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Abstract 

The 2025 Mw 7.8 earthquake on the central Sagaing Fault is one of the most destructive seismic events 
in Myanmar's recorded history, producing near-fault shaking exceeding Modified Mercalli Intensity X 30 
and impacting tens of millions of people across Southeast Asia. We present a detailed kinematic 
rupture model of the event based on joint inversion of regional strong motion waveforms and Sentinel-
1 SAR pixel offsets. The rupture extended over ~450 km with an average slip of 3–5 m, predominantly 
within the upper 10 km of the crust. Inversions favor a maximum rupture speed of ~4.8 km/s, 
consistent with supershear propagation inferred from near-field waveform observations. We also 35 
report on paleoseismic evidence from a key site at the epicenter of the 2025 earthquake near 
Mandalay, which reveals at least five surface-rupturing earthquakes over the past millennium, with 
similar average displacement. Our results indicate a pattern of overlapping large ruptures along the 
central fault, with implications for segmentation, recurrence, and seismic hazard. Given the 
exceptional exposure and high strain rates, our findings underscore the need for urgent attention to 40 
earthquake preparedness and infrastructure resilience in central Myanmar.   
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Second language abstract: Burmese 

စစ်ကှိိုင််းပြတ်ရ ွွေ့ အလယ်ြှိိုင််းတွင ် ဗဟှိိုပြြုလှုြ်ခတ်ခ ဲ့ရသော ပြင််းအော်း ၇.၈ အဆငဲ့ရှ်ှိ ၂၀၂၅ ငလျငသ်ည် ပြနြ်ောဲ့ငလျငသ်ြှိိုင််းြှတ်တြ််းတွင် 

အြျက်အစ ်းအကက ်းြော်းဆ ို်းငလျငြ်ျော်းထ ြှ တစ်ခိုပြစ်ပြ ်း၊ ပြတ်ရ ွွေ့အန ်းတရလ ောက်တွင ် ငလျငဒ်ါဏ်ခ စော်း ြှု ြောကယ်လ  စရက်း ၁၀ 

အထက်ရှှိကော၊ အရရှွေ့ရတောငအ်ောရှတစ်လ ော်းရှှိ လူဦ်းရ  သန််းရြါင််းြျော်းစွောအရြေါ် ကှိို သက်ရ ောက်ြှုရှှိခ ဲ့သည်။ ဆနတ် နယ်-၁ ပ ှိြုလ်တိုြ ို ှိြ်ြျော်း၏ 45 

(Sentinel-1 InSAR pixel offsets) ြ ို ှိြ်အစက်အရပြောက်အရ ွွေ့ြျော်းနငှဲ့ ်ရဒသတွင််းငလျငလ်ှုှိင််းြှတ်တြ််းြျော်းကှိို အရပခခ ရြါင််းစြ်အသ ို်းပြြု၍  

ယခိုငလျင၏် ရပြပြငရ် ွွေ့ ပြတ်ြှုအရသ်းစှိတ်ြ ိုစ ကှိို သ ို်းသြ်တငပ်ြထော်းြါသည်။ ရပြပြငရ် ွွေ့ ပြတ်ြှုသည် ကြ္ောဲ့အရြေါ်ယ လ ော၏ ၁၀ 

က လှိိုြ တောအတွင််းတွင ် ြျြ််းြ အရ ွွေ့ ၃ - ၅ ြ တောခန ဲ့်ရှှိပြ ်း၊ အရှည်အော်းပြငဲ့ ် ၄၅၀ က လှိိုြ တောဝန််းကျငခ်န ဲ့အ်ထှိ ရ ွွေ့ ပြတ်ြှု ပြစ်ခ ဲ့သည်။ 

ငလျငလ်ှုြ်ခတ်ရသော ပြတ်ရ ွွေ့အန ်း တှိိုင််းတောြှတ်တြ််းတငထ်ော်းရသော ငလျငလ်ှုှိင််းြျော်းကှိို ရလဲ့လောဆန််းစစ်ြှုြျော်းအ  

အပြငဲ့ဆ် ို်းရ ွွေ့ ပြတ်နှုန််းသည် ၁ စကက န ဲ့်တွင ် ၄.၈ က လှိိုြ တော နှုန််းပြငဲ့ ် ရ ွွေ့ ပြတ်ခ ဲ့ရသောရ ကောငဲ့၊် ပြန်နှုန််းပြငဲ့ရ်သော ြျက်အော်းပြင််းငလျင ်50 

အြျှိြု်းအစော်းပြစ်ရ ကောင််း ရကောက်ချက်ချနှိိုငသ်ည်။ ြနတရလ်းပြှိြု ွေ့အန ်း ၂၀၂၅ ခိုနစ်ှငလျငဗ်ဟှိိုချက်ဝန််းကျငရှ်ှိ အဓှိကရန ောြှ အတှိတ်ငလျငဆ်ှိိုင ်ော 

အရထောက်အထော်း ြှတ်တြ််းြျော်းအ  လွနခ် ဲ့ရသော ရထောငစ်ိုနစ်ှအတွင််း ြျက်နေှာပြငရ် ွွေ့ ပြတ်ြှုရှှိခ ဲ့ရသော ငလျငြ်ျော်း အနည််းဆ ို်း 

ငါ်းကကှိြ်ခန ဲ့လ်ှုြ်ခတ်ခ ဲ့ပြ ်း တူည ရသော ြျြ််းြ ရ ွွေ့ ပြတ်ြှုြြောဏရှှိခ ဲ့သည်ကှိိုလည််း ရတွွေ့ သည်။ ကျွန်ိုြ်တှိို ဲ့၏ရလဲ့လောရတွွေ့ ရှှိချက်  လဒ်ြျော်းသည်  

ပြတ် ရ ွွေ့အဆစ်အြှိိုင််းြျော်း ြှိိုင််းပခော်းသတ်ြှတ်ပခင််း၊ ငလျငြ်ျော်း ပြနလ်ည်လှုြ်ခတ်ြှုအချှိနက်ောလ နငှဲ့ ် ပြင််းအော်းြြောဏ၊ ငလျငအ်နတ ောယ် 

စသညဲ့်အကျှိြု်းသက်ရ ောက်ြှုြျော်းနငှဲ့အ်တူ စစ်ကှိိုင််းပြတ်ရ ွွေ့၏ အလယ်ြှိိုင််းတရလ ောက်တွင ် ြြောဏကက ်းြော်းရှည်လျော်းရသော ငလျငရ် ွွေ့ ပြတ်ြှု၊ 55 

ပြတ်ရ ွွေ့အဆစ်အြှိိုင််းြျော်း တစ်ခိုနငှဲ့တ်စ်ခိုထြ်ရနရသော ြ ိုစ ကှိို ရလဲ့လောရတွွေ့ ရှှိ သည်။ လူဉ ်းရ ၊ အရဆောက်အဉ ၊ အရပခခ အရဆောက်အအ ိုြျော်း 

အလွနပ်ြငဲ့ြ်ော်းြှု၊ စစ်ကှိိုင််းပြတ်ရ ွွေ့တစ်ရလ ောက် ြ ိုြျက်ယွင််းြှုနှုန််းပြင်ဲ့ြော်းပခင််းတှိို ဲ့ရ ကောငဲ့ ် ပြနြ်ောနှိိုငင် တွင ် ငလျငရ် ်းအနတ ောယ် 

ရလျောဲ့ကျရ ်းဆှိိုင ်ော ကကှိြုတငရ်လဲ့ကျငဲ့ ် ပြငဆ်ငြ်ှုနငှဲ့ ် အရပခခ အရဆောက်အအ ိုြျော်း၏ ခ နှိိုင် ည်ရှှိရ ်းတှိို ဲ့အော်း 

အရ ်းရြေါ်အဆငဲ့ ်အောရ ိုစှိိုက်ရဆောင ွ်က် န ်လှိိုအြ်ရ ကောင််း ကျွန်ိုြ်တှိို ဲ့၏ ရလဲ့လောရတွွေ့ ရှှိချက်ြျော်းက ည န််းဆှိိုရနသည်။ 

Second language abstract: Thai 60 

เม่ือวนัที่ 28 มีนาคม 2568 เกิดแผ่นดินไหวขนาด 7.8 ตามมาตราโมเมนต์ (Mw) มีสาเหตุเกิดจากการเล่ือนตวัของรอยเล่ือนสะกาย ถือเป็นหน่ึงใน
เหตุการณ์แผ่นดินไหวที่สร้างความเสียหายมากที่สุดในประวตัิศาสตร์ของประเทศเมียนมา โดยมีระดบัความรุนแรงของแผ่นดินไหวมากกว่าระดบั X 
ตามมาตราเมอร์คลัล่ีดดัแปลง (Modified Mercalli Intensity) ในบริเวณใกลก้บัต าแหน่งของรอยเล่ือนสะกาย แรงส่ันสะเทือนของแผ่นดินไหวสามารถ
รับรู้ไดใ้นหลายประเทศและส่งผลกระทบต่อประชากรนับสิบลา้นคนในภูมิภาคเอเชียตะวนัออกเฉียงใต ้ผลการศึกษาน้ีไดเ้สนอแบบจ าลองการเกิด
แนวรอยแตกของพ้ืนผิวดินดว้ยการวิเคราะห์จลนศาสตร์แบบผกผนั (kinematic rupture model)  โดยอาศยัขอ้มูลคล่ืนส่ันสะเทือนของ65 

พ้ืนดินที่ถูกบนัทึกจากสถานีตรวจวดัแผ่นดินไหวในภูมิภาค และขอ้มูลการเปล่ียนรูปของพ้ืนผิวดินจากดาวเทียม Sentinel-1 ผลการวิเคราะห์
พบว่าแนวรอยแตกของพ้ืนผิวดินจากเหตุการณ์แผ่นดินไหวมีระยะทางประมาณ 450 กิโลเมตร มีระยะการเล่ือนตวัเฉล่ียอยู่ที่ 3–5 เมตร และส่วน
ใหญ่จะเกิดขึ้นในชั้นเปลือกโลกส่วนบนที่ความลึกไม่เกิน 10 กิโลเมตร การเล่ือนตวัของแนวรอยแตกมีความเร็วสูงสุดประมาณ 4.8 กิโลเมตรต่อ
วินาที ซ่ึงสอดคลอ้งกบัรูปแบบการเกิดแผ่นดินไหวที่มีความเร็วของแนวรอยแตกเหนือความเร็วเฉือน (supershear)  คณะผูศึ้กษายงัพบ
หลกัฐานการเกิดแผ่นดินไหวโบราณอย่างน้อย 5 เหตุการณ์ ในช่วง 1,000 ปีที่ผ่านมา ในร่องส ารวจใกลเ้มืองมัณฑะเลยซ่ึ์งเป็นต าแหน่งของ70 

ศูนยก์ลางของแผ่นดินไหวคร้ังน้ี โดยเหตุการณ์แผ่นดินไหวโบราณดงักล่าวท าให้เกิดระยะการเล่ือนตวัของรอยเล่ือนในแต่ละคร้ังมีระยะทางที่
ใกล้เคียงกนั ผลการศึกษาในคร้ังน้ียงับ่งชี้ให้เห็นถึงรูปแบบของการเกิดแผ่นดินไหวขนาดใหญ่ในพ้ืนตอนกลางของแนวรอยเล่ือนสะกาย และสามารถ
น าไปใช้ประโยชน์ในการก าหนดต าแหน่งของรอยเล่ือนย่อย การเกิดแผ่นดินไหวซ ้า และการประเมินภยัพิบตัิแผ่นดินไหว  บริเวนตอนกลางของ
ประเทศเมียนมา เป็นพ้ืนที่เส่ียงภยัจากแผ่นดินไหวสูง เน่ืองจากมีส่ิงก่อสร้าง อาคาร และผูค้นอาศยัอยู่เป็นจ านวนมาก และมีอตัราการการเปล่ียนรูป
ของหินหรือชั้นเปลือกโลกที่สูง ดงัน้ัน จึงมีความจ าเป็นเร่งด่วนทีจ่ะตอ้งใหค้วามส าคญัตอ่การเตรียมความพร้อมรับมือแผ่นดินไหว และการ75 

เสริมสร้างความมัน่คงแข็งแรงของโครงสร้างพ้ืนฐานในบริเวณดงักล่าว 

Second language abstract: Traditional Chinese 

2025年發生於實皆斷層中段的曼德勒地震(Mw 7.8)是緬甸史上最嚴重的災害性地震之一，

於斷層周邊地區造成超過修訂麥卡利震度分級(MMI)10級以上的強烈強地動，並對東南亞

地區上千萬人產生影響。本研究透過強震地震波形與哨兵一號衛星合成孔徑雷達像素偏移80 

資料進行聯合反演，建立本次地震的斷層破裂運動模型。研究成果指出本次地震的同震位
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移達3-5公尺，破裂長度超過450公里，主要破裂集中在地殼淺部10公里內的斷層面上。模

型中最大地震破裂傳播速度可達~4.8公里/秒，與近斷層的地震波觀測資料所指出的超剪切

地震傳播型態相符。本研究位於2025年地震震央附近的古地震槽溝亦發現該段斷層在過去

約1000年期間中發生了至少5次的地表破裂事件，且每次事件皆具有相似的錯移量。我們85 

的古地震研究成果暗示實皆斷層中段具有大型的重疊破裂特性，對該斷層的孕震區段、破

裂週期與地震災害分析都有一定程度的影響。有鑑於緬甸中部的高地震風險暴露度與高應

變率，本研究認為該地區的基礎建設韌性與地震災害防備皆急需特別的關注。 

Second language abstract: Simplified Chinese 

2025年发生于实皆断层中段的曼德勒地震(Mw 7.8)是缅甸历史上最严重的灾害性地震之90 

一。该地震造成断层周边地区的强烈地动——修订麦卡利震度分级(MMI)达10级以上，并

对东南亚地区上千万人产生重要影响。本研究透过强震地震波形与哨兵一号卫星合成孔径

雷达像素偏移资料进行联合反演，建立本次地震的断层破裂运动模型。研究成果表明，本

次地震的同震位移达3-5米，破裂长度超过450公里，主要破裂集中在地壳浅部10公里内的

断层面上。模型中最大地震破裂传播速度可达~4.8公里/秒，与近断层的地震波观测资料所95 

指出的超剪切地震传播型态相符。而位于2025年地震震中附近的古地震探槽也发现：该段

断层在过去约1000年期间中发生了至少5次的地表破裂事件，且每次事件均具有相似的同

震位错量。我们的古地震研究成果揭示，实皆断层中段具有大型的重叠破裂特性，对该断

层的孕震区段、破裂周期和地震灾害分析都有一定程度的影响。鉴于缅甸中部的高地震风

险程度与高应变率，本研究认为该地区的基础建设韧性与地震灾害防备亟需特别关注。 100 

Non-technical summary  

On March 28, 2025, a powerful magnitude 7.8 earthquake struck central Myanmar along the Sagaing 
Fault, causing severe shaking near the fault and damage as far away as Bangkok, Thailand. Nearly 18 
million people experienced strong shaking, and while the official death toll is around 4,000, the true 
number is likely much higher due to limited access and reporting in conflict zones. Using ground 105 
sensors and satellite data, scientists found the rupture extended about 450 kilometers with 3-5 
meters of movement along the fault. The fault broke at unusually high speed—a phenomenon called 
"supershear"—which can generate especially strong shaking. Trenches dug across the fault in 2016 & 
2018 revealed that this same section has broken in multiple past earthquakes, including in 1839, and 
the 1946/1956 sequence. These findings show that large earthquakes repeatedly strike this part of the 110 
fault. Because the region is heavily populated and rapidly developing, the Sagaing Fault remains a 
major hazard. Improving construction standards, emergency preparedness, and continued research 
are essential to reduce future risk. 
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1. Overview of the event and the Sagaing fault 115 

The 2025 Mw 7.8 Myanmar earthquake represents a landmark event in the seismic history of the 
country and the broader Southeast Asian region (Thein et al., 2009; Hurukawa et al., 2011; Wang et al., 
2014). The U.S. Geological Survey’s ShakeMap (USGS, 2017, Figure 1A) shows that near-fault areas 
experienced extreme shaking intensities, with Modified Mercalli Intensity (MMI) levels exceeding X, 
causing widespread destruction. The event's regional importance is underscored as well by the high 120 
population densities surrounding the fault: according to the PAGER system (Prompt Assessment of 
Global Earthquakes for Response; Earle et al., 2009; Wald et al., 2010), also from the USGS, which 
estimates human and economic impacts, approximately 17.8 million people were exposed to shaking 
of MMI VII or greater, and 6.2 million people to MMI IX or greater (USGS, 2025). The shaking was so 
intense that damage and strong ground motions were reported as far away as Bangkok, Thailand. At 125 
the time of this writing, official fatality counts are approximately 4,000. However, given the 
extraordinary exposure to severe shaking, known structural vulnerabilities in Myanmar and 
neighboring regions, it is likely that the true number of fatalities is significantly larger. This is especially 
true because of the complicating factor of an ongoing civil conflict that impairs accurate reporting and 
emergency response––it is well-established that impacts from natural disaster in conflict areas are 130 
systematically under-reported (e.g. NRC, 2007).  

Figure 1. (A) Overview of shaking intensity from USGS ShakeMap (USGS, 2017) and impacts to 
the population from the M7.8 earthquake. Population density data is from LandScan (Lebakula 
et al., 2024) (B) Tectonic overview of the Sagaing Fault, past ruptures estimated lengths are 
from (Wang et al., (2017), moment tensor for the mainshock is from the global CMT project 
(Ekstrom et al., 2012) and 2 weeks of aftershocks are from the Thailand National Seismic 
Network (Pornsopin et al., 2023). Shown as well is the slip-rate estimate for the Sagaing Fault 
from Tin et al. (2022) and the location of a trench site used to establish the paleoseismic history 
of the fault in this work. 
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Myanmar occupies a geologically complex and tectonically active region (Figure 1B) at the intersection 
of the Indian, Sunda, and Eurasian plates (e.g., Socquet et al., 2006; Gahalaut and Gahalaut, 2007). 
The oblique convergence between the Indian and Sunda plates is accommodated by a combination 
of subduction, strike-slip faulting and block extrusion processes (Wang et al., 2014; Shi et al., 2018; 135 
Mallick et al., 2019). To the west, the Rakhine-Bangladesh megathrust marks the zone of north-
eastward subduction of the Indian plate beneath the Burma plate, forming the Indo-Burman ranges. 
To the east, the prominent right-lateral Sagaing Fault (on which the 2025 event occurred) serves as the 
principal boundary between the Burma plate and the Sundaland block (Socquet et al., 2006; Wang et 
al., 2014; Mallick et al., 2019; Tin et al., 2022; Lindsey et al., 2023). Between these two major structures 140 
lies the Central Myanmar Belt (CMB), an elongate lowland region bounded by active deformation on 
both sides. Geodetic measurements show that the Indian plate is moving northeastward relative to 
the Sunda plate at a rate of approximately 35 mm/yr near 10°N, with the Sagaing Fault accommodating 
roughly 18–24 mm/yr of right-lateral strike-slip motion (Steckler et al., 2016; Tin et al., 2022; Lindsey 
et al., 2023). The remaining convergence is partitioned across the Rakhine-Bangledsh megaturst, the 145 
Indo-Burman fold and thrust belt and the Central Myanmar Belt west of the Sagaing Fault. Historical 
and instrumental records indicate that the region can produce large and damaging earthquakes, 
posing significant seismic hazards, especially for rapidly growing urban centers like Yangon, Nay Pyi 
Taw, and Mandalay (e.g. Le Dain et al., 1984; Hurukawa and Phyu Maung Maung, 2011; Xiong et al., 
2017).  150 

The Sagaing Fault is a major north-south striking right-lateral strike-slip fault extending over 1,200 km 
from the Andaman Sea in the south to the eastern Himalayan syntaxis in the north (e.g., Maung, 1987;  
Curray, 2005). It accommodates the primary component of dextral shear between the Burma and 
Sunda plates. Formed most likely in the late Oligocene (Morley and Arboit, 2019), the fault has 
recorded a cumulative displacement of 330–450 km (e.g., Maung, 1987; Wang et al., 2011; Soe Thura 155 
Tun and Watkinson, 2017; Xiong et al., 2017). Modern GNSS observations reveal that the fault's slip 
rate varies along strike, with ~23–24 mm/yr measured along central segments and somewhat slower 
rates (~16 mm/yr) inferred for southern segments with workers suggesting potentially variable dips 
from sub-vertical to vertical along-strike (Mon et al., 2020; Tin et al., 2022; Yang et al., 2024). The fault 
is segmented into several distinct sections, including the Sagaing, Meiktila, and Bago segments in the 160 
south (e.g. Wang et al., 2014; Soe Thura Tun and Watkinson, 2017; Panda et al., 2018; Tin et al., 2022). 
Each segment exhibits varying degrees of locking and strain accumulation at depths of 10–16 km 
(Vigny et al., 2003; Socquet et al., 2006; Maurin et la., 2010; Tin et al., 2022). Stress transfer modeling 
over the past century, and the instrumental seismic catalog has identified seismic gaps along the 
central and southern Sagaing Fault, indicating regions of heightened seismic hazard. Notable 165 
historical earthquakes, such as the 1930 Bago, 1946 Sagaing, and 2012 Thabeikkyin earthquakes, 
underscore the fault's potential to produce large-magnitude events (Hurukawa et al., 2011; Wang et 
al., 2014). 

In this fast report we highlight how the 2025 rupture fits within this broader tectonic history for the 
region by producing a detailed kinematic slip model based on joint inversion of regional strong motion 170 
data and remote sensing observations. We will discuss findings from trenches near the epicenter of 
the 2025 rupture which has evidence of the 1839 M7.7 and the 1946/56 M7.7/ 7.1 sequence and re-
ruptured once more during the 2025 event. 

2. Available Data and Methods 

2.1 Regional Seismic Data 175 

Three-component strong motion recordings from four regional stations (Figure 2), were processed to 
obtain ground displacement time series (see Data Availability). Raw acceleration data were first 
corrected for instrument gain using known calibration factors. Each component was then baseline-
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corrected and de-trended to remove any DC offset. To reduce long-period drift and high-frequency 
noise, we applied a zero-phase, 4-pole Butterworth bandpass filter with corner frequencies at 0.05 Hz 180 
and 0.4 Hz. The filtered acceleration time series were then numerically integrated twice—first to 
velocity, then to displacement—using trapezoidal integration. This process yielded waveforms which 
were then decimated from their native sample rates of 100 and 200 Hz down to 5 Hz, suitable for 
kinematic slip inversion. The farthest station, KTN, is ~370 km from the surface trace of the Sagaing 
Fault while the closest site, NPW, in the capital city of Nay Pyi Taw, is only 2.5 km from the surface 185 
trace (Figure 1A). 

NPW is particularly important because of its proximity to the fault, it is only 2.7 km from the surface 
rupture (Figure 1A,2); however, the network operator reported that approximately 3 days before the 
mainshock the station’s GNSS antenna stopped working and the station lost absolute time (Lai et al., 
2025). This means that without some form of calibration the data cannot be used for slip inversion. To 190 
correct for this, we use eight Mw>4.5 events that occurred in the vicinity of the mainshock hypocenter 
(Figure 1B) in the 5 years prior and for which absolute timing at the site is available. We picked the P-
wave arrivals at NPW for each of these eight events, we estimated the theoretical P-wave arrival times 
by ray tracing from the catalog hypocenter to the location of NPW through a layered Earth model. We 
then obtain a “station delay” by taking the difference between the observed P-wave arrival time, tobs, 195 
and the expected or modeled P-wave arrival time, tmod. We noted that the delays are correlated to the 
station-event distance, so we also regressed for the best fit straight line of the station delays as a 
function of hypocentral distance. This linear model then allowed us to solve for the estimated 
theoretical arrival of the P-wave from the 2025 mainshock (red triangle in Figure 3) given its known 
hypocentral distance of 240 km. We compared this expected arrival to the observed arrival (yellow 200 
square in Figure 3). In this analysis we used three different velocity models, two global ones, PREM, 
and IASP91 (Dziewonski & Anderson, 1981; Kennet & Engdahl, 1991) and a regional lithospheric model 
(Pasyanos et al., 2014). We found that, while there are slight variations between velocity models, for 
all three the difference between the observed and expected P-wave arrival time for the 2025 
mainshock is <1 s. From this we concluded that station NPW can be reliably used for slip inversion 205 

Figure 2. Strong motion data from station NPW (location in Figure 1A). Plotted is the fault 
parallel acceleration without filtering and with a band pass filter applied. The main acceleration 
pulse is interpreted as the rupture transiting by the Sagaing fault on the segment closest to 
NPW. Dashed lines represent rupture velocities needed for the rupture pulse to reach NPW at 
specific times. 
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without further correction. This finding is consistent with Lai et al. (2025) who performed a similar 
analysis on other regional events and correlation of seismic noise and concluded likewise, that no 
station’s clock had drifted more than 1s from the time the GNSS clock malfunctioned to the time of 
the mainshock.  

2.2 Space geodetic data 210 

We employed two sources of space geodetic data to estimate the coseismic displacements. First, we 
used near-infrared (band 8) optical imagery from the European Space Agency (ESA) Copernicus 

Sentinel–2 Level 1C satellite imagery products (Drusch et al., 2012). We obtained north-south and 
east-west displacements by pixel offset tracking using two or more orthorectified and co-registered 
images acquired at different times (e.g., between 28 February and 6 April, 2025). To identify the shift 215 
in surface features between the images, we used the autonomous Repeat Image Feature Tracking 
(autoRIFT) software (Gardner et al., 2018; Lei et al., 2021), that measures offsets in the image row 
(north-south) and column (east-west) directions. These offsets, initially in pixel units, are then 
converted to ground displacements by multiplying them using the known pixel size (i.e., 10 meters for 
Sentinel-2 band 8). The result is a two-dimensional horizontal displacement field representing surface 220 
motion in the east-west and north-south directions. This technique is especially useful for mapping 
large, coherent motions such as glacier flow, landslides, or volcanic deformation. Though it is less 
precise than radar-based displacement-retrieval methods like InSAR (e.g. Strozzi et al., 2002; Casu et 
al., 2011), pixel tracking is more sensitive to north-south displacement and does not decorrelate in 
high-strain regions near the fault rupture (e.g., Avouac and Leprince, 2015). While we did not use these 225 
data in the inversion, they were used early on to determine the surface trace of the rupture and build 
the inversion geometry shown in Figure 1A,B.  

Next, we utilized two pairs (Figure 4) of synthetic aperture radar (SAR) images from the European 
Space Agency's (ESA) Copernicus Sentinel-1A/B satellites—one pair for each track (ascending Track 
143 and descending Track 106)—that captured the earthquake event. We measured the pixel offsets 230 
in both the range (across-track) and azimuth (along-track) directions using the Ampcor module within 
the ISCE2 software package [Rosen et al., 2012]. The pre- and post-earthquake Sentinel-1 Level-1 
Single Look Complex (SLC) images were first co-registered using available restituted orbit files. We 

Figure 3. Timing calibration for station NPW. Shown are the station delays for 8 Mw>4.5 regional 
events before the 2025 mainshock. These are the differences between expected P-wave arrival 
times from ray-tracing through a variety of velocity models and observed arrival times. The dashed 
line is the best fitting linear model as a function of hypocenter distance for these station delays. 
The yellow square is the observed delay for the mainshock and the red triangle the expected delay 
based on the best fitting model. The difference between them is shown in parentheses above each 
plot and is <1s for all three velocity models indicating that timing at NPW is reliable. 
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performed cross-
correlation between image 235 
patches in the reference 
and secondary scenes to 
determine sub-pixel shifts 
in both the range and 
azimuth directions. The 240 
measured offsets, initially in 
image coordinates, were 
converted to ground 
displacements using the 
sensor's known viewing 245 
geometry and pixel spacing. 
Range offsets correspond to 
displacements in the radar 
line-of-sight (LOS) 
direction, which has a 250 
strong east-west 
component for Sentinel-1’s 
near-polar orbits and can 
include contributions from 
vertical land motion, while 255 
azimuth offsets capture 

motion along the satellite’s trajectory and are primarily dominated by north-south deformation. Given 
the dextral north-south style of faulting, we prioritized the azimuth offsets. The resulting horizontal 
displacement fields are particularly robust for measuring large, decorrelating motions—such as 
coseismic rupture, glacier flow, volcanic deformation, and landslides—that may not be reliably 260 
captured with conventional interferometric phase techniques (e.g., Pathier et al., 2006; Casu et al., 
2011; Bato et al., 2021; Lei et al., 2021). 

As a final pre-inversion step, because the resulting scenes can be noisy, we apply a median filter with 
a window length of 1 km to remove short wavelength noise. These estimates of land motion are then 
obtained with a spacing of 3 arcsec (~90 m), which is far too dense for inversion––we decimate the 265 
data using uniform sampling and keep data within ~80 km of the surface trace; for each scene this is 
about 3000 pixels per acquisition. 

2.3 Kinematic Inversion 

The first step in the kinematic inversion is defining the fault geometry. We used the Sentinel 2 optical 
imagery pixel offsets, as noted in Section 2.1 to define the surface expression of the fault (blue line in 270 
Figure 1A,B) and the first 2 weeks of aftershocks from the Thai regional network (Pornsopin, 2023, 
Figure 1B) to define the approximate extent of faulting, we note that the aftershock locations are 
biased east of the surface trace, this is most likely an artifact, one-sided networks with large azimuthal 
gaps can have systematic biases like these (e.g. Bondar et al., 2004). We assumed a seismogenic 
depth (the maximum extent of slip) of 20 km in line with other reports (e.g. Tun & Watkinson, 2017; Tin 275 
et al. (2022) that determined locking depths from seismicity and inversions of regional GNSS 
measurements of the interseismic velocity field. Finally, we discretized the fault into triangular 
subfaults using a 3D mesher. To account for the depth dependent resolution of slip inversions (e.g. Xu 
et al., 2016) we used progressively coarsening subfaults with depth. From 0 to 2.5 km subfaults have 
~4 km vertices, from 2.5 to 10 they have ~7 km vertices and from 10 to 20 km they have ~10 km vertices. 280 
For simplicity, we first assumed a vertical dip; this geometry can be seen in Figure 5A. Additionally, we 
built a second “variable dip” geometry based on the geodetic inversion results of Tin et al. (2022). That 

Figure 4. Azimuth pixel offsets from InSAR ascending track 143 and 
descending track 106. Shown as well are east-west and north-south 
pixel offsets from optical Sentinel 2 observations. The blue line is the 
assumed fault trace and the star is the event hypocenter. The arrow in 
each scene indicates the satellite flight path, the offset displacement 
is thus the dot product of the horizontal coseismic deformation with 
this unit vector. 
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work concluded that the interseismic velocity field was best explained by a fault that had vertical dip 
south of ~20°N, a 78° westward dip between ~20°N and ~21.5°N and then a 71° eastward dip 
northward of 21.5°N. We produced kinematic models on this “corkscrew” geometry as well to test 285 
whether the data preferred one or the other. This geometry can be seen in Figure 5B, and each model 
has  ~850 sub faults.  

We carry out kinematic slip inversion using the multi-time-window method described by Melgar & 
Bock, 2015, which allows for flexible rupture timing across the fault by assigning multiple overlapping 
source time functions to each subfault; 8 overlapping triangles with 4 s rise time re allowed for each. 290 
This 4 s rise time is consistent with what is expected from an M7.8 earthquake from analysis of global 
earthquakes (Melgar et al., 2017). Observed ground displacement time series from integrated strong 
motion, and the pixel offsets from InSAR are jointly inverted to estimate the spatial and temporal 
distribution of fault slip. To ensure balanced contributions from each data type, we normalized the 
residuals by the L2 norm of each dataset, effectively weighting them equally in the objective function 295 
(e.g. Melgar et al., 2020). Rupture initiation was assumed to occur at the hypocenter reported by the 
U.S. Geological Survey at 2025-03-28 06:20:52 (UTC) at 22.001°N, 95.925°E, and 10.0 km depth. 
Several maximum allowable rupture speeds were tested, ranging from 3.0 to 6.0 km/s, to explore 
sensitivity of the inversion to this constraint. The inversion is stabilized using Tikhonov regularization 
and the final model was selected based on the L-curve criterion 300 

2.4 Paleoseismology 

We document displacement and frequency of surface ruptures from historic and paleoseismic 
earthquakes on the Sagaing Fault at a site (Figure 1B,6A) near the 2025 M7.8 epicenter 4 km NW of 
Mandalay.  In the context of a field-training school funded by the Earth Observatory of Singapore and 
including students from Myanmar, five other SE Asian countries, China, and USA from 2016 to 2018, 305 
we chose a portion of the Sagaing Fault where the active trace diverges from the range front (Figure 7) 
and trends more westerly (northern two-thirds of Figure 6B), causing compression and uplifting low 
hills that block stream flow and thus rapidly accumulates young sediment that includes abundant 14C 
samples and Buddhist-era artifacts we use for age control (Figure 8E). Using drone imagery (Figure 7) 
and ground-based LiDAR we mapped geomorphic offsets and excavated 18 trenches to reveal 310 

Figure 5. (A) Perspective view of the best-fit rupture model assuming a purely vertical geometry. 
Blue star is the assumed hypocenter. (B) same as (A) but with a variable-dip geometry. (C) RMS 
misfits as a function of maximum allowed rupture speed for both InSAR and seismic data for each 
of the two geometries. Lowest misfits occur at ~4.8 km/s. (D) Source time functions for the preferred 
models showing a rupture duration of 90-120 s. 
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deformation associated with past earthquakes.  Here we focus on a group of trenches in the southern 
half of the area (central portions of Figures 6B,7) where the age and displacement associated with the 
five surface ruptures before 2025 can be estimated.  

We attempted to reconstruct the coseismic displacements at this site and can now compare how the 
2025 offsets relate to past ruptures. To estimate the vertical component of slip associated with 315 
prehistoric surface-rupturing earthquakes, we applied a geomorphic approach (Figure 9) based on the 
formation of colluvial wedges at fault scarps. Following a surface-rupturing event, the exposed scarp 
undergoes gravitational collapse and subsequent erosion, depositing a wedge-shaped body of debris 
on the downthrown block. Experimental and field observations demonstrate that the maximum 

Figure 6. (A) Historic earthquakes and paleoseismic site plotted on a geologic map of the Sagaing 
Fault (updated from Wang et al. 2014). Regional location shown in Figure1B. Colored rectangles 
along the fault are the Indaw, Tawma, Sagaing, and Meiktila fault segments (Wang et al., 2014). 
Blue circles are inferred event hypocenters for historical earthquakes from Hurukawa & Maung 
(2011) and Wang et al. (2014) and rupture extents of historic surface ruptures (dashed where 
uncertain) are on right side with along-strike displacement shown for 2025. Shown as well is the 
depth-averaged displacement from our preferred slip model. (B) Post 2025 earthquake Google 
Earth image of the southern half of the paleoseismic study site. White lines are visible surface 
ruptures, green are 2016 trenches, yellow 2018 trenches and box in SW corner locates one of 
many 4-5m offsets (blue lines are an offset trail) in 2025 along this portion of the fault.  Trenches 
east of the main trace were excavated to confirm that geomorphic lineaments were not recently 
active, although scattered cracks from the 2025 rupture indicate that the range front is not 
completely inactive. Westernmost white lines indicate cracks along the back edge of the uplifted 
hills that was only exposed in one trench. Figures 7,8 are located in the center where 2016 and 
2018 trenches are clustered and have the best evidence for the timing and displacement of recent 
earthquakes. 
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thickness of such a wedge is typically about half the height of the original fault scarp (Wallace, 1977; 320 
Nash, 1980; Avouac and Peltzer, 1993).  

We use this geometric relationship to infer the height of paleo-scarps—and by extension, the vertical 
displacement—by measuring the preserved maximum thickness of buried colluvial wedges in the 
trench exposures. This method has been applied in previous studies, notably by Klinger et al. (2003), 
who argued that colluvial wedges of ~0.8 m thickness corresponded to ~1.6 m of vertical slip during 325 
repeated events on a normal-faulting step-over along the North Anatolian Fault. Their analysis showed 
that wedge thicknesses can serve as reliable proxies for scarp height, particularly in settings where 
vertical displacement dominates and preservation conditions are favorable.  

In our analysis, we adopt the same 2:1 ratio (scarp height to wedge thickness) as a first-order 
approximation of vertical offset for each scarp-forming event identified in the stratigraphy, which 330 
collectively measure 1.6 m in thickness (the youngest is too modified due to cultural activity 
associated with local agriculture), yielding an average of 40 cm per event (Figure 8A,B)––so we infer 
that individual events have vertical displacement of ~80 cm. Given the orientation of this portion of 
the fault (measured across the eight walls in the map in Figure 8A, similar to the orientation at the 
trench site in Figure 6A) relative to the orientation of pure strike-slip portions nearby, we would expect 335 
the vertical to be about 20% of the horizontal, so the average horizontal displacement would be about 
4 m. This is consistent with the 2025 rupture and fluvial sediments seen in the lowest wedge (blue in 
Figure 8C) that likely came from a small stream now followed by the road ~20 m to the north. 

We are a working on a more complete 3D reconstruction of the wedges and fault traces using all eight 
exposures of the fault zone shown in the map in Figure 6B,8A which will allow us to make a better 340 
determination of the thicknesses and possibly offsets of individual wedges and to put all of our 14C 
samples into a single stratigraphic column to make the best age model possible. 

3. Results and discussion  

3.1 The Earthquake Source 

Figure 7. Drone image looking north, taken during 2018 field work showing several trenches and 
how the main fault diverges from the range front to uplift a row of hills that block drainage from 
the mountains to the east (right) and causes accumulation of young sediment against the fault 
zone. Drone flyover videos are available as Supplementary Files S1 and S2 (see Data and Code 
Availability) 
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The slip inversion results in Figure 5A,B show significant slip from the hypocenter north to ~22.2N and 345 
south to at least 18.5N for a full rupture length of ~450 km. Slip is highest between the surface an 10 
km depth and tapers from there to 20 km. Depth averaged slip is ~3-5m across the rupture (e.g. Figure 
6A) with localized small patches of higher amplitude slip as high as 7-8 m. The total magnitude for the 
event from inversion depending on whether the vertical or variable dip geometry is preferred is M 7.75 
- 7.79. This means the long rupture length is somewhat anomalous compared to the mean expected 350 
length of 186 km for this magnitude from the probabilistic scaling laws of Blaser et al. (2010), placing 
it at the 98th percentile of expected rupture lengths.  

Figure 8. (A) Simplified map of trenches excavated between 2016-2018 (location is in Figure 6) (B)  
Example of a trench (Trench1-2016) across the main trace. (C) detail of the main fault zone from 
Trench2-2018. We recognize 5 pre2025 ruptures (E1-E5) and collected abundant charcoal and 
cow+ bones for 14C samples and pottery to date the ruptures. Upward termination of individual 
fault surfaces and soil-capped colluvial wedges generated by individual earthquakes allow us to 
characterize and date events from the past ~1000 years. Light blue layers between E4 & E5 are from 
a laterally offset ~20 m from a small stream across the fault (Figure 6B), suggesting average lateral 
slip of 4-5 m per event. (D) Same as (C) for Trench1-2016. The aggregate width of colluvial wedges 
for E2-E5 was measured 1.6 m corresponding  ~40 cm per wedge per event (E) Example of pottery 
found in several of our trenches; this pattern is first seen in this area in the 11th century (Guy, 1989).   
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In terms of its kinematics, even without an analysis of the 
inversion, we cand conclude the rupture is most likely 
super-she ar. Station NPW on the surface trace of the 355 
fault (Figures 1A,2) shows a clear slip pulse with large 
fault parallel ground motions. The dashed lines on that 
figure show how quickly a rupture front would have to 
propagate from the catalog hypocenter along the 
Sagaing Fault to reach NPW. This simple analysis 360 
suggests strongly that the pulse needs to be traveling at 
just under 5 km/s. This is in fact confirmed by the slip 
inversion results shown in Figure 5C which shows that 
the best RMS misfit to the regional strong motion data is 
for a maximum rupture speed of 4.8 km/s. Indeed, at this 365 
rupture speed, the fits to the strong motion waveforms 
(Figure 10), in particular station NPW, are quite good 
with the exception of the north and vertical components 
at station YGN at the southern terminus of the rupture 
(Figure 1B). As noted by Thiam et al. (2017) YGN is on the 370 
soft sediments from the Ayeyarwady and Sitang River 
deltas and likely has significant site amplification effects 
we are not capturing with our simple 1D velocity structure. Likewise, both ascending and descending 
SAR pixel offset scenes show good fits (Figure 11) with no significant biases in the residual patterns. 
These results do not allow us to say conclusively whether the vertical or variable dip geometry are 375 
preferred as they both fit the data to similar levels. Finally, we note that given the significant fault 
length, and despite the fast rupture propagation the source duration is long (Figure 5D) lasting as 
much as 120 s. However, the moment released between 90 and 120 s is from slip at the southern 
terminus of the rupture and most likely spurious and an attempt by the inversion process to fit later 
arrivals at YGN, the southernmost site. The more likely source duration is closer to ~90 s.  380 

3.2 A history of overlapping ruptures at the northern terminus of the 2025 event 

Preliminary results from our mapping, trenches, and age control provide evidence for five surface 
ruptures that occurred at the site in the ~1000 years before 2025. This includes post-bomb 14C dates 
consistent with either or both of the 1946/1956 sequences, stratigraphically consistent 14C represents 

Figure 9. Cartoon (modified from Klinger 
et al 2003) shows the relationship 
between the vertical component of slip 
and scarp wedge thickness, suggesting  
~1 m of vertical slip per event, similar to 
the 2025 scarp at the site (Figure 8) 

Figure 10. Inversion waveform fits, black is the data and red the synthetics. Peak values for each 
station are indicated next to each waveform. Note that stations NGU, KTN, and YGN are 
presented with a factor of 2 larger amplitude for clarity. 
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the 1839 event. Buddhist-era pottery 385 
limits the past five events to less than 
~1000 years (Figure 8). Although 
displacement per event, based largely 
on colluvial wedge thickness and the 
ratio of vertical to horizontal slip (Figure 390 
8), appears to vary by at least a factor of 
2, the average displacement of the 
previous five events (or sequence if 
close in time like 1946/56) is 4-5 meters, 
similar to the 2025 fault displacement at 395 
the site (Figure 6A).  

This last point is notable. For an average 
slip rate of 20 mm/yr, the 4-5 m of 
coseismic slip on this segment of the 
fault inferred from paleoseismology and 400 
observed in 2025 requires 200-250 yrs 
to accumulate. That time is far shorter 
than the inter-event time we report here 
and suggests that ruptures on this part 
of the Sagaing fault cluster closely in 405 
time. Whether large ruptures on major 
continental transforms cluster, are 

random, or quasi-periodic has been the subject of debate (e.g. Scharer et al., 2010). We also note that 
in this trench we dated only the purple layers in the upthrown (right) side of the fault; however, 3000-
5000 yr old 14C (charcoal) samples mixed with pottery and many 14C samples less than 1000 years in 410 
the colluvial wedges suggest that the source of the wedges was 3000-5000 years old. Ongoing work 
on a 3D reconstruction and age model including all eight trench walls will help elucidate the detailed 
timing and displacement history here. 

Furthermore, it is worth speculating on whether the short segment of the fault surrounding Mandalay 
is routinely the initiation point of large ruptures. Based on the paleoseismic record, with the new data 415 
from the 2025 rupture to supplement it, it appears that this portion of the fault often nucleates large 
ruptures that propagate either north or south and thus are centered more north (1946) and south (1839 
& 2025) of the site. 

Finally, we point out that the historic events and the 2025 earthquake suggest that the boundary 
between the Sagaing and Meiktila segments of the fault (Figure 6A) is rather diffuse. The inferred 420 
history shows that events that rupture both north and south overlap near the trench site. This suggests 
that the boundary is not a strict barrier. Whether the other segments behave likewise is at present 
unknown and is further evidence of the need for more concerted paleoseismic work along the entirety 
of the fault. 

3.3 Implications for hazards  425 

The super-shear kinematics of this event add to the recent observations of similar behavior in other 
large transform faults such as the 2018 Palu, 2021 Maduo, 2023 Turkïye earthquakes (Bao et al., 2019; 
Zhang et al, 2022; Melgar et al., 2023). How super-shear kinematics affect ground motion can be 
complex––modeling has shown that super-shear source processes can reduce ground motion 
immediately adjacent to the fault but increase it elsewhere (Dunham & Bhat, 2008; Andrews, 2010). 430 
These observations and models argue that super-shear ruptures are more common than previously 
considered and potentially not captured correctly in ground motion models. While it is difficult to 

Figure 11. Comparison between observed azimuth offsets 
after median filtering (labeled “data” and described in 
Section 2.2) and the modeled offsets predicted by the best 
fitting slip inversion. The blue star is the event hypocenter 
and the blue line the inferred fault geometry. The black 
dashed line is the inferred surface trace of the Sagaing fault 
not used in the inversion 
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interpret them without ambiguity, the Did You Feel It Reports from the USGS are biased high (USGS, 
2025), meaning they systematically indicate stronger than expected shaking for this event when 
compared to ground motion models. Is this due to the super-shear kinematics? And, can we expect 435 
all large events on this fault system to always exhibit this behavior? Accounting for this extra “source 
effect” and the uncertainty it adds to hazard calculations seems pressing. 

In terms of future hazards calculations for the Sagaing it is difficult to say what this event foretells for 
the region. Significant amounts of slip have been released and, significantly, most of the 2025 rupture 
last slipped in 1839. That inter-event interval allows for 3.8 m of slip deficit, most, if not all, of which 440 
would have been released in 2025. However, as evidenced by the event clusters in the trenches near 
Mandalay, it is plausible that slip deficit from earlier on in the seismic cycle remains available and 
unused. Without further paleoseismology elsewhere on the fault it is not feasible to say with any 
confidence whether the 2025 rupture significantly reduces hazard. 

Conceptually, however, from simple Coulomb stress triggering arguments, and as seen on other 445 
transform systems, most famously in the Northern Anatolian fault (e.g. Stein et al., 1997), it would 
seem that the southern segments of the fault adjacent to the terminus of the 2025 rupture are of most 
concern––they have the fewest historic events and likely a large accumulated slip deficit. The last 
rupture here was an ~M7.2 earthquake in 1930 (Tsutumi & Sato, 2009) and cumulative recurrence 
intervals for this segment have been inferred to be as short as 90-115 years (Wang et al., 2011). 450 
Whatever the case, the region is populous (Figure 1A)––this enormous exposure when combined with 
precarious construction practices continues to place the Sagaing fault as potentially one of the most 
deadly continental transform faults in the world. 

4. Conclusions 

The 2025 Mw 7.8 earthquake along the central Sagaing Fault represents one of the most significant 455 
and destructive seismic events in Southeast Asia in recent history. Our joint kinematic inversion of 
regional strong motion and SAR pixel offset data reveals a ~450 km rupture with 3–5 m of average slip 
and supershear rupture propagation at ~4.8 km/s. This event adds to a growing list of well-
documented supershear ruptures on major continental strike-slip faults, with important implications 
for ground motion prediction and seismic hazard assessments. At a key paleoseismic site near the 460 
epicenter, we document evidence for five past surface-rupturing earthquakes over the past 
millennium with comparable displacement, indicating repeated rupture of the same fault segment 
and suggesting that this section of the Sagaing Fault is both a persistent nucleation zone and a locus 
of overlapping ruptures. These findings challenge models of strict fault segmentation and point to the 
need for reevaluation of seismic hazard across the broader fault system. The densely populated 465 
corridor along the Sagaing Fault remains acutely vulnerable, and our results underscore the urgent 
need for improved hazard mapping, infrastructure resilience, and expanded paleoseismic 
investigations across the fault's length. 
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