Kahramanmaras Earthquake Sequence & Tsunami, February 6, 2023

Mw 7.8 Pazarcik earthquake
01:17:34 UTC (04:17 local time)
37.226°N 37.014°E

10.0 km depth

Mw 7.5 Elbistan earthquake
2023-02-06 10:24:48 UTC
38.011°N 37.196°E

7.4 km depth

On February 6, 2023, at 4:17 local time, a shallow Mw 7.8 earthquake occurred in southern Turkey,
centered about 40 km south of Kahramanmaras, a metropolitan area of around 1 million residents not
far from the border with Syria. The earthquake was followed by many aftershocks, as well as another
major Mw 7.5 earthquake 90 km to the north about 9 hours later. The region is characterized by a
complex system of faults and deformation: the Hatay Triple Junction, a meeting of the narrow tongue
of the African Plate on the west, the Arabian Plate to the southeast, and the Anatolian Block of the
Eurasian Plate to the north. The Mw 7.8 earthquake that initiated the event occurred where the Dead

Black Sea

s
s
s

A B By ST o
-~ -Anatolian Block

i Bitlis-Zagros
Fold and Thrust
Belt

Dead Sea
Fault

Tectonic setting of the 2023 Kahramanmaras, Turkey, Earthquake Sequence. Red lines show plate
boundaries, black arrows direction of plate motion. Other fault lines are shown by grey lines.
Epicenters of the two Feb 6™ earthquakes are shown by the yellow (Mw 7.8) and blue (Mw 7.5)
stars. (USGS Geologic Hazards Science Center and Collaborators)



Sea Fault between the African and Arabian plates transitions to the East Anatolian Fault between the
Arabian plate and Anatolian block. Now known as the Kahramanmaras Earthquake Sequence, it
ruptured about 350 km of the Dead Sea and East Anatolian fault lines. The Mw 7.5 earthquake on the
Stirgii fault segment just to the north was likely triggered by stress changes in the crust due to the
earlier earthquake and aftershocks; it ruptured over a distance of 100 km.

View a USGS animation of the 2023 Kahramanmaras earthquake sequence (initial ruptures and
aftershocks) over the 2-week period from February 6-20:
https://cdn.arcgis.com/sharing/rest/content/items/355bfc8b3¢c5941e683d4{258e8tb2dfa/resources/
ad2HxSnG _jgE4eT2190n4.mp4?token=

Preliminary USGS finite fault modeling indicates 3-12 meters of slip along approximately 300 km of
the fault. Ruptures extending all the way to the surface caused ground displacements of 2-8 meters
along approximately 200 km of the fault line. (The finite fault model includes analysis of both

ZUSGS

science for a changing world

(o]
° o _Istanbul & o/' .a _Trabzon
~ D e SO M - . e . 9
RO vl 2
o O T ’iY f O - OB Ry s
te 2drsa 0/ @ L Q (6} P
4 = X, & S '3 é@f{

0 Nicosia
A B
(1 OO o

GA, TGEC Y

Historical Seismicity (1900 - 2022)

magnitide 2023 M7.5 Epicenter
© 40-50

O s1-60 '

O 6.1-70

O?.l-s.o 2023 M7.8 Epicenter

Active Faults ﬁ

- Plate Boundaries


https://cdn.arcgis.com/sharing/rest/content/items/355bfc8b3c5941e683d4f258e8fb2dfa/resources/ad2HxSnG_jgE4eT2l9Qn4.mp4?token
https://cdn.arcgis.com/sharing/rest/content/items/355bfc8b3c5941e683d4f258e8fb2dfa/resources/ad2HxSnG_jgE4eT2l9Qn4.mp4?token

teleseismic and regional seismic and geodetic observations, strong-motion accelerometers, and GNSS
(GPS) satellite systems.)

The combination of two major earthquakes with numerous aftershocks rupturing a large length of fault
lines resulted in extensive damage, made worse by the fault system’s location beneath densely populated
areas. The death toll in from the earthquake in Turkey and Syria is estimated at approximately 55,000
people, with thousands more injured and over 2.5 million left homeless.
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Details of the East Anatolian Fault system in the region of the triple junction of the A frican,
Anatolian and Arabian plates. Subsections of the faults are shown in different colors. Black
dots are the locations of the 06 February 2023 earthquake epicenters. (Térkive Earthquake
Reconnaissance and Reseqich Alliance)
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The 2023 Kahramanmar as earthquake sequence — initial ruptures and
aftershocks over the 2-week period from February 6-20. (USGS)

Unlike most earthquakes that cause tsunamis, the Kahramanmaras sequence occurred in an area of
transform faults where continental plates are moving alongside each other, rather than in a subduction
zone. Subduction zone earthquakes occur where a dense oceanic plate is descending beneath another
plate, often under hundreds to thousands of meters of seawater. Common around the Pacific’s “Ring
of Fire” and other oceanic basins with high seismic and volcanic activity, they can cause enormous
tsunamis.

Despite being 90 km from the ocean on a transform fault, the Mw 7.8 earthquake did result in a
tsunami. Water height was measured at four tide gauge stations in the Eastern Mediterranean after the
earthquake. At Iskenderun, on the far southeast coast of Turkey, the first wave arrived 25 minutes after
the earthquake, with a maximum wave height of 14 cm arriving at 8 minutes later. The largest wave
height was 17 cm, recorded at Gazimagusa on the island of Cypress.

As a Tsunami Service Provider in the UNESCO IOC Tsunami Warning System, Bogazici University’s
Kandilli Observatory and Earthquake Research Institute (KOERI) issued four tsunami messages
according to the decision matrix based on earthquake magnitude and location. A tsunami warning was



issued15 min after the earthquake with expected tsunami amplitudes above 0.5 m along the southern
coast of Turkey.

Station Arflr_)litude, Period Arf'ival Ma).(imum
positive (neg) Time Height at
Iskenderun-Arsuz 14 cm (10 cm) 10 min 25 min 33 min
Gazimagusa(Famagusta) 17 cm 36 min 65 min
Erdemli 13 cm 48 min 54 min
Girne (Kerinya) 48 min

Maximum water height at four tide gauge stations in the eastern
Mediterannean, 6 Feb 2023. Arrival time and max height time are
in minutes after the Mw 7.8 earthquake. Data are detided.
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Modeled (black) and observed (blue) sea level at the four tide stations,
Time is in minutes before/after the Mw 7.8 earthquake on 06 Feb 2023.

(Tiirkive Earthquake Reconnaissance and Research Alliance)



The Tiirkiye Earthquake Reconnaissance and Research Alliance reported that field surveys were
performed on 11-13 February 2023 to investigate the tsunami traces, conduct eyewitness interviews,
identify the types and locations of the possible sources, and investigate the damage to the coastal
structures. The field surveys covered the coast of the Gulf of Iskenderun from Karatas (West) to
Samandag-Cevlik (East).

Simulations were performed using the survey findings and the numerical tsunami model NAMI DANCE
on a 100 m resolution grid covering the Eastern Mediterranean, and the numerical results were then
compared with the tide gauge measurements. Model results show the maximum wave height within the
120-minute simulation time frame, and a time series of sea level as the wave propagates across the
eastern Mediterranean.

The arrival times of the waves at the four tide gauges indicate a possible tsunami origin south of Kale cape,
southeast of the entrance to Iskenderun Bay. The source appears to have a bipolar elliptical subsidence and
uplift shape (see inset on wave propagation figure). It is possible the tsunami was the result of non-seismic
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Top: Local bathymetry and locations of four tide gauge stations
recording tsunami waves from the Mw 7.8 earthquake on 06 Feb
2023. Bottom: Modeled maximum wave height of the tsunami.
(Tiirkive Earthquake Reconnaissance and Research Alliance)



mass movement, such as from an underwater landslide triggered by the earthquake, but more data and
analysis are needed to confirm or refute the hypothesis.

Although the earthquake epicenter was nearly 100 km from the nearest coast, the rupture of the Dead
Sea Fault extended far south alongside Iskenderun Bay. A network of 280 strong-motion
accelerometers captured peak ground acceleration (PGA) from the Mw 7.8 earthquake over
approximately 400 km. The maximum PGA recorded, 1.23 g, was at the Antakya station, just 20 km
from the coast adjacent to the probable tsunami source location.

No damage or casualties were reported from the tsunami, although considerable inundation was present
near the Iskenderun Fishery port. However, officials reported that “the observations and evidence
obtained during the field survey clearly identified that the reason was the subsidence of the coastal area
behind the fishery port during the earthquake shaking, most probably due to liquefaction or similar means.”
Further exacerbation of the situation occurred from high tides during the full moon when “seawater
gradually invaded the subsided area and could not be drained because of collapsed surface water drainage
system.”

06 Feb 2023 Tsunami in Eastern Mediterranean — Wave Propagation Model
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Peak ground acceleration (PGA) measured near the 06 Feb 2023
Mw 7.8 fault line (triangles) and possible location of the tsunami
source (vellow circle). Highest PGA recorded was 1.23 g at Antakya
station. Earthquake epicenter shown by the yellow star. (Tiirkive
Earthguake Reconnaissance and Research Alliance)
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