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ABSTRACT
The Ranong and Khlong Marui Faults in Southern Thailand have clear surface
expressions but their southern offshore extents have not been previously mapped. The lack of
information about these faults makes it difficult to evaluate the seismic hazard they pose to
Southern Thailand. This study maps the offshore extent of these faults using a marine seismic
reflection survey. We model their potential earthquake activity to better understand the seismic
hazard they pose to Southern Thailand.
We mapped four active offshore faults approximately along strike with the onshore
Ranong and Khlong Marui Faults. We connected these offshore faults with the onshore faults to
estimate the full potential extent of the Ranong and Khlong Marui Faults. We also estimated the
maximum earthquake magnitudes that could occur on these faults using an empirical scaling
equation that relates fault length and earthquake size (Wesnousky, 2008). The maximum
earthquake magnitudes for the offshore portions of the Ranong and Khlong Marui Faults range
from Mw 6.55 to 6.88. The full (offshore and onshore segments) portion of the Ranong Fault
could host a Mw=7.85 earthquake. Similarly, the full portion of the Khlong Marui Fault could
host a Mw=7.51 earthquake.
In order to assess the possible consequences of such earthquakes, we modeled stress
changes and strong ground motion from scenario earthquakes on each of these faults. We used
Coulomb stress modeling to address how an earthquake on these faults could increase the
seismicity risk in the region. An earthquake on the offshore mapped faults could increase the
Coulomb stress and possible risk of seismicity on the longer onshore portions of the Ranong and
Khlong Marui Faults by triggering an earthquake on the faults along strike. We use ShakeMaps
modeling (USGS) to quantify peak ground acceleration and shaking intensity from a scenario
earthquake. We find that the offshore fault segments alone could only cause a ground shaking

iv
intensity of V to VI near the tourist city of Phuket. However, if these offshore segments are
connected to the onshore Ranong or Khlong Marui Faults, they could cause a shaking intensity of
VIII in the cities nearest to the faults. The cities of Kapong and Ranong could experience peak
ground acceleration of more than 0.50g. An event of this magnitude could be damaging to
Southern Thailand.
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Chapter 1

Introduction
After the 2004 Great Sumatra Earthquake, seismicity increased in Southern Thailand
raising questions about the seismic hazard in the region. The Great Sumatra Tsunami killed
thousands and devastated Southern Thailand and the tourist city of Phuket (Pananont and
Srisomboon, 2014). In Southern Thailand, two active onshore faults have been identified as the
main seismic hazard in the peninsula, the Ranong and Khlong Marui Faults. Since 2004, several
studies have addressed the locations, activity, and potential hazard associated with the onshore
portions of these faults. However, the offshore continuations of these faults, if they exist, remain
unmapped, and the additional seismic hazard they pose to Southern Thailand remains
unaddressed.

Background
The Ranong and Khlong Marui Faults have had a complex tectonic history, (Watkinson
et al., 2011). They are located on the Thai peninsula, which is firmly within the SE Asia tectonic
block, Sundaland. Watkinson et al. (2011) have proposed 3 phases of dextral ductile shear and a
more recent phase of sinistral brittle deformation. This complicated geologic history leads to a
wide range of estimates for the geologic offset on the Ranong and Khlong Marui Faults. The
Ranong Fault has an estimated geologic offset ranging from 200 km of dextral shear (Tapponnier
et al., 1986) to 100 km of sinistral shear (Watkinson et al., 2008). Estimates of the offset on the
Khlong Marui Fault range from 100 km dextral shear (Kornsawan and Morley, 2002; Morley et
al., 2011) to 200 km sinistral shear (Garson and Mitchell, 1970).
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On land, the Ranong and Khlong Marui Fault zones have similar topographic and
geologic expressions to one another. Adjacent to the fault zones are mountains that follow the
faults trending NNE-SSW across the peninsula (Watkinson et al., 2011) (figure 1-2). The current
sense of motion on these faults is debated; they have been classified as both left lateral (Garson
and Mitchell, 1970; Morley et al., 2011; M. Tingay et al., 2010) and right lateral (Kanjanapayont,
2016; Kanjanapayont and et al., 2009; Polachan et al., 1991; Replumaz and Tapponnier, 2003;
Tapponnier et al., 1986).
The location of the onshore Ranong and Khlong Marui Faults were reassessed in a recent
effort by the Thai government to survey Thailand’s 15 active intraplate fault zones (Kosuwan et
al., 2006). Many of the datasets used for this assessment only exist for onshore investigations
including geodetic data, geomorphic trench data, and satellite imagery. Because few datasets
relate to the offshore continuations of these faults, the governmental study characterized the
onshore portions of these faults, leaving the offshore portions unmapped (Kosuwan et al., 2006).

Seismicity and Seismic Hazard in Southern Thailand
The Great Sumatra Earthquake in 2004 changed the understanding of the Ranong and
Khlong Marui Faults. Prior to 2004, several research groups thought the Ranong and Khlong
Marui Faults were inactive because of the lack of earthquakes and GPS results that indicated that
the peninsula of Thailand was not moving significantly with respect to mainland Thailand
(Charusiri et al., 2002; Iwakuni et al., 2004; Kosuwan et al., 2006). Since 2004, the Ranong and
Khlong Marui Faults have hosted several small earthquakes and one Mw 5.0 earthquake
indicating a moderate level of activity as shown in figure 1-1 (Duerrast, H., Dangmuan, S., and
Lohawijarn, 2007; Pailoplee et al., 2010, Pailoplee and Charusiri, 2016). Additionally, GPS
results after 2004 showed that the Thai peninsula was moving with respect to mainland Thailand
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(Simons et al., 2007; Vigny et al., 2005). However, currently several of the stations used in
Simmons et al.’s analysis no longer show differential movement of the Peninsula with respect to
mainland Thailand. No study has specifically addressed the question of whether the possible
southern offshore continuations of these faults are active.
Published seismic hazard maps of Southern Thailand reflect the change in fault activity in
the region. Before 2004, little to no seismic hazard was recognized from the Ranong and Khlong
Marui Faults (Petersen et al., 2007; Shedlock et al., 2000). More recently, analyses have
categorized Southern Thailand as having a high seismic hazard based on updated GPS data and
recent earthquake activity. The hazard map used by the Thai government labels the Thai
peninsula as the area second most prone to large, damaging earthquakes (Kosuwan et al., 2006).
However, debate continues on whether Southern Thailand has a high (Sutiwanich et al., 2012) or
low (Ornthammarath et al., 2011) seismic hazard risk. Previous research has not addressed the
contribution to seismic hazard in Southern Thailand from the offshore portions of the Ranong and
Khlong Marui Faults.
This study maps potential offshore fault segments of the Ranong and Khlong Marui
Faults near the Thai peninsula using high-resolution seismic reflection data. We show a possible
connection of the mapped offshore fault segments to the onshore portions of the Ranong and
Khlong Marui Faults based on their locations and strikes. Based on these connections, we
quantify the maximum potential earthquake magnitude given the length of these fault segments.
We assess the earthquake risk posed by the Khlong Marui and Ranong Faults to the Thai
peninsula. We model increased seismicity risk to the region and potential ground motion resulting
from scenario earthquakes.
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Figure 1-1: Map of the Thai peninsula. Faults are in red. The dashed lines indicate the previously
assumed offshore continuation of the Ranong and Khlong Marui Faults. The green earthquakes
shown occurred before 2004. The yellow earthquakes occurred during or after 2004.
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Chapter 2

Data Collection, Processing, and Fault Identification

Data Collection
This study assessed the existence and activity of possible offshore portions of the Ranong
and Khlong Marui Faults. We collected eight lines of high-resolution 2D multichannel seismic
reflection data near Phuket in the Andaman Sea with Geo Marine Survey Systems in conjunction
with Kasetsart University. The survey consisted of 470 km of lines, within a survey area of
approximately 3,400 km2 (figure 2-1). The data were collected from February 28th to March 6th,
2017. Assuming along-strike continuity of the faults, we expect the possible offshore faults to be
strike-slip faults with similar orientations to the onshore portions of the Ranong and Khlong
Marui Faults (Kaewmuangmoon et al., 2008; Morley et al., 2011; Pailoplee, 2014; Saetang et al.,
2014; Watkinson et al., 2011). We collected the seismic lines near the island of Phuket, because
the seismic hazard these faults pose increases with proximity to land. Seismic lines approximately
perpendicular to the assumed strike of the faults were collected to allow for easier identification
of strike-slip faults. Of the eight lines collected, seven of these lines were in the direction
assumed normal to the Ranong and Khlong Marui Faults based on current faults maps (figure 21). We collected the line 02_02x parallel to the assumed direction of the offshore Khlong Marui
Fault to connect two other lines (figure 2-1). The fault parallel line allowed us to compare the
style of deformation in the area. The seven, main, perpendicular lines were designed to be
approximately 15 km apart. We planned this to focus on relatively long portions of any offshore
faults, because longer fault segments can host larger earthquakes, and are more likely to pose a
seismic hazard to Phuket.
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Figure 2-1: Map of the seismic reflection lines we collected in the Andaman Sea in relation to the
assumed offshore portions of the Ranong and Khlong Marui Faults. The assumed offshore
continuations of the Khlong Marui and Ranong Faults are the dashed red lines. The black lines
are the collected seismic lines. The naming scheme of the collected lines is based on their
collection day and order.

We defined active faults to be segments that cut the top layer of sediment demonstrating
recent activity along the fault. To image the top layer of sediment required relatively high vertical
resolution (<1 m) in the shallow seafloor, which required a high-frequency source. For the
seismic energy source, we used a 200-tip sparker powered by a Geo-Spark 2000x with a capacity
of 64 µF (figure 2-2). Figure 2-3 shows a frequency spectrum of the data with a dominant
frequency of 600 Hz. We use the following relationship to calculate vertical resolution (Yilmaz,
2008):
𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 =

𝑣
4𝑓
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Where v is the p-wave velocity (m/s) and f is the dominant frequency (Hz) (Yilmaz,
2008). P-wave velocities of the data were 1500 m/s to 1800 m/s with a dominant frequency of
600 Hz, giving us a vertical resolution ranging from 0.63 m to 0.75 m.

Figure 2-2: Picture of the source, receivers, and GPS on the ship deck. We deployed equipment
off the stern of the ship and then attached it to the side to match the schematic shown in figure 24. We deployed the equipment every morning and stored it on the deck of the ship at night.
The receiver geometry determines the common depth point (CDP) offset, which controls
the lateral resolution. Figure 2-4 shows a schematic of the source-receiver geometry. The receiver
cable streamer we used is shown in figure 2-2. In order to have a 72 m hydrophone streamer, we
connected two multi-trace hydrophone lines as shown in figure 2-4. Each receiver cable had 24
channels for a total of 48 channels. The channel spacing was 1 m for the first set of hydrophones
and 2 m for the second set of hydrophones. The offset between the source and first receiver is 6.4
m and the maximum offset is 77.2 m. The average CDP offset was 0.5 m resulting in high lateral
resolution of the sea floor.
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Figure 2-3: A frequency spectrum of the data. The dominant frequency shown here is about 600
Hz. The highest frequency is 5,000 Hz. Note that the Nyquist frequency is also 5,000 Hz. The
spectral analysis tool in Promax extracted this frequency spectrum.

The record length was 500 ms for the first receiver cable and 700 ms for the second
receiver cable. The sampling frequency of the data was 10,000 Hz. The sampling frequency
should be at least twice the highest observed frequency to preserve sample integrity (Yilmaz,
2008). The highest observed frequency, shown in figure 2-3 is 5,000 Hz. Our sampling frequency
was sufficiently high to prevent aliasing.
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Figure 2-4: Schematic of the boat with equipment deployed. The orange box indicates the
location of the source. The blue boxes indicate the beginning of each hydrophone line. Figure is
not to scale.
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The fold of the data, or number of samples contributing information at each location, is
determined by the shot interval according to the equation below (Yilmaz, 2008):
𝑓𝑜𝑙𝑑 =

𝑅 × 𝑟
2 × 𝑆

Where R is the receiver spacing (m), r is the number of receivers, and S is the shot spacing (m).
The source fired a shot every second, and the ship averaged a speed of 4 knots giving an average
shot spacing of 1 m. This gave us a fold of 36, i.e. at every CDP we had 36 samples.
We attached GPS devices to buoys connected to the sparker at the beginning and end of
the receiver line to record the locations of the data (figure 2-2). The GPS data were recorded in
the WGS 84 UTM zone N 47 reference frame. The tow depth of the hydrophone cable was 30
cm. This kept the receiver line underwater, which gives better depth resolution. The field data
were stored in SEGY format for later processing.

Data Processing
We converted the data from SEGY format to Seismic Unix (SU) format to do quality
control processing and header information manipulation. We removed about 48 null traces
(depending on the line) from the beginning and end of each line. Because one of the GPS devices
periodically malfunctioned, we removed traces in which the GPS data were not properly
recorded. The metadata is listed in Appendix A. We cut the trace length to 300 ms to reduce the
data size for processing. We calculated the midpoint of the x-coordinates of the source and
receiver and assigned it as the CDP based on the Seismic Unix Manual (Stockwell, J W, Cohen,
2008). We then converted the data back from SU to SEGY format to load into Promax SeisSpace
where we did the bulk of the data processing.
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We processed the data using the standard prestack processing flow shown in figure 2-5.
The recorded waveforms (top panel of figure 2-5), were not centered, so we applied a mean
removal. The top panel shows that the direct arrival wavelet did not interfere with the first
reflection wavelet, which allowed us to apply a simple top mute to remove the direct arrival,
because it does not give us information about the subsurface. The data collected were very
shallow, so we did not apply an automatic gain control (AGC) or a true amplitude recovery
(TAR). We tested the effects of both a TAR and an AGC and applying these did not make a
noticeable difference in the imaging of the shallow layers. Our data resolved the first four to five
layers of stratigraphy, so the amplitude did not decrease over that time range significantly enough
for these processing tools to be needed. A bandpass filter was the primary prestack method used
to remove noise. We applied a trapezoidal Orsmby bandpass filter to remove high frequency and
low frequency noise as shown in the bottom panel of figure 2-5. This was the final step of
prestack data processing.
Predictive deconvolution removes noise from multiple reflections that can interfere with
data interpretation. We did not apply a deconvolution to the traces because the multiple did not
interfere with the data, and it simplified our processing flow. As shown in figure 2-5, the multiple
of the data occurs at 180 ms at the bottom of the stack. It arrives much later than the primary
reflection, which arrives at approximately 90 ms.
Figure 2-6 shows the stacking processing flow. To stack the data, we applied a normal
moveout correction, which requires velocity picks for each sediment layer. We used a velocity
analysis every 20 km along each line to pick the velocities of the layers. The velocities of the
layers ranged from 1500 m/s to 1800 m/s. Because the velocities show a small range, we can
assume a velocity of about 1650 m/s to roughly convert time to depth in our stacked data. The
first 20 ms of data are resolved, which corresponds to about the first 33 m of sediment (figure 26). In the top 50 m of marine continental shelf, we would expect to find weak, near-surface
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sediments made up of a mix of sand and clay. The average velocities of these sediments are about
1500 m/s to 2000 m/s (White et al., 1992). This is consistent with our velocity analysis. We used
this rough time to depth conversion in figure 2-6 and 2-7.

Figure 2-5: Prestack processing flow used to process the 2D seismic reflection data. The shot
gather on the top is an example of a raw shot from line 03_02. The shot gather in the middle is the
same shot with a mean removal and top mute applied. The shot gather on the bottom shows the
same shot gather with a Bandpass filter, the final prestack processing step. The direct arrival
appears to be a hyperbola due to the irregular spacing of the receivers; however, it is two lines of
different slopes.
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Figure 2-6: The stacking processing flow used to process the 2D seismic reflection data. The
stack on the top is an example of a brute stack with a constant velocity chosen of 1600 m/s. The
stack in the middle is a stack of the same section with the velocity analysis applied. The stack on
the bottom is the final stack with all processing steps applied including migration.
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We sorted by CDP and applied a normal moveout correction to the data to remove the
effect of offsets. This allowed us to stack the data to remove incoherent noise. Finally, we applied
a Kirchhoff time migration to better image the complex geometries associated with faults to
create the final stack (bottom panel of figure 2-6). The final, migrated stack shows sharper
reflectors and no hyperbolas. These final stacks were the input data used for interpretation in
Petrel.

Picking Discontinuities
We used the fault interpretation tool in the Petrel E&P Software Platform to track
surface discontinuities and correlate these across seismic lines into fault segments. We examined
each of these discontinuities to map active faults across lines.
Strike-slip faults are often identified by flower structures in the seismic section, but these
data did not have deep enough penetration to identify these structures (Harding, 1985). We,
therefore, used several other criteria from Zalan (1987) to identify the surface discontinuities that
could be potential faults. Because the overall purpose of this study is to identify active portions of
the Ranong and Khlong Marui Faults in the study area, we only identified locations in which
there was a disruption in all visible layers of the seismic data. These discontinuities could be
faults, channels, mud mounds, pockmarks, or reefs. To supplement this criterion, we identified it
as a potential fault if the location showed at least two of the following features:
(a) Abrupt change in the thickness of facies.
(b) Abrupt changes in the nature of seismic facies
(c) Offset in seismic facies
(d) Change in style or intensity of deformation
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(e) Change in the magnitude or direction of dip
(f) Layer horizon went extinct
Sediment layer thickness (a) changes laterally over kilometers. Thus, if there is a large
enough offset on a strike-slip fault there could be an accompanying abrupt change in the
thickness of facies. Figure 2-7 shows an example of a change in the thickness of seismic facies.
The vertical resolution (~0.7 m) in our data allowed us to detect relatively minor changes in the
thickness of layers. This criterion was commonly observed throughout our study area.

Figure 2-7: Example of a high quality fault pick. The offset shown in the middle of the stack is
the location of the pick. This pick shows an example of an abrupt change in the thickness of
facies, an abrupt change in the nature of seismic facies, a change in style or intensity of
deformation, and, most clearly, an offset in seismic facies
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An abrupt change in the nature of seismic facies (b) can indicate that there is a disruption
in sediment packages, which could indicate a fault. The example in figure 2-7 shows how a
reflector may be much brighter on one side of a fault than the other side. As the two sides of the
fault slide past each other, the difference is sedimentation from one side to the other could
manifest as brighter or dimmer reflectors. This feature was extremely common in our study area.
Strike-slip faults can produce flower structures that can cause offset in seismic facies (c)
at the top of these structures. The blocks of the flower structure being pushed up or down relative
to each other cause offsets (Harding, 1985). Further, many of the strike slip fault zones within
Thailand are oblique strike slip, which show some component of vertical motion. This vertical
motion could cause offset in the seismic section. The offset shown in figure 2-7 is about 3 meters
(one wavelength) in the top layer of sediment. This amount of recent vertical offset probably
occurred in a transtensional environment rather than a purely strike slip environment.
Change in style or intensity of deformation (d) could indicate a strike-slip fault. The style
of deformation along a fault can change over distance. If the offset along the fault is long enough,
the movement along a fault can bring two distinctive styles of deformation next to each other.
This was less common in our study area, but figure 2-7 shows one example of this type of change.
A change in the magnitude or direction of dip (e) is also associated with flower structures
(Harding, 1985). There was not a good example of this in our study, because our data did not
penetrate deep enough to image a complete flower structure and the resulting change in dip that
can accompany them.
Layer horizons can go extinct (f) at a fault due to the faults sliding past each other
causing layers to thin so that the seismic survey can no longer resolve them. Horizons going
extinct were common in our study area as shown in figure 2-8.
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Figure 2-8: Correlations used for each fault segment. We organized the discontinuities from north
to south. A grey outline in figure 2-9 indicates the locations and quality of each of discontinuity.
The roman numeral of the pick corresponds to table 2-1, which gives the quality, location, and
attributes of each pick.
Because we found many of these features widely throughout our study area, we
implemented a simple system to identify the quality of a surface discontinuity. If we identified
two of these features in conjunction with a surface disruption, we classified that location as a low
quality surface discontinuity. If we identified three of these features, we classified it as a medium
quality surface discontinuity. If the location met four or more of the criteria, we classified it as a
high quality surface discontinuity. Figure 2-7 is an example of a high quality surface
discontinuity. This pick is categorized as high quality because it exhibits four of the criteria
described (a, b, c, d). It shows an example of an abrupt change in the thickness of facies, an
abrupt change in the nature of seismic facies, a change in style or intensity of deformation, and a
clear offset in seismic facies. This quality ranking system allowed us to track locations that
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showed more identifying feature of a fault and allowed us to assess the quality of the
observations.

Correlating Discontinuities
Using the above criteria, we identified 209 distinct surface discontinuities across the eight
lines of seismic data. Of these, we designated 44 high quality, 81 medium quality, and 84 low
quality. Figure 2-9 shows the discontinuities distributed across the lines of seismic data without a
discernable pattern. However, many of the picks are located near each other in clusters (figure 29). This clustering could be a result of flower structures that we could not fully image. Flower
structures can be several kilometers wide, as several of the clusters are. As a flower structure
reaches the surface, it can diverge into several closely located fault segments (Harding, 1985).
Thus, the source of this clustering could be several surface faults linked to one fault root.
In order to identify major fault segments, we have focused on surface discontinuities that
we could correlate between lines. Each of the discontinuity picks, shown in figure 2-9, could be
associated with a small fault segment branching off a larger crustal fault. We are primarily
interested in identifying longer offshore fault segments and, in particular, segments that might be
linked to the onshore Ranong and Khlong Marui Fault zones. The discontinuities can be
correlated into faults in many ways. If we correlated the discontinuities using only strike and
location, there are many possible correlations between these discontinuities.
We compared the styles and attributes of surface discontinuities between lines to
correlate fault locations across lines along strike with the onshore portions of the Ranong and
Khlong Marui Faults. The correlations of surface discontinuities that are the basis for identifying
faults are shown in figure 2-8. We used these fault correlations to make a map of the possible
offshore surface expressions of the Ranong and Khlong Marui Faults (figure 2-10). We describe
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each of the correlations beginning with fault 1 in the west and moving to fault 4 in the east as they
are shown in figure 2-8. A summary of the picks and their quality is provided in table 2-1.

Figure 2-9: Map of identified surface discontinuities. Red indicates high quality picks. Green
indicates medium quality picks. Blue indicates low quality picks. The red dashed lines indicate
the previously inferred offshore portions of the Ranong and Khlong Marui Faults. A grey outline
indicates a surface discontinuity shown in figure 2-8.

The correlations, shown in figure 2-8, of fault segment 1 show two surface discontinues
that meet two of the same criteria. The northern pick (i) is medium quality, because it shows three
of the criteria. The southern discontinuity (ii) is low quality, because it shows only two of the
criteria described above. They both exhibit clear areas of offset and horizon extinctions.
Additionally, the more northern pick shows a difference in layer thickness. They were correlated
into a fault segment because they share two of the same criteria, and, as shown in figure 2-9, the
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corresponding fault segment would be located near the assumed offshore portion of the Ranong
Fault.
Table 2-1: Discontinuity pick of each fault along with quality and attributes chosen. The
attributes correspond to the criteria listed above.
Pick

Fault

Quality

Attributes

Latitude

Longitude

i

1

Medium

a, c, f

8.44

97.81

ii

1

low

c, f

8.33

97.76

iii

2

high

a, b, c, f

8.34

97.97

iv

2

medium

a, c, f

8.08

97.87

v

3

high

a, b, c, d

7.96

98.16

vi

3

low

a, c

7.81

98.17

vii

3

low

a, c

7.66

98.14

viii

5

medium

b, c, f

7.69

98.51

ix

5

low

a, f

7.58

98.37

In figure 2-8, fault segment 2 correlations show three of the same criteria (table 2-1). The
northern pick (iii) is high quality, and the southern pick (iv) is medium quality. They both show a
clear offset, a change in facies thickness, and horizon extinctions. Additionally, the higher quality
northern pick shows a change in the brightness of the amplitudes across the picked fault. They
were correlated because they share three of the same criteria, and the corresponding fault segment
is near the assumed offshore location of the Ranong Faults (figure 2-9).
The correlations of fault segment 3, in figure 2-8, show a high quality pick (v) and two
low quality picks (vi, vii) that share two of the same attributes (figure 2-8; table 2-1). The most
northern pick is the high quality pick described in the previous section and shown in figure 2-7.
The two other picks are low quality. They show offset and change in layer thickness. These picks
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were correlated because they share two of the same criteria, and are located near the assumed
offshore portions of the Khlong Marui Fault shown in figure 2-9.
The correlations of fault segment 4 show a medium quality pick (viii) and a low quality
pick (ix) that share two of the same criteria (figure 2-9; table 2-1). The medium quality pick in the
top panel of figure 2-8 shows offset, change in amplitude, and horizon extinction. The low quality
pick shown as the bottom panel shows layer extinction and a change in layer thickness. The
corresponding fault is located near the assumed offshore portion of the Khlong Marui Fault
(figure 2-9).
The fault map (figure 2-10) shows the four active, offshore faults mapped from the four
sets of correlations shown in figure 2-8. There could be more faults in this area depending on how
the discontinuities are correlated. We numbered these fault segments from west to east as shown.

Figure 2-10: Four fault segments identified across the seismic lines. The fault segments are
numbers from west to east as shown. Table 2-2 has information on each fault segment.
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Each fault segment spans more than one seismic line resulting in segments longer than
about 14 km as shown in table 2-2. The lengths of these faults are comparable to onshore
segments of the Ranong and Khlong Marui Faults (table 2-2).
Fault segments 1 and 2 have similar strikes to the mapped portions of the Ranong Fault
shown in table 2-2. Fault segments 1 and 2 are also the two segments that are furthest to the
northwest as shown in figure 2-10. The strikes of fault segments 3 and 4 are similar to portions of
the Khlong Marui Fault (table 2-2). These fault segments are also the furthest to the east and the
closest to the assumed offshore continuation Khlong Marui Fault (figure 2-10.)
Table 2-2: Location, strike, and length of each mapped offshore fault. We included two onshore
portions of the Ranong and Khlong Marui Faults for reference. Figure 2-10 maps the fault
segments.
Fault
Segment
1
2
3
4
Onshore
Ranong
Fault
Onshore
Khlong
Marui Fault

Starting X –
Coordinate
(o)
8.33
8.08
7.66

Starting Y –
Coordinate
(o)
97.76
97.87
98.14

Ending X –
Coordinate
(o)
8.44
8.34
7.96

Ending Y –
Coordinate
(o)
97.81
97.97
98.16

Strike
(o)

Mapped
Length (km)

22
20
13

13.9
31.3
32.9

7.58
--

98.38
--

7.69
--

98.51
--

47
22

19.0
96.8

--

--

--

--

16
47.2
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Chapter 3

Fault Parameters

Fault Connections
The ability to connect the mapped offshore fault segments to the onshore Ranong and
Khlong Marui Faults is important for determining the potential full fault lengths and thus
maximum possible earthquake magnitudes. This makes connecting these faults an important step
in assessing the hazard these faults pose to Southern Thailand. We used the orientations and
locations of the faults to attempt to connect the onshore and offshore faults as shown in the map
in figure 3-1. These connections are inferred, not measured. The complexity and style of the
connection between these fault, or if they really do connect, is still unknown and warrants further
investigation. However, for this study we use these connections to help us understand the
contribution the offshore faults could make to the seismic hazards in the area.
The Ranong and Khlong Marui Faults have complex surface expressions (figure 3-1)
(Kanjanapayont et al., 2012; Saetang et al., 2014; Watkinson et al., 2011). The summations of the
complex onshore fault zones are 200 km for the Ranong Fault zone and 100 km for the Khlong
Marui Fault zone, but the full lengths are made up of both long and short segments with several
stepover faults (figure 3-1).
We interpret the offshore fault segments 1 and 2 to connect to two onshore segments of
the Ranong Fault as shown in figure 3-1. Fault segments 1 and 2 have similar strikes to the
onshore Ranong Fault (table 2-2). They are also the two segments that are furthest to the
northwest and closest to the assumed offshore continuation of the Ranong Fault (figure 3-1).
Fault segments 1 and 2 are in line with two sub-parallel strands of the onshore Ranong Fault,
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however, the connection could include several stepover faults. If these faults connect, the
connections could increase the total length of the Ranong Fault from 200 km long to about 430
km (figure 3-1).

Figure 3-1: Map showing the possible correlations between the offshore faults and the Ranong
and Khlong Marui Faults. The dotted lines connect the Ranong Fault correlations. The dashed
lines connect the Khlong Marui Fault correlations. We have no data between the fault segments.
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A possible connection between fault segments 3 and 4 to the onshore portions of the
Khlong Marui Fault is shown in figure 3-1. The strikes of fault segments 3 and 4 are similar to
portions of the Khlong Marui Fault. These fault segments are also the furthest east and the closest
to the assumed offshore continuation of the Khlong Marui Fault segments (figure 3-1). The
Khlong Marui Fault zone is made up of several fault segments connected to a deeper fault root
(Saetang et al., 2014). Neither fault 3 nor 4 are along strike with the general trend of the Khlong
Marui Fault as shown in figure 3-1, however, both could connect to different stepover faults.
Fault segment 3 is in line with one of the western stepover faults (figure 3-1), and fault segment 4
is along strike with an eastern stepover fault (figure 3-1). The current length of the Khlong Marui
Fault is 100 km. If these faults connect to the Khlong Marui Fault, then the fault zone would have
a total mapped length of about 173 km (figure 3-1).

Slip Direction on Faults
One approach to determine the seismic hazard these faults pose to Phuket is to model
scenario earthquakes. To create these models, we must determine several parameters including
the slip direction on the faults. The slip direction, described by the rake, is especially important in
our Coulomb stress models. We used previous studies combined with models of the 2004 Great
Sumatra Earthquake in connection with the 2004 triggered seismicity to determine the likely
direction of slip on the faults.
Meyers et al. (2018) and Tingay et al. (2010) investigated the stress field within Thailand
and Southeast Asia, respectively. Meyers et al. (2018) used geologic data and finite element
modeling to produce the stress field shown in figure 3-2. We placed the Ranong and Khlong
Marui Faults on this figure, which shows that the principal compression is oriented northerly and
slightly counterclockwise from the Ranong and Kalong Marui Faults. This implies left lateral slip
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is preferred on these strike-slip faults. These results agree with Tingay et al. (2010) who also
mapped the Ranong and Khlong Marui Faults to be left lateral based on the observed stress field.
Further, Watkison et al. (2011) investigated the kinematics of the Ranong and Khlong Marui
Faults based on isotope dating of metamorphic core complexes along the fault zones. They
suggest that the Ranong and Khlong Marui Faults switch from right lateral to left lateral strikeslip faults in the late Eocene. Additionally, Simons et al. (2007) showed that the Thai peninsula
south of the Ranong and Khlong Marui fault zones was moving northeast compared to mainland
Thailand after 2004. This finding indicts that the faults are accommodating left lateral motion.

Figure 3-2: Stress field of Thailand modified from Meyers et al. (2018). The thick blue lines
indicate locations of the offshore and onshore portions of the Ranong and Khlong Marui Faults.
The stress field in that region shows that the maximum compressional stress is oriented slightly
counterclockwise from the strike of the Khlong Marui and Ranong Faults.

27
We modeled the expected change in the static stress field acting on the Ranong and
Khlong Marui Faults as a result of the 2004 Great Sumatra Earthquake. Both GPS measurements
after the 2004 Great Sumatra Earthquake and the series of small earthquakes near the faults after
2004 imply that these faults were reactivated by the 2004 Great Sumatra Earthquake (Duerrast,
H., Dangmuan, S., and Lohawijarn, 2007; Pailoplee et al., 2010; Simons et al., 2007; Vigny et al.,
2005). Although there were no focal mechanisms from the post 2004 seismicity, increase in
seismicity and the movement across the faults from GPS observations suggest that the 2004 Great
Sumatra Earthquake positively loaded the Ranong and Khlong Marui Faults and brought them
closer to failure. We modeled the change in the Coulomb stress field resulting from the 2004
Great Sumatra Earthquake to explore if the Ranong and Khlong Marui Faults could have been
brought closer to failure based on the preferred direction of slip on the faults.
We assumed that the Ranong and Khlong Marui Faults are left lateral (rake=0o) or right
lateral (rake=180o). We assumed a strike of 25o for the faults. For each rake, we tested two finite
fault models of the rupture of the Sumatra Earthquake from Ammon et al. (2005) and Ji (2005).
We used the Hdef code (https://github.com/mherman09/Hdef) from Herman et al., (2014) to
calculate the change in Coulomb stress from scenario earthquakes. This code computes stresses
around a fault in an elastic half space using Okada solutions (1992). The code resolves shear and
normal stress at each point and then computes Coulomb stress using the following equation:
∆𝑐𝑠 = 𝜏 − 𝜇𝜎;
Where 𝜇 is the effective friction coefficient (assumed to be 0.5), 𝜏 is the shear stress (MPa),
and 𝜎; is normal stress in the orientation of the target fault (MPa) (Reasenberg and Simpson,
1992). If the change in Coulomb stress is positive, then the earthquake has positively loaded the
target fault and brought it closer to failure. If the change in Coulomb stress is negative, then the
fault has been negatively loaded and is thought to be less likely to fail.
The panels on the left of figure 3-3 show the results of the Coulomb stress models
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assuming the Ranong and Khlong Marui Faults are left lateral, and the right hand panels in figure
3-3 show the results if the faults are assumed to be right lateral. If the faults are left lateral,
Coulomb stress would have increased in our study areas by approximately 0.02 to 0.03 MPa. The
models show that if the Ranong and Khlong Marui Faults are left lateral, the 2004 Great Sumatra
Earthquake would have positively loaded them and brought them closer to failure. The left hand
panels in figure 3-3 also show several of the earthquakes that occurred after 2004. These
earthquakes occurred in the region in which Coulomb stress would have increased by at least 0.01
MPa. If the Ranong and Khlong Marui Faults are left lateral, then the change in Coulomb stress
from the 2004 Great Sumatra Earthquake could explain the increased seismicity recorded in the
area after 2004. The right lateral slip models show that if the Ranong and Khlong Marui Faults
are right lateral, the 2004 Great Sumatra Earthquake would not have brought them closer to
failure. The change in Coulomb stress near the Ranong and Khlong Marui Faults would be
approximately -0.02 to -0.03 MPa. In this case, a change in static stress field due to the 2004
earthquake could not explain the increased seismicity recorded on the Ranong and Khlong Marui
Faults after 2004.
These modeling results, when combined with the results of previous studies, imply that
the Ranong and Khlong Marui Faults currently act as left lateral faults. Although we modeled
both senses of motion, we focus on our modeling results that assume the Ranong and Khlong
Marui Faults are left lateral.
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Figure 3-3: Coulomb stress change following the 2004 Great Sumatra Earthquake. The two
models on the left show the stress change assuming the Ranong and Khlong Marui Faults are left
lateral strike-slip faults. The two models on the right show the stress change assuming the Ranong
and Khlong Marui Faults are right lateral strike-slip faults. The top models are based on a finite
fault model from Ammon et al. (2005), and the bottom models are based on the finite fault model
from Ji (2005).
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Maximum Potential Earthquake Magnitudes
The maximum potential earthquake magnitude that a fault could host is important for
understanding the seismic hazard that a fault could pose to the region. In particular, it is an
important parameter to model the potential ground motion that could occur as a result of an
earthquake.
We calculated the potential maximum earthquake magnitude for rupture on both the
newly mapped offshore fault segments and longer faults composed of the interpreted offshore and
onshore portions of the Ranong and Khlong Marui Faults. We calculated maximum magnitudes
using three empirical equations relating fault length to maximum earthquake magnitude from
Wesnousky (2008), Anderson et al. (1996), and Wells and Coppersmith (1994).
The empirical relationship between fault length and maximum earthquake magnitude for
strike slip earthquakes given by Wesnousky (2008) is:
𝑀𝑤 = 5.56 + 0.87 × 𝑙𝑜𝑔(𝐿),
Where L is fault length (km) and Mw is moment magnitude (Wesnousky, 2008).
This relationship is derived from an earthquake catalogue that includes both interplate
and intraplate earthquakes, and a majority of them are strike-slip earthquakes. Wesnousky (2008)
only considered continental earthquakes with at least 16 km of rupture.
The relationship developed by Anderson et al. (1996) is:
𝑀𝑤 = 5.12 + 1.16 𝑙𝑜𝑔(𝐿) − 0.20 𝑙𝑜𝑔(𝑆) ,
Where L is fault length (km), Mw is moment magnitude, and S is the slip rate (mm/yr)
(Anderson et al., 1996). This relationship relies on both fault length and slip rate. The catalogue
used to establish this relationship only considered earthquake from 15-20 km deep, which is
slightly deeper than our assumed earthquake depth. Anderson et al. (1996) only considered events
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with well constrained slip rates. Estimates of slip rate on the Ranong and Khlong Marui Faults
are based on paleoseismological evaluations of different faults strands in Southern Thailand,
which leads to poorly constrained slip rates. To calculate these magnitudes, we used a high and
low value for slip rate for each of the faults. We used a rate of 0.18 mm/year and 0.70 mm/year
for the Ranong Fault, and 0.01 mm/year and 0.50 mm/year for the Khlong Marui Fault (Pailoplee
and Charusiri, 2016).
Wells and Coppersmith’s (1994) equation for strike slip ruptures is:
𝑀𝑤 = 5.16 + 1.12 log (𝐿)
Where L is fault length (km) and Mw is moment magnitude (Wells and Coppersmith,
1994). This relationship is based on interplate and intraplate earthquake, and included both
shallow and deep ruptures.
Table 3-1 shows the maximum earthquake magnitude possible from each fault segment
calculated using the three different empirical relationships described above. We calculated
maximum earthquake magnitudes based on the minimum fault lengths for each of the offshore
fault segments, and the full lengths of the Khlong Marui and Ranong Faults listed in table 3-1.
The calculated magnitude based on Wesnousky (2008) indicated that if any one of the
mapped fault segments ruptured along its entire length, it has the potential to be the largest
earthquake recorded in Thailand. Each newly mapped section has the potential to produce at least
a Mw > 6.5 as shown in table 3-1 and figure 3-4. The longest fault segments, faults 2 and 3, have
the potential to produce an earthquake of Mw > 6.86. If the full length of either the Ranong or
Khlong Marui Fault ruptured including the offshore portions, it could be an extremely large
earthquake for Thailand with a Mw of 7.6 and 7.5, respectively (figure 3-4).
The magnitudes calculated using the Anderson et al. (1996) relationship were all higher
than those calculated using the Wesnousky relationship for both the high and low slip rates (table
3-1). Anderson et al. (1996) only used events with well constrained slip rates which may have
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contributed to the higher calculated magnitudes. Anderson et al. (1996) found that a lower slip
rate correlates to a higher magnitude. An underestimation of slip rate could also have contributed
to the large magnitudes.
Table 3-1: Length of each mapped offshore fault and two onshore portions of the Khlong Marui
and Ranong Fault and the resulting magnitudes. The assumed length of Ranong and Khlong
Marui Faults based on the possible connections in the previous section. The magnitudes are
calculated using the three equations described above.

6.55
6.86
6.88
6.67

Anderson et al.
(1996) fast slip
Mw
6.64
7.06
7.08
6.80

Anderson et al.
(1996) slow slip
Mw
6.84
7.26
7.28
7.00

Wells and
Coppersmith
(1994) Mw
6.44
6.84
6.86
6.59

173

7.51

7.92

8.12

7.67

430

7.85

8.77

8.57

8.11

47.2

7.02

7.66

7.46

7.04

96.8

7.29

8.02

7.82

7.38

Fault
Segment

Length
(km)

Wesnousky
(2008) Mw

1
2
3
4
Full
Khlong
Marui
Full
Ranong
Short
Khlong
Marui
Short
Ranong

13.9
31.3
32.9
19.0

The values calculated based on the Wells and Coppersmith (1994) equation show a
similar range of earthquake magnitudes as those calculated using the equation from Wesnousky
(2008) (table 3-1). The smallest fault segment, segment 1, could host a Mw=6.44. The longer
segments, 2 and 3, could host a Mw~6.8 earthquake. If the full length of the Ranong Fault were to
rupture the resulting earthquake magnitude could be over a Mw=8.1.
We decided to use the relationship established by Wesnousky (2008) to model scenario
earthquakes and calculate slip. Wesnousky (2008) used both interplate and intraplate earthquakes
and the earthquake catalogue he used was more complete than either of the other empirical
equations we explored.
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Slip
The slip from a potential earthquake is an important parameter in Coulomb stress
modeling. These models allow us to assess the increased seismicity potential in a region from a
nearby earthquake. To calculate how much slip would have resulted from these events, we
converted moment magnitude (Mw) to seismic moment in Nm (Mo) using the equation:
𝑀N =

2
𝑙𝑜𝑔PQ (𝑀R ) − 6.0
3

We calculated the slip from the seismic moment using the relationship:
𝑀R = 𝜇 𝐴 𝑢
Where 𝜇 is the shear modulus (40 GPa), A is the fault area (km2), and u is the slip (km).
The results of this valuation are shown in table 3-2.
Table 3-2: Length of each mapped offshore fault and two onshore portions of the Khlong Marui
and Ranong Fault, the resulting magnitudes, and the slip. The slip calculation is based on the
magnitudes and the assumption that the faults are 10 km deep. Figure 3-5 shows the slip
associated with each fault.
Segment
1
2
4
5
Full Khlong Marui
Full Ranong
Short Khlong Marui
Short Ranong

Length (km)
13.9
31.3

Magnitude (Mw)
6.55
6.86

32.9
19.0
173
430

6.88
6.67
7.51
7.85

47.2

7.02
7.29

96.8

Slip (m)
1.22
1.56
1.59
1.34
2.63
3.48
1.77
2.21

We assumed an earthquake depth of 10 km both for this equation and for our models. An
earthquake in the study area has been placed at a depth of 14.5 km (USGS National Earthquake
Information Center, 2015). The Mae Lao earthquake (Mw=6.2) occurred at a depth of about 12
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km, and many of the aftershocks occurred between 10-14 km depth (Pananont et al., 2017). We
choose a typical depth to be about 10 km. Further, the earthquake catalogue used by Wesnousky
(2008) used earthquakes <15 km depth, which is compatible with our choice of 10 km. The slip
calculations range from 3.4 m to 1.2 m (table 3-2; figure 3-4).

Figure 3-4: Offshore fault segments, the possible connection between the offshore faults and the
Ranong and Khlong Marui Faults. A dotted line connects the Ranong Fault correlations. A dashed
line connects the Khlong Marui Fault correlations. The left panels show potential maximum
earthquake magnitude (Mw) next to each fault segment calculated based on Wesnousky (2008).
The potential slip (m) from a maximum potential earthquake is shown next to each fault segment
on the map to the right.
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Chapter 4

Modeling Scenario Earthquakes

Coulomb Stress Modeling of Scenario Earthquakes
Both the 2016 Kumamoto earthquake sequence in Japan and the 2010 to 2016 Canterbury
earthquake sequence in New Zealand demonstrated the additional damage that a triggered
earthquake can do to a region (Bilotta et al., 2016; Herman and Furlong, 2016). We use Coulomb
stress models to assess the potential for an earthquake hosted on one of these faults to trigger an
earthquake on a nearby fault segment or advance an earthquake on an adjacent fault segment.
We used the same Coulomb stress modeling techniques described in chapter three. If the
change in Coulomb stress is positive (indicated by warm colors), then the source earthquake
brings the target fault closer to failure. If the change in Coulomb stress is negative (indicated by
cool colors), then the fault is less likely to fail. Generally, an increase in static stress of more than
0.01 MPa is thought to increase the potential seismicity on a target fault.
Table 4-1: Fault and earthquake parameters used in Coulomb stress and ShakeMaps models.
Fault Parameters
Length
Rake
(km)
(o)

Fault Name
1

22

13.9

0

90

8.39

97.79

10

6.55

1.22

2

20

31.3

0

90

8.21

97.92

10

6.86

1.56

3

13

32.9

0

90

7.81

98.16

10

6.88

1.59

4
Onshore Khlong
Marui

47

19.0

0

90

7.64

98.44

10

6.67

1.34

32

47.2

0

90

8.65

98.63

10

7.52

2.67

Onshore Ranong
Full Khlong
Marui

23

96.8

0

90

9.62

98.49

10

7.68

3.02

0

90

8.54

98.60

10

7.61

2.87

Full Ranong

23

0

90

10.02

98.66

10

7.82

3.40

32

173
430

Dip
(o)

Latitude
(o)

Earthquake Parameters
Longitude Depth Magnitude
(o)
(km)
(Mw)

Strike
(o)

Slip
(m)
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We used fault parameters based on the results of chapter 3. The strike, length, depth,
rake, dip, magnitude, and slip parameters used for each source earthquake, source fault, and target
fault used in our models is shown in table 4-1. The stress field was resolved for each model at the
earthquake depth of 10 km. We assume the mapped faults are strike-slip faults with a dip of 90o.
We assume a rake of 0o, which is consistent with left lateral movement. For thoroughness, we
also ran a suite of models assuming a rake of 180o (right lateral motion). The results of those
models are shown in Appendix B.

Triggering Nearby Faults
An earthquake on one fault could trigger seismicity on a nearby fault as occurred in the
2016 Kumamoto Earthquakes (Yagi et al., 2016). We modeled the impact of an earthquake
hosted on each mapped offshore fault targeting each of the other offshore faults. Each offshore
fault tended to positively load nearby faults (figure 4-1 to 4-4; table 4-2).
Table 4-2: A summary of the results of our first set of Coulomb stress models. The figures that
accompany each result are listed in the last column. The parameters used for these models can be
found in table 4-1.
Earthquake Fault Target Fault Change in cs (MPa) Figure
1
2
+0.08
4-1a
1
3
-0.01
4-1b
1
4
+<0.01
4-1c
2
1
+0.08
4-2a
2
2
3
3

3
4
1
2

+0.03
+<0.01
-0.01
+0.03

4-2b
4-2c
4-3a
4-3b

3
4
4

4
1
2

+0.08
+<0.01
+<0.01

4-3c
4-4a
4-4b

4

3

+0.03

4-4c
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Figure 4-1 shows the change in Coulomb stress from an earthquake on fault segment 1. It
would increase the Coulomb stress on the northern portion of fault segment 2 by 0.08 MPa and
decrease Coulomb stress by -0.05 MPa on the southern portion of fault segment 2. It would
decrease the Coulomb stress by -0.01 MPa on fault segment 3. It would increase the Coulomb
stress on fault segment 4 by <0.01MPa.

Figure 4-1: Change in Coulomb stress from a left lateral scenario earthquake on fault segment 1
resolved on a) fault 2 b) fault 3 and c) fault 4. Each of these target faults has a different strike,
which causes the difference in the change in Coulomb stress. The grey focal mechanism shows
the scenario earthquake on the fault that ruptured.

Similarly, figure 4-2 shows an earthquake on fault segment 2 would increase the
Coulomb stress on fault segment 1 and the northern portion of fault segment 3 by at least 0.01
MPa.

Figure 4-3 shows an earthquake on fault segment 3 would increase Coulomb stress by at

least 0.01 MPa on the southern portion of fault segment 2 and fault segment 4. Figure 4-4 shows
an earthquake on fault segment 4 would cause an increase in Coulomb stress of at least 0.01 MPa
on the northern section of segment 3.
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Figure 4-2: Change in Coulomb stress from a left lateral scenario earthquake on fault segment 2
resolved on a) fault 1 b) fault 3 and c) fault 4. Each of these target faults has a different strike,
which causes the difference in the change in Coulomb stress. The grey focal mechanism shows
the scenario earthquake on the fault that ruptured.

Figure 4-3: Change in Coulomb stress from a left lateral scenario earthquake on fault segment 3
resolved on a) fault 1 b) fault 2 and c) fault 4. Each of these target faults has a different strike,
which causes the difference in the change in Coulomb stress. The grey focal mechanism shows
the scenario earthquake on the fault that ruptured.
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Figure 4-4: Change in Coulomb stress from a left lateral scenario earthquake on fault segment 4
resolved on a) fault 1 b) fault 2 and c) fault 3. Each of these target faults has a different strike,
which causes the difference in the change in Coulomb stress. The grey focal mechanism shows
the scenario earthquake on the fault that ruptured.

Triggering Faults Along Strike
Earthquakes can also trigger events along strike as occurred in the 2010-2016 Canterbury
series of earthquakes (Herman and Furlong, 2016). We modeled one earthquake on each of the
offshore mapped fault segments targeting the onshore segments of the Ranong and Khlong Marui
Faults. Similarly, we modeled earthquakes on large onshore portions of the Ranong and Khlong
Marui Faults targeting each of the mapped offshore fault segments. These models help us
understand if these faults could trigger events along strike. Both the offshore and onshore faults
tended to positively load faults along strike (figure 4-1 to 4-8; table 4-3).
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Table 4-3: A summary of the results of our second set of Coulomb stress models. The figures that
accompany each result are listed in the last column. The parameters used for these models can be
found in table 4-1.
Earthquake Fault
1
2
3
4
1
2
3
4
Ranong
Ranong
Ranong
Ranong
Khlong Marui
Khlong Marui
Khlong Marui
Khlong Marui

Target Fault Change in cs (MPa) Figure
Ranong
+<0.01
4-5a
Ranong
+<0.01
4-5b
Ranong
+<0.01
4-5c
Ranong
-<0.01
4-5d
Khlong Marui
-<0.01
4-6a
Khlong Marui
-<0.01
4-6b
Khlong Marui
+0.01
4-6c
Khlong Marui
+<0.01
4-6d
1
+<0.01
4-7a
2
+<0.01
4-7b
3
+<0.01
4-7c
4
-<0.01
4-7d
1
-0.02
4-8a
2
-0.02
4-8b
3
-0.01
4-8c
4
+<0.01
4-8d

Case One: Offshore Faults Trigger Activity on the Onshore Ranong and Khlong Marui Faults
An earthquake that ruptured the full length of fault segments 1, 2, or 3 would slightly
increase the Coulomb stress on onshore portions of the Ranong Fault by <0.01 MPa (figure 4-5).
However, if the Ranong fault connects to fault 1 or 2 as suggested in figure 3-1, the connections
would experience an increase in Coulomb stress of more than 0.01 MPa if the full length of fault
1 or fault 2 were to rupture.
An earthquake that ruptured the full length of fault 3 or fault 4 would increase Coulomb
stress on the onshore Khlong Marui Fault by less than 0.01 MPa as shown in figure 4-6.
However, if the Khlong Marui fault connects to fault 3 or 4 as suggested in figure 3-1, the
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connections would experience an increase in Coulomb stress of more than 0.01 MPa if the full
length of fault 3 or fault 4 were to rupture.

Figure 4-5: Change in Coulomb stress resolved on the onshore portion of the Ranong Fault from
left lateral scenario earthquakes located on a) fault 1 b) fault 2 c) fault 3 and d) fault 4. The grey
focal mechanism shows the scenario earthquake on the fault that ruptured.
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Figure 4-6: Change in Coulomb stress resolved on the onshore portion of the Khlong Marui Fault
from left lateral scenario earthquakes located on a) fault 1 b) fault 2 c) fault 3 and d) fault 4. The
grey focal mechanism shows the scenario earthquake on the fault that ruptured.
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Case two: The Onshore Faults Trigger Activity on the Offshore Faults
An earthquake that ruptured an onshore portion of the Ranong Fault would increase
Coulomb stress on fault segments 1, 2, and 3 by <0.01 MPa (figure 4-7). However, if the Ranong
fault connects to fault 1 or 2, the connections would experience an increase in Coulomb stress of
more than 0.01 MPa.

Figure 4-7: Change in Coulomb stress from a left lateral scenario earthquake on the full Ranong
Fault resolved on a) fault 1 b) fault 2 c) fault 3 and d) fault 4. The grey focal mechanism shows
the scenario earthquake on the fault that ruptured.
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An earthquake that ruptured an onshore portion of the Khlong Marui Fault would
increase Coulomb stress on fault segment 3 by less than 0.01 MPa. However, if the Khlong Marui
fault connects to fault 3, the connection would experience an increase in Coulomb stress of more
than 0.01 MPa.

Figure 4-8: Change in Coulomb stress from a left lateral scenario earthquake on the full Khlong
Marui Fault resolved on a) fault 1 b) fault 2 c) fault 3 and d) fault 4. The grey focal mechanism
shows the scenario earthquake on the fault that ruptured.
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Full Fault Rupture
The worst-case scenario for Southern Thailand is that the full length (onshore and
offshore) of the Ranong or Khlong Marui Fault ruptures. It is important to understand if the faults
could trigger each other, i.e. if the Ranong Fault ruptures, would it bring the Khlong Marui Fault
closer to rupture. We assume that the faults offshore connect to those onshore as shown in figure
3-1, although the nature of the connections is unknown. We ran a series of models that explored
how extending the onshore portions of the Ranong and Khlong Marui Faults to connect with the
offshore faults would change the stress effects from the modeled scenario earthquakes. A
summary of the results of these models is shown in table 4-4 and figures 4-9 and 4-10.
Table 4-4: A summary of the results of our final set of Coulomb stress models. The figures that
accompany each result are listed in the last column. The parameters used for these models can be
found in table 4-1.

Earthquake Fault Target Fault Change in cs (MPa) Figure
Ranong
Khlong Marui
+0.05
4-9
Ranong
3
-0.03
4-9
Ranong
4
+0.04
4-9
Khlong Marui
Ranong
+0.04
4-10
Khlong Marui
1
-<0.1
4-10
Khlong Marui
2
-<0.1
4-10

Case One: Rupture of the Entire Inferred Ranong Fault
An earthquake that ruptured the inferred connected onshore and offshore portions of the
Ranong Fault would decrease the Coulomb stress on fault segment 3 by -0.03 MPa as shown in
figure 4-9. Fault segment 4 would experience a Coulomb stress increase of 0.04 MPa. The
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onshore portions of the Khlong Marui Fault would experience a Coulomb stress decrease of -0.1
MPa. The possible connection between the onshore Khlong Marui Fault and fault segment 3
would experience a Coulomb stress increase of 0.05 MPa (figure 4-9).

Figure 4-9: Change in Coulomb stress from a left lateral scenario earthquake on the full Ranong
Fault resolved on a) fault 3 and b) fault 4. The grey focal mechanism shows the scenario
earthquake on the fault that ruptured.

Case Two: Rupture of the Entire Inferred Khlong Marui Fault
An earthquake that ruptured the inferred connected onshore and offshore portions of the
Khlong Marui Fault would decrease the Coulomb stress on fault segments 1 and 2 by <-0.1 MPa.
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The Ranong Fault would experience a Coulomb stress decrease of -0.1MPa on the southern and
northern ends of the fault and an area of Coulomb stress increase of 0.04 MPa in the central,
onshore segment as shown in figure 4-10.

Figure 4-10: Change in Coulomb stress from a left lateral scenario earthquake on the full Khlong
Marui Fault resolved on a) fault 1 b) fault 2. The grey focal mechanism shows the scenario
earthquake on the fault that ruptured.

Discussion of Coulomb Stress Modeling Results
After an earthquake, triggered moderate or large events can be extremely damaging to a
region. For example, during the 2016 Kumamoto earthquakes, many of the buildings collapsed
from the second, triggered event (Bilotta et al., 2016). We can use our results from the Coulomb
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stress models to address the potential for earthquake triggering in Southern Thailand. If one
portion of the Ranong or Khlong Marui Fault ruptures, it would bring other portions of the faults
closer to failure.
The first type of earthquake triggering we address is a fault triggering an earthquake on a
nearby fault. In these scenarios, one event would trigger a similar sized event on a nearby fault
strand, which is very similar to what occurred during the Kumamoto Earthquake sequence
(Bilotta et al., 2016). These earthquakes could also trigger events along strike. Triggering
seismicity along the strike of a fault was observed in the 2010 to 2016 Darfield and Christchurch
earthquakes (Herman and Furlong, 2016). The events that occurred in the 2010 to 2011 sequence
increased Coulomb stress on a previously unmapped portion of the fault resulting in rupture in
2016 (Herman and Furlong, 2016). The Christchurch earthquakes were extremely damaging.
Thus, even though the smaller offshore segments may host lower magnitudes earthquakes
compared to the onshore segments, they could still trigger these onshore segments after they
rupture. This could lead to a smaller earthquake triggering a larger and a more damaging event
along the onshore portions of the fault.

ShakeMaps Modeling
Mapping the offshore portions of the Ranong and Khlong Marui Faults allows us to
assess the potential ground motion within Southern Thailand from earthquakes on these faults.
We ran a suite of scenario earthquake ground shaking models to assess the potential impact of
these earthquakes on the region. Even though scenario earthquake models tend to be more
uniform than real events, they still provide useful information to quantify the maximum ground
motion. Large, damaging earthquake tend to be associated with 50%g near the fault and heavy
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damage tends to extend into areas that experience a PGA of at least 20%g (ShakeMap Working
Group, 2005).
We used the ShakeMaps® code developed by the USGS Earthquake Hazards Program.
This code requires user provided fault geometry, rupture length, magnitude, and hypocenter for
the scenario event. For these parameters, we use the values previously listed in table 4-1.
We focus on the peak ground acceleration (PGA) maps and shaking intensity maps based
on the Modified Mercalli Intensity Scale (MMI) to assess impact of an earthquake. Where the
maximum intensity of shaking is <VII, PGA is a more accurate predictor of earthquake impact
because rigid structures are more susceptible to failure due to an increase in acceleration
(ShakeMap Working Group, 2005). Where the maximum intensity of shaking is >VII, peak
ground velocity has proved a more accurate predictor of earthquake impact. Flexible structures
become damaged where there is high shaking intensity, and these buildings are more susceptible
to failure due to an increase in velocity rather than acceleration (ShakeMap Working Group,
2005). We used PGA in our analysis because in most of the areas we analyzed, the potential
maximum intensity of shaking was ≤VII, and we wanted to maintain consistency.
Both PGA and shaking intensity rely on the computation of ground motion. We choose a
global ground motion prediction equation from Abrahamson et al. (2014). Abrahamson et al.
(2014) used the NGA-West2 catalogue to establish this empirical attenuation relationship. The
NGA-West2 includes 559 crustal earthquakes from active tectonic regimes around the world
(Ancheta et al., 2014). The PGA contours are controlled by topography. In offshore areas, the
topography is assumed to be constant, because we focus on the onshore ground motion values.
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ShakeMaps Modeling Results
We modeled the ground shaking from an earthquake on the newly mapped offshore fault
segments as well as the full lengths of the Ranong and Khlong Marui Faults. We created models
of scenario earthquakes on the onshore portions of the Ranong and Khlong Marui Faults to
compare them to scenario earthquakes on the full Ranong and Khlong Marui Faults. We present
the results of the scenario earthquakes in three groups based on the maximum intensity of shaking
in the region. Higher PGA values and higher shaking intensity are associated with higher
magnitude earthquakes that are closer to land (table 4-5; figures 4-11 to 4-14).
Table 4-5: A summary of the results of the ShakeMaps models. The figures that accompany each
result are listed in the last column.
Earthquake Fault
1
2
3
4
Onshore Khlong
Marui
Onshore Ranong
Full Khlong
Marui
Full Ranong

City Effected
Phuket
Phuket
Phuket
Phuket

Max PGA in City (%g)
<5
<10
<10
<10

Max Intensity in City
V
VI
VI
VI

Figure
4-11
4-11
4-12
4-12

Kapong
Ranong

<20
>50

VII
VIII

4-13
4-13

Kapong
Ranong

>50
>50

VIII
VIII

4-14
4-14

The offshore scenario earthquakes would produce the lowest PGA. Earthquakes hosted
on faults 1 and 2 had comparable results. The PGA near Phuket from earthquakes hosted on faults
1 and 2, could be less than 0.05g and less than 0.10g respectively as shown in figure 4-11. These
levels of PGA correspond to a shaking intensity of V to VI near Phuket. Scenario earthquakes
hosted on fault segments 3 and 4 show higher PGA and shaking intensity within Phuket. The
PGA contours shown in figure 4-12, show that both scenarios could cause PGA near Phuket
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between 0.10g and 0.20g. This could correspond to a shaking intensity of about VI to VII within
the island of Phuket.
The onshore portions of both the Ranong Fault and the Khlong Marui Fault are near
several cities. Notably, the Ranong Fault is by the city of Ranong, and the Khlong Marui Fault is
by the city of Kapong. As shown in figure 4-13, the city of Ranong could experience PGA of
more than 0.50g and a shaking intensity of VIII from a scenario earthquake hosted on the onshore
portions of the Ranong Fault. An event of this magnitude on the Ranong Fault could also result in
PGA of 0.20g to 0.50g in the cities of La-Un and Phato. An earthquake hosted on the onshore
portions of the Khlong Marui Fault could result in PGA of 0.20g to 0.50g in Kapong (figure 413). This PGA range could cause a shaking intensity of VI to VII in this city (figure 4-13).
The extension of the Ranong and Khlong Mauri Faults offshore has two major effects on
the shake map scenarios. The faults are closer to more cities, and they can host larger magnitude
earthquakes (table 3-1). Figure 4-14 shows that the extend Ranong Fault could put Khura Buri
and the city of Ranong in the zone of PGA > 0.50g. This corresponds to a shaking intensity of
VIII in Ranong and Khura Buri. The zone of PGA of at least 0.20g extends up to 80 km around
the fault. This area could experience ground shaking intensity of VII. Similarly, the extended
portion of the Khlong Marui Fault could put the cities of in Phuket and Phang Nga on the edge of
the area of at least 0.50g PGA. This area could experience a shaking intensity of VIII (figure 414).
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Figure 4-11: PGA and intensity maps from scenario earthquakes on faults 1 and 2. The map
results from the earthquake on fault 1 are located on the left. The map results from the earthquake
on fault 4 are located on the right. The scale is from the United States Geological Survey (2013).
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Figure 4-12: The upper panels show PGA contours, and lower panels show shaking intensity
maps from scenario earthquakes on faults 3 and 4. The map results from the earthquake on fault 3
are located on the left. The map results from the earthquake on fault 4 are located on the right.
The scale is from the United States Geological Survey (2013).
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Figure 4-13: The upper panels show PGA contours, and lower panels show shaking intensity maps
from scenario earthquakes on the onshore portions of the Ranong and Khlong Marui Faults. The map
results from the earthquake on the onshore portion of the Ranong Fault are located on the left. The
map results from the earthquake on the onshore portion of the Khlong Marui Fault are located on the
right. The scale is from the United States Geological Survey (2013).
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Figure 4-14: The upper panels show PGA contours, and lower panels show shaking intensity
maps from scenario earthquakes on the full Ranong and Khlong Marui Faults. The map results
from the earthquake on the full Ranong Fault are located on the left. The map results from the
earthquake on the full Khlong Marui Fault are located on the right. The scale is from the United
States Geological Survey (2013).

56

Discussion of ShakeMaps Modeling Results
The ShakeMap models allow us to address the potential impact of an earthquake in
Southern Thailand. The impacts of an earthquake based on shaking intensity and PGA can be
contextualized using historical earthquakes. This allows us to assess the potential seismic hazard
they pose to Southern Thailand.
An earthquake hosted on only fault segments 1 or 2 does not pose a potential seismic
hazard to even the closest cities such as Phuket unless they trigger a larger event. These faults are
the two furthest fault segments we mapped and are located 48 km to 33 km away from land,
which allows the worst of the shaking to take place out in the Andaman Sea as opposed to near
populated areas.
Fault segments 3 and 4 are significantly closer to land than fault segments 1 and 2 and do
pose a seismic hazard to Southern Thailand. Fault segment 3 could cause greater shaking
intensity near Phuket than Chang Rai experienced in 2014. The 2014 Mae Lao earthquake caused
PGA of about 0.06g to 0.12g which corresponded to a shaking intensity of V to VI near Chiang
Rai (Lukkunaprasit et al., 2015). Phuket could experience PGA of between 0.10g and 0.20g from
an earthquake hosted on fault 3.
A comparison of figure 4-13 and 4-14 shows the potential impact of an earthquake on the
combined onshore and offshore faults. If an earthquake were to occur on just the onshore
segments of the Ranong Fault the city of Ranong could experience a shaking intensity of VII and
PGA of 0.50g. If an earthquake were to occur on the combined offshore and onshore faults
segments of the Ranong Fault at least two cities, Ranong and Khura Buri, could experience a
shaking intensity of VIII and PGA of 0.50g. Similarly, three cities, Phuket, Kapong, and Chaiya
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could experience a shaking intensity of VII and PGA of at least 0.20g if the extended Khlong
Marui fault were to rupture. If just the shorter onshore portion were to rupture, Kapong could be
the only city to experience a shaking intensity of VII.
The shake map models of earthquakes on the extended Ranong and Khlong Marui Faults
show that the maximum intensity and PGA in the region could be similar to those felt in
California from the 1989 Loma Prieta event, also known as the “World Series” earthquake
(Aagaard et al., 2008). This event caused massive damage in California. If a similar event
occurred in Southern Thailand, it could cause similar severe damage to the area.
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Chapter 5

Conclusions
Previously the offshore portions of the Ranong and Khlong Marui Faults were neither
identified nor mapped. Further, we did not know if any offshore extension of these faults is
currently active or what, if any, seismic hazard they could pose to Southern Thailand.
We mapped active portions of the offshore Ranong and Khlong Marui Faults. We
collected and processed eight lines of high resolution seismic reflection data, and mapped over
209 surface discontinuities. We correlated the discontinuities across seismic lines into faults. We
mapped four offshore fault segments. Each of these faults cut the surface sediments and therefore
appear active as they disrupt the most recent layer of sediment.
The four mapped fault segments are along strike with various onshore portions of the
Ranong and Khlong Marui Faults. We showed the possible connections between the onshore
faults and offshore faults. We connected fault segments 1 and 2 to land portions of the Ranong
Fault based on strike and location. Fault segment 1 and 2 are directly along strike with the
Ranong Fault and are close to the previously assumed offshore continuation of the Ranong Fault.
We connected fault segments 3 and 4 to the onshore portions of the Khlong Marui Fault based on
strike and location. Both fault segments are along strike with onshore portions of the Khlong
Marui Fault and are close to the previously assumed offshore continuation of the Khlong Marui
Fault.
We determined the fault parameters for our models using previous geologic data and
Coulomb stress modeling. We modeled the change in the static stress field following the 2004
Great Sumatra Earthquake, because it reactivated the Ranong and Khlong Marui Faults (Duerrast,
H., Dangmuan, S., and Lohawijarn, 2012; Pailoplee et al., 2010; Simons et al., 2007; Vigny et al.,
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2005). The results of our model indicate that these faults are likely left lateral. This fits with
previous geologic studies of the current stress field in Thailand and the most recent phase of
motion along this fault (Meyers et al., 2018; M. R. P. Tingay et al., 2010; Watkinson et al., 2011).
We used an empirical relationship to calculate maximum earthquake magnitude based on
fault length. If the shortest of the offshore mapped section were to rupture, it could produce a
Mw=6.55 earthquake. If the longest of the offshore mapped section were to rupture, it could
produce a Mw=6.88 earthquake. If the full length of either the Khlong Marui or Ranong Faults
ruptured, including the offshore portions identified in this study, the size of the earthquake could
be extremely large for Thailand at Mw=7.66 and 7.85, respectively. If any of the newly mapped
offshore faults were to completely rupture, Thailand could experience the largest earthquake ever
recorded within its borders.
We used the above parameters to model scenario earthquakes. Coulomb stress modeling
allows us to investigate how the static stress field could change in Southern Thailand if one of the
mapped faults ruptured. The rupture of one of the offshore faults would increase Coulomb stress
along strike and on the nearest offshore mapped fault. Thus, a seismic event on fault segment 1 or
2 could trigger an event on the longer onshore Ranong Fault. Similarly, a seismic event on fault 3
or 4 could trigger an event on the longer onshore Khlong Marui Fault. If an onshore portion of the
Ranong or Khlong Marui Faults were to rupture it would increase Coulomb stress on the offshore
faults along strike. These models allowed us to assess how one earthquake on a segment of the
Ranong or Khlong Marui Fault could increase the risk of future seismicity in the region.
We used ShakeMaps modeling to model the PGA and shaking intensity associated
with each of the scenario earthquakes to assess the potential impact of an earthquake on Southern
Thailand. Earthquakes hosted on only fault segments 1 and 2 could not cause high to moderate
PGA or shaking intensity to nearby cities such as Phuket unless they trigger a larger event. Fault
segments 3 and 4 and could cause Phuket to experience PGA of between 0.10g and 0.20g. The
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2014 Mae Lao earthquake caused PGA of about 0.06g to 0.12g near Chiang Rai (Lukkunaprasit
et al., 2015), meaning Phuket could experience more intense shaking if the fault 3 ruptured than
Chiang Rai experienced in 2014. If an earthquake were to occur on just the onshore segments of
the Ranong Fault the city of Ranong could experience a shaking intensity of VII and PGA of
0.50g. If an earthquake were to occur on the combined offshore and onshore faults segments of
the Ranong Fault at least two cities, Ranong and Khura Buri, could experience a shaking intensity
of VIII and PGA of 0.50g. Similarly, three cities, Phuket, Kapong, and Chaiya could experience a
shaking intensity of VII and PGA of at least 0.20g if the extended Khlong Marui fault were to
rupture. If just the shorter onshore portion were to rupture, Kapong could be the only city to
experience a shaking intensity of VII. These events have the potential to be very damaging to
Southern Thailand.
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Appendix A

Fault Picks & Line Metadata
This section includes information about the collection of each line in table 1-A.
Additionally, it includes every processing parameter for the processing flow of the data. For each
correct we applied we have a picture of the parameters chosen for the lines. The parameters are
shown in figures A-1 to A-7. Finally, this appendix includes additional figures of the
discontinuity picks we used for faults. Figures A-8 to A-11 show these discontinuity picks.
Table A-1: Metadata of each line collected. We base the naming scheme on the day we collected
the line and the number of file we began that day. We recorded time in local time (+7 GMT).
Line
Name

Start: X
coordinate

Start: Y
coordinate

End: X
coordinate

End: Y
coordinate

Length
(km)

1_03

98.433701

7.722631

98.717316

7.70891

31.37

2_01

98.851036

7.581787

98.762032

7.581756

9.83

2_02

98.759415

7.581818

98.33593

7.583639

46.79

2_02x

98.803474

7.685775

98.856003

7.582494

12.80

3_02

98.283913

7.602026

98.08902

7.677826

23.10

3_05

98.072868

7.683625

97.846733

7.776012

26.99

4_01

98.289749

7.765308

98.167336

7.805425

14.23

4_02

98.166138

7.805604

97.840042

7.924557

38.35

5_01

98.25563

7.924702

98.146477

7.961675

12.73

5_02

98.145432

7.96207

97.862274

8.07981

33.88

6_02

98.250175

8.075261

98.073151

8.15372

21.39

6_07

98.029816

8.161957

97.805084

8.269363

27.52

6_08

97.804031

8.270608

97.701187

8.42876

20.84

7_01

97.65786

8.541841

98.084846

8.272788

55.76

7_03

98.090317

8.27006

98.268578

8.191718

21.51

Date
Collected
2/28/2017
3/1/2017

Notes
2 days due to
GPS malfunction

3/1/17

GPS malfunction
early in the day

5:09

16:29

3/2/17

GPS malfunction
mid-day

7:10

16:00

3/3/17

GPS battery
replaced

7:25

16:04

7:15

16:30

5:18

16:42

7:07

18:33

3/4/17

3/5/17

3/6/17

Software crash in
morning

Start
Time
12:47

End
Time
7:54

Below are the processing parameters for each step of the processing flow. The basic flow
was SEG-Y import -> mean removal -> top mute -> bandpass filter -> velocity analysis -> normal
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moveout correction -> stacking -> kickoff time migration -> SEG-Y export. We do not show the
parameters of the stacking because it is standard, and we changed no parameters.
Parameters for SEG-Y import:

Figure A-1: Parameters for SEG-Y import.
Parameters for mean removal:
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Figure A-2: Parameters for the mean removal. We specified a zero centric removal.
Parameters for top mute:

Figure A-3: Parameters for the top mute. The mute parameter file was drawn by me within the
program. It was drawn just under the direct arrival.
Parameters for bandpass filter:

Figure A-4: Parameters for the bandpass filter. We chose our filter parameters based on a
spectral analysis of the source.
Parameters for velocity analysis:
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Figure A-4: Parameters used for velocity analysis. Most of the data was based on our collection
parameters.
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Parameters for normal moveout correction:

Figure A-5: Parameters for normal moveout correction. The velocity file used was specified by
saving the picks from the velocity analysis.
Parameters for Kirchhoff time migration:

Figure A-6: Parameters for Kirchhoff time migration. We choose parameter after running test we
several sets.
Parameters for SEG-Y export:
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Figure A-7: Parameters for SEG-Y export. We chose to export our data into SEG-Y because it is
a commonly used format.
The results of my work rest on the mapping of the offshore faults. Therefore I have included
addition images of the faults picks featured below.
Correlations of fault segment 1:
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Figure A-8: Zoomed out image of the seismic sections of the correlations of fault segment 1.
Correlations of fault segment 2:
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Figure A-9: Zoomed out image of the seismic sections of the correlations of fault segment 2.

Correlations of segment 3:
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Figure A-10: Zoomed out image of the seismic sections of the correlations of fault segment 3.
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Correlations of fault 4:

Figure A-11: Zoomed out image of the seismic sections of the correlations of fault segment 4.

ii

Appendix B

Coulomb Stress Models

Below are the results of every model we ran with the faults oriented right lateral.
Right-lateral earthquakes hosted on fault 1

Figure B-1: Change in Coulomb stress from a right-lateral scenario earthquake on fault segment 1
resolved on a) fault 2 b) fault 3 and C) fault 4. The grey focal mechanism shows the scenario
earthquake on the fault that ruptured.
Right-lateral earthquakes hosted on fault segment 2.
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Figure B-2: Change in Coulomb stress from a right-lateral scenario earthquake on fault segment 2
resolved on a) fault 1 b) fault 3 and C) fault 4. The grey focal mechanism shows the scenario
earthquake on the fault that ruptured.
Right-lateral earthquakes hosted on fault segment 3.

Figure B-3: Change in Coulomb stress from a right-lateral scenario earthquake on fault segment 3
resolved on a) fault 1 b) fault 2 and C) fault 4. The grey focal mechanism shows the scenario
earthquake on the fault that ruptured.
Right-lateral earthquakes hosted on fault 4
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Figure B-4: Change in Coulomb stress from a right-lateral scenario earthquake on fault segment 4
resolved on a) fault 1 b) fault 2 and C) fault 3. The grey focal mechanism shows the scenario
earthquake on the fault that ruptured.
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Right lateral earthquakes targeting the onshore Ranong Fault

Figure B-5: Change in Coulomb stress resolved on the onshore portion of the Ranong Fault from
right lateral scenario earthquakes located on a) fault 1 b) fault 2 c) fault 3 and d) fault 4. The grey
focal mechanism shows the scenario earthquake on the fault that ruptured.
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Right lateral earthquakes targeting the onshore Khlong Marui Fault

Figure B-6: Change in Coulomb stress resolved on the onshore portion of the Khlong Marui
Fault from right lateral scenario earthquakes located on a) fault 1 b) fault 2 c) fault 3 and d) fault
4. The grey focal mechanism shows the scenario earthquake on the fault that ruptured.
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Right lateral earthquakes on the onshore Ranong Fault

Figure B-7: Change in Coulomb stress from a right lateral scenario earthquake on the full
Ranong Fault resolved on a) fault 1 b) fault 2 c) fault 3 and d) fault 4. The grey focal mechanism
shows the scenario earthquake on the fault that ruptured.
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Right lateral earthquakes on the onshore Khlong Marui Fault

Figure B-8: Change in Coulomb stress from a right lateral scenario earthquake on the full Khlong
Marui Fault resolved on a) fault 1 b) fault 2 c) fault 3 and d) fault 4. The grey focal mechanism
shows the scenario earthquake on the fault that ruptured.
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Right lateral earthquakes on the full Ranong Fault

Figure B-9: Change in Coulomb stress from a right lateral scenario earthquake on the full
Ranong Fault resolved on a) fault 1 b) fault 2 c) fault 3 and d) fault 4. The grey focal mechanism
shows the scenario earthquake on the fault that ruptured.
Right lateral earthquakes on the full Khlong Marui Fault
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Figure B-10: Change in Coulomb stress from a right lateral scenario earthquake on the full
Khlong Marui Fault resolved on a) fault 1 b) fault 2 c) fault 3 and d) fault 4. The grey focal
mechanism shows the scenario earthquake on the fault that ruptured.

