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Magnitude of EQs 
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How Often Do Earthquakes Occur?

This figure was 

produced in coop-

eration with the US 

Geological Survey, 

and the University of 

Memphis

Earthquakes are always happening somewhere.
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The left side of the figure above describes the effects of an earthquake by magnitude. The larger 

the number, the bigger the earthquake.  Significant earthquakes are noted on the left side of the 

shaded tower. The shaded area indicates how many earthquakes of each magnitude occur every year. 

The events on the right side of the tower show equivalent energy release.  

The 2004 earthquake in Haiti, for example, was magnitude 7.0. Earthquakes this size occur about 

20 times each year worldwide. Although the Haiti earthquake is considered moderate in size, it caused 

unprecedented devastation due to poor building material and construction techniques resulting in 

estimates of $11 billion to reconstruct. The earthquake released the energy equivalent to 476 million 

kilograms of explosive, about 100 times the amount of energy that was released by the atomic bomb 

that destroyed the city of Hiroshima during World War II.

The largest recorded earthquake was the Great Chilean Earthquake of May 22, 1960 which had a 

magnitude of 9.5. The great earthquake in 2004 in Sumatra, Indonesia measuring magnitude 9.1 

produced tsunamis that caused widespread disaster in 14 countries. A magnitude 9.0 earthquake in 

Japan in 2011 also caused large tsunamis. All three were mega-thrust earthquakes on subduction-zone 

boundaries that, in a period of minutes, released centuries of accumulated strain and caused rebound in 

the overlying plates.  Because great earthquakes release so much energy, the five largest earthquakes 

are responsible for half of the total energy released by all earthquakes in the last century.

Has earthquake activity been increasing?
There has definitely been an increase in the number of earthquakes that can be detected and located 

due to a more-than 10-fold increase in the number of seismic stations world wide over the past century. 

This doesn’t mean that the annual average number of earthquakes has increased. In fact, earthquakes of 

magnitude 7.0 and greater have remained relatively constant since record keeping began.

Although the average number of large earthquakes per year is fairly constant, they can occur in 

clusters. However, that does not imply that earthquakes that are distant in location, but close in time, 

are causally related. The NEIC locates about 12,000–14,000 earthquakes each year. Those records are 

reflected in the graph above.

Magnitude 2 and smaller earthquakes occur several hundred times a day world wide.  

Major earthquakes, greater than magnitude 7, happen more than once per month.  

“Great earthquakes”, magnitude 8 and higher, occur about once a year. 
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Sinai 
Microplate &
Dead Sea 
Transform 
Fault

and 11.5 ! 10.2 km locking depth obtained by Le Beon et al.
[2008] based on 18 GPS stations located on either side of the
fault. Previous attempts to determine the current slip rates
along the Carmel Fault using geodetic measurements yielded
ambiguous results [Agmon, 2001;Ostrovsky, 2005; Nof, 2006;
Reinking et al., 2011].
[4] In this study we use GPS raw observations measured at

145 survey and 18 permanent stations in Israel between 1996

and 2008. This geodetic data set is the most numerous, most
densely spaced, spanning the longest interval and occupying
the largest area used so far in Israel. Using this unique data
set, we calculate the Euler pole and rotation rate of the Sinai
sub-plate with respect to the ITRF2005 reference frame,
obtain a map of surface velocities in Israel relative to Sinai
and infer the slip rates and locking depths along different
segments of the DST and the Carmel Fault. Finally, we
compare the geodetically determined locking depth and the
seismicity cutoff depth, and discuss the implications for
seismic hazard assessment based on our results and previ-
ously reported archeo-seismic, paleo-seismic and historical
records.

2. Data Acquisition and Processing

2.1. G1 Local Survey Network
[5] The G1 geodetic-geodynamic survey network was

established in 1996 by the Geological Survey of Israel (GSI)
and the Survey of Israel (SOI) [Melzer, 1996]. It consists
of 145 rock-anchored benchmarks placed throughout Israel
with a spacing of 10–20 km (Figure 2). The network has been
surveyed in 1996–1997, 2001–2002 and 2008 using the
equipment listed in Table 1. Four nearby stations were
measured simultaneously during each day of measurements,
and in order to strengthen the network, one or two of those
stations were included in the set of four stations measured the
following day. In this way, stations were measured 2–5 times
in each survey for "24 hours during the first survey and 8–
12 hours during subsequent surveys. The large number of
visits (4–12) to each station helps to detect outliers and
average out transient effects on each measurement, and it
therefore compensates for the relatively short measurement
durations.

2.2. Regional Permanent Network
[6] In order to complement the local network and link it

to a global reference frame, 33 regional continuous GPS
(CGPS) stations were used, consisting of all 18 CGPS sta-
tions in Israel (referred to as the GIL network, green squares
in Figure 2) [Wdowinski et al., 2001] and 15 additional sta-
tions in the Eastern Mediterranean and the Middle East
(Figure 3).
[7] Considerations of site stability, location and operation

interval were taken into account while choosing the stations.
The observation epochs used in the final solution are shown
in Figure 4. Raw observations were downloaded from Scripps
Orbit and Permanent Array Center (SOPAC, http://sopac.
ucsd.edu/dataArchive) and UNAVCO (http://facility.unavco.
org/data) websites.

2.3. Processing Method
[8] GPS phase observations were analyzed using the

GAMIT/GLOBK software package version 10.35 [Herring
et al., 2009]. First, GPS phase observations of the regional
network were used in GAMIT to compute precise baseline
components, loosely constrained position estimates, zenith
delays at each site, and orbital and Earth orientation param-
eters. Between July 1996 and December 2008, these daily
solutions were obtained using a day per week data interval.
Additionally, for days at which local survey sites were mea-
sured, data from both regional and local sites were analyzed

Figure 1. Tectonic map of the eastern Mediterranean,
showing the plate boundaries and the main faults. Abbrevia-
tions: DST, Dead Sea Transform; CFS, Carmel Fault Sys-
tem; YF, Yammouneh Fault; GE, Gulf of Eilat; GS, Gulf
of Suez. The dashed rectangle indicates the boundaries of
the map in Figure 2.
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North & East 
Anatolia Faults: 
Microplate 
Boundaries

NAF

EAF

W 2020
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The Economist Feb 5, 6 EQ Sequence

Source: USGS
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3 meters of slip

15 km x 200 km x 3 m x constant = M 7.5-7.8 Source: Dr. Hasan Sözbilir
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Triggered EQs and EQ Sequences

• Landers (M 7.5) -Big Bear (M 6.6) CA 
USA 1992: 
https://www.conservation.ca.gov/cgs/
earthquakes/landers-bigbear
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https://www.conservation.ca.gov/cgs/earthquakes/landers-bigbear
https://www.conservation.ca.gov/cgs/earthquakes/landers-bigbear


USGS NEIC
Feb 5 (M7.8):  https://earthquake.usgs.gov/earthquakes/eventpage/us6000jllz/executive

Feb 6 (M7.5): https://earthquake.usgs.gov/earthquakes/eventpage/us6000jlqa/executive

Feb 5, 6 EQ Sequence
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Feb 20 M6.3 aftershock: https://earthquake.usgs.gov/earthquakes/eventpage/us6000jqcn/executive

https://earthquake.usgs.gov/earthquakes/eventpage/us6000jllz/executive
https://earthquake.usgs.gov/earthquakes/eventpage/us6000jlqa/executive
https://earthquake.usgs.gov/earthquakes/eventpage/us6000jqcn/executive


2 A. Hubert-Ferrari et al. / Earth and Planetary Science Letters 538 (2020) 116152

Fig. 1. General setting. Top inset: Geodynamics framework of the East Anatolian Fault (EAF in red) that accommodates the Anatolian extrusion away from the Arabian plate. 
GPS data from Reilinger et al. (2006). H.L (Hazar Lake) and blue star indicate the study location. Top: EAF fault map with isoseismal intensity of 19th century earthquakes 
closely associated with the East Anatolian Fault Zone (EAFZ), in 1893 (M = 7.1), in 1905 (M = 6.8), in 1874 (M = 7.1), in 1866 (2 shocks of M = 7.2 and 7.3). White circles 
indicate the locations of other historical earthquakes close to EAFZ in 817, 995, 1513, 1875, 1975 and along the North Anatolian Fault (NAF) in 1784, 1939, 1949. Bottom: 
Coring location in Hazar Lake crossed by the EAF (sites 1 and 2). Kürk Delta is indicated with location of paleo-liquefaction features with a black circle (Hubert-Ferrari et al., 
2017). Paleoseismic trenches (TR 1, 2, 3, Table 2) of Çetin et al. (2003) and of Garcia-Moreno et al. (2011) (TR) are indicated. (For interpretation of the colors in the figure(s), 
the reader is referred to the web version of this article.)

the historical seismicity and paleoruptures identified in trenches to 
confirm a seismic trigger. Finally using this new paleoseismic data 
we discuss the seismic versus aseismic motion of the East Anato-
lian Fault.

2. Seismotectonic and sedimentological setting

The EAF is a major left-lateral strike-slip fault in Turkey that 
extends over 600 km from its junction with the NAF in the East 
Anatolian Plateau (Hubert-Ferrari et al., 2009) to its junction with 
the Dead Sea Fault near the Mediterranean Sea (Yönlü et al., 2017; 
Fig. 1). The EAF is highly segmented with short individual seg-
ments (Duman and Emre, 2013). Its segmentation suggests a max-
imum magnitude threshold lower than along the NAF. In addition, 
background seismic activity is located on secondary sub-parallel 
faults whereas the main strand shows little activity (Bulut et al., 
2012) and creep (Cavalié and Jonsson, 2014).

The EAF accommodates most of the plate motion between Ana-
tolia and Arabia with minor intraplate deformation (Reilinger et al., 
2006). Its slip ranges from 13 to 9 mm/yr (Reilinger et al., 2006; 
Cavalié and Jonsson, 2014), but InSAR data suggest the occurrence 
of creep (Cavalié and Jonsson, 2014). The inferred shallow locking 
depth of ∼4.5 km implies either a nearly full creep of the fault 

or a narrow compliant zone around the fault that accommodates 
most of the near-surface deformation.

The Hazar Basin is a tectonic extensional basin located in the 
central part of the EAF (Fig. 1). Lake Hazar occupies a large part 
of this basin that is crossed by a single NE-trending master fault 
(Garcia-Moreno et al., 2011). Several secondary faults are present. 
In the eastern half of the lake, two sets of normal faults bound 
a deep lacustrine sub-basin to the north and south. The southern 
normal fault system extends onland to the northeast of Lake Hazar 
and was called the Gezin Fault by Çetin et al. (2003), the activity 
of which is confirmed in paleoseismic trenches (Fig. 1; Table 2). 
In the western half of the lake, the Sivrice Fault runs subparallel 
to the master fault across a relatively flat ∼90 m deep lacustrine 
sub-basin, and extends onland bounding to the south of an alluvial 
fan built by the largest inflowing Kürk River.

The area around Lake Hazar has been struck by several large 
earthquakes (Fig. 1; Table 1). The most recent significant earth-
quake occurred during the 19th century on 3 May 1874 (Am-
braseys, 1989). The M∼7.1 earthquake was preceded by fore-
shocks of large magnitude. This earthquake rupture was evi-
denced in paleoseismic trenches NE of Lake Hazar as a ∼40 cm 
offset on the Gezin Fault (Çetin et al., 2003; Fig. 1; Table 2), 
and on seismic reflection profiles in the SW part of the lake 

H-F 2020

History of EQs – North & East 
Anatolia Faults

Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

The Attributes of God Displayed: DREADFUL EARTHQUAKE AT ALEPPO Garden ...
The Methodist Magazine (1818-1828); May 1, 1823; 6, American Periodicals
pg. 185

MM 1822
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1933 Long Beach M6.4 CA USA EQ ß CA, Chile, Japan 
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Thus that 1933 Long Beach earthquake remains pivotal and 
historic. On March 10, 1933, a moderately strong earthquake 
struck just off the southern coast of Los Angeles County. It had the 
same intensity as a 1925 Santa Barbara earthquake, but occurred 
in a more densely populated region and produced considerably more 
damage. The quake caused 115 deaths and property estimated at 
$60 million, over $1.5 billion in today’s dollars, primarily in Long 
Beach and adjoining suburbs of south Los Angeles. Fortunately 
schools were not in session when the temblor hit, but school 
buildings suffered a disproportionate amount of damage. All schools 
in Los Angeles were closed for one week to allow for structural 
inspections.  Seventy schools were destroyed and 120 suffered 
major damage.  In addition, 41 schools were deemed unsafe for 
occupancy and remained closed. 

Jefferson High School after the 1933 Long Beach 
Earthquake. 

The Los Angeles County Coroner’s Office, aided by a jury, held an 
inquest into the deaths. It included “testimony concerning safe 
building construction, especially in public schools.” The jury argued 
that moderate-sized earthquakes were bound to recur sooner or 
later and recommended that earthquake provisions of the Uniform 
Building Code be immediately adopted in Los Angeles County. 
Local governments in Southern California soon followed. The cities 
of Long Beach, Los Angeles, Santa Monica, Beverly Hills and 
Pasadena adopted similar building codes. 

At the state level, Assemblyman Don Fields introduced legislation 
that gave the state the power to approve public school construction 

- 10 - 

-115 deaths
-$60mill = $1.5bill (2023)
-70 schools destroyed
-120 schools suffered 
major damage
-41 deemed unsafe &
remained closed
-school was not in session

-the “Field Act” (1933)
1st CA EQ building code 
Legislation
-”Altquist Seismic Safety Act” 
(1973) <- 1971 M6.6 Sylmar 
EQ –> hospitals damaged

CA SSC 2000


