ZUSGS

science for a changing world

U.S. DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY

M7.3 Celebes Sea Earthquake of 10 January 2017

Tectonic Setting Epicentral Region

EARTHQUAKE SUMMARY MAP

Prepared in cooperation with the
Global Seismographic Network

120° PAGER
EXPLANATION EXPLANATION - ) j 2 . N
_ T =3 /: 2 ‘ @ Dinagat
Mag=7.0 Plate Boundaries =" Cebu o . ' v r vy L USGS Earthquak G =
9 i “ oy I . . o @2 Philippine a *rShaking (0 Alert ‘o) USAID
. 0 69 km Maln ShOCk _ S bd t' 4 i [ ] pp sciencefn’achanyingwo"d a Ing e P'i FROM THE AMERICAN PEOPLE
- ubduction - s b, s : >
@ 70-299 - . . Origin Time: Tge 2017-03-10 06:13:47 UTC (06:13:47 local) Vv . 3
. ranstorm Location: 4 46°N 122.58°E Depth: 612 km ersion
@® 300-600 Earthquake Magthde ’ Created: 2 hours, 3 minutes after earthquake
. — Dij Estimated Fatalities Green alert for shaking-related fatalies  Estimated Economic Losses
Plate Boundaries O 55-6.5 Divergent 99% and economic losses. There is a low 99%
. likelihood of casualties and damage.
—A— Subduction _ O 65-70 = ~---- Others
b o 4 9 A - g 7 : lllpplne Iy 1% 1%
—— Divergent o WY . o i : () 710-75 Slab Contours (Depth) |
- 4 : “ 5 9 ’ AN ‘" ¥ ! 1o 1,000 o 100,000 ! 1 1 1,000 o 100,000
- == Others ) 1 A s < b e - b % ( O 75-8.0 ——— <=20 (km) - Fatalities - ’ - ®usp quirions) ’
: | POl e OIX " . Estimated Population Exposed to Earthquake Shaking
Volcanoes : O > 8.0 “ 40-140 (km) ESTIMATEDPOPULATION | --* 10,450k 0 0 0 0 0 0 0
s 160~ 200 (km) RRATERURER? | 1[I [ IV vi [ i
Earthquake Depth (km) PERCEIVED SHAKING Not felt [ Weak Light [Moderate| Strong | Very Strong Severe Violent | Extreme
> 200 (km) POTENTIAL sﬁ?ﬁﬁfﬁgts none none none V. Light Light Moderate Moderate/Heavy | Heavy | V.Heavy
. 0-69 DAMAGE \S’;’Jl';'g{:%g none none none Light Moderate | Moderate/Heavy Heavy V. Heawy | V. Heavy
*Estimated exposure only |ncmpupulation within the map area.
. 70 - 299 POpUIation Exposure population per ~1 sq. km from Landscan  Structures: o ) )
500 1000 500 10000 _Overall, the population |n_th|s region resides
> 300 s S 3 in structures th;t are a mix of \_/ulnerable and
. = earthquake resistant construction.
Historical Earthquakes (with MMI levels):
Y Date Dist. Mag. Max Shaking
ey Bas:lan g« (UTC) (km) MMI@#) Deaths|
"’ 1999-05-18 189 5.9 _ 0
2005-02-05 124 7.1 1lI(15,484k) 2
2002-03-05 248 7.5 [VI{AZK)] 15|

Recent earthquakes in this area have caused
secondary hazards such as landslides that
might have contributed to losses.
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PAGER content is automatically generated, and only considers losses due to structural damag.
Limitations of input data, shaking estimates, and loss models may add uncertainty.
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TECTONIC SUMMARY
. . . . L . . . . L. L. . . . DATA SOURCES REFERENCES
The January 10, 2017, M 7.3 earthquake south of Mindanao, Philippines, occurred as the result of faulting within the inclined seismic zone defining the deep limit of the Molucca Sea microplate beneath the Celebes Sea Basin. Focal mechanism
solutions indicate that the event occurred on either a near-vertical, north-south striking fault, or on a shallowly-dipping, east-west striking fault. EARTHQUAKES AND SEISMIC HAZARD Bird, P., 2003, An updated digital model of plate
USGS, National Earthquake Information Center boundaries: Geochem. Geophys. Geosyst., v. 4,
. e . . . . . e . NOAA, National Geophysical Data Center no. 3, pp. 1027-80.
Northeastern Indonesia and southern Philippines are characterized by complex tectonics in which motions of numerous small plates accommodate the large-scale convergence between the Philippine Sea and Sunda plates. In the region of the TASPEL Centennial Catalog (1900 - 1999) and
January 10th earthquake, the Philippine Sea plate moves west-northwest with respect to the Sunda plate at a velocity that various models would place in the 60-110 mm/yr range. Locally, arc-arc collision is occurring between the Sangihe extensions (Engdahl and Villasefior, 2002) Engdahl, E.R., and Villasenor, A., 2002, Global
microplate and the Philippine Sea plate, wedging between them the Molucca Sea microplate, which subducts beneath both (to the east and west) and forms an inverted-U-shaped seismic zone. At the location of the January 10th earthquake, the IE{I]{)]; catalogliin%dahlﬁt 321;1998)1 Enedail 2003 Seismicity: 1900-1999, chap. 41 of Lee, W.H.K.,
top of the Molucca Sea microplate is at a depth of about 150 km beneath the Earth’s surface. Seismicity within the Molucca Sea microplate is active to depths of approximately 260 km to the east and 650 km to the west. The tectonic setting of Glob éué’ﬁimii o P esesr‘l’laetst%gr’o gi‘fma > 2003) gig::;?;gi;gﬁ?g‘gﬁi‘?ﬁg%‘;ﬁ“;Y
this region is unique in that it is the only global example of an active arc-arc collision consuming an oceanic basin via subduction in two directions. Volcanoes of the World (Siebert and Simkin, 2002) Elsevier Academic Press, 932 p. T
A T 4 ¥ s BN A S il The January 10th event occurred in response to stresses generated by the slow distortion of the Molucca Sea microplate at depth, rather than on one of the shallower interfaces with the overriding Sangihe and Philippine Sea plates. Slip on a iggg&g?;%ﬁég)s AND FAULT MODEL ]fggggagl’ ]]5311{; Yan.der.HﬂSﬁfDi;andlBUIt?nd’ R,é:’
A\ >3, - > T ~ . . . . ) ) ) . .. . ird, , Global teleseismic earthquake relocation wi
R 'l ) g s | fault aligned with either nodal plane of the focal mechanism solution is consistent with this intraplate setting. Ji, C., D.J. Wald, and D.V. Helmberger, Source description improved travel times and procedures for depth
e of the 1999 Hector Mine, California earthquake; Part I: Wavelet  determination;Bull. Seism. Soc. Amer., v. 88, p. 722-743.
Seismic hazard is expressed as peak Earthquakes that have focal depths greater than 300 km are commonly termed "deep-focus” earthquakes. Deep-focus earthquakes cause less damage on the ground surface above their foci than similar-magnitude shallow-focus earthquakes, domain inversion theory and resolution analysis, Bull. Seism.
ground acceleration (PGA) on firm — — I Kiometers but large deep-focus earthquakes may be felt at great distance from their epicenters. The largest recorded deep-focus earthquake to date was the M 8.3 event that occurred at a depth of 600 km within the subducted Pacific plate beneath the %Zhi?"’cvoégfégfﬁgp;rﬁ']1)2%7’22(?1002' DISCLAIMER
rock, in meters/sec?, expected to be Peak Ground Acceleration in m/sec**2 0 250 500 1,000 1,500 Sea of Okhotsk offshore of northeastern Russia in 2013. The M 8.3 Okhotsk earthquake was felt all over Asia, as far away as Moscow, and across the Pacific Ocean along the western seaboard of the United States (though at distant locations, Geomg{cau’y cun*ent,plate,motion,s, Ge;)phys. J. Int. 181, 1-80.

exceeded in a 50-yr period with a individuals reporting having felt the event were likely very favorably situated for the perception of small ground motions). The M 8.2 Bolivian deep-focus earthquake in 1994 had similarly been reported by individuals in North America at great pase map data, such as place pames and political

o boundaries, are the best available but may not be

NIMA and ESRI, Digital Chart of the World should not be regarded as having official signifiance.
2 4 8 1.6 24 3.2 4.0 4.8 . . L . . USGS, EROS Data Center . .
: : : : : : : : Over the past century, 93 earthquakes with a magnitude of M 7+ have occurred at depths greater than 300 km globally; six of these were located in the same region as the January 10, 2017, event. The largest nearby event at these depths was NOAA GEBCO and GLOBE Elevation Models Map updated by U.S. Geological Survey National
a M 7.1 earthquake in February 2005, 125 km to the northeast and 90 km shallower than the January 2017 event, with no associated damage or casualties. In July 2010, a series of three M 7.3-M 7.6 deep-focus earthquakes occurred in the ?3?:33:5;;3?‘;“&1011 comer

same subducted slab segment, 250 km to the north of the January 2017 event. http://earthquake.usgs.gov/
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