea shelf and evidence for the Eurasian—North American plate boundary crosses the eastern Laptev Sea
shelf and is likely to pass to the Chersky Range through the Yana Bay.



1. Introduction H
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Source parameters are calculated from
surface wave amplitude spectra for the
first time for 81 seismic events with Mw >
4.2 (1990—2021). We aslo use the data for
22 earthquakes (Mw > 4.2, 1990—2015)
1000 considered in our previos studies with the

same method (Imaeva et al., 2017a, 2021;
H . Seredkina & Kozmin, 2017; Seredkina &
Melnikova, 2018). Crustal stresses within
four blocks with the homogeneous stress
field are estimated. Possible geodynamic
insights of the results (both stress tensors
200 and individual focal mechanisms) are
discussed
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1. Introduction 4 H
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2, Tectonic settings
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Fig. 4. Tectonic scheme of the study area after (Imaeva et
al., 2017).
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The Eurasian—North
American plate
boundary passes along the
Gakkel Ridge, the eastern
Laptev Sea, and the Chersky
Range (Drachev & Shkarubo,
2017; Parfenov & Kuz’'min,
2001). To the south of the
Gakkel Ridge, the boundary
becomes diffuse (Gaina et
al., 2002). In the southern
part of the shelf, it is
determined in the Buor-
Khaya (Gaina et al., 2014) or
Yana Bays (Bird, 2003;
Imaeva et al., 2017).



3. Data processing H
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Fig. 5. Seismic
stations used in
surface wave
analysis.

115 IRIS,
GEOFON, and
GEOSCOPE
seismic stations;
epicentral
distances 2000—
7700 km.

4—22 stations in the case of an individual
earthquake

Frequency time analysis (FTAN) (Levshin
et al., 1989) is implemented for periods
25-120 S.

Fig. 6. Examples of data processing: (a)
seismic stations and earthquake epicenters;
(b) and (c) examples of the frequency-time
analysis procedure: raw and filtered velocity
waveforms (b) and frequency-time analysis
diagrams for raw and filtered signals (c).



4. Inversion procedure: Earthquake source parameters 7 H

Determined parameters (seismic
moment tensor in a double-couple
approximation):

1. Scalar seismic moment (M, N m);
2. Moment magnitude (Mw);

3. Source depth;

4. Focal mechanism.

«Inversion of surface wave amplitude
spectra [ Bukchin, 1990]

«Joint inversion of surface wave
amplitude spectra and P-wave first-
motion polarities [Lasserre et al., 2001]

Crustal and mantle models:

1. Crust under seismic stations —
3SMAC [Nataf, Rucard, 1996]

2. Crust in a source area — 3SMAC or
CRUST 2.0 [Bassin et al., 2000]

3. Mantle — PREM [DziewonskKi,
Anderson, 1981]

Residual= 0.255 Mo=0.36E+16N'm Residual= 0.247 M0=0.34E+16N-m Residual= 0.247 Mo=0.34E+16N-m
NP1:308°,33%, 46°, NP2:177°,67°, 114" NP1:309°,31°, 48°, NP2:175°,67°, 112° NP1:307°,33°, 44°, NP2:178°,68", 115°

DSS
Tengis Lake —
Norilsk city —

Laptev Sea
profile
[Belousov et
al., 1991]

3SMAC CRUST 2.0

Fig. 7. FM solutions obtained with different
crustal model for the 6 June, 1990 Taimyr
earthquake Mw 4.3 (Seredkina and Kozmin,
2017)



4. Inversion procedure: Stress tensor 8 H

To calculate the stress regimes of the crust the Win-Tensor program (improved
version 5.8.6 of 23/11/2016) (Delvaux and Sperner 2003) was used.

The best-fit stress model is defined by the 4 parameters: the stress axes 61, ¢ 2,
¢ 3 and stress ratio R (0-1). The horizontal stress components are expressed by 2
parameters: the horizontal stress axes (SHmax/Shmin — maximum/minimum

principal compressional stress) and the stress regime index R’.

To estimate the quality of the obtained results, the stress tensors were assigned a
quality rank varying from A (highest) to E (lowest) according to the World

Stress Map (Heidbach et al. 2010).
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5. Results: Earthquake source parameters (summary)

Table S1 (part)
Source parameters for 103 East Arctic earthquakes (Mw 4.2—6.7) occurred in 1990—2021.

Nodal pl 1 Nodal pl 2 T axi P axi B axi Focal
Date Time Lattitude, | Longitude, Amin, | Amax, | Period | Crustal oda pane_ Sca pare - e e Gl oca | Refere
N £ Mw | Mg, Nm | h, km | azm, | dp, |slip.d| azm, | dp, | slip, |azm,| pl, | azm, | pl, | azm, | pl, [mechani
dd.mm.yyyy| hh:mm:ss deg deg deg deg | range,s| model nce
deg | deg | eg deg | deg | deg | deg | deg | deg | deg | deg | deg sm
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 | 21 21 23 24 25 26 27
13.03.1990| 00:33:01.01 73.29 134.67 8| 24.09] 64.05 30-60| cRUST2.0| 0.291] 5.2{ 0.67*10") 11-12| 190 70| -60| 311 36| -144] 258 19| 138] 55| 359] 28 n SM
08.06.1990| 18:24:32.20 75.09 113.34 4] 34.39] 45.57 25-55 DSS| 0.247 4.3 034—‘101ﬁ 15 307 33 44 178 68| 115] 124 59 250 20 348 23 :‘. SK
02.11.1950] 21:54:04.22 64.87 146.75 7| 23.04] 45.77 30-60 3smAc| 0.330] 4.6| 0.97*10" 19| 180 65 -55 311 42| -141} 255 13| 146 55| 353 32 ‘ * ! T5
01.03.1991| 01:57:05.88 72.14 126.87 7] 23.19( 47.11 30-60 3SMAC| 0.263 5.0/ 0.35*10" 21 2 23 106 165 68 23 63 66 260 23 167 6 < ‘ SM
22.03.1991] 17:02:22.21 79.81 123.76 8| 18.82| 50.27 30-60 3sMAc| 0.235] 49| 0.25*10" 2-3] 276 26| -135| 144 72| -71] 219] 25 80] 59| 318] 18 Q TS
29.03.1991| 11:34:24.60 79.64 124.12 10| 18.72| 45.62 30-60 3SMAC| 0.254 5.0 0.41*10" 6 155 75| -100 9 18| -57| 253 29 51 59 158] 10 Q TS
04.04.1951| 12:09:52.84 82.53 116.62 7| 26.89] 50.03 30-65| CRUST2.0| 0.272| 4.8 0.21*10" 7 137 61| -110{ 354 35| -58| 242 14 7 67| 147 18 Q TS
18.06.1991| 23:01:38.70, 82.17 119.46 17| 26.80| 60.94 40-75| crusT2.0| 0315 49| 0.22*10” 6] 181 37 -57| 322 60( -112 68| 12| 188 67| 334 19 0 T5
East Arctic Continent Laptev Sea and adjacent areas Gakkel Ridge

()

Mwe <45 o 4549 @ 50-54 @ 5559 .26.0

Fig. 8. Earthquake focal mechanisms plotted on the Frohlich (1992) triangle diagrams for East
Arctic, its continental part, the Laptev Sea and adjacent areas, and the Gakkel Ridge.



5. Results: Earthquake source depths L0 H

- The northward shallowing of earthquake sources along the Gakkel Ridge;

- The earthquakes in the east of the Laptev Sea are slightly shallower than under the
rest of the shelf.

- Earthquakes, occurred in the uppermost mantle, are detected in the Buor-Khaya Bay
and Lena River delta, assuming the Moho depth to be 30 km (Avetisov, Guseva, 1991).
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5. Results: Comparison with Global CMT

(a) B 1993.02.12 2013.01.20 (b) -_ 1992.02.17

1999 01.07

Fig. 11. Examples of comparison of our results with data from the GCMT catalog.
In total, 45 earthquakes are considered. Different focal mechanisms are found to
be almost identical and close to each other for about 87% of the analyzed
earthquakes (a), for other 13% the differences are significant, but the types of
motions are the same for different solutions (b).



5. Results: Stress tensor 12 ‘
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Spifeters Table 1. Stress tensor inversion
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- The Buor-Khaya Bay and
Lena River delta are
characterized by complex and
inhomogeneous stress field.
- The Taimyr Peninsula and
New Siberian Islands are
influenced by compression.
- Extension dominates
between the Yana Bay and
Chersky Range.

Fig. 13. Stress tensors and
individual focal mechanisms for
103 earthquakes in 1990—2021
(Table S1) and 13 earthquakes in
1977—1989 (Table S3).-Epicenters
and focal mechanisms of the
earthquakes, occurred in the
Buor-Khaya Bay and between the
Yana Bay and the Chersky Range,
are contoured by thick dashed
lines.



6. Discussion 14 H

Crustal thinning confirms rifting processes in the Yana-Indigirka lowland (between
the Yana Bay and Chersky Range) (Mackey et al., 19098; Laske et al., 2013) (Fig. 14).
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Fig. 14. Crustal thickness according to (Mackey et al., 1998) (a) and to the CRUST 1.0
model (Laske et al., 2013) (b). Red ellipses schematically mark the discussed area in the
Yana-Indigirka lowland.
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ITo pe3ysbTaTaM pacueToB O4aroBbIX
IIapaMeTpPoB 103 3eMJIETPSICEHUN BOCTOUHOMN
ApkTuknu ¢ Mw>4.1 (1990—2021 IT.)
II0Ka3aHO, YTO BJI0JIb XpeOTa ["akkesis 1 Ha
mreabde Mops JlarmreBbIX mpeobJiazaer
pacTsKkeHue OJTU3KOM OPpUEHTAIINU, KOTOPOe
Ha KOHTUHeHTe (XpebeT Uepckoro), a Tak:ke
B BOCTOUHOM U 3aIlaJJHOM oOpaMyIeHUHN
mesbda (Taiimbip 1 HoBocubupckue
OCTPOBA) CMeHsETCA cxkaThueM. Takike HaIlIN
pe3yIbTaThI ITI03BOJISIOT IIPEAIIOIOKUTD, YTO
pacTsKeHue Ha 1eibge Mops JlanTeBbix He
CBSI3aHO C IIPO/IOJIXKEHHEM I10/1 HETO XpeOTa
lakkesiss, a caMo pacTsiKeHUe MPO0JIKAeTCs
Ha KOHTUHEHT B obstactu fAHo-HAUTHPCKOM
HU3MeHHOCTH (Mexay AHcKoM Iy0oi u
xpedTom Uepckoro). AKTyaJIbHOCTD
riccyieloBaHusA 00yCIOB/IEHA HEAOCTATKOM
JIAHHBIX 00 0YaTrOBBIX ITapaMeTpax
3eMJieTpsceHuU peruoHa. IlosydeHHbIE
pe3yJIbTaThl BOCTPEOOBAHKI JIJIs 3a/1a4 110
OIlEHKe CECMHUYECKOU OIMaCHOCTH PeruoHa.



