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Executive Summary

The Philippines experiences some of the worl dbds wor st

earthquakes, floods, tsunami, landslides, volcanic eruptions, cyclones and annual monsoons. The
Greater Metro Manila Area (GMMA), which includes Metro Manila, is particularly vulnerable to the
devastating effects of natural disasters, with a population of over 20 million residing on land that is cut
by active earthquake faults and subject to intense riverine flooding. The GMMA is also frequently
affected by typhoons, which can result in severe wind damage, storm surge and intense flooding.
Landslides, tsunamis and volcanic eruptions also pose a risk to residents within the GMMA. The risk
from these natural hazards is further exacerbated as poverty often results in populations residing in
buildings that are not built to withstand these hazards or in areas that are frequently affected by
flooding, such as along flood drainages.

This report summarised the acti viBnhaecsmgRiskAnalysist put s of
Capacities for Flood, Tropical Cyclone Severe Wind and Earthquake for the Greater Metro Manila

Aread Pr oject. The goal eotherigk fraomdloog sevefeavind and esrthquakeian al y s
the GMMA through the development of fundamental datasets and information on hazard, exposure

and vulnerability. Component 5 focussed on the development of earthquake hazard modelling and risk

analysis for the Greater Metro Manila Area. Earthquake scenarios triggered by rupturing of the West

Valley Fault were the basis for the seismic hazard modelling. Exposure information available in the

exposure database for the Greater Metro Manila Area, together with vulnerability models developed by

the University of the Philippines Diliman i Institute of Civil Engineering (UPD-ICE) were combined with

the hazard modelling to calculate the expected physical damage to buildings and the resultant

economic loss. Expected injuries and fatalities for the residential population were also calculated.

Enhancing Risk Analysis Capacities for Flood, Tropical Cyclone Severe Wind and Earthquake for the v
Greater Metro Manila Area i Earthquake Risk Analysis



Vi

Enhancing Risk Analysis Capacities fo

r Flood, Tropical Cyclone Severe Wind and Earthquake for the
Greater Metro Manila Area i Earthquake Risk Analysis



1l ntroducti on

The Greater Metro Manila Area (GMMA) is a global megacity with an estimated population of up to 20
million. According to Asia Development Bank (ADB) reports (ADB, 2009), it is estimated that as many
as 35% of the population within the GMMA live in informal settlements, many of whom live below the
poverty line. This makes the city and its people vulnerable to the impacts of natural disasters, such as
earthquakes.

The Philippine archipelago represents a complex system of microplates that are being compressed
between two convergent plate margins that bound the nation: the Philippine Sea to the east and
Eurasian plates to the west. Between the convergent subduction zones, oblique tectonic motion is
accommodated by numerous crustal faults that traverse the archipelago; in particular, the 1,600 km-
long Philippine Fault Zone, which runs from northern Luzon in the north through to the island of
Mindanao in the southern Philippines (e.g. Aurelio, 2000, Barrier et al., 1991). Because of its tectonic
setting, the Philippines experiences frequent damaging earthquakes (e.g. Bautista and Oike, 2000).

The 901 135 km-long Marikina Valley Fault System (Daligdig et al., 1997, Papiona and Abigania, 2013,
Papiona et al., 2013, PHIVOLCS, 1999, 2008a, Rimando and Knuepfer, 2006) belongs to the
aforementioned system of faults that accommodate oblique convergence (e.g. Daligdig et al., 1997,
Rimando and Knuepfer, 2006) (Figure 1.1). The MVFS is comprised of the East and West Valley
Faults (EVF and WVF, respectively). The WVF transects the eastern part of Metro Manila and posed
themost signiycant earthquake threat tolXMMetro Manila a
Understanding the frequency of large earthquakes on the WVF and the potential magnitudes are of
critical importance to emergency managers to prepare for and mitigate against the impact of these
infrequent, high consequence events. The recurrence of large earthquakes on the WVF has
previously been estimated at between 400 to 600 years, with considerable uncertainty (Nelson et al.,
2000). Given the length of the fault, it is believed that it could accommodate an earthquake of up to
moment magnitude My, 7.5 base on published fault-scaling relationships (Wells and Coppersmith,
1994).

The Philippine Institute of Volcanology and Seismology (PHIVOLCS) and Geoscience Australia (GA)
have developed a long-term partnership to better understand and reduce the risks associated with
earthquake hazards in the Philippines. Herein, we extend upon methodologies developed through the
Quick Unified Inventory of Vulnerability and Exposure for REDAS (QuiveR) Project; an earthquake
impact pilot study for lloilo City, Western Visayas (Bautista et al., 2012), designed to enhance the
damage estimation capabilities of the Rapid Earthquake Damage Assessment System (REDAS)
(Bautista et al., 2011). The GMMA Risk Assessment Project (RAP) builds upon QuiveR methods
through:

the development and population of a digital geotechnical database schema from paper records
improved site class models based upon a combination of geotechnical measurements and
topographic slope

3. the review of ground-motion prediction equations (GMPESs) based on measured strong ground
motions from the Philippines

4. the addition of modern ground-motion to intensity conversion equations (GMICESs) in REDAS

Enhancing Risk Analysis Capacities for Flood, Tropical Cyclone Severe Wind and Earthquake for th e 1
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5. the use of a more detailed building and population exposure database (GMMA-RAP Exposure
Team, 2013)

6. the use of updated fragility curves supplied by the University of the Philippines Diliman Institute of
Civil Engineering (UPD-ICE, 2013)

7. the revision and optimization of REDAS impact software to:
a. accommodate impact calculations for wider suite of building types

b. accommodate building fragilities for different building code compliance periods (e.g. pre-
code, low-code and high-code)

c. read exposure data and calculate directly from shapefiles rather than first converting to
Generic Mapping Tools grid files

d. calculate humanitarian impacts atfourcasual t y | evel s (e. g. lte§)nor injur.i
based on different collapse rates of buildings

In addition to the provision of earthquake impact information from improved ground-shaking, exposure
and vulnerability models, this project included a paleoseismic trenching activity to attempt to better
constrain both the potential frequency and magnitude of large earthquakes on the WVF. This
represented a major component in the RAP Earthquake Component in terms of logistics and potential
impact to this and future studies. In total, three trenches along the extent of the WVF were excavated
and the subsequent analysis is outlines herein. Such is the importance of these contributions to the
hazard and risk in the GMMA, the excavation of a fourth trench is planned beyond the delivery
timetable of the RAP. Improved knowledge of earthquake recurrence on the WVF can vastly improve
the accuracy of probabilistic seismic hazard and risk assessments (PSHA and PSRA, respectively).

The work undertaken through the GMMA RAP also leverages off and complements the previous Metro
Manila Earthquake Impact Reduction Study (MMEIRS, 2004). While the MMEIRS study was, in some
ways, more comprehensive in its outputs than what was attempted in the GMMA RAP, it is based
upon previous generation hazard models, which can now be better quantified owing to improved
hazard calculation techniques and the collection of more earthquake data. Furthermore, an important
limitation of the MMEIRS was that PHIVOLCS was not left with a capability or process to repeat these
kinds of studies. Through the GMMA RAP, we have leveraged off the PHIVOLCS-developed REDAS
software to develop tools that can be incorporated into PHIVOLCS standard operating procedures for
earthquake impact assessments throughout the Philippines. Nevertheless, the MMEIRS study
provides an important benchmark for earthquake impact assessments in Metro Manila. Consequently,
where possible, the results from the current study are compared to the MMEIRS.

To help PHIVOLCS prepare for the development of future PSHAs and PSRAs for the Philippines, this

Project also included training in the @aganbeadl., Eart hqua
2010; Crowley et al., 2011; Horspool and Ghasemi, 2012). This training facilitated the development of

first-order hazard assessments for the GMMA. The process of this training will be outlined. However,

the outputs of this activity are too preliminary to be released publically.

2 Enhancing Risk Analysis Capacities for Flood, Tropical Cyclone Severe Wind and Earthquake for the
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Figure 1.1. Map of the Valley Fault System and location of the trench sites. Red lines are the traces of the West
and East Valley Fault. White lines are the boundaries of local government units and black rectangles are the
location of the trench sites.
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Figure 1.2. The MVFS (heavy red lines) relative to the 2008 Landscan global population dataset (Bhaduri et al.,

2002).
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21Pal eosei smasfc tShedWest Vall ey Faul't

PHI VOLCS has employed pal eoseismic studies since 1990
along the segments of Philippine Fault in Nueva Vizcaya, Guinyangan-Ragay Gulf, Masbate and

Mindanao areas (Daligdig, 1996; Papiona and Kinugasa, 2008; Tsutsumi et al., 2006; and Perez et al.,

2010). The Greater Metro Manila area has been affected many times by earthquakes from different

sources (or faults) based on the Philippine earthquake catalog (SEASEE, 1985; Bautista, 1996;

Bautista and Oike, 2000; PHIVOLCS earthquake catalog). The earthquake sources that would have

the greatest impact on Metro Manila and nearby provinces is the movement of the VFS specifically the

WVF (MMEIRS, 2004).

Previous work by Rimando and Knuepfer (2006) has mapped the different geometric segments of the
WVF and estimated their magnitude potential using length and magnitude scaling relations by Wells
and Coppersmith (1994). They estimated that the WVF is capable of M 7.3 for the length of 87.5 km
while the EVF is capable of maximum M7.5 for the length of 115 km. In terms of paleoseismology,
Nelson et al. (2000) conducted paleoseismic studies of the WVF in Sitio Maislap, Brgy. San Isidro,
Rodriguez, Rizal (Figure 1.1). They use vertical displacement measured from the trench and Wells
and Coppersmith (1994) scaling relations to estimate magnitude 6 to 7 for the WVF. They also used
C14 dates to constrain the frequency of M 7.2 earthquake and suggest a conservative range of 300 to
1000 years return interval for the northern half of the WVF, but favor a range of 400 to 600 years.
These results have 100 to 400-year uncertainties. Additionally, the Maislap trench site is located on a
splay that connects the EVF and WVF thus, posing doubt of its validity as representing the main WVF
or EVF.

22Site Class Model

Several studies investigating the response of strong ground-motion in the GMMA now exist (e.g. Abeki
et al., 1993; Bautista et al., 1994, lwatate and Dy, 2000; Narag et al., 2000). One of the first studies
was based on a large-scale microtremor study intended to measure the fundamental period of at
multiple locations throughout Metro Manila across a regular grid (Narag et al., 2000). Key observation
from this study was the good correlations among the predominant periods of microtremor, the derived
amplification factors, and the shallow-surface geology.

Many hazard studies now rely on proxy site-conditions information determined from maps of geology

and other geomorphic and geotechnical indicators (Wills et al., 2000; Matsuoka et al., 2005; Wald and

Allen, 2007). Wald and Allen (2007) presented a method for mapping uniform global seismic site

conditions, or the time-averaged shear velocity to 30 m depth (VS30), from the Shuttle Radar

Topography Mission (SRTM) 30 arc-second (approximately 1 km resolution at the equator) digital

el evation model (Farr and Kobrick, 2000). The basic p
that topographic gradient can be diagnostic of seismic site-conditions, or VS30, because more

competent (high-velocity) materials are more likely to maintain a steep slope, whereas deep (low-

velocity) basin sediments are deposited primarily in environments with low gradients. Allen and Wald

Enhancing Risk Analysis Capacities for Flood, Tropical Cyclone Severe Wind and Earthquake for th e 5
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(2009) later evaluated the use of higher-resolution topographic data for estimating VS30. While higher
resolution data did not offer a significant improvement in the estimation of VS30, it did provide some
improvements in the transition regions between sedimentary basins and steep hill-slopes.
Consequently, the LIDAR data collected through the GMMA RAP was employed to estimate VS30
across the GMMA using the 9 arc-second coefficients recommended by Allen and Wald (2009). Figure
2.1 shows a mosaic of VS30 across the study area, which incorporates both the low-resolution SRTM
data and the LiDAR data.

VS30 (m/s)

100 180 240 300 360 490 620 7605000

L
log10 Amplification Ratio (9¢/30c)

-03 -0.2 -0.1 0.0 0.1 02 03

120

Figure 2.1. Time-averaged shear-wave velocity estimated from topographic gradient; VS30 model estimated from
30 arc-second SRTM (top left) and LiDAR (top right) data down-sampled to 9 arc-seconds, respectively. A
mosaic of SRTM and LiDAR (bottom left). In all sub-plots, the solid black line indicates the extent of the LIDAR
data. The bottom-right figure indicates the amplification ratio between the SRTM and LiDAR datasets assuming
uniform peak ground acceleration across the spatial area using the Allen and Wald (2009) slope- VS30
coefficients. The higher-resolution LIDAR data tends to better resolve the site class factors for the slope-basin
transition regions of the Marikina Valley.
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Grutas and Yamanaka (2012) developed a site class model for the Metro Manila area (Figure 2.2).
Their model combined measured VS30 data and topographic gradient, together with geomorphic and
fundamental period obtained from microtremor recordings. Unfortunately the spatial extent of the
Grutas and Yamanaka (2012) site class model was not large enough to accommodate the full GMMA
study area. Furthermore, the spatial extent was difficult to modify without more detailed information on
the geomorphology of the region.

VS30 (m/s)
100 180 240 300 360 490 620 7601200

15°00' ~

120

Figure 2.2. Reproduction of the Grutas and Yamanaka (2012) site class model plotted for the spatial extent
covered by the GMMA-RAP. Solid black line indicates the extent of the LIiDAR data capture.
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31Pal eosei smic Study of the West

3.1.1 Introduction

Paleoseismology, the study of past earthquakes, is important in acquiring fault parameters that will be
used as input in generating earthquake scenarios for probabilistic seismic hazard and risk
assessments in an area. It involves trenching or excavation of trench across the fault trace to expose
evidence of past earthquakes that occurred even beyond the written history or catalog. Trenching
attempts to understand:

1. the detailed location of the fault
2. the time of occurrence of past earthquakes and their frequency; and
3. the potential size of an earthquake that a fault can generate.

By trenching, the subsurface traces of the fault will be exposed, therefore allowing verification of the
location of the major fault that repeatedly moves and identification of splays that form the deformation
zone. The time of occurrence of a past earthquake may be inferred by knowing the age of sediments
that were displaced by the fault. The widely used method to determine the age of the sediments in
paleoseismic studies is by correlating the C14 age of embedded charcoal or organic materials within
the sediment. In C14 or radiocarbon dating method, buried pieces of wood that became charcoal
through time were collected and subject to laboratory procedures and measurements (i.e. pre-
treatment, accelerator mass spectrometry technique, and calendar calibration) for C14 decay
measurements.

To estimate the potential size of an earthquake that can be generated, trenching is required in
different sections of the fault to determine whether the timing of past earthquakes identified in each
trench can be correlated. Sections of the fault that moved at the same time leads to an estimate of the
total length of fault rupture, which may then be used as input in estimating the potential earthquake
magnitude. In some cases, the amount of displacement measured from the trench and from
geomorphic features produced by the movement of the fault is used if the length of the fault cannot be
inferred.

The Valley Fault System (VFS) is a 90 to 135 km long (Daligdig et al., 1997; PHIVOLCS, 2000;
Rimando and Knuepfer, 2006; Papiona and Abigania, 2013; Papiona et al., 2013) right-lateral strike-
slip fault system that bounds the Marikina Valley. It is composed of West Valley Fault (WVF) that
transects the eastern part of Metro Manila and parts of the provinces of Bulacan, Laguna, Cavite and
Rizal and of East Valley Fault (EVF) that transects several towns in the province of Rizal (Figure 1.1).
Based on Bautista (1996) and Bautista and Oike (2000), the most recent earthquake that could
probably be ascribed to the VFS is the 1658 earthquake. The 1658 earthquake reportedly caused
death and injuries and caused damage to several churches in Manila and Antipolo (SEASEE, 1988).
Bautista (1996) assigned a magnitude 5.7 for this earthquake and attributed its epicenter with WVF.
This earthquake was not widely felt and reports provide no indication of surface faulting anywhere in

8 Enhancing Risk Analysis Capacities for Flood, Tropical Cyclone Severe Wind and Earthquake for the
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the vicinity of the WVF. Consequently, any surface-rupturing earthquake along the WVF may have
happened beyond the Philippines written history (before year 1500 AD).

This study aims to reassess and validate these existing results by excavating trenches on different
sections of the WVF. Trenches were excavated in Brgy. Bagong Silangan, Quezon City to represent
the northern section of WVF. Another trench was excavated in Brgy. Lantic, Carmona Cavite for the
southern section and one more trenching activity is planned on the north-south trending splay of WVF
in Rodriguez, Rizal. The results of these trenches will be integrated and correlated with the existing
studies of the WVF to determine a better understanding of the frequency of earthquake occurrence,
the length of the fault or segments of the fault that ruptured, and the magnitude of potential
earthquakes along the WVF.

3.1.2 Methodology

During previous mapping activities, (Daligdig et al., 1997; PHIVOLCS, 2008b; Rimando and Knuepfer,
2006; Papiona and Abigania, 2013; Papiona et al., 2013) landforms associated with faulting along the
West Valley Fault have been identified using mainly 1966 and 1982 aerial photographs. Additionally,
DEM derived from high resolution LIDAR data was also used to identify the surface expressions of the
fault with respect to current built environment. The fault scarp is the most prominent surface
expression of the WVF. Side hill ridges, incised spurs, gully and streams were also observed in aerial
photographs and field visits.

The group visited several candidate sites for trenching. We targeted sites along the main trace of the
WVF in the north around Rodriguez and San Mateo, Rizal, Quezon City and Marikina City, and in the
south beyond the creeping area in Laguna and Cavite (Figure 1.1). The purpose of selecting these
widely-spaced sites was to be able to characterize whether the WVF fault ruptured all throughout its
length at any time in its historic or recent pre-historic past. The basic considerations in selecting the
trench sites includes: 1) a clear and simple geomorphic expression of the fault. If possible, a scarp
with small vertical offset to allow identification of offset layer piercing points and to maximize exposure
of faulting events; and 2) depositional areas which allow layers of sedimentation and preservation of
charcoal materials.

We excavated trench perpendicular to the trace of the fault, exposed the layers of sediment and fault
structures on the trench walls, and logged and documented those features on 1:20 scale stitched
photographs. Embedded charcoals were collected, dried and directly sent to Beta Analytic Carbon
Laboratory in Florida, U.S.A. for C14 radiocarbon dating. In some cases charcoal are scarce or not
always present even in areas where it is expected to be preserved. In cases where charcoal material
was absent in the trench wall, we collected sediments containing quartz and feldspar mineral for
Optically Stimulated Luminescence (OSL) dating. In OSL dating, the time elapsed since the last
exposure of these minerals to sunlight is measured. Consequently, this provides an estimation of the
time of burial of those minerals during sediment accumulation (Murray and Olley, 2002). The collected
sediments were sent to Luminescence Dating Laboratory in Oxford University.

3.1.3 Trenching results

In the following sections, the words lithologic unit or simply unit is defined as a layer or a group of layer
of sediments with same mode of deposition or age. While layer is individual set of sediments that is
part of a unit. In the figures relating to the following sections, each unit is represented by different color

Enhancing Risk Analysis Capacities for Flood, Tropical Cyclone Severe Wind and Earthquake for th e 9
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while layer and other geologic features within the unit are depicted by dashed lines. We use number to
name each unit. Fault traces are shown as red bold (clearly evident fault traces) or dashed line
(inferred fault tr ac e sorefertd\fast sudaee riptureng earthqudke imfBrreé n t 0
from the evidence observed in the trench. Event numbers for each trench indicates relative chronology

of past earthquakes in that particular trench but it does not necessary relate or follow other events in

other trench sites. Age of the charcoal materials are labelled as calendar years in the figures but in the

text the equivalent BP (year before 1950) is also given.

3.1.3.1 Bagong Silangan Trench

The Bagong Silangan trench is located in Brgy. Bagong Silangan, Quezon City. The WVF is
manifested here as a prominent fault scarp (Figure 3.1). It is also relatively confined into a simple trace
indicating a narrow deformation zone. The adjacent stream provides sediment supply and charcoal
materials. Two trenches 20 meters apart were excavated in the area. The north trench was excavated
on a scarp that crosses a ~50 m stream channel while the south trench is on the front of lava flow
deposits. The area is relatively well preserved and has only been disturbed by years of cultivating rice.

Figure 3.1. A) Location of the Bagong Silangan trench overlaid on Light Detection and Ranging -derived digital
elevation model (LIDAR-DEM). Red arrows show the trend of the trace of the WVF. Solid black rectangles are
location of the (1) north and (2) south trenches. Black hollow rectangle indicates the location of the photograph in
(B). B) Photograph of the site showing fault scarp on the front of topographic high.
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3.1.3.2 Bagong Silangan North Trench
3.1.3.2.1 Stratigraphy

The stratigraphy in Bagong Silangan North Trench is composed mainly of stream and flood deposits of
brown silt to clay sediments. Contacts between layers are not distinct. Five major lithologic units were
identified (Figure 3.2). Unit 5, the oldest unit in the trench is a loose gravelly stream deposit overlain
by Unit 4, which is composed of sand to clay layers of reworked tuff. Unit 4 has a coarse to very
coarse bottommost sand that grades from medium to fine sand and becomes progressively finer (silty
to clayey) towards the upper part of the unit. The upper two units (Unit 3 and Unit 2) are flood deposits
of silty clay composition with lenses or basal lag of coarse-grained sediments. Unit 1 is modern man-
made fill fifty years old or less.

North Wall
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Figure 3.2. A) and C) Stitched photographs of Bagong Silangan North Trench north wall and south wall,
respectively. B) and D) Drawing of Bagong Silangan North trench north wall and south wall, respectively. Vertical
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and horizontal lines are 1x1 meter grid. Labels on top and on left of the figure are grid numbers. Lithologic unit is
separated by solid lines while layers and other sediment feature observed in the wall are depicted as dashed
lines. Labels within the unit are unit numbers. Red line is the strand of the fault. Solid triangles with labels are
location of the embedded charcoal and its calendar age.

South Wall

siv

Figure 3.2 continued.

3.1.3.2.2 Surface Faulting Events

Unit 5 is vertically separated downward by 50 cm on the north wall of the trench along grid N9 (Part B
of Figure 3.2). This sharp displacement may suggest displacement by surface faulting (Event 1).
Rotated or vertically inclined pebbles in Unit 5 were also observed in grid N9 which could mean that
these pebbles were dragged downwards along the fault. No similar feature however, was seen in
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south wall. Although in grid S9 to S7 (Part D in Figure 3.2), a U-shaped structure with a hanging lens
of Unit 4 and Unit 5 above was observed. Unit 2 is discontinuous towards the east (before grid N10
and S10). Although the discontinuity of Unit 2 and the changes in thickness of Unit 3 and Unit 2
towards the east may indicate faulting, this evidence is insufficient since we did not find fault strands
transecting these upper units. Thus, for this trench we assume only one surface rupturing event.

3.1.3.2.3 Timing of the Surface Faulting Events

Charcoal is abundant within the units in the trench except for Unit 5 and 1. Sample taken from the
sandy layer at the bottom of Unit 4 between grid N10 and N11 (Part B in Figure 3.2) has an age range
of 1280 to 1390 AD (BP 670+30) while sample from the silty layer above the aforementioned sandy
layer has an age range of 1420 to 1450 Ad (BP 460+30). This indicates that Event 1 in this trench
happened within the years 1280 to 1450 AD.

3.1.3.3 Bagong Silangan South Trench
3.1.3.3.1 Stratigraphy

South trench was excavated only 20 meters south from north trench yet it exhibits very different
stratigraphy. Evidence of faulting is also striking and more pronounce here than in the north trench.

At least nine major lithologic units were identified in the south trench (Figure 3.3). In both north and
south walls, relatively older units observed on the west side of the trench are discontinuous to the
east. The sharp contact between these discontinuous units is clearly defined by fault traces. Unit 6
and layer 7a are debris flows or landslide-type deposits. Unit 7 is composed of interfingering colluvium
(7a) and an alluvial deposit of massive clay with highly weathered clast (7b). Unit 8 is gravelly stream
channel deposit while Unit 9 is a reddish basement, or possibly a transported mass of rock of volcanic
origin. Unit 6, 7 and 9 have sharp vertical contact with the units east of the fault zone. Unit 6 are
vertically separated along the fault zone 1 (FZ1) by 120 cm (Figure 5B). Parts of Unit 6 and Unit 7
may have shed during faulting forming a deposit of colluvium mixed with the separated portion of Unit
4.

The bottommost unit at the east of the fault zone is a gravelly stream channel deposit (Unit 4) that
banks on massive yellow clay (Unit 5) topped by sandy deposits. These units are overlain by flood
deposits (Unit 3) of reworked volcanic sediment. Each episode of flood is either marked by the sandy
lag or lens at the bottom of each layer. The stream channel-shaped Unit 2 on the east side are
modern deposit (~50 years old or less) based on the observed embedded plastic materials at its
bottom, while Unit 1 is modern man-made fill similar to Unit 1 in north trench. Unit 3 is also present on
the west of the fault zone. We identified Layer 3a based on its similarity with the sediments in Unit 3 in
the east of the fault zone but we did not see this layer on the south wall of the trench.

3.1.3.3.2 Surface Faulting Events

We identify at least three events in this trench. The continuity of some units on the west side from the
fault zone (Figure 5) might be found below the exposed units in the east side of the trench implying
that multiple events may have displaced these units along the same fault. Only three of these events
were identified. The fault strands in FZ1 terminates at the top of Unit 6 suggesting the occurrence of
Event A before the deposition of Layer 3a (Part B of Figure 3.3). The evidence of another possible
event (Event B) includes the hanging strata of Unit 7 within Unit 3 in the along the easternmost fault in
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FZ1 in the south wall (Part D of Figure 3.3). This feature implies that Event B occurred when Unit 3
was deposited, hence preserving the hanging face of a layer along the fault. These two events might
have partly displaced Unit 6 in grid NO8. Event C is manifested by the fault strands in FZ2 that
terminate within Unit 3. In the south trench, a vertical separation of about 20 cm was measured in Unit
4. If we assume this as produced by a single event, the 120 cm cumulative displacement of Unit 6
could be caused by six surface faulting events.

North Wall
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Figure 3.3. A) and C) Stitched photographs of Bagong Silangan South Trench north wall and south wall,
respectively. B) and D) Drawing of Bagong Silangan south trench north wall and south wall, respectively. Vertical
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and horizontal lines are 1x1 meter grid. Labels on top and on left of the figure are grid numbers. Lithologic unit is
separated by solid lines while layers and other sediment feature observed in the wall are depicted as dashed
lines. Labels within the unit are unit numbers. Red line is the strand of the fault. Labels FZ are fault zone number.

Figure 3.3 continued.
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