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Tectonic Setting

Seismic Hazard

Epicentral Region

                                                                                                                                                                       TECTONIC S UMMAR Y
T he Ja nua ry 10, 2017, M 7.3 ea rthqua ke so uth o f Minda na o , Philippines, o ccurred a s the result o f fa ulting within the inclined seism ic zo ne defining the deep lim it o f the Mo lucca  S ea  m icro pla te b enea th the Celeb es S ea  Ba sin. Fo ca l m echa nism
so lutio ns indica te tha t the event o ccurred o n either a  nea r-vertica l, no rth-so uth striking  fa ult, o r o n a  sha llo wly-dipping, ea st-west striking fa ult.
No rthea stern Indo nesia  a nd so uthern Philippines a re cha ra cterized b y co m plex tecto nics in which m o tio ns o f num ero us sm a ll pla tes a cco m m o da te the la rge-sca le co nvergence b etween the Philippine S ea  a nd S unda  pla tes. In the regio n o f the
Ja nua ry 10th ea rthqua ke, the Philippine S ea  pla te m o ves west-no rthwest with respect to  the S unda  pla te a t a  velo city tha t va rio us m o dels wo uld pla ce in the 60-110 m m /yr ra nge. Lo ca lly, a rc-a rc co llisio n is o ccurring b etween the S a ngihe
m icro pla te a nd the Philippine S ea  pla te, wedging b etween them  the Mo lucca  S ea  m icro pla te, which sub ducts b enea th b o th (to  the ea st a nd west) a nd fo rm s a n inverted-U-sha ped seism ic zo ne. At the lo ca tio n o f the Ja nua ry 10th ea rthqua ke, the
to p o f the Mo lucca  S ea  m icro pla te is a t a  depth o f a b o ut 150 km  b enea th the Ea rth’s surfa ce. S eism icity within the Mo lucca  S ea  m icro pla te is a ctive to  depths o f a ppro xim a tely 260 km  to  the ea st a nd 650 km  to  the west. T he tecto nic setting o f
this regio n is unique in tha t it is the o nly glo b a l exa m ple o f a n a ctive a rc-a rc co llisio n co nsum ing a n o cea nic b a sin via  sub ductio n in two  directio ns.
T he Ja nua ry 10th event o ccurred in respo nse to  stresses genera ted b y the slo w disto rtio n o f the Mo lucca  S ea  m icro pla te a t depth, ra ther tha n o n o ne o f the sha llo wer interfa ces with the o verriding S a ngihe a nd Philippine S ea  pla tes. S lip o n a
fa ult a ligned with either no da l pla ne o f the fo ca l m echa nism  so lutio n is co nsistent with this intra pla te setting.
Ea rthqua kes tha t ha ve fo ca l depths grea ter tha n 300 km  a re co m m o nly term ed "deep-fo cus" ea rthqua kes. Deep-fo cus ea rthqua kes ca use less da m a ge o n the gro und surfa ce a b o ve their fo ci tha n sim ila r-m a gnitude sha llo w-fo cus ea rthqua kes,
b ut la rge deep-fo cus ea rthqua kes m a y b e felt a t grea t dista nce fro m  their epicenters. T he la rgest reco rded deep-fo cus ea rthqua ke to  da te wa s the M 8.3 event tha t o ccurred a t a  depth o f 600 km  within the sub ducted Pa cific pla te b enea th the
S ea  o f Okho tsk o ffsho re o f no rthea stern R ussia  in 2013. T he M 8.3 Okho tsk ea rthqua ke wa s felt a ll o ver Asia , a s fa r a wa y a s Mo sco w, a nd a cro ss the Pa cific Ocea n a lo ng the western sea b o a rd o f the United S ta tes (tho ugh a t dista nt lo ca tio ns,
individua ls repo rting ha ving felt the event were likely very fa vo ra b ly situa ted fo r the perceptio n o f sm a ll gro und m o tio ns). T he M 8.2 Bo livia n deep-fo cus ea rthqua ke in 1994 ha d sim ila rly b een repo rted b y individua ls in No rth Am erica  a t grea t
dista nce fro m  the epicenter.
Over the pa st century, 93 ea rthqua kes with a  m a gnitude o f M 7+ ha ve o ccurred a t depths grea ter tha n 300 km  glo b a lly; six o f these were lo ca ted in the sa m e regio n a s the Ja nua ry 10, 2017, event. T he la rgest nea rb y event a t these depths wa s
a  M 7.1 ea rthqua ke in Feb rua ry 2005, 125 km  to  the no rthea st a nd 90 km  sha llo wer tha n the Ja nua ry 2017 event, with no  a sso cia ted da m a ge o r ca sua lties. In July 2010, a  series o f three M 7.3-M 7.6 deep-fo cus ea rthqua kes o ccurred in the
sa m e sub ducted sla b  segm ent, 250 km  to  the no rth o f the Ja nua ry 2017 event.
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Seismic hazard is expressed as peak
ground acceleration (PGA) on firm
rock, in meters/sec², expected to be
exceeded in a 50-yr period with a
probability of 10 percent.
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