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Abstract 6 

The source process of an intra-slab intermediate depth earthquake (h=90 km) that occurred near 7 

Chauk, Central Myanmar on 24 August 2016 was investigated using teleseismic body-wave 8 

inversion. The focal mechanism solution showed a thrust mechanism with nearly vertical or 9 

sub-horizontal fault planes. The slip inversion results for both fault planes gives similar 10 

variances and show a simple slip distribution. The fault-plane ambiguity was resolved by 11 

analyzing apparent source-time functions for teleseismic stations affected by directivity. Based 12 

on this analysis, we prefer the sub-horizontal fault plane where the rupture propagated down-13 

dip. The T-axis showed down-dip extension while the P-axis showed slab normal compression. 14 

We obtained an effective fault length of 20 km and effective fault width of 18 km. A Stress 15 

drop of 20 bars was estimated by using the relation of effective fault dimension and seismic 16 

moment obtained from the slip inversion. Furthermore, we tested the stress drop, and the 17 

assumption of quality factor, which is adopted from the Mexican subduction zone, by 18 

conducting ground motion modeling at five regional strong motion stations. The stress drop of 19 

20 bars can produce reasonable ground motion for these stations. One of the most prevailing 20 

hypothesis of the generating mechanism of sub-horizontal faulting in intermediate-depth is 21 

related to the dehydration embrittlement which either reactivated an existing fault before it was 22 

subducted or newly created fault after, e.g., due to slab unbending processes. 23 
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Introduction 25 

An intermediate-depth earthquake with Mw(USGS)=6.8 struck near the Chauk township, 26 

Central Myanmar on 24 August 2016. The largest aftershock, magnitude Mb(USGS)=4.5, 27 

occurred within 23 minutes of the mainshock, overlapping with the coda of the mainshock. A 28 

total of nine smaller aftershocks were reported by the Department of Meteorology and 29 

Hydrology of Myanmar (DMH). However, most of these were recorded by three or fewer 30 

stations, which means the locations are not reliable. The mainshock was felt across Myanmar, 31 

Bangladesh, western Thailand, and northeast India. A damage survey was conducted following 32 

the earthquake and  according to the report, the earthquake killed three persons (Zaw et al. 33 

2017). The earthquake affected Old Bagan, a historic site 35 km northeast of the epicenter, 34 

where damage was observed at 180 historical pagodas. Previously, the Old Bagan site suffered 35 

damage from the Mw=6.9, 1975 earthquake.  36 

A second reconnaissance survey was conducted two weeks after the earthquake by a group from 37 

the Myanmar Earthquake Committee, Department of Archaeology of Myanmar, and Mahidol 38 

University, Thailand (Zaw et al. 2017). This more detailed survey confirmed that there was 39 

some degree of damage to over 270 monuments, including ancient pagodas in Old Bagan, with 40 

50 of them classified as heavily damaged. The monuments were constructed between the 9th 41 

and 13th centuries without proper earthquake resistance design. Even though these pagodas were 42 

repaired after the 1975 earthquake, similar damage patterns were observed in 2016. Light to 43 

moderate damages also occurred to modern buildings in the nearby regions. 44 

Myanmar is situated in an active tectonic region resulting from the interaction between the 45 

Eurasian, Indian, Burma, and Sunda plates. Major crustal faults have caused devastating 46 

earthquakes in Myanmar, including the 2011 Mw=6.8 Tarlay earthquake in eastern Myanmar, 47 

which occurred on the Nam Ma fault and resulted in at least 74 deaths (Tun et al. 2014); and 48 

the 2012 Mw=6.8 Shwebo earthquake in central Myanmar, which occurred on the Sagaing fault 49 
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(Wang et al. 2014). While most damaging earthquakes in the Myanmar region occurred on 50 

shallow crustal faults, intra-slab earthquakes can still cause some damage, especially in areas 51 

with thick sediments (Kundu and Gahalaut 2012). Furthermore, it is known that quite extensive 52 

damage occurred after the 1975 Bagan earthquake, and there are several examples globally of 53 

damaging intermediate depth earthquakes, such as Mw(GCMT)=7.5 Vrancea 1977, 54 

Mw(GCMT)=7.6 Padang 2009, and Mw(GCMT)=7.1 Central Mexico 2017. 55 

Although the most damaging earthquakes in Myanmar over past last 100 years were related to 56 

the Sagaing fault and other shallow faults, intermediate-depth earthquakes have also caused 57 

minor to moderate damage. Between 1900 and 2016, there were at least sixteen strong 58 

intermediate-depth earthquakes (M≥6.5) (depth between 70 and 200 km) according to the 59 

catalog from the International Seismological Centre (2015; http://www.isc.ac.uk). The most 60 

damaging earthquakes were the 1975 Mw=7 event (centroid depth 95.7 km, Global CMT 61 

Solution) and the 1988 Mw=7.2 event (centroid depth 100.5 km, Global CMT Solution). The 62 

1975 event, which was located 56 km north of the 2016 event, caused quite extensive damage 63 

to pagodas and other historical structures in Old Bagan (Aung 2017). For the 1975 earthquake, 64 

an intensity of VIII was reported at several places close to the epicenter, i.e., at Myaing (32 km 65 

NE), Bagan (40 km SE), and Nyaung-U (38.5 km SE). The 1988 event, which is located ~470 66 

km north of the 2016 event, was the largest intermediate depth event in the region since the last 67 

century and had a maximum intensity of VIII (Kayal 2010). It was felt throughout northeast 68 

India, Bangladesh and Myanmar, killed four people and caused damage to structures, roads, 69 

and railways (Kayal 2010). 70 

Studying the source process of the Chauk 2016 earthquake can help us to understand the stress 71 

and deformation within the subducting Indian slab. There are several critical physical 72 

parameters that we investigated in this study, including source geometry and complexity, and 73 

stress drop. We studied the source process of the earthquake by inverting for moment tensor 74 
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and a finite-slip model using teleseismic P- and SH-waves data. While the fault plane ambiguity 75 

cannot be resolved using body-wave inversion, we resolved it by investigating source-time 76 

function directivity observed at teleseismic stations. We estimated the static stress drop by using 77 

parameters we obtained from the slip inversion results, i.e., seismic moment and effective 78 

source dimension. Furthermore, we performed stochastic ground motion modeling and 79 

compared the results to data from four newly installed strong motion stations in Myanmar 80 

(Thiam et al. 2017) and one station in Thailand. This is the first time such a damaging 81 

earthquake was recorded following a major network upgrade in early 2016.  82 

Intermediate depth seismicity in Myanmar 83 

The Indo-Burman range (IBR) is located between the Himalayan belt in the north, and Sumatra-84 

Andaman subduction in the south (Figure 1a). It extends across western Myanmar with a length 85 

of ~1400 km. The Indian plate moves north-northeast with a highly oblique motion at a velocity 86 

of 47 mm/year toward the Eurasian and Burma plates (Paul et al. 2001). Some parts of this 87 

oblique motion are accommodated by pure strike-slip faults (e.g., the Sagaing Fault), thrust 88 

faults along the IBR, and also by the subduction of the Indian plate in western Myanmar (Le 89 

Dain et al. 1984). Some part of this motion can be also accommodated by the shearing motion 90 

of the Indian plate beneath the Burma plate as suggested by several studies, e.g., (Le Dain et al. 91 

1984; Kumar et al. 1996). Intermediate depth earthquakes, generally shallower than 200 km, 92 

occur along the IBR, apart from the southern section toward the Andaman Sea (Pesicek et al. 93 

2010; Hurukawa et al. 2012) (Figure 1b). However, the subducted Indian plate, seen as high P-94 

wave velocity anomaly, beneath the Burma plate continues down to ~500 km before flattening 95 

out toward the east (Li et al. 2008). Seismicity studies beneath the Myanmar region (Ni et al. 96 

1989; Hurukawa et al. 2012) showed that the Wadati-Benioff zone is bent from north to south.  97 
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Whether the Indo-Burma subduction is still active or not is an on-going discussion. Several 98 

authors argued that the subduction is no longer active based on investigations of focal 99 

mechanisms and stress inversion studies along the IBR  (e.g., Kumar et al. 1996; Purnachandra 100 

Rao and Kumar 1999). These studies found that the predominant P-axis directions are NNE-101 

SSW, respectively, which are nearly parallel to the Indian plate motion. It is suggested that 102 

these patterns are due to the Indian slab dragging beneath the IBR due to nearly parallel Indian 103 

plate movement. Satyabala (1998), however, argued that subduction is still active, as reflected 104 

by the down-dip T-axis directions. These predominant T-axis directions can be caused by active 105 

slab pull force. A recent geodetic study revealed that the megathrust in the region 106 

accommodates 13-17 mm/year of plate convergence (Steckler et al. 2016).  107 

Previous focal mechanism analyses showed that P-axis azimuths, especially in the northern 108 

region, are predominantly trench-parallel, which could be related to the highly oblique motion 109 

of the Indian plate to the NNE-SSW direction and T-axis azimuths are trench normal reflecting 110 

the down-dip extension (Ni et al. 1989; Kumar et al. 1996). Furthermore, stress inversion of 111 

focal mechanisms of intermediate depth seismicity indicated that the major principal stress (σ1) 112 

has a north-south trend and minor principal stress has eastward direction (e.g., Rao and Kumar 113 

1999; Rao and Kalpna 2005; Kundu and Gahalaut 2012). Kundu and Gahalaut (2012) also 114 

suggested that most of the intermediate depth earthquakes in the region are due to reactivation 115 

of faults, which already existed within the subducted Indian plate. These events had a reverse 116 

fault mechanism with medium dip-angles (~30o to ~60o) and strike directions are almost 117 

perpendicular to the subduction zone (Figure 2). Hypocenter relocation results from Hurukawa 118 

et al. (2012) showed changes of the fault plane dip, which become steeper between 60 and 100 119 

km depth with a dip change from 30o to 50o. 120 

 121 
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Moment tensor and finite-slip inversion 122 

In this section, we invert for the slip distribution to evaluate the fault complexity of the 123 

intermediate depth Chauk earthquake. This is done by first applying the moment tensor 124 

inversion using teleseismic body-waves  (Kikuchi and Kanamori 1982; Kikuchi and Kanamori 125 

2003). The earthquake location reported by the USGS (20.923°N, 94.569°E, origin time: 126 

10:34:54 UTC) was used. It was assumed that the earthquake occurred on a single fault plane. 127 

We selected broadband seismogram in the distance range 30o to 90o from the Incorporated 128 

Research Institutions for Seismology (IRIS) (Figure 3). We used 34 P-waves on the vertical 129 

components and 8 SH-waves on the transverse components with a time window of 75 seconds 130 

to include P, pP, sP, S, and sS phases. The instrument response was deconvolved to obtain 131 

displacement seismograms that were bandpass filtered between 0.01 to 0.2 Hz.  132 

We calculated Green’s functions using the Jeffreys-Bullen’s model for the source and receivers 133 

regions (Jeffreys and Bullen 1940). Attenuation is implemented through 𝑡𝑃
∗  = 1 s and 𝑡𝑆𝐻

∗  = 4 s. 134 

Different source depths were tested from 70 to 110 km, and we found the lowest variance at 90 135 

km depth (Figure 4a). Our results showed that the Chauk 2016 earthquake had a thrust 136 

mechanism with either subhorizontal or near vertical fault plane (Strike 1: 323, Dip1: 8, Rake1: 137 

65, Strike2: 168, Dip2: 83, Rake2: 93). While the vertical fault plane is similar to the focal 138 

mechanism solutions reported by USGS, and Global CMT, the horizontal fault plane is different 139 

From the moment tensor inversion, the seismic moment is M0=1.55 E+19 Nm, giving a moment 140 

magnitude MW=6.7.  141 

These final results were obtained by excluding stations located around the vertical nodal plane 142 

(azimuths around 168±15o, i.e., CASY, COCO, and 348±15o, i.e., BFO, GRFO, KBS, KONO) 143 

on the lower hemisphere projection plot. The observed and synthetic waveforms of P-waves for 144 

these stations do not agree and in some cases, the polarities are flipped. The observed first 145 
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motions are impulsive rather than emergent (which is expected to occur on stations located 146 

close to the nodal plane) and of opposite sign compared to the computed seismograms. These 147 

differences can be caused by the complexity of the seismic velocity structure in the source 148 

region, resulting in take-off angles different from the angles calculated using 1D model.  149 

To investigate the slip pattern and the source-time function, we carried out a slip inversion for 150 

both the sub-horizontal and the near vertical fault planes. The grid size of the fault plane was 151 

estimated using the source scaling relation for intraslab earthquake by Strasser et al. (2010). 152 

Based on our seismic moment estimate, an area of 30 x 30 km with a grid spacing of 5 km was 153 

set for the inversion. One of the significant parameters in the slip inversion is the rupture 154 

velocity, and testing a range of values we found that the lowest variance is given by Vr between 155 

1.5 km/s to 2.5 km/s. Since the variances within this range do not differ significantly, we 156 

decided to use the median value, 2.0 km/s (Figure 4b). During the inversion, while the strike 157 

and dip are fixed, the rake angle is varied up to 45o for each grid cell. The source-time function 158 

was constructed using two triangular functions with half duration 2 seconds, and the amplitudes 159 

of these functions were determined during the inversion. We could not model the complexity 160 

of the observed waveforms with fewer than two triangular functions. 161 

There was little difference in the variance when inverting for slip on either subhorizontal 162 

(Figure 5) (variance = 0.34) or subvertical fault plane (Figure S1, available in the electronic 163 

supplement to this article, variance = 0.33), which means a preferred solution could not be 164 

selected. Both of the models showed that the earthquake had quite a simple slip distribution 165 

where the highest slip occurred around the hypocenter, 1.60meters for the horizontal fault plane 166 

and 1.61 meters for the vertical fault plane (Figure 4). The source-time function showed that 167 

most of the total duration of the moment release is around 12 seconds. From the slip inversion 168 
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result, the earthquake released a total seismic moment M0=1.52 E+19 Nm which is equivalent 169 

to Mw=6.7.  170 

Source-time function and directivity 171 

Because the actual fault plane could not be identified from either the slip inversion or aftershock 172 

distribution, we attempted to resolve this question by studying the directivity effect on apparent 173 

source-time functions of stations at teleseismic distances. Source directivity can be seen as 174 

change of the duration of the source-time function with station’s azimuth (θ) that ruptures 175 

unilaterally at a direction φ (e.g., Ben-Menahem and Singh 1981; Cesca et al. 2011) 176 

∆𝑡 = 𝑡𝑟 +
𝐿

𝑉𝑟
−

𝐿 cos(φ − θ)

𝑣
 177 

where 𝐿 is the rupture length, 𝑡𝑟 is the rise time, 𝑉𝑟 is the rupture velocity, and 𝑣 is P-wave or 178 

S-wave velocity in the vicinity of the source. 179 

Following Benz and Herrmann (2014), we deconvolved the synthetic waveforms from the 180 

vertical components of teleseismic waveforms to obtain station apparent source-time functions 181 

(ASTF). We used the hudson96 code from the Computer Programs in Seismology (CPS) 182 

(Herrmann 2013) to calculate synthetic Green’s function calculations based on the method 183 

explained by Hudson (1969). The ak135 velocity model (Kennett et al. 1995) was used in this 184 

process. We performed the deconvolution technique using the saciterd code from CPS based 185 

on the time-domain iterative approach by Ligorría and Ammon (1999). We used a time window 186 

from 10 s before to 40 s after the P-wave onset and a Gaussian filter parameter, alpha, of 0.3. 187 

For quality control, predicted traces were created by convolving the ASTFs with synthetic 188 

traces and then we calculated their correlations with the observed traces. Only the ASTFs that 189 

were able to produce predicted traces with a correlation factor ≥ 75% were used in the 190 

directivity analysis (Figure 6a). 191 
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We measured the duration of the ASTF for each station by calculating the duration from the 192 

point where the amplitude exceeds 15% of the maximum peak until the point where the 193 

amplitude drops below 15% of the maximum peak. We then fitted the ASTF vs azimuth with 194 

the calculated ∆𝑡 for different unilateral rupture scenarios in a grid-search procedure. We 195 

limited the rupture velocity between 1.5 km/s to 4.5 km/s and changed the fault length from 15 196 

to 30 km. We did not impose any constraint for horizontal fault plane scenario since φ in any 197 

direction can still be observed, while on the vertical fault plane scenarios, the directivity effect 198 

can only be observed if φ is toward the fault’s strike direction or the opposite direction. 199 

Therefore, we tested three different rupture scenarios: (1) horizontal fault plane scenario, (2) 200 

vertical fault plane scenario with φ=163o, (3) vertical fault plane with φ=343 (Figure 6b and 201 

6c). The horizontal fault scenario showed a better fit compared to the other scenarios with 𝐿 = 202 

24 km, φ= 88o with rupture velocity 2 km/s, and we conclude that the rupture propagated down-203 

dip on the horizontal plane. This rupture propagation showed a similarity with the result from 204 

slip inversion using the horizontal fault plane. The average source-time function obtained by 205 

stacking the ASTF showed a single main source-time function with ~15 seconds duration. 206 

Stress Drop 207 

We estimated the average stress drop of the 2016 Chauk earthquake using Δσ = C 
𝑀𝑜

𝐴�̂�
, where C 208 

is a non-dimensional constant which depends on the fault geometry. M0 is the seismic moment, 209 

A is the fault area, and �̂� is either fault length or width. For the dip slip fault, 𝐶 =  
4(𝜆+𝜇)

𝜋(𝜆+2𝜇)
 where 210 

μ is rigidity and λ is Lame’s coefficient (Aki 1966). Using the velocity and density values from 211 

Jeffreys-Bullen’s model (Jeffreys and Bullen 1940), we obtained μ = 72,000 MPa and λ = 212 

72,000 MPa.  213 
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Using the whole area from the finite-slip model can produce an exaggerated fault size, since 214 

the slip at some grids can be close to zero, resulting in underestimated stress drop. Therefore, 215 

we used the effective fault dimension definition by Mai and Beroza (2000) to estimate the fault 216 

size and adopted the autocorrelation width definition (WACF) (Bracewell 1986). We first 217 

summed the slip along strike direction and along dip direction to obtain the slip function used 218 

to obtain the effective length (Leff) and effective width (Weff), respectively. Then we calculated 219 

Leff and Weff by normalizing the area under the autocorrelation function with zero lag 220 

autocorrelation function: 221 

𝑊𝐴𝐶𝐹 =  
∫ (𝑓 ∗ 𝑓)𝑑𝑥

∞

−∞

𝑓 ∗ 𝑓|𝑥=0
 222 

We obtained Leff 20 km and Weff 18 km, and the effective area of the fault is 360 km2. We 223 

calculated the stress drop value using the seismic moment from the slip inversion, and obtained 224 

a stress drop Δσ = 20 bars.  225 

Stochastic ground motion simulation 226 

The Chauk 2016 earthquake is the first damaging intermediate depth event recorded on 227 

upgraded stations in Myanmar (Thiam et al. 2017) and, therefore, presents an opportunity to 228 

investigate ground motion from this type of earthquake in Myanmar. We applied stochastic 229 

ground-motion simulation based on a dynamic corner frequency to simulate the ground motion 230 

for this event (Motazedian and Atkinson 2005) using the latest version of EXSIM12 (Atkinson 231 

et al. 2009). In this simulation, a high corner frequency is applied during the rupture start, and 232 

when the rupture grows, the corner frequency becomes lower. The fault is gridded into smaller 233 

subfaults, and these contribute to the total ground motion at a seismic station. Two critical 234 

parameters in the simulation are the stress drop and the attenuation model (e.g. Bjerrum et al. 235 

2013). 236 
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There is currently no appropriate attenuation model for the IBR that could be used in our ground 237 

motion modeling. Available models from Northeastern (NE) India are more representative of 238 

the stable continental region and would likely underestimate attenuation in Myanmar, e.g. 239 

Raghukanth and Somala (2009), where we have propagation through the mantle wedge and 240 

Indo-Burmese arc. We therefore used Q values from another subduction zone. The Q-value of 241 

Q(f)=251f0.58 (Q1) for inslab earthquake in Mexico was adopted (García et al. 2004). 242 

Ground motions were simulated for a total of five stations in Myanmar and Thailand with 243 

epicentral distances between ~200 km and ~500 km (Figure 7). The Myanmar stations are 244 

MDY, TMU, KTN, and HKA, which are part of the Myanmar National Seismic Network (MM) 245 

and CHTO station in Thailand, which is part of the Global Seismic Network (GSN). Thiam et 246 

al. (2017) conducted a preliminary site response study using horizontal-to-vertical spectral ratio 247 

(H/V) for the new MM network. Site response at MDY shows that H/V ratios are close to 248 

1.While at HKA and KTN, the H/V ratios, on average, are between 1.5 and 2, and H/V ratios 249 

at TMU show high peak around 1.5 Hz. However, in this modeling we do not consider site 250 

amplification, therefore, we only compare the simulated ground motion with the vertical 251 

component records as this component is less affected by site amplification. We used near 252 

surface attenuation (κ) ranging from 0.01 to 0.05 by trial and error process. For the geometrical 253 

spreading (G) as a function of epicentral distance (R), we use (Singh et al. 1999) 254 

𝐺(𝑅) = {
𝑅−1                𝑅 ≤ 100 𝑘𝑚

(100𝑅)−0.5     𝑅 ≥ 100 𝑘𝑚  
 255 

We used stress drop of 10, 20, 40 and 80 bars. The residuals (Res) of simulated ground motion 256 

for different stress drop scenarios (Ghofrani et al. (2013) modified by Zhang et al. (2016)) were 257 

calculated using: 258 

𝑅𝑒𝑠 (𝑓) =  𝑙𝑜𝑔10(𝐹𝐴𝑆𝑜𝑏𝑠) − 𝑙𝑜𝑔10(𝐹𝐴𝑆𝑠𝑖𝑚) 259 
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where 𝐹𝐴𝑆𝑜𝑏𝑠 and 𝐹𝐴𝑆𝑠𝑖𝑚 are Fourier Amplitude Spectra for observed and simulated ground 260 

motions, respectively. The smoothed average residuals for different stress drop were compared 261 

in Figure 8.  262 

We also did the same analysis using an alternative Q model for NE India (Q(f) = 431f0.7) (Q2) 263 

(Raghukanth and Somala 2009), and the result is shown in Figure S2  (available in the electronic 264 

supplement to this article). Since the Q model for this region is loosely constraint, we only use 265 

the modeling result up to 10 Hz. We compared the average absolute residuals for the different 266 

stress drop values. The simulated result for a stress drop of 20 bars has the lowest residual 267 

average absolute residual using the Q1 model, while the Q2 model gives lowest residual for a 268 

stress drop of 10 bars. However, we prefer the Q1 model for inslab earthquake in Mexico since 269 

it is more realistic and overall gave lower residuals. The stress drop of 20 bars using Q1 270 

produced reasonable simulated ground motion (Figure 9). The final parameters used in ground 271 

motion modeling are shown in Table 1. 272 

Discussion and Conclusions 273 

The Chauk 2016 earthquake occurred at intermediate depth within the IBR and its 274 

understanding gives important insight into the nature of this subduction zone. From the moment 275 

tensor inversion, we obtained a thrust mechanism with either subhorizontal or near vertical fault 276 

plane. We inverted for the slip model on both of these possible mechanisms. However, from 277 

the teleseismic body-wave inversion, we could not select a preferred fault plane as both 278 

solutions produced a similar fit with the observed waveforms. We, therefore, performed 279 

directivity analysis, by comparing apparent source-time function durations (ASTF) for several 280 

stations as function of azimuths. Various scenarios of unilateral rupture propagation for each 281 

fault mechanism with different fault length and rupture velocities were tested by fitting them 282 
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with ASTF for different azimuths. We prefer the subhorizontal fault plane with downdip rupture 283 

propagation as it yields better fit with the ASTF.  284 

The Chauk 2016 event occurred within the subducting Indian slab with the P-axis nearly 285 

perpendicular to the slab interface. The earthquake had a mechanism with strike near parallel 286 

to the subduction and dip angles that are either near vertical or horizontal. Its mechanism is 287 

comparable to the Mb=5.4 event in March 1992, which had a normal faulting mechanism, but 288 

a similar orientation and stress pattern as the 2016 event. 289 

We plotted the teleseismic double-difference relocation catalog from Pesicek et al. (2010)  290 

overlaid with the 2016 event along with its largest aftershock and the 1992 event (Figure 10a). 291 

The slab-parallel T-axis direction of the Chauk 2016 event is consistent with the down-dip 292 

extension caused by the slab pull force of the subducting Indian slab, which is also shown by 293 

several other intermediate depth events in this region. However, the east-west P-axis direction 294 

of the 2016 and other events nearby are not consistent with the majority of the intermediate 295 

depth earthquakes in this region, which have north-south trends of P-axes (Figure 10b). The 296 

predominantly north-south P-axes could be related to horizontal slab compression due to the 297 

convergence of India and Eurasia (Steckler et al. 2016).  298 

Astiz et al. (1988) compiled focal mechanism solutions for intermediate depth earthquakes, 299 

from various subduction zones, around 33% of them have reverse-fault mechanisms with a 300 

strike near parallel to the trench axis and have horizontal compression and down-dip tension 301 

axes. Astiz et al. (1988) suggested that these events occurred in the subducted slab of the weekly 302 

coupled or uncoupled subduction where the dip of the slab increases, e.g., the Philippines, 303 

Kermadec, Solomon Islands, and Hindu-Kush regions.  304 

A recent modeling study of lithospheric bending of the subduction zone suggested that the 305 

occurrence of reverse fault intraslab earthquakes with the fault plane parallel to the top of the 306 
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slab can be explained by the flexural slip scenario (Romeo and Álvarez-Gómez 2018). Their 307 

modeling results were consistent with the reverse faulting of the intraslab earthquake in El 308 

Salvador and Peru-North Chile subduction zones. The P-axis orientations of these earthquakes 309 

are in slab normal directions and the T-axis orientations are slab down-dip.  310 

Fault plane orientation studies of intermediate depth earthquake by observing directivity effect 311 

on teleseismic stations has been conducted for several regions by Warren et al. (2007; 2008) 312 

and Warren (2014). They found predominantly subhorizontal fault plane directions for 313 

intermediate depth events in Tonga-Kermadec, Middle America, and South America 314 

subduction zones along with few near vertical fault planes. A back-projection study of 315 

intermediate depth earthquakes conducted by Kiser et al. (2011), also showed dominant 316 

subhorizontal fault planes in various subduction zones. Kiser et al. (2011) hypothesized that 317 

preference of the subhorizontal fault plane reactivation is because of the isobaric condition of 318 

this fault compared to the near vertical fault. This isobaric condition allows the fluids, which 319 

migrate due to slab dehydration, travel further inside the fault and generates fault slip.  320 

One of the prevailing hypotheses of the generating mechanism of intermediate depth 321 

earthquakes is dehydration embrittlement (e.g., Hacker et al. 2003; Jung et al. 2004; Ranero et 322 

al. 2005; Frohlich 2006). In this process, the slab temperature increases as it reaches greater 323 

depth in the mantle, dehydration occurs and results in the reactivation of pre-existing faults or 324 

creation of new faults. Kundu and Gahalaut (2012) suggested that intermediate depth 325 

earthquakes beneath IBR occur on previously existing faults that are reactivated as they reach 326 

the deeper part of the subduction. Furthermore, they tested the hypothesis by rotating two types 327 

of hypothetical faults, i.e., east and west dipping faults which already existed before in the Bay 328 

of Bengal and then rotated into nearly vertical and subhorizontal faults, respectively. These 329 

faults can be originated from the ridges or as a result of subducting plate bending, as shown by 330 

several marine seismic survey in the Bay of Bengal, and Sumatra-Andaman region, e.g. Maurin 331 



15 
 

and Rangin (2009), Singh et al. (2012) and Rangin and Sibuet (2017). The hypothesis of fault 332 

reactivation mechanism is proposed by several other studies in different subduction zones, e.g., 333 

the Tonga subduction zone (Jiao et al. 2000), the middle America trench (Ranero et al. 2003), 334 

and middle America and Chile subduction zones (Ranero et al. 2005). While the generating 335 

mechanism for the Chauk earthquake is not obvious, reactivation of a preexisting fault in the 336 

subducting continental crust is a feasible explanation. 337 

Furthermore, we calculated the stress drop of the Chauk earthquake. The stress drop is estimated 338 

from the obtained slip and fault dimension. To obtain realistic fault dimension, we calculate 339 

effective fault dimensions from the slip model because using overall slip area will give larger 340 

fault dimension, hence a lower stress drop. The effective area of the fault is 360 km2, which is 341 

smaller than the estimated area of an intraslab earthquake using scaling relation by Strasser et 342 

al. (2010). This indicates our estimate of the fault area gives higher stress drop. A stress drop  343 

Δσ = 20 bars is obtained from this analysis. Our estimated stress drop value is lower than the 344 

value estimated for other intermediate depth damaging earthquakes e.g. Vrancea 1977 (Δσ = 345 

~100 bars) (Gusev et al. 2002), which may explain why this earthquake did not create more 346 

widespread damage. However, one needs to be aware of the large uncertainty in stress drop 347 

estimation.   348 

The ground motions for five stations were simulated using the finite-fault stochastic modeling 349 

method. We adopted a quality factor relation for inslab earthquakes in Mexico (Q1) (García et 350 

al. 2004) which was already used to model the ground motion of the inslab earthquakes in 351 

Mexico, e.g. Rodríguez-Pérez et al. (2015). For comparison, we also conducted ground motion 352 

modeling using Q model from Northeast India (Q2) (Raghukanth and Somala 2009). 353 

The effect of different stress drop on ground motion was further explored using a range of 10-354 

80 bars. We obtained the best solution using the 20 bars stress drop in agreement with the 355 
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estimate obtained from the slip distribution. Different near-surface attenuation values κ were 356 

tested between 0.01 to 0.05 based on the site information described in Thiam et al. (2017). The 357 

κ value mostly affects the higher frequency portion of the ground motion spectra. The κ values 358 

were explored through trial and error process while using site information as a guideline.  359 

Based on our modeling result, for Q1 model, the lowest residual is obtained for the 20 bars 360 

stress drop, and for the Q2 model, the 10 bars stress drop gives lowest residual. This simply 361 

shows the trade-off between attenuation and stress drop. We assume that Q2 underestimates 362 

attenuation along the IBR, and argue that the Q1 modeling is more realistic. With the estimated 363 

stress drop of 20 bars and quality factor, we were able to produce reasonable ground motion for 364 

stations in Myanmar and Thailand at fault-station distances between ~200 km to ~500 km. 365 

However, there are some expected mismatches in parts of the spectra, which can be attributed 366 

to lateral heterogeneity of the earth’s attenuation and different site amplifications. 367 

From the detailed analysis of regional and teleseismic seismograms from the Chauk 2016 368 

earthquake, we arrive at to the following main conclusions: 369 

 The Chauk earthquake is an intra-slab intermediate depth events with either horizontal 370 

or near vertical fault plane from the teleseismic moment tensor inversion, and the 371 

horizontal fault plane is more consistent with the observed directivity effect 372 

 The teleseismic seismograms were explained with a relatively simple source and a 373 

single main asperity 374 

 The Chauk earthquake reflects slab pull beneath the Myanmar region as reflected by 375 

the down-dip T-axis. 376 

 Stress drop estimation from effective source dimension indicate a fairly regular stress 377 

drop of 20 bars 378 
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 The regional ground motion was well enough modelled with this stress drop and 379 

appropriate assumptions on attenuation   380 

Data and Resources 381 

Teleseismic data of Global Seismic Network (GSN) and Strong Motion Data of Myanmar 382 

Seismic Network (MSN) (Department of Meteorology and Hydrology—National Earthquake 383 

Data Center 2016) and one GSN station (CHTO) were provided by Incorporated Research 384 

Institutions for Seismology (IRIS). The U.S. Geological Survey (USGS) National Earthquake 385 

Information Center (NEIC) hypocentre and moment tensor soultions were obtained from 386 

https://earthquake.usgs.gov/earthquakes/eventpage/us10006gbf#executive (last accessed 387 

December 2017). The International Seismological Centre (ISC) - Engdahl, Hilst and Bulland 388 

(EHB) catalog and the Global Centroid Moment Tensor solutions (Dziewonski et al. 1981; 389 

Ekström et al. 2012) were downloaded from ISC webpage (http://www.isc.ac.uk/, last accessed 390 

April 2018). Some of the figures were created using the Generic Mapping Tools v.4.5.15 391 

(www.soest.hawaii.edu/gmt, last accessed December  2017; Wessel et al. 2013). Teleseismic 392 

moment tensor and slip inversion result were obtained using Teleseismic Body-Wave Inversion 393 

Program (Kikuchi and Kanamori 2003) (http://wwweic.eri.u-tokyo.ac.jp/ETAL/KIKUCHI/,  394 

last accessed December  2017). Apparent source-time function estimation were conducted using 395 

Computer Programs in Seismology (Herrmann 2013) and by following a tutorial from 396 

http://www.eas.slu.edu/eqc/eqc_cps/TUTORIAL/DECON/index.html (last accessed 397 

December  2017). Effective source dimension calculation was performed by utilizing a 398 

MATLAB function “effdim” obtained from http://equake-rc.info/CERS-software/effsrcdim/  399 

(last accessed December  2017). Stochastic ground motion modeling code (EXSIM12) were 400 

obtained from http://www.seismotoolbox.ca/EXSIM12.html (last accessed December  2017). 401 

 402 

 403 

https://earthquake.usgs.gov/earthquakes/eventpage/us10006gbf#executive
http://www.isc.ac.uk/
http://wwweic.eri.u-tokyo.ac.jp/ETAL/KIKUCHI/
http://www.eas.slu.edu/eqc/eqc_cps/TUTORIAL/DECON/index.html
http://equake-rc.info/CERS-software/effsrcdim/
http://www.seismotoolbox.ca/EXSIM12.html
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Figure Captions: 

Figure 1. (a) Tectonic map of Myanmar. Active fault locations (Wang et al., 2014) are shown 

as black lines. The black arrow is  the velocity of Indian plate relative to Eurasian plate based 

on the ITRF 2008 model (Altamimi et al. 2012). The star gives the location of the Mw 6.8 2016 

event. Black rectangles are cities mentioned in the text (BGN: Bagan, MDY; Mandalay). (b) 

Seismicity map of Myanmar taken from ISC-EHB catalog (Engdahl et al. 1998; Weston et al. 

2018) 

Figure 2. Intermediate depth earthquakes in Myanmar with M > 5.4. The contours of the top 

of the Wadati-Benioff zone are shown as dashed blue lines (Hurukawa et al., 2012).  Focal 

mechanisms, P- and T-axes are taken from Global CMT catalog. The star is the epicenter of the 

Chauk 2016 earthquake. 

Figure 3. Station distribution for moment tensor and slip inversion. The red star gives the 

epicenter location. Blue inverted triangles are seismic stations labeled with station name. 

Figure 4. (a) Depth vs variance for telesiesmic moment tensor inversion. Slip distribution for 

two fault plane solutions: subhorizontal fault plane (b), and vertical fault plane (c). For both 

subfigures: top: source-time function, middle: focal mechanism, bottom: slip distribution.  

Figure 5. Observed (thick lines) and synthetic waveforms (thin lines) obtained in the slip 

inversion for horizontal fault plane. The P-wave is recorded on the vertical component while 

SH-wave is on the transverse component. The numbers below the phases label are the station 

azimuths. 

Figure 6. (a) Apparent source-time functions at teleseismic stations used in this study. (b) 

Apparent STF duration vs azimuth along with calculated STF duration for three unilateral 

rupture scenarios. (c) Calculated STF duration for the horizontal rupture scenario with different 

rupture velocity Vr. 
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Figure 7. Location of five stations in Myanmar and Thailand that are used for stochastic ground 

motion modeling. 

Figure 8. Average smoothed residuals comparison for 10, 20, 40, and 80 bars stress drop 

models. 

Figure 9. Smoothed Fourier amplitude spectra of simulated and observed ground motion for 

five stations. Each station is labelled with epicentral distance (R) and κ value. 

Figure 10. (a) Cross-section showing the depth distribution of earthquakes in the relocated 

EHB catalog [Pesicek et al., 2010], along with mechanisms of the Mw 6.7 2016 event and M 

5.4 1992 event (GCMT) and the location of the cross-section. The stars are the location of the 

2016 event along with its aftershock and the 1992 event (each events are labelled with 

magnitude and year) (b) Cross-section illustration of the mechanism of the 2016 Myanmar 

earthquake along with the seismicity from Figure 10.a.  

Table Caption 

Table 1. Parameters used for stochastic finite fault modeling. 
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Table 1. Parameters used for stochastic finite fault ground motion modeling. 

 

Parameter Value 

Vs 4.28 km/s 

Rupture velocity 0.5 Vs 

Q(f) 251f0.58 

κ 0.02 – 0.04 

∆σ 10, 20, 40, 80 bars 
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