
1. Introduction
The western and central Aleutian volcanic arc, accommodating more than 20 active volcanoes (Figure  1), 
is one of the most volcanically and seismically active areas in the world. Volcanic deformation with diverse 
patterns has been identified at multiple sites in the western and central Aleutian since the 1990s, reflecting 
complex magmatic processes occurring in the volcanic system. Okmok and Seguam are periodically inflating 
and subsiding in response to magma intrusion and withdrawal (Lee et  al.,  2013; Lu et  al.,  2010). Persistent 
surficial subsidence has been detected at Kanaga and Amukta as a result of the cooling of erupted deposits (Lu 
& Dzurisin, 2014). Persistent subsidence with deeper sources produced by magma or hydrothermal cooling or 
degassing is observed at Fisher and Aniakchak (Gong et al., 2015; Kwoun et al., 2006). Surface deformation can 
also be absent from InSAR observations prior to eruptions at open-conduit volcanoes like Cleveland and Shishal-
din (Wang et al., 2015).

InSAR measures the two-dimensional deformation field at promising temporal and spatial resolution, providing 
comprehensive details on the deformation field from a broad view. Previous InSAR deformation studies on the 
Aleutian volcanoes are generally limited to single or multiple volcanoes due to the restriction of data quality, 
and computation and processing complexities (Lu & Dzurisin, 2010; Lu et  al.,  2003; Wang et  al.,  2015); an 

Abstract Leveraging a cloud-based interferometric synthetic aperture radar time-series processing 
framework, we map the surface deformation along the western and central Aleutian volcanoes from 2015 to 
2021. The observed crustal deformation from more than 15 volcanoes is attributed to a wide range of magmatic 
or tectonic processes, for example, magma accumulation in the magmatic reservoir, steady cooling or degassing 
of magma or hydrothermal systems, and faulting. More vigorous magmatism in the central Aleutian is noticed 
and appears to be related to higher magma production rates or higher magma ascent rates as a result of oblique 
subduction. New deformation patterns never observed in previous studies are detected and modeled at Tanaga, 
Great Sitkin and Yunaska. This study showcases the cloud-processing capability to generate interferograms at 
scale and processing tools to analyze these time series over large, tectonically active areas.

Plain Language Summary Surface deformation mapping plays a critical role in the study of 
volcanic systems, which helps reveal the status of the fundamental magmatic process, for example, magma 
transportation and stress accumulation. In this study, a new framework integrating cloud-based interferometric 
synthetic aperture radar (InSAR) products, that is, the Advanced Rapid Imaging and Analysis Sentinel-1 
Geocoded Unwrapped Interferograms (ARIA S1 GUNWs), and time-series processing tools, are used to 
map the deformation history of the volcanoes in the western and central Aleutian from 2015 to 2021. Active 
deformation has been identified from more than 15 volcanoes during the investigation period, which are 
attributed to be consequences of a wide range of magmatic or tectonic processes. Temporal and spatial 
behaviors of the deformation patterns are interpreted as a result of variations in tectonic settings. New 
deformation patterns have been detected at Tanaga, Great Sitkin and Yunaska, which are further modeled using 
analytic models and are interpreted by different magmatic/tectonic sources. This study has demonstrated the 
capabilities of the new cloud-based framework for scalable generation of standardized InSAR products and 
rapid time-series deformation analysis.
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arc-wide deformation survey took several years (Lu & Dzurisin, 2014). Instead, our study aims at rapid mapping 
of the arc-wide volcanic deformation since 2015 by leveraging the cloud-based InSAR processing capabilities 
to evaluate the status of the volcanic activities in the western and central Aleutian. In partnership with JPL's 
Advanced Rapid Imaging and Analysis (ARIA) project and the Alaska Satellite Facility (ASF), we used the 
ARIA- Hybrid Pluggable Processing Pipeline (HYP3) InSAR processing framework to produce a dense time 
series with Sentinel-1 Synthetic Aperture Radar (SAR) acquisitions from 2015 to 2021.

Our ARIA-HyP3 framework uses state-of-the-art InSAR processing algorithms (i.e., InSAR Scientific Comput-
ing Environment 2, ISCE2; Rosen et  al.,  2012) to generate standardized sensor-neutral products (i.e., the 
ARIA-S1-GUNWs; Bekaert et al., 2019), that are then published to the ASF Distributed Active Archive Center 
(DAAC), where they are stored and are freely available for download. This significantly simplifies the processing 

Figure 1. (a) Spatial coverage of the Sentinel-1 SAR acquisitions used for deformation mapping in the western and central 
Aleutian. Historically active volcanoes are marked with red triangles. Solid line boxes are the footprints of the ARIA 
S1-GUNW frames, colored by track names in (b) Insets are the four locations, that is, Okmok, Makushin, Akutan, and 
Unimak Island, used for validation of the derived InSAR results, using the continuous GNSS stations (blue squares) and 
reference stations (red squares). (b) Temporal distribution of the SAR data.
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workflow by reducing the redundant exertion of interferogram generation on the user side. Cloud-compatible 
tools such as OpenSARlab (Meyer et al., 2021) allow the possibility to run data accessing and processing within 
the cloud alongside the ASF DAAC InSAR archive. The elimination of the need for data downloading improves 
processing efficiency and diminishes the cost of data storage remarkably, especially for large-area applications. 
The generated InSAR displacement time series are validated by comparison with Global Navigation Satellite 
System (GNSS) observations. Temporal and spatial patterns of the crustal deformation are used to track the 
evolution of the along-arc volcanism and evaluate the interaction between regional tectonic environments and 
magmatism.

2. Data and Methods
ARIA S1-GUNW products generated from the Sentinel-1 A/B data sets are used to produce the line of sight 
(LOS) deformation time series for more than 20 volcanoes, from Mt. Gareloi in the west to Mt. Veniaminof in the 
east (Figure 1a). A total of ∼4,700 geocoded unwrapped interferograms are produced from SAR images acquired 
from 14 different satellite acquisition tracks (Figure 1b), spanning the observation period from 2015 to 2021. 
Only SAR data collected during summers from June to October are exploited for the analyses to avoid coherence 
loss induced by snow/ice coverage in winter (Lu & Dzurisin, 2014). Only SAR pairs in the neighboring summers 
are used to produce the ARIA GUNW products. The Sentinel-1 images acquired from ascending and descending 
orbits are processed within a multi-looked scheme to suppress the noise and improve the interferometric coher-
ence (Lee et al., 1998). Look numbers of 7 and 19 in azimuth and range directions are used, respectively, which 
are standard ARIA processing parameters. The interferograms in radar coordinates are geocoded to geographic 
coordinates with 3 by 3 arc second resolution for further analysis.

InSAR measurements are prone to perturbation by multiple types of noise, for example, phase delay due to atmos-
pheric phase screen (APS), phase ramp induced by baseline errors, and unwrapping errors caused by low coher-
ence or phase discontinuities (Bekaert et al., 2015; Fattahi & Amelung, 2014; Li et al., 2009; Zhang et al., 2019). 
Some of the central Aleutian volcanoes are deployed with continuous GNSS (cGNSS) stations, which provide 
sustained observations of crustal movement (Blewitt et al., 2018). The derived InSAR time-series measurements 
are compared and validated with the cGNSS records at four locations (Okmok, Makushin, and Akutan volca-
noes and Unimak Island; Figure 1a). A total of 36 stations maintained by the University of Alaska Fairbanks 
(UAF)  and EarthScope are installed at these locations (Figure S1 in Supporting Information S1). All stations 
were operational during the observation period from 2015 to 2021 coinciding with the InSAR measurements, and 
stations are all covered in the coherent InSAR deformation maps, providing great test sites for our application.

The production of InSAR time-series deformation maps over the western and central Aleutian volcanoes is 
accomplished through two stages—the large-scale production of the ARIA S1-GUNW products and then the 
time series inversion with the multi-temporal InSAR stacks. We perform the time-series processing within the 
OpenSARlab. Layers of the ARIA GUNW products are extracted for time-series ingestion with the ARIA tools 
(Buzzanga et al., 2020; Sangha, 2021). Sentinel-1 tracks with multiple adjacent frames along the satellite track 
are stitched to generate seamless interferograms with complete spatial coverage. We leveraged the ARIA-tools 
virtual data processing which allows accessing of virtual files from uniform resource locator pointing to on-cloud 
data and data loading from memory to save computation resources. Due to the spatially segregated characteris-
tics of the Aleutian Islands, pronounced phase jumps between islands may be introduced during phase unwrap-
ping. We employ an island-wise processing strategy to avert this situation. Isolated islands with reliable relative 
measurements are detected and separated with Global Self-consistent Hierarchical High-resolution Shorelines 
(GSHHS) water mask. The separated islands are then used in subsequent analysis.

The open-source Miami InSAR Time-series software in Python (MintPy) (Zhang et  al.,  2019) is applied to 
reconstruct the surface displacement history based on Small Baseline Subset (SBAS) algorithm (Berardino 
et al., 2002). The SBAS network is designed to keep robust connectivity and maximize the common intersection 
of the connected components for each interferogram, which is a metric for the quality of phase unwrapping with 
SNAPHU (Chen & Zebker, 2002). Unwrapping error correction is applied using the bridging and phase closure 
methods (Zhang et al., 2019). APS effects are mitigated with PyAPS (Jolivet et al., 2011) using the ERA5 weather 
model. To validate the InSAR measurements, constant tectonic corrections are made to the cGNSS records at 
Okmok, Akutan, Makushin, and Unimak Island, by subtracting the measurements of stations located in regions 
with no volcanic deformation (Figure S1 in Supporting Information S1). The three-dimensional cGNSS records 
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are then projected to the LOS direction and compared with the InSAR measurements. The derived displacement 
time series at several volcanoes are used to model deformation source parameters using Geodetic Bayesian Inver-
sion Software (GBIS) (Bagnardi & Hooper, 2018).

3. Results
Surface displacement histories in the LOS direction have been produced at 25 historically active volcanoes 
from 2015 to 2021 illuminating diverse spatial and temporal deformation patterns (Figure 2). Persistent surfi-
cial subsidence on the flanks of volcanoes or inside volcanic calderas is identified at Gareloi, Kanaga, Atka, 
Amukta, Cleveland and Pavlof, with amplitudes ranging from 0 to about 20 mm/yr. The spatial distributions of 
the subsidence are highly correlated with the surface lava flow and pyroclastic deposits produced by previous 
eruptions (Lu & Dzurisin, 2014), and have relatively stable subsidence rates. Persistent, caldera-centered subsid-
ence with steady rates and spatial patterns produced from deeper processes are revealed at the western caldera 
(7.2, Figure 2) and eastern caldera (7.3, Figure 2) of Seguam, and Fisher caldera (21, Figure 2), with deflating 
rates of about 10, 5, and 10 mm/yr, respectively. Persistent dominant subsidence as well as minor uplift episodes 
have been recorded at the Atka volcanic center since 2016. Yunaska has been subsiding at a steady rate of about 
20–30 mm/yr in the central caldera since 2016.

Caldera-wide inflations with time-varying rates and spatially stable distributions are revealed at Seguam, Okmok, 
Makushin, Akutan, and Westdahl. Rapid inflation at a rate of about 60–80 mm/yr is identified from the eastern 
caldera of Seguam from 2020 to 2021 (7.1). Episodic exponential uplifts have been observed from the central 
caldera of Okmok since 2015, with an average deformation rate larger than 70 mm/yr. An uplift episode with an 
average rate of about 10 mm/yr has been identified at Makushin covering the whole caldera from 2015 to 2018, 
followed by subsidence with a similar spatial scale. Multiple episodic inflation events with average rates at about 
5 mm/yr are observed to the northeast of the Akutan caldera. Westdahl has been persistently inflating from the 
central caldera at a steady rate of about 10 mm/yr since 2015. Great Sitkin exhibits inflation between the 2018 
and 2020 eruption, and then contraction in 2021.

Most of the deep-seated deformation can be reproduced with a single Mogi source, that is, a point source 
embedded in a homogeneous and isotropic elastic half space (Kiyoo, 1958). Deep-seated subsidence at Seguam, 
Amukta, Fisher, and Yunaska (Section 5.1) can be reproduced from Mogi sources located at a depth range of 
about 1,500–9,000 m BSL (Figure 2). Deformation at Atka and Makushin have the best-fit Mogi source located 
at a depth from about 3,000 to 7,000 m BSL (Figure 2). Inflation observations at the eastern caldera of Seguam, 
Okmok, Akutan, and Westdahl are produced by sources located about 4,000–7,000 km BSL (Figure 2). Inflation 
at Great Sitkin can be approximated by a Mogi source at a depth of about 5,000–7,000 m BSL (Section 5.2). 
Deformation at Tanaga can be fit by a strike-slip fault at a depth of about 4 km BSL (Section 5.3).

The general consistency between InSAR and cGNSS measurements, with root mean square (RMS) misfits of 
around or less than 1 cm at most stations, indicates that the InSAR results capture the volcanic deformation well 
(Figures 2b–2e and Figure S1 in Supporting Information S1). The notable deviation between InSAR and cGNSS 
at Okmok's OKCE is most likely a consequence of the decorrelation noise in regions with rapid deformation. It 
can be resolved by using data sets with higher spatial resolution and temporal sampling. The overall good agree-
ments between the cGNSS and InSAR results validate the accuracy and robustness of the cloud-based time-series 
InSAR deformation mapping framework.

4. Temporal and Spatial Characteristics of the Along-Arc Volcanism
Diversities in temporal and spatial domains are the most pronounced characteristics of the deformation patterns 
in the western and central Aleutian volcanoes. Two major inflation patterns are identified - continuous infla-
tion events produced from spatially steady sources at time-varying rates at Okmok, Akutan and Westdahl, and 
episodic inflation events that occur intermittently at Great Sitkin, Seguam, and Makushin. The persistent inflation 
events are the continuation of successive inflation periods that started prior to 2015, with similar source loca-
tions and depths (Lu et al., 2010; Wang et al., 2018, 2021; Xue & Freymueller, 2020). The inflating episodes 
detected at Seguam and Makushin are analogous to the ones in previous deformation surveys and are very likely 
produced from the same sources (Lee et al., 2013; Xue & Freymueller, 2020). The persistent inflation observa-
tions likely indicate continued magma supply to the existing magmatic reservoirs and are usually associated with 
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Figure 2. (a) Surface deformation velocity in LOS direction estimated from the Sentinel-1 acquisitions over the western and central Aleutian volcanoes. Color ranges 
are different for each volcano due to the wide range of velocities. The volcano's location is shown as the number tag. The three different deformations at Seguam, 
that is, eastern caldera, western caldera, and center of the eastern caldera, are labeled 7.1, 7.2, and 7.3, respectively. Volcanoes with no observed deformation or loss 
of interferometric coherence are not listed here. (b–e) Comparison between InSAR and GNSS measurements in the LOS direction at example GNSS stations shown 
in Figure 1a. Additional comparison results can be found in Figure S1 in Supporting Information S1. (f–n) Volume change histories at volcanoes with deep-seated 
inflation/deflation sources. The approximate depths of the Mogi sources are labeled.
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more persistent temporal patterns while the episodic inflation episodes show more intermittent features and are 
typically suggestive of magma accumulations in stages. Despite the deficiency of effective deformation monitor-
ing before the 1990s, persistent inflation events are only seen over the central Aleutians while episodic inflation is 
widely seen in both the western and central Aleutians. Temporally and spatially steady shallow deflations corre-
lated to the emplaced lava flow and pyroclastic deposits are produced from thermoelastic contraction (Dzurisin 
et al., 2019; Lu & Dzurisin, 2014). Persistent deep-seated deflation observations are likely produced by degassing, 
viscoelastic relaxation, or contractional hydrothermal/magma cooling (Hamling et al., 2014; Lee et al., 2013; Lu 
& Dzurisin, 2014; Mann & Freymueller, 2003). Long-term subsidence at varying spatial scales is rather common 
in the western and central Aleutian. This is indicative of recent eruptive activity and active magmatic systems. 
The subsidence is usually accompanied by other volcanic deformation, for example, episodical inflations at Atka 
and Makushin. Volcanoes can also erupt without deforming the crust. Several eruptions have been produced 
from Cleveland, Shishaldin, and Pavlof during our observation period. However, no appreciable deformation 
was found associated with these eruptions. The absence of co-eruptive deformation has also been confirmed 
in previous observations, and is likely produced by open-conduit plumbing systems or deep magma reservoirs 
(Lu and Dzurisin). Eruptions without volcano-wide deformation are only observed in the central Aleutian, and 
are associated with much higher eruption frequency (Figure S2 in Supporting Information S1). Deformation at 
Tanaga is believed to be produced from strike-slip faulting (Section 5.3). Earthquake-induced crustal deforma-
tions are rarely observed in InSAR at volcanoes in the western and central Aleutian since volcanic-tectonic (VT) 
earthquakes are usually not big enough to produce crustal deformation appreciable to InSAR.

Significantly higher magma influx rates are observed in the central Aleutian, represented by the much larger 
volume accumulations from Okmok, Akutan, and Westdahl, as well as more frequent eruptions produced from 
Cleveland, Shishaldin and Pavlof during our observation period. The much higher magma influx rates are also 
consistent with the higher historic eruption frequency in the central Aleutian (Figure S2 in Supporting Informa-
tion S1). A majority of the confirmed eruptions in the western and central Aleutian were produced from 7 volca-
noes from Cleveland to Pavlof since about 1800s. Observations from volcanic CO2 emissions, which have been 
measured 1 order of magnitude larger than those in the western Aleutian (Fischer et al., 2021), also agree with 
the high magma influx rate in the central Aleutian. The distinction in volcanism between the western and central 
Aleutian is likely a result of spatial variations in regional tectonics. The higher down-slip rates of the subducting 
Pacific Plate in the central Aleutian provide more water-rich sediments for the production of primitive magma 
from the partial melting of the mantle wedge (Buurman et al., 2014; DeMets et al., 1994; Kelemen et al., 2003; 
Kreemer et al., 2014). The dominant extensional tectonic setting created by probably the curvature of the arc may 
promote the magma ascent rate in the central Aleutian by providing a preferential pathway for magma migration 
(Magee et al., 2013; Ruppert et al., 2012).

5. Newly Discovered Deformation
5.1. Yunaska

Persistent caldera-wide deflation with a constant rate has been detected at Yunaska since 2015, where only 
surficial subsidence attributed to thermoelastic contraction of historically emplaced lava flows were detected in 
previous InSAR survey from 2004 to 2009 (Lu & Dzurisin, 2014). Our modeling results suggest a best-fit Mogi 
source located about 8 km beneath the center of the caldera, with an average volumetric change rate of about 
−58 × 10 6 m 3/yr (Figure S3 in Supporting Information S1). A wide variety of volcanic processes have been 
suggested to explain large-scale deep-seated surface deflation at volcanoes worldwide such as magma drainage 
from the reservoir during eruption (Geist et al., 2008; Lu & Dzurisin, 2010; Ofeigsson et al., 2011), viscoelastic 
relaxation of the crustal shell surrounding the magma chamber (Townsend, 2022), thermal contraction produced 
by magma/hydrothermal system cooling (Gong et al., 2015; Lee et al., 2013; Wang & Aoki, 2019), degassing or 
fluid loss (Nakaboh et al., 2003; Shreve et al., 2022; Trasatti et al., 2019). The most recent eruption recorded at 
Yunaska occurred in 1937, rejecting the co-eruptive deflation scenario (Lu & Dzurisin, 2014). Cooling-induced 
subsidence is typically initiated after the magma intrusion and can be persistent over a long time, in which case 
deflation should have also been detected in previous InSAR surveys. Degassing and fluid loss are usually associ-
ated with hydrothermal systems, yet no hot springs or active fumaroles are known to exist on Yunaska Island (avo.
alaska.edu). One possible interpretation for the volume loss is magma or hydrothermal fluid drainage from the 
magmatic reservoir through fractures and accommodated by space produced in the crust by regional extensional 
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stress regime, which may also be responsible for the continuous deflation observed at Askja and Krafla volcanoes 
in Iceland (de Zeeuw-van Dalfsen et al., 2005; Rymer et al., 1998). Draining to a deeper level is not favorable 
for undegassed magma, for which horizontal sills are more likely to propagate (Tibaldi et al., 2010). Lateral or 
upward movement of mass in the plumbing system is expected to be associated with signals in the form of earth-
quake swarms or seismic tremors. Yunaska is among one of the most seismically quiescent islands in the Aleu-
tian arc, no seismic anomaly coeval the deflation is detected. However, this hypothesis cannot be ruled out. The 
absence of seismic anomaly may be a result of the lack of nearby seismic stations as the nearest seismic stations 
are located on Herbert and Chuginadak Island in the east, with an average distance of about 50 km, which may 
not be able to detect the microseismicity produced during the magma/hydrothermal fluid transportation. Surface 
deformation is expected to be seen if magma migrates laterally or flows into shallow ponds in the scenario of 
incompressible magma and host rocks. While de Zeeuw-van Dalfsen et al.  (2013) showed that in the case of 
variable compressibility of magma residing in the plumbing system and host rocks, the strain change in the crust 
can be accommodated without producing detectable surface deformation. Further work is needed to provide 
additional constraints to the observed deflation, for example, seismological observations to outline the pathways 
for mass transportation and micro-gravity observations to confine the magnitude of the possible mass relocation.

5.2. Great Sitkin

Two explosive eruptions were produced at Great Sitkin from the center crater in 2018 and 2021. The 2018 event 
started in June 2018 and ended in December 2018. The 2021 eruption started in May 2021 and has been char-
acterized by sustained, slow lava effusions as of October 2023. With both these two eruptions captured in our 
InSAR observation period, we have identified one inflation episode that initiated around September 2018 and 
peaked around September 2020, and then diminished rapidly around October 2021. The inflation can be well 
reproduced by a Mogi source located ∼800 m south and ∼1.5 km west of the caldera center at a depth of about 
5–7 km BSL, with a volume change rate of about 5.4 × 10 6 m 3/yr (Figure S4 in Supporting Information S1).

The inflating Mogi source from 2018 to 2020 is most likely indicative of magma accumulation in the magma 
chamber below the summit caldera that fed the 2021 eruption. Pesicek et al. (2008) identified a low P wave veloc-
ity region with appreciable thickness extending from the surface to ∼10 km depth beneath the summit caldera, 
with shallow earthquakes (<5  km) spread in a wide depth range within a small region beneath the summit. 
The shallow part (<5 km) of the low P-wave velocity region with high seismicity concentration and shallow 
long-period (LP) events is interpreted as the active hydrothermal system of Great Sitkin. The deeper part (>5 km) 
of the low P-wave velocity region is suggested to be a region with high-temperature anomaly and/or partially 
molten rock which may represent the magma storage (Pesicek et al., 2008). The location and depth of this low 
P-wave velocity zone are highly consistent with the Mogi source derived from our InSAR observation. Deep LP 
events have also been recorded at Great Sitkan in Power et al. (2004), in which the deep LP events are suggested 
to represent magma ascent from the upper mantle or lower crust to feed a shallow magma chamber. From 2015 
to 2021, several seismic swarms were detected mainly in a NW-SE trending zone at Great Sitkin, distributed in 
a cap-like zone across the summit caldera (Figure S5 in Supporting Information S1). The deeper area (>5 km) 
with sparse seismicity capped by the seismic swarms may represent the region of the proposed magma reservoir. 
The shallow seismic swarms beneath the caldera concentrated from 2018 to 2020 may represent the elevated 
hydrofluid-magma interaction during the magma accumulation. The earthquake swarm right beneath the caldera 
in 2021 may be indicative of the rupture of the host rock surrounding the magma reservoir and the migration 
of the magma along the conduit. The deflation starting in August 2021 is consistent with the onset of the 2021 
eruption. Furthermore, the volume of the lava dome produced during the 2021 eruption is estimated to have a 
volume of ∼2.4  ×  10 7  m 3 by October 2021 (https://avo.alaska.edu/activity/report.php?type=4&id=395381&-
mode=hans), which is close to the modeled volume loss in 2021 from InSAR (∼1.5 × 10 7 m 3, Figure 2g). It 
is also worth noting that persistent volume increase is observed even during the 2018 eruption, considering 
the phreatic nature of the 2018 eruption and the high seismicity rate between the 2018 and 2021 eruptions, we 
presume that both the two eruptions pertain to the same unrest cycle.

5.3. Tanaga

The Tanaga volcanic center is comprised of three young stratovolcanoes, that is, Sajaka in the west, Tanaga in the 
middle, and Takawangha in the east. During October–November 2005, caldera-wide inflation centered between 
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the Tanaga and Takawangha volcanoes was found accompanied by seismic unrest and was modeled as pressur-
ization in a shallow dipping prolate spheroid source located about 3–5 km BSL (Lu & Dzurisin, 2014). In our 
InSAR observation, a large-scale transient deformation that occurred between November 2019 and August 2020 
is found covering the whole northeastern part of Tanaga island, aligned near west-east with the northern part 
moving to the east and the southern part moving toward the west. The best-fit model is a nearly vertically dipping 
strike-slip fault located 10 km east and 2,500 m north to the Takawangha caldera, striking to ∼80 ° clockwise to 
the north at a depth of ∼4 km BSL, with a length of ∼11 km, a width of ∼600 m and slip of ∼4 m (Figure S6 in 
Supporting Information S1).

According to the USGS Comprehensive Earthquake Catalog (ComCat), several large swarms of earthquakes 
have been recorded in the E-SE of Takawangha from 2015 to 2021 (Figure S7 in Supporting Information S1). 
The 2020 earthquake swarm struck a large area extending from the peak of Takawangha to about 24 km to the 
N-NE, with more than 1,000 events distributed at depths ranging from 18 km BSL to the surface. This seismic 
swarm coincides spatially with the deformation signal. Another seismic swarm between January 24 to 27 of 2017 
includes about 100 events and is mainly distributed in a depth range of 4–12 km BSL. The shallowing depth trend 
with time may be indicative of stress perturbation due to the migration of magma or hydrofluid in cracks. The 
distribution of seismic clusters is consistent with the N70° trend of possible magma paths derived from morpho-
metric characteristics of the Tanaga volcanic center, which likely played a critical role in the activation of the 
large-scale strike-slip events in 2020 (Tibaldi & Bonali, 2017). Furthermore, the temporal distribution of seismic 
moment release, derived by converting the magnitude from local magnitude Ml and body-wave magnitude mb 
to moment magnitude Mw using the imperial relation in Ruppert and Hansen (2010), shows very high moment 
concentrations in January 2020 (Figure S8 in Supporting Information S1). This is coeval with the occurrence of 
the transient deformation and is very likely accounting for the energy needed to produce the large-scale defor-
mation. The strike angle and slip direction of the modeled fault are highly consistent with the nearby M5.0 and 
M6.6 earthquakes that occurred between Tanaga Volcano to the west and Kanaga Volcano to the east in May 2008 
(Ruppert et al., 2012), suggesting the seismic swarm is a result of regional tectonics instead of magmatism. The 
strike-slip faulting may have been activated by stress perturbation or the presence of possible hydrofluid. Further 
investigation into the earthquake swarms and local fault information is needed to produce a better understanding 
of tectonic processes in this area.

6. Conclusions
Advanced cloud-based ARIA-HyP3 InSAR processing has been used to map the surface deformation history for 
the western and central Aleutian volcanoes. The ARIA tools and OpenSARlab cloud-based utilities remarkably 
reduce the computational resources and workflows for time-series deformation mapping over a large region. The 
framework shows great capability in capturing regional volcanic/nonvolcanic deformation with promising accu-
racy in challenging areas, providing a new option to better explore the value of both the archived and coming SAR 
data for the science community. The mapped deformation time series of the western and central Aleutian volca-
noes show diverse spatial and temporal patterns and variations, suggesting that the magmatic plumbing systems 
and tectonic settings along the arc are inherently complicated. An overall higher magmatism observed at the 
central Aleutian volcanoes is identified, and may imply higher magma production rates or ascent rates as a result 
of regional tectonic settings. Most of the investigated volcanoes exhibit deformation identical to the historically 
observed patterns in previous studies, indicating similar magmatic activity occurring in their plumbing systems. 
New deformation patterns have been revealed at Tanaga, Great Sitkin and Yunaska, greatly enriching our knowl-
edge of the spectrum of volcanism in the Aleutian arc. Transient deformation at Tanaga is suggested to be a result 
of multiple strike-slip earthquakes in response to regional tectonics. The 2018 eruption at Great Sitkin is inter-
preted as a result of magmatic reservoir rupture which accommodated lava dome emplacement during the 2021 
eruption. The continuous deflation at Yunaska is speculated to be a consequence of magma withdrawal induced 
by the regional extensional tectonic setting. Updates on arc-wide volcanism are critical for further understanding 
of magmatism and tectonism, as well as volcanic hazard monitoring and mitigation.

Data Availability Statement
All data sets used in this study are publicly available. The ARIA-GUNW products can be accessed from the 
ASF DAAC. ARIA-tools and MintPy are used to produce the deformation time series (Bekaert et  al.,  2019; 
Zhang et al., 2019). PyAPS is used for APS correction (Jolivet et al., 2011). The EAR5 data are provided by 
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ECMWF (https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5). GNSS data are processed by 
the Nevada Geodetic Laboratory (http://geodesy.unr.edu/) (Blewitt et al., 2018). Earthquake data are available at 
U.S. Geological Survey (USGS; https://earthquake.usgs.gov/data/comcat/). GBIS is used for deformation source 
inversion (Bagnardi & Hooper, 2018). Volcano eruption histories are provided by Alaska Volcano Observatory 
(AVO; https://avo.alaska.edu/volcanoes/index.php). InSAR deformation velocity and modeling results are avail-
able at “Figshare” (https://doi.org/10.6084/m9.figshare.22817780).
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