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Tectonic implications of uplifted Holocene marine
terraces along the Manila and Philippine trenches,
Philippines
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Tectonic implications of uplifted Holocene marine terraces along the
= v R Manila and Philippine trenches

The Manila and Philippine trenches along with associated active faults in the Philippines are
among the most important tectonic structures in Southeast Asia and western Pacific regions

because of their potential as sites of future great earthquakes and tsunamis. The scarcity of
historic ruptures along Philippine subduction zones and active faults, however, has resulted in a
poor understanding of their seismic history. Thus, this study attempts to evaluate the seismic
history and seismic potential of active tectonic structures that surround the Philippine
archipelago using coastal geomorphic features. Coastal deformation in the Philippine islands is
evidenced by raised coral reef platforms along some coastlines but their tectonic implications
were poorly known. Uplifted Holocene marine terraces in western Pangasinan (Luzon Island)

and eastern Davao Oriental (Mindanao Island) provinces are reported here for the first time as

geomorphic evidence of large prehistoric offshore earthquakes. Topographic profiling of
Holocene terrace steps was done normal to the coastline. We recognized up to three terrace
steps in Pangasinan and up to four terrace steps in Davao Oriental. Uplifted terraces in both
provinces are characterized by a flight of horizontal to subhorizontal abrasion platforms that
expose cemented coral shingle and eroded coral heads. In Pangasinan, elevations of
paleoshoreline angles are Tl: 1 to 5 m, TIll: 2to 7 m, and TIIl: 4 to 11 m above mean sea level
(amsl), from the lowest to highest, respectively. In Davao Oriental, terrace elevations are T1: 1
to5m, T2: 3to 6 m, T3: 6 to 10 m, and T4: 8 to 12 m amsl. The lateral variation in the
elevation of terraces indicates differential uplift along the coast. Fresh in situ corals on terrace
surfaces were sampled and dated to constrain the age of geomorphic surfaces. Radiocarbon ages

reveal that erosional surfaces were carved onto the Holocene transgressive reef complex which
grew upward until ~6000 years ago. Estimated maximum Holocene uplift rates are based on the
assumption that the elevation of the highest Holocene terrace represents the Holocene

transgressive surface. Maximum uplift rates are 1.7 mm/yr in western Pangasinan and ~1.9
mm/yr in eastern Davao Oriental. The staircase topography of terraces and their meter-scale
separation suggest coseismic uplift mechanisms and cannot be explained by eustatic sea level
fluctuations. The number of Holocene terrace steps may also closely approximate the number of

coseismic coastal uplift events that occurred since the culmination of the post-glacial sea level

rise ~6000 years ago. Spatial variation of terraces further suggests that prehistoric earthquakes
may have varied between individual uplift events. Seismic sources are probably located

offshore because paleoshoreline angles are highest along headlands closest to the trench and
gradually decrease towards the inner coasts. Simple elastic dislocation models demonstrated

that offshore reverse faults are likely responsible for meter-scale coastal uplift. It is also

important to note that historical earthquakes as large as M7.5 were not large enough to produce

meter-scale coastal uplift, suggesting that much larger earthquakes occurred in the past.
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