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Abstract

The Mw 7.7 Myanmar earthquake of 28 March 2025 ruptured the Sagaing Fault
system over ~450 km and exhibited complex rupture behavior, including inter-
mittent supershear propagation and backward-migrating high-frequency (HF)
P-wave radiation. We image the rupture evolution using multi-frequency teleseis-
mic P-wave back-projection (BP) (0.05-0.5, 0.1-1.0, and 0.3-2.0 Hz) and compare
the results with near-fault strong-motion data recorded at Nay Pyi Taw (NPT).
Our BP results reveal two key features: (1) two distinct episodes of backward-
migrating HF radiation initiated at the Sagaing—Meiktila and Meiktila-NPT fault
junctions, with apparent migration speeds of 6.0-6.5 km/s, and (2) a pronounced
HF radiator concentrated on a short splay-fault branch adjacent to the NPT
segment. These HF radiators are preferentially located near the edges of high
slip-rate patches in a P-wave slip model. The near-field displacement record at
NPT shows a negative pulse following the quasi-static offset, likely representing
a stopping phase generated by abrupt rupture arrest. Our results suggest that
spatial variations in fault geometry, including segment junctions and fault branch-
ing, played an important role in rupture deceleration and termination, generating
backward-migrating stopping-phase radiation.
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Highlights

® Multi-frequency P-wave radiators reveal backward-migrating P-wave radiation at
supershear speeds.

® These episodes initiate at major segment junctions and are marked by high-
frequency P-waves.

® They reflect backward-migrating stopping-phase radiation linked to fault bends and

branching.



1 Introduction

On March 28th, 2025, a Mw 7.7 earthquake occurred along the Sagaing Fault in
Myanmar, exhibiting a predominantly vertical strike-slip mechanism (Figure 1; USGS,
2025; Ekstrom et al, 2012). The Sagaing Fault is a major right-lateral strike-slip fault
that accommodates slip partitioning associated with oblique convergence between the
Indian and Sunda plates and extends for ~1200 km, making it one of the longest active
strike-slip faults in Southeast Asia (e.g., Wang et al, 2014). The source region consists
of four principal segments, Sagaing (SGN), Meiktila (MKT), Nay Pyi Taw (NPT), and
Pyu, forming a geometrically segmented fault system (Figure 1; Wang et al (2014)).
Notably, a short splay fault branches from the junction between the MKT and NPT
segments.

Historically, Mw 6-7 earthquakes have occurred along the SGN, NPT, and Pyu
segments (Figure 1; Wang et al, 2014; Hurukawa and Maung, 2011), whereas the
Meiktila segment has been regarded as a seismic gap due to the absence of documented
large events (Hurukawa and Maung, 2011). Contrary to this historical pattern, recent
seismological and geodesic studies indicate that the 2025 Mw 7.7 earthquake ruptured
this seismic gap and propagated southward over an exceptionally long distance of
~300-500 km (e.g., Inoue et al, 2025a; Ye et al, 2025; Lindsey et al, 2025; Xu et al,
2025).

Most studies agree that the rupture predominantly propagated southward at super-
shear speeds, based on finite-fault inversions (e.g., Inoue et al, 2025a; USGS, 2025;
Lindsey et al, 2025; Li et al, 2025) and teleseismic P-wave back-projection (BP) anal-
yses (e.g., Yao et al, 2025; Vera et al, 2025). Comparisons between BP results and
near-field strong-motion records at Nay Pyi Taw (GE.NPW:; Figure 1) suggest rupture-
front velocities exceeding 4.0 km/s (Vera et al, 2025; Ye et al, 2025). Dynamic rupture
simulations further support southward supershear propagation (Li et al, 2025). In

addition, Hirano et al (2025) suggested intermittent transitions between sub- and
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Fig. 1 Map of the study region. The yellow star indicates the epicenter of the Mw 7.7 earthquake
on 28 March 2025, and the red dots and gray open circles show aftershocks during the two weeks
following the mainshock, cataloged by the USGS and TMD (Thailand Meteorological Department),
respectively. The green arrows indicate the relative motion associated with the right-lateral strike-slip
fault. The orange and blue focal mechanisms represent the W-phase moment tensor solution (USGS,
2025) and the Global Centroid Moment Tensor solution (GCMT; Dziewonski et al, 1981; Ekstrom
et al, 2012), respectively. The cyan triangle denotes the GEOFON accelerometer station near Nay
Pyi Taw (NPT) (GEOFON Data Centre, 1993). Black and gray lines show active fault traces from
Styron and Pagani (2020), and segment names follow Wang et al (2014). The inset shows a broader-
scale map, with the red rectangle outlining the area shown in the main panel.



supershear regimes based on CCTV observations. Slip models additionally indicate
bilateral rupture growth from the epicenter (e.g., Inoue et al, 2025a; Ye et al, 2025;
Li et al, 2025; Lindsey et al, 2025). Notably, Inoue et al (2025a) applied a high-
degree-of-freedom teleseismic P-wave inversion—the potency density tensor inversion
(PDTI)—which allows the fault geometry to vary during inversion (Shimizu et al, 2019;
Yamashita et al, 2022), and inferred a boomerang-like back-propagating rupture. Sim-
ilar back-propagating features were also imaged in BP studies (Vera et al, 2025; Yao
et al, 2025), although their physical significance has not been fully discussed, partly
due to potential dependence on array geometry and wave type.

Back-propagating rupture (BPR) has been observed during several major earth-
quakes, including the 2002 Denali (Yamashita et al, 2022), 2011 Tohoku (Ide et al,
2011), 2022 Taiwan (Yagi et al, 2022), and 2023 Kahramanmarag (Turkey) earthquakes
(e.g., Ding et al, 2023; Okuwaki et al, 2023). A comprehensive review by Ding et al
(2024) highlighted that BPR can occur during dynamic rupture but is often obscured
by dominant radiation from the forward-propagating rupture. They further showed
that geometric and structural complexities—such as free-surface reflections, fault bends,
asperities, branches, and stepovers (e.g., Ma and Elbanna, 2019; Mia et al, 2024)—can
enhance the observability of BPR. Such complexities are commonly associated with
enhanced high-frequency seismic radiation (Ding et al, 2024).

For the 2025 Myanmar earthquake, the source region comprises multiple fault seg-
ments (Figure 1) (Wang et al, 2014), which may have influenced the rupture evolution
(e.g., Bruhat et al, 2016; Gabrieli and Tal, 2025). Inoue et al (2025a) inferred varia-
tions in fault strike and dip from teleseismic P-wave data, suggesting spatial variations
in fault geometry, including changes in dip angle, consistent with the findings of Ye
et al (2025). Sato et al (2025) reconstructed a three-dimensional fault geometry and
suggested twisting of the source fault near segment junctions. In addition, a splay fault

branches from the junction between the MKT and NPT segments (Wang et al, 2014),



although significant slip on this branch has not been documented in seismological or
geodetic studies (e.g., Inoue et al, 2025a; Ye et al, 2025; Yao et al, 2025; Xu et al,
2025). If such spatial variations in fault geometry modulate the rupture progression
and arrest, they may generate intense high-frequency P-wave excitation associated
with complex rupture phenomena (Adda-Bedia and Madariaga, 2008; Bruhat et al,
2016; Okuwaki and Yagi, 2017; Gabrieli and Tal, 2025; Tarumi and Yoshizawa, 2025).

Despite these advances, it remains unclear (i) what the reported BPRs represent
in the context of rupture dynamics and (ii) how spatially varying fault geome-
try, including segment junctions, fault twisting, and the NPT-adjacent splay fault,
affects high-frequency radiation and rupture growth. In this study, we investigate
the frequency-dependent P-wave radiation process using multi-frequency teleseismic
P-wave BP. By directly comparing the resulting P-wave radiators with the PDTI
model of Inoue et al (2025a), we examine the physical interpretation of the observed
backward-propagating HF radiation. Moreover, by resolving the contribution of the
NPT-adjacent splay fault, we clarify the relationships among high-frequency radiation,

back-propagating features, and spatial variations in fault geometry.

2 Data and methods for P-wave back-projection

2.1 Data: Teleseismic P-waves

We collected three-component teleseismic waveform data from EarthScope, removed
the instrument response, and converted the records to displacement waveforms. We
followed the data-processing workflow of Tarumi and Yoshizawa (2023, 2025) and
analyzed three frequency bands: 0.05-0.5 Hz, 0.1-1.0 Hz, and 0.3-2.0 Hz. We restricted
the epicentral distance range to 30°-100° for the teleseismic P-wave analysis.

We first applied a cross-correlation-based selection method to the onset window

of the teleseismic P-wave, spanning 10 s before and after the reference P-wave arrival



time predicted by the AK135 model (Kennett et al, 1995). We computed the normal-
ized correlation coefficient (NCC) from cross-correlation functions (CCF's) between all
waveform pairs and grouped seismograms with NCC > 0.7. The group containing the
largest number of traces was selected for the back-projection analysis described in the
next subsection. This data-selection scheme was originally developed to extract coher-
ent receiver functions from noisy datasets (Tkalcié et al, 2011) and enables retention
of high-quality records with coherent P-wave onsets (Tarumi and Yoshizawa, 2023,
2025).

For the selected group, we used the sign of the NCC to align P-wave polarities to
mitigate polarity-related cancellation during waveform stacking. We also derived lag
times from the CCF's within the selected group to account for travel-time perturbations
caused by three-dimensional heterogeneities and to compensate for P-wave travel-time
differences. These procedures were applied independently to each frequency band,
thereby reducing multi-scale structural effects on source imaging.

Figures 2 and S1-S2 show the retained P-wave data in each frequency band. The
retained datasets provide good azimuthal coverage (Figures 2 and S1-S2 (a)), which
helps stabilize the imaging resolution (Fukahata et al, 2014). The azimuthal variations
in P-wave train shapes (Figures 2 and S1-S2 (d)) show a coherent impulsive phase
at ~20 s at northern stations, which we interpret as a directivity pulse. In contrast,
southern stations lack such a pulse and instead exhibit longer wave trains, described
as tremor-like by Inoue et al (2025a). These contrasting waveform characteristics
likely reflect differences in rupture directivity and source duration. However, previous
geophysical studies consistently indicate that the overall rupture propagated predom-
inantly southward (e.g., Li et al, 2025; Lindsey et al, 2025; Ye et al, 2025), which is
also consistent with observed radiation patterns of Rayleigh and Love waves (Figure

S3). Thus, the tremor-like oscillations at southern stations may represent the stacked
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Fig. 2 Teleseismic P-wave dataset for 0.05-0.5 Hz. (a) Station distribution (blue triangles) and the
epicenter (red star). (b) Azimuthal distribution of station counts. (c) Vertical-component waveform
data sorted by epicentral distance and normalized by the maximum amplitude within each P-wave
window. The blue, orange, and green curves indicate the travel-time curves for P, PP, and S phases,
respectively. (d) Same as (c), but sorted by station azimuth.

response of the long southward rupture (Inoue et al, 2025a), whereas the impulsive P-
waves observed at northern stations are more likely associated with localized rupture

phenomena.

2.2 LQT back-projection

We applied the LQT back-projection (BP) method (Tarumi and Yoshizawa, 2025) to
image the frequency-dependent P-wave radiation process. The BP method was orig-
inally developed by Ishii et al (2005, 2007) to estimate earthquake rupture evolution
and has also been used to detect aftershocks hidden by large-earthquake disturbances
(Kiser and Ishii, 2013), tsunamis (Mizutani and Yomogida, 2022), and explosive

eruption sequences (Tarumi and Yoshizawa, 2023).



The BP method is based on slant stacking, which time-reverses a target phase (e.g.,
P wave) back to a candidate source region (Figure S4 (a)). In the original BP frame-
work, vertical-component seismograms are often used because teleseismic P-waves are
clearly observed on that component. However, teleseismic P-wave energy is partitioned
between the vertical and radial (horizontal) components depending on the incident
angle at the receiver. We therefore rotated the three-component seismograms into the
LQT coordinate system (Figure S4 (b)), which more effectively isolates the incident
P-wave motion (in the L component) and is widely used in receiver function studies
(e.g., Vinnik, 1977; Kind et al, 2020).

The potential source grid was defined within +0.75° in longitude and from +1.5°
to —3.0° in latitude relative to the epicenter (22.001°N, 95.925°E; USGS, 2025). The
grid spacing was set to 0.05° for 0.05-0.5 Hz and 0.1-1.0 Hz, and 0.015° for 0.3-2.0
Hz, because a 0.05° spacing is too coarse to resolve the radiation process at the highest
frequency range. The incident angles and travel times of P-waves were calculated
using the 1-D standard model AK135 (Kennett et al, 1995). For waveform stacking,
we employed the N-th root stacking method (Rost and Thomas, 2002) and set N = 4

based on trial and error, following Tarumi and Yoshizawa (2025).

3 Results of multi-frequency P-wave

back-projections

The resulting BP images are shown in Figure 3. Panels (a—c) present snapshots of
the P-wave radiation process for the three frequency bands (a: 0.05-0.5 Hz; b: 0.1-1.0
Hz; c¢: 0.3-2.0 Hz). Panels (d) and (e) show the temporally and spatially integrated
radiation power for each band, respectively. Figure 4 projects the BP images onto the

north—south line to display the temporal evolution of P-wave radiation areas, which
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Fig. 3 Summary of multi-frequency BP results. (a-c) Snapshots of BP images for (a) 0.05-0.5 Hz,
(b) 0.1-1.0 Hz, (c) 0.3-2.0 Hz. The integration time window is 5 seconds for 0-30 s and 10 seconds
for 30-100 s. The yellow star and cyan triangle indicate the epicenter of the Mw 7.7 event and the
accelerometer near Nay Pyi Taw (NPT), respectively. White dashed lines represent active fault traces
(Styron and Pagani, 2020). For clarity, regions with radiation power lower than 0.25 are masked.
Labels EO, NE, and SE correspond to the episode names identified in this study; NE’ denotes the
high-frequency dominant feature within the NE episode. Red or pink arrows indicate the migration
direction of HF radiators. (d) Time-integrated P-wave radiation power for each frequency band.
(e) Temporal radiation power for the three frequency bands; arrows and labels indicate the major

episodes. Line colors correspond to the frequency bands, as shown in the legend.
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helps quantify the migration speed of P-wave radiators and thus infer the rupture-
front propagation speed. In this section, we describe the multi-frequency BP results
and compare them with previous seismological inferences for this earthquake.

Our BP results reveal several distinctive episodes associated with bilateral expan-
sion of P-wave radiators (Figure 3 (a—d)). At the beginning, the two low-frequency
(LF) bands show moderate P-wave radiation, whereas the high-frequency (HF) band
exhibits more impulsive radiation. In Figure 3 (a—c), the HF P-wave radiation appears
to emerge earlier than the LF radiation; however, this apparent timing difference
should be interpreted cautiously because the LF bands have coarser temporal reso-
lution than the HF band. Nevertheless, the initial emission stage, characterized by
relatively intense HF radiation, may reflect the rupture initiation process (EQ; Figures
3 (a—c, e) and 4) (Madariaga, 1977, 1983). The EQ episode remains concentrated near
the epicenter and becomes the largest P-wave radiation episode, after which the radi-
ating regions expand bilaterally northward and southward (Figure 3 (a—d)), consistent
with Yao et al (2025). Most P-wave radiators imaged in our results are located along
the mapped active fault traces (Styron and Pagani, 2020).

The southward expansion is imaged as discrete seismic radiation episodes
(SE1-SEA4; Figures 3 (a—d) and 4). It lasts for about 90 s after initiation, with an aver-
age along-fault migration speed of 4-6 km/s. A clear frequency-dependence is evident
(Figures 3 (a—d) and 4): SE1 and SE2 are most prominent at 0.05-0.5 Hz and 0.1-1.0
Hz, respectively, whereas SE3 and SE4 are imaged primarily in the highest frequency
range (0.3-2.0 Hz). These features are broadly counsistent with previously identified
P-wave radiators (Yao et al, 2025). These multiple southward radiation episodes may
contribute to the tremor-like P-wave trains observed at southern stations (Figures 2,
S1, and S2 (¢)). The long southward rupture propagation is also consistent with the
southward directivity observed in the Rayleigh- and Love-wave amplitudes (Figure

S3).
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SE1 is located approximately 100 km south of the epicenter and occurs 15-20 s
after the origin time (OT) (Figures 3 (a) and 4 (a)). Following SE1, although the
southern episode cannot be continuously tracked, the next intense P-wave radiation
occurs about 200 km south of the epicenter at ~45 s after OT (SE2; Figures 3 (b) and
4 (b)). After SE2, the P-wave radiation is primarily imaged in the HF band (0.3-2.0
Hz; Figures 3 (c) and 4 (c)). At the final radiation episode captured in this study, SE4,
the P-wave radiation is located not on the main fault segment but on the branching
splay fault south of NPT (Figures 3 (c) and 4 (c)).

The migration speeds from the epicenter to SE1 and from SE1 to SE2 are esti-
mated to be 6.0-6.5 km/s and 3.0-4.0 km/s, respectively. From SE2 to SE3 during
50-60 s after OT, the P-wave source migrates at ~ 6.0 km/s along the fault, reach-
ing Nay Pyi Taw (NPT), around 250 km south of the epicenter (Figures 3 (c) and
4 (c)). In addition, northward migration during SE3 occurs at ~6.0-6.5 km/s, which
may reflect a backward-migrating HF radiation episode (Figure 4 (c)). Overall, the
temporal variations in migration speed during the Mw 7.7 earthquake may reflect

intermittent rupture-speed transitions (Hirano et al, 2025; Latour et al, 2025).
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Northward migration is observed at three distinct timings and locations: NE, NE/7
and within SE3, where NE' denotes the HF-dominant feature within the northward-
migrating source process. As described above, the third case (SE3) forms part of the
southward episode characterized by HF P-wave radiation (Figure 4 (c)). NE and NE'
occur within the Sagaing segment; NE is observed near the northern tip of the segment
(Figures 3 (a) and 4 (a)), whereas NE' corresponds to the largest northward radiation
episode identified in the HF bands (Figures 3 and 4). NE is generated at 20-30 s after
OT, implying a rupture-front propagation speed of 3.0-4.0 km/s (Figures 3 (a) and 4
(a)). NE may represent the northward component of bilateral rupture growth (Inoue
et al, 2025a), part of NE/, or overlapping contributions from both processes. Given
the limited spatiotemporal resolution of teleseismic BP, these possibilities cannot be
uniquely distinguished in the present analysis. For NE/, rapid northward migration
of HF P-wave radiators is observed from the southern tip of the Sagaing segment
(Figures 3 (b, ¢) and 4 (b, ¢)), potentially reflecting backward-migrating HF radiation.
This pronounced episode likely contributes to the observed directivity pulses at the

northern seismic stations (Figures 2 and S1-S2).

4 Near-field seismic records at Nay Pyi Taw

4.1 Near-field strong-motion data

Three-component strong-motion data recorded at Nay Pyi Taw provide key constraints
on the rupture process of this Mw 7.7 earthquake. Because the NS component is nearly
parallel to the fault strike direction (~ 350°-360°), we did not rotate the horizon-
tal components. Compared with acceleration seismograms, velocity and displacement
waveforms provide more direct information about the fault-rupture process. In partic-
ular, the onset of quasi-static displacement enables estimation of the average rupture

velocity. During time integration, we applied baseline drift correction using a median
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filter method developed by Watanabe et al (2021). The correction strategy is briefly
explained in Text S1 in the supplementary material.

Figure 5 shows the acceleration, velocity, and displacement waveforms. In Figure 5
(a), the vertical component contains larger portions of high-frequency energy, whereas
prominent low-frequency signals follow the high-frequency arrivals in the two horizon-
tal components. In the velocity records (Figure 5 (b)), the two horizontal components
indicate prominent low-frequency pulses, particularly in the NS component, which is
nearly parallel to the fault motion. The displacement records (Figure 5 (c)) are also
dominated by larger amplitude in the NS component and show a static offset of ~ 1.6
m, which is consistent with earlier estimates (Ye et al, 2025; Vera et al, 2025; Xu et al,

2025) and geodesic observations (Melgar et al, 2025; Xu et al, 2025).

4.2 Interpretations of near-field records in comparison with

BP results

The pronounced positive velocity pulse and associated displacement in the NS compo-
nent reflect quasi-static fault slip, reaching a peak displacement of ~2.2 m. The onset
of this displacement occurs approximately 50-52 s after OT, suggesting an average
rupture velocity of 4.5-5.0 km/s between the epicenter and GE.NPW (Figure 5 (b,
¢)). This estimate matches well with the timing of SE3 identified in our BP results
(Figure 3 (c—e)). In addition to the fault-motion signal, high-frequency waves arrive
within the SE3 time window, supporting the interpretation that HF radiation was
particularly prominent at this stage.

The rise time of the main pulse is at most 3 s (Figure 5), consistent with Kearse
and Kaneko (2025). Significant negative offsets and velocity pulses immediately follow
the ramp-shaped displacement associated with fault motion (Figure 5). This feature
is not evident in CCTV-based near-field observations at other locations (Kearse and

Kaneko, 2025; Latour et al, 2025; Hirano et al, 2025). By reproducing the observed

14



(a) Acceleration [m/s?]

NS

Vertical

41
24
01 ]
I
=21 1 max 564
min: -4.07
=44 - T T T
40 45 50 55 60
49 i i
21 ] i
I
07 |
i 1
-2 i I 1
max: 4193 H + !
=47 | min: -407 : : :
—61 1 I ! S5
40 45 50 55 60 65
101 1 I
8] 1 I
61 i i
41 1 I
24 ! !
01
-2 1
_44 !max 1035
Zg Jbmin: (?53 ) ' :
40 45 50 55 60 65

Time after 2025-03-28T06:20:52.000 [s]

(b) Velocity [m/s]

NS

Vertical

1

1

1

I

1

1

I

1
max: 1}
)
T

2 01
min: I55
40 45 50 55 60
1.6 1 : | < Fault |
1.2 - i | movemeht
k| 1 1 (! . ]
0.8 1 i | Stopping-
0.44 1 1 (!
1 1
0.0 4 U (i
—0.4 4 |
T T T T
40 45 0 5 60 65
0.6 §

I
max: 0166
min: -0.48
1

45 50 55 60
Time after 2025-03-28T06:20:52.000 [s]

65

(c) Displacement [m]

=
m

NS

Vertical

0.4
0.2
0.0 1
-0.21
—0.41

max: olae

I
1
1
1
I
1
I
1
1 P

| min:-0[53

1
1
1
1
1
1
1
1
1
1
i
T

T

45

I

1

Figat i
1 Faplt

: mtlbvemenlt
1
I
1
1

1 1
1 1
max: 2418 1
min: -0,02 1
H I

T T T T

5
T
1
1
0
1
1
1
1
1
1
1

40

T T T
50 55 60
Time after 2025-03-28T06:20:52.000 [s]

65

Fig. 5 Strong-motion records at the Nay Pyi Taw station (GE.NPW): (a) acceleration, (b) velocity,
and (c) displacement. In each panel, the maximum and minimum amplitudes are indicated by red
and blue labels, respectively. Vertical gray lines mark the predicted arrival time of the rupture front,
assuming propagation speeds of 4-6 km/s at 0.5 km/s intervals. The orange arrow in the upper-left
panel indicates the duration of the episode SE3 that radiates high-frequency P-waves. Green arrows
indicate a phase associated with fault motion, and black arrows denote their duration. Red arrows
highlight signals potentially associated with the near-field response to abrupt rupture deceleration

north of the station.

waveforms using dynamic rupture simulations, Ding et al (2025) demonstrated that

this negative velocity pulse can be attributed to a stopping phase. Kearse and Kaneko

(2026) more recently reported that the negative phase immediately following the static

offset reflects the stopping phase of fault slip. Our BP results capture intense HF

P-wave radiation near GE.NPW (SE3; Figures 3 (c, d) and 4 (c)), consistent with

theoretical predictions of stopping-phase radiation generated by abrupt rupture ter-

mination (Savage, 1965; Madariaga, 1977). Thus, the prominent negative phases at

the NS component (Figure 5 (b, ¢)) can be interpreted as near-field signatures of a

stopping phase.

15



<South North—

100 1111 |\I | “‘I | 1 Y | | 1 Y | | 1 111 0.54
7 NE’ / SE3: HF radiation @
. AR 0.46
]
o
—_ Y- 0.38
.ﬁ. 7]
IS 0.31
=
§ 0.23
©
- 0.15
] 0.08
- Slip model: Inoue et al. (2025) S
O T TT ] rTTTTTTTT ] rTTTTTTTT ] rTTTTTTT Ill TTTTTTTTT ] 1T O-OO

-300 —-200 —-100 0 100
Distance from epicenter [km]

Fig. 6 Comparison between our BP model (0.3-2.0 Hz) and the slip model of Inoue et al (2025a).
The format is similar to Figure 4 (c), but the background color contours represent slip rate with
contour intervals of 0.1 m/s.

5 Discussion

Our frequency-dependent teleseismic back-projection (BP) results highlight two key
aspects of complex rupture behavior during the 2025 Myanmar earthquake: (i)
backward-migrating high-frequency (HF) radiation initiated at major segment junc-
tions (NE' and SE3), and (ii) intense HF radiators on a short splay-fault branch near
Nay Pyi Taw (NPT) (SE4). We discuss how these features relate to fault geometry
and rupture kinematics in light of previous theoretical and experimental studies.

A primary feature of our BP results is the observation of backward-migrating HF
radiators at the Sagaing—Meiktila (SGN-MKT) and MKT-NPT junctions, labeled
NE" and SE3 (Figures 3 (b, ¢) and 4). This behavior is consistent with several inde-

pendent source models of the 2025 Myanmar earthquake (e.g., Inoue et al, 2025a;
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Sato et al, 2025; Vera et al, 2025; Xu et al, 2025). Figure 6 compares our HF P-
wave radiation (0.3-2.0 Hz) with the slip model of Inoue et al (2025a), showing
that backward-migrating HF radiators are located near both the SGN-MKT junction
(NE') and the MKT-NPT junction (SE3). NE' is located approximately 40-50 km
south of the epicenter, near the junction between the SGN and MKT segments (Wang
et al, 2014). SE3 occurs in a structurally complex region where rupture may bifurcate
onto the splay fault while continuing along the main NPT segment. These backward-
migrating HF radiators migrate at apparent speeds of 6.0-6.5 km/s, comparable to
local P-wave velocities (Laske et al, 2013) and consistent with earlier BP and kine-
matic models (Vera et al, 2025; Inoue et al, 2025a) (Figures 6 (b-d) and 4 (b, c)).
Interestingly, NE' and SE3 exhibit similar apparent migration speeds. Although this
similarity may suggest a common underlying physical control, our present analysis
does not allow us to identify the specific mechanism responsible for it. Dynamic rup-
ture simulations and laboratory experiments (Bruhat et al, 2016; Ma and Elbanna,
2019; Ding et al, 2024; Mia et al, 2024; Gabrieli and Tal, 2025) demonstrate that
geometric complexities, such as bends, junctions, and branching, can promote com-
plex rupture behaviors, including supershear rupture and associated stopping phases,

providing a plausible mechanism for the observed NE' and SE3 episodes.

5.1 Rupture on the splay fault

Our BP results identify an intense HF radiation episode (SE4) on a short splay-fault
branch near the NPT segment (Figures 3 (¢, d) and 4). InSAR observations indicate
that this splay fault contributes only modestly to the overall coseismic deformation
compared with the main fault trace (e.g., Xu et al, 2025; Li et al, 2025; Lindsey
et al, 2025). Accordingly, most finite-fault inversions did not explicitly incorporate this
splay fault in their parameterized geometries and therefore did not resolve significant

slip on it (e.g., Inoue et al, 2025a; Xu et al, 2025; Ye et al, 2025; Sato et al, 2025).
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Nevertheless, several teleseismic BP studies consistently identified HF radiators near
the splay fault (Xu et al, 2025; Ye et al, 2025; Vera et al, 2025; Yao et al, 2025). In
particular, Yao et al (2025) employed a multi-frequency BP approach similar to ours
and found that HF radiation (0.2-2.0 Hz) preferentially illuminates the splay fault.

Teleseismic P-wave-based analyses do not indicate strong radiation from the south-
ern NPT segment (e.g., Inoue et al, 2025a; Ye et al, 2025; Vera et al, 2025; Sato
et al, 2025), whereas joint inversions incorporating geodetic data and additional seis-
mic phases (e.g., surface waves) estimate meter-scale slip patches (typically 1-3 m) in
this region (e.g., Xu et al, 2025; Melgar et al, 2025; Lindsey et al, 2025). This discrep-
ancy likely reflects the limited resolving power of teleseismic P waves for near-vertical
strike-slip fault ruptures due to their radiation pattern, as many teleseismic stations
lie close to the nodal directions of P-wave radiation. A similar limitation was noted
by Yao et al (2025) through comparisons with regional Rayleigh-wave BP results.

This splay fault corresponds to a releasing bend in an overall right-lateral strike-slip
system (Wang et al, 2014), which may facilitate rupture propagation from the main
fault onto the branching fault (e.g., Gabrieli and Tal, 2025). In addition, a bimaterial
contrast across the main fault may also contribute to activation of the branching fault.
A recent travel-time tomography of the source region revealed a pronounced velocity
contrast across the Sagaing Fault and imaged the western side as a significant low-
velocity anomaly (Zhang et al, 2026), suggesting that the splay fault lies within or
adjacent to relatively compliant material. Such an environment may facilitate rupture
on the splay fault (DeDontney et al, 2011), as well as the supershear rupture along
the main fault (e.g., Yao et al, 2025; Xu et al, 2025).

In contrast, HF P-waves are sensitive to rapid, localized changes in rupture kine-
matics and are therefore well suited to capturing complex features such as radiation
from the short splay fault (e.g., Xu et al, 2025; Yao et al, 2025). The limited HF radi-

ation along the southern NPT segment (Figures 3 (c, d); e.g., Vera et al (2025); Yao
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et al (2025); Xu et al (2025)) may suggest smoother deceleration and/or spontaneous
rupture arrest (Bizzarri et al, 2010). The aftershock distribution around the junc-
tion shows a distinctive pattern: the MKT segment hosts relatively few earthquakes,
whereas localized clusters appear near NPT. Such clustering is not evident in the seis-
micity prior to the Mw 7.7 event (Figure S5). Together with a relatively small slip
near the junction inferred from kinematic models (Inoue et al, 2025a; Ye et al, 2025;
Li et al, 2025; Lindsey et al, 2025), this pattern may indicate locally different stress
conditions near NPT (e.g., relatively low stress drop or barrier-like condition), which

could be linked to rupture arrest at the MKT-NPT junction.

5.2 Backward-migrating HF radiation and the role of fault

geometry

A plausible interpretation of SE3 is that it represents a stopping phase whose radi-
ation appears as backward-migrating HF radiators in our BP images. Ding et al
(2025) and Kearse and Kaneko (2026) associated the negative velocity pulse in the
nearly fault-parallel NS component (Figure 5) with a northward-propagating stopping
phase. Consistently, SE3 in our BP results is characterized by strong HF radiation
(Figures 3 (c,d)), a typical character of stopping phases (Savage, 1965; Madariaga,
1977). In addition, HF radiators during SE3 are preferentially located near the edges
of high slip-rate patches (Figure 6). Together, these observations indicate that SE3
likely reflects a stopping phase whose radiation appears as backward migration in BP
images, associated with the complex junction near Nay Pyi Taw. Similar characteris-
tics are observed for NE', which also initiates near the SGN-MKT junction (Figure 3
(¢, d)) and is concentrated along the edges of high slip-rate patches (Figure 6).

Both episodes of backward-migrating HF radiation originate near major fault junc-
tions at SGN-MKT and MKT-NPT (Figure 3 (¢, d)). Laboratory experiments and

dynamic rupture simulations demonstrate that geometric irregularities, such as bends
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(e.g., Ding et al, 2024), branches (e.g., Ma and Elbanna, 2019), and stepovers (e.g., Mia
et al, 2024), can promote supershear rupture and associated stopping-phase radiation.

The SGN-MKT junction is characterized by variations in fault dip and possible
twisting of the fault geometry (Inoue et al, 2025a; Sato et al, 2025; Ye et al, 2025).
Such a restraining configuration can promote supershear transition (Gabrieli and Tal,
2025), trigger stopping phases (Ding et al, 2024), and locally reduce slip rate (e.g.,
Inoue et al, 2025a; Lindsey et al, 2025; Ye et al, 2025) and rupture speed (Hirano et al,
2025), consistent with the observed NE' episode.

In contrast, the MKT-NPT junction is more consistent with a releasing bend in
an overall right-lateral strike-slip system (Wang et al, 2014). A simple bend alone is
therefore unlikely to explain the SE3 episode (Gabrieli and Tal, 2025). Instead, rupture
branching onto the short splay fault (Figures 3 (c, d); Section 5.1) likely played a key
role. Fault branching has been shown to promote supershear rupture and associated
stopping-phase radiation, and facilitate rupture arrest on the main fault (Ma and
Elbanna, 2019). This interpretation is consistent with the SE3-SE4 sequence and the
limited HF radiation farther south along the NPT segment.

Other factors may also contribute to the generation of backward-migrating stop-
ping phases, including potential variations in local stress conditions and fault-zone
structure. A focal mechanism transition near the MKT-NPT junction appears less
likely for the Mw 7.7 event, because finite-fault models consistently favor strike-slip
faulting (e.g., Xu et al, 2025; Inoue et al, 2025a; Ye et al, 2025), despite a historical
thrust-type event in the broader region (Tun and Watkinson, 2017). In contrast, the
localized seismicity near NPT (Figure S5) and the relatively small slip inferred near
the junction region in several kinematic models (e.g., Inoue et al, 2025a; Li et al, 2025;
Lindsey et al, 2025) may be consistent with spatially heterogeneous stress conditions,

which could facilitate abrupt rupture arrest. Near the SGN-MKT junction, we can
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also observe a similar pattern in seismicity (Figure 1 and S5) and coseismic slip dis-
tributions (e.g., Inoue et al, 2025a; Lindsey et al, 2025; Li et al, 2025). Additionally,
Hirano et al (2025) suggested a local decrease in rupture speed. These observations are
consistent with the idea that local stress contrasts can modulate rupture termination
and the generation of backward-migrating stopping phases.

Overall, the observed backward-migrating HF radiation can be primarily inter-
preted as geometric effects of the segmented fault system, in which junctions and
branching structures modulate rupture deceleration, arrest, and associated HF radi-
ation. Such geometrical effects may be further influenced by local properties of the
source region (e.g., bimaterial contrast) and spatially heterogeneous stress condi-
tions suggested by localized seismicity and several kinematic models. These geometric
complexities, combined with local material contrasts and heterogeneous prestress
conditions, may enable backward-migrating P-wave pulses associated with stopping

phases that would otherwise be obscured by dominant forward rupture propagation.

6 Conclusions

In this paper, we imaged the frequency-dependent P-wave radiation process using
multi-frequency teleseismic back-projection (BP) and compared it with near-field
strong-motion records at Nay Pyi Taw (GE.NPW) to investigate the complex rup-
ture behavior of the 2025 Mw 7.7 Myanmar earthquake. Our main conclusions are as

follows:

1. Frequency-dependent BP images reveal episodes of backward-migrating high-
frequency (HF) radiation (NEl and SE3) initiated near major segment junctions
(Figures 3 and 4). These signals migrate at apparent speeds of 6.0-6.5 km/s,
comparable to local P-wave velocities.

2. The spatial concentration of HF radiators near the edges of high slip-rate patches

(Figure 6), together with the negative velocity pulse observed in near-field records
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at GE.NPW (Figure 5), suggests that these backward-migrating HF radiators
represent stopping-phase radiation associated with abrupt rupture deceleration.

3. Geometric complexities, including major segment junctions and rupture branching
onto a short splay fault, likely played a key role in modulating rupture deceleration,
arrest, and associated HF radiation. These structural features, potentially enhanced
by the bimaterial effect and local stress state, may explain the observed backward-

migrating stopping-phase pulses.
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Figure S1-S2: Multi-frequency teleseismic P-wave datasets.

Figure S3: Surface-wave radiation patterns.

Figure S4: Schematic illustration of back-projection and LQT-coordinate system.
Figure S5: Background seismicity from the Thailand Meteorological Department.

Text S1: Baseline correction for time integration of acceleration waveforms at GE.NPW.
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Figure S1: Same as Figure 2 in the main text, but for 0.1-1.0 Hz.
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Figure S2: Same as Figure 2 in the main text, but for 0.3-2.0 Hz.
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(a) Station distribution (b) Rayleigh (Vertical) (c) Love (Transverse)
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Figure S3: Surface-wave radiation patterns. (a) Map of stations used for amplitude measurements.
(b) Azimuthal variations of normalized Rayleigh-wave amplitudes between 3 and 5 mHz. Colored
dots show the normalized observed amplitude, where warm colors indicate larger amplitudes. The
gray curve represents the theoretical point-source radiation pattern computed from the GCMT

solution (blue beachball in Figure 1). (¢c) Same as (b), but for Love waves.



(a) Schematic illustration of back-projection (b) LQT coordinate system
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Figure S4: (a) Schematic illustration of the back-projection method. (b) Definition of the LQT

coordinate system.
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Figure S5: Background seismicity from the Thailand Meteorological Department (TMD).

Symbols are the same as in Figure 1, except that gray circles indicate earthquakes occurring

between 2012 and 27 March 2025.



Text S1: Baseline correction for time integration of acceleration waveforms at GE.NPW.

Following Watanabe et al. (2021), we assumed that coseismic slip generated step-like baseline
shifts in the acceleration records. In this study, when performing time integration of the near-field
acceleration records at GE.NPW, we applied baseline correction using the following piecewise
equation (Equation 2 in Watanabe et al. (2021)):
a(t) 0<t<ty)
Acor () = qa(t) — C (t1 <t <tp)
a(t)—C, (t; <t<1405)
where a.,-(t) and a(t) denote the acceleration records after and before baseline correction,
respectively, C; represents the correction constant, and t; denotes the start time of the
correction relative to 2025-03-28T06:20:52.000 (UTC). The correction parameters are

summarized in Table S1.

Table S1: Correction parameters used in this study. The reference time for t; is 2025-03-
28T06:20:52.000 (UTC).

ty [s] t, [s] C; [cm/s?] C, [cm/s?]
EW -0.01 0.042
NS 62.0 82.0 -0.1 0.055
UD 0.0002 0.0175

Watanabe, T., Komatsu, M., Takenaka, H., 2021. Estimation of displacement waveforms by

baseline correction of near-fault acceleration records of the 2016 Kumamoto earthquake with

median filter (in Japanese with English abstract). Okayama University Earth Science Report.
https://doi.org/10.18926/esr/61959
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