The 2023 Mw7.8 Kahramanmaras, Turkey Earthquake: An Overall-Subshear
Rupture on Multi-segment Faults in Millennia Supercycle
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Summary 101 1 Earthquake Supercycle
On February 6, 2023, an Mw7.8 earthquake hit the East Anatolian Fault (EAF) and Narli Fault (NF), followed by an Mw7.5 event | & (a) _gs IEPP S C) " N Epicenter Pwave 1160 The long-term slip rates inferred from GPS date: Pazarcik segment - 7 mm/year, Amanos segment -
on the Siirgii Fault. We analyze multiple seismic datasets, GNSS recordings, and radar satellite images. Our study, using Slowness = 16| = — Epicenter S wave
. . . . . . . . Z ! 10.5 8_ - 5 s radiator S wave 3 Hlm/yeaf-
Enhanced Back-Projection and Finite Fault Inversion, reveals that the rupture originated on the NF, propagating 120 km northeast at ~ b BP radiators . .
3.05 km/s and 200 km southwest at 3.11 km/s after reaching the EAF junction, exhibiting overall subshear speeds. Further analysis % 0.8 7 o Time of peak envelope __ | The expected maximum and the actual magnitudes: 7.3 v.s. 7.49+ (Pazarcik segment); 7.4 v.s. 7.49+
of Mach wave characteristics confirms the subshear rupture, matching the synthetic pattern predicted by close-Rayleigh speeds. The o) | | | : 0 - Ak amplitude 80 _% (Amanos segment; Giivercin et al., 2022).
unexpectedly-large slip on some EAF segments suggests a supercycle lasting >900 years. The EAF geometry is similar to the San (b) © AKBP | 3.16 km/s rupture put Larger than expectation: supercvcle model
Andreas-San Jacinto Fault (SA-SJF) system, while the latter has higher slip rates. Given the absence of large earthquakes on SA- 1607 © CHBP || 2 speed fit 3 & p >, SUPELCY '
SJF’s southern segments since 1857, an M8 earthquake could potentially occur there. . ] O =
| ) — - . . . .
§_, 15 ¢ 0 S | We calculate the moment accumulation history: moment accumulation = moment build up — release
% ¢ : 2 ® by major (M>=7) events — release by background seismicities (M<7).
qé: 1 o g | The moment build-up rate: m’=p-L-H-t, where p is the rock rigidity inferred from the 1D model, L
= O ® o 1-80 2 | is the segment length, H is the seismogenic zone depth, and r is the long-term fault slip rates.
&
§ o |05 g Major earthquakes (M>=7): historical investigations (Figure 11a).
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Background seismicities: Gutenberg-Richter (G-R) law.
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e e - | | | | | | | Two scenarios: a low accumulation case with b values around 0.9, and a high accumulation case
5240 123 0 20 4« _?Q 80 100 120 140 150 with b values around 1.1 (Giivercin et al., 2022).
Y¢M7.8 epicenter ime (s) (@) «10% x 1070
;mgf’ epicenter Figure 6. Spatial and temporal evolution of High-Freq radiators and slip rates. (a) The moment rate function (MR, black line) and the £ __— | =3
*MG:Z zg:zzz;z: BP power for SEBP results of CH array (purple line) and AK array (blue line). (b) Along-fault distance and time of BP radiators and = IS % Figure 10. (a) History of potential moment
@ BP radiators, M7.8 slip rates. The junction of the splay fault and the main fault is set as the origin of the distance axis, and the northeast is the positive |5 $ accumulation on the EAF segments involved in the
@ BP radiators, M7.5 direction. The origin time of the Mw 7.8 event is set as the origin of the time axis. The diamonds and circles denote the High-Freq 5 ol 0 S Mw 7.8 mainshock. The blue curve is the moment
;Statfons for BP radiators imaged by the CH and AK arrays, respectively. The colormap denotes the slip rate averaged across depth. The red and % % history of the low accumulation case, and the orange
Agiﬂ;”:};%;gza magenta slants show the fitted rupture speeds for the SW and NE fronts delineated by High-Freq radiators, respectively. (c) Vertically = |~—Low accumulation .% curve is the moment history of the high accumulation
, 0.2 m Coseismic exaggerated envelopes of detrended, demeaned, bandpass filtered (1-4 Hz) fault-parallel components of strong motion stations shown = 5 [T—High accumulation 532 case See text for details. The last big drop is the
35’ 36° 37 38’ 39° deformation in Figure 1a. The red line indicates the SW speed fit using the timing and distance of second envelope peaks at southern stations. The = 1000 1 2‘00 1 4‘00 1 600 1500 20‘00 § moment released by the 2023 Mw 7.85 event.
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Figure 1. Spatiotemporal distribution of high-frequency (High-Freq) radiators and multiple datasets used in joint FFI. Diamonds denote the High- | "ed dots indicate the time at which these peaks occur for a particular station’s distance along the fault. Year
Freq rqdzators for the Mw .7.8 eai.”thquake, Color—co.ded by rupture time r.elatlve to the origin time of the event and .w1th size propprtzonal to the . . Low accumulation scenario: the net moment accumulation between 1114 and 2022 is
normalized BP power. Radiators imaged by the China array are shown in (a) and by the Alaska array are shown in (b). All China and Alaska ach Wave Se archlng and An aIYSIS ) o o .
stations are shown in the lower inset of (a). Color circles denote the same as diamonds but for the Mw 7.5 earthquake. Blue to red background approxunately 32% of the coseismic moment of the 2023 Mw 7.85 mainshock.

shows the ground displacement in east-west direction (a) and in north-south direction (b) from radar satellites. (a) The gray dots denote the . . . Hi : . : 0
igh accumulation case: the percentage is 90%.
seismicities occurring from Jan 1st, 2023 to Mar 14th, 2023, from the AFAD catalog. (b) S1-S6 denote the vertical fault planes adopted for FFI. Mach wave and Mach cone should be observed if rupture 1s long and has persistent sup ershear speed 5 P 5 0

The red arrows indicate the coseismic deformation measured by GNSS stations. The white and magenta triangles denote the strong motion stations (Vallée & Dunham, 2012)2 (1) At a pair of azimuths around the rupture direction, surface waves

and teleseismic stations used by joint FFI, respectively. (c) The tectonic setting of the 2023 Mw 7.8 Kahramanmaras earthquake. waveform shapes are highly similar between the mainshock and a nearby EFG event (e. g., an M5-6
aftershock or foreshock). (2) The waveform amplitude ratio between the mainshock and the EGF event (a) 36° 370 380
anced Back-Projection and Finite Fault Inversion should equal their seismic moment ratio. A
. . . L. . . . . e . o |2l 7" -
Slowness Enhanced Back-Projection (Meng et al., 2016): [dense and large-aperture China array, Alaska array | We find that the azimuthal distributions of CCs and amplitude ratios are distinct from those predicted 38 (0Bl
(Figure 1a)] + [slowness calibrations derived using aftershocks along rupture path]. by a supershear rupture. Here the CC and amplitude ratios peak at the two rupture directions rather :
e : : . than on their sides. This distribution pattern is consistent with simulation results of a subshear rupture
Joint Finite Fault Inversion (Ji et al., 2002): , _ , _ , ,
_ . . o o . traveling at Rayleigh wave speed (Vrayieigh = 0.92 Vs; Figures 7 & 8: observation, Figure 9: synthetic).
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Figure 3. High-rate GNSS recordings. annotated on the top. ratto.
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