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Recent Dyke Intrusion Episodes

Svartsengi, Iceland 
2023-2024

9 intrusions in 13 months
Each <15 hours and <0.133 km3
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Santorini-Kolombo 2025 
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0.31 km3 over 1 
month, 

Fentale-Dofen (Ethiopia) 
2024-5

>1 km3 over 3 months

75,000 people evacuated

No local, real-time monitoring

Erte Ale (Ethiopia) 
2025

<0.4 km3 over 25 days 
La Rosa et al 2025



Sentinel-1: Regional coverage; 12-day repeat (S1-A)

Way et al., 2025



Multi Mission SAR Observations



Lewi et al 2025

Jan 2025: Hazard map from 
Ethiopian scientific committee

Starting Oct 2024: 
Regular event reports on ongoing activity

From Jan 2025:
Supported BGS’ Volcano Advisories

Oct 2025: Published as a Data Report

75,000 people 
evacuated

No magmatic 
eruption

Real-time monitoring and response



What’s next? Reinflation
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Shallow source only 0.002 km3/yr

Pre-intrusion Post-intrusionCo-intrusion



Dike opening

Normal faults

Deflating 
source at 

6km

[1] Model set up

Kinematic Models

Way et al, in prep

[2] Volume estimates

vr = 
Δ volumedike

Δ volumesource
 = 7  

= 1 +
𝛽𝑚

𝛽𝑐
 



Dike opening

Normal faults

Deflating 
source at 

6km

[1] Model set up

Kinematic Models

[2] Volume estimates

Way et al, in prep

Possible Explanations:
• Unusually high magma compressibility
• Viscoelastic contribution to deformation.
• Secondary source



CSK/CSG 
High spatial and 
temporal resolution

Sequence of 1-day 
interferograms



Intra-caldera Deformation.

Dualeh et al, in revision, Nature Geoscience

First satellite observation of methane from a volcano.



See: Simon Orrego talk,
Earthquakes and Tectonics 1Faulting in Magmatic Systems

Orrego et al, in prep



▪ Unwrapping Challenges:
• Large displacement gradients with X-band

CSK: Challenges of unwrapping

CSK wrapped

• Complex deformation patterns involving faults

CSK loop closureCSK unwrapped

 =1.9 mm

▪ Offset tracking:

CSK offsets

• Frame merging issue
• Noisy

 =8.7 mm



▪ Concept:
• Use pixel range offsets as the

reference deformation field to
guide unwrapping 

CSK: Offset-support unwrapping

Outlier removal; Gaussian Filter; Convert to radians

CSK Stripmap Data

D-InSAR 
processing

Pixel offset 
tracking

Rewrap
Conventional 
unwrapping
(MCF/MST)

Residual 
unwrapping
(MCF/MST)

-+

Add back

Complex 
conjugate 

multiplication

Comparison

Repeat for IFG triplet Loop closure test

EvaluationConventional phase 
unwrapping

Offset-supported phase unwrapping

▪ Workflow

• Standard D-InSAR processing
and multi-kernel offset tracking

• Filter offset map and generate
residual interferogram

• Unwrap residual interferogram
which reduces jumps

• Add unwrapped residual to
filtered offset

▪ Comparison of 4 method
• MCF (GAMMA)
• MST (SNAPHU)
• Offsets+MCF
• Offsets+MST



Example 1:

AB BC AC |AB+BC-AC|

AB BC AC |AB+BC-AC|

AB BC AC |AB+BC-AC|

AB BC AC |AB+BC-AC|

Ascending track CSK H4-22 is chosen for research: contains two dike opening lobes and graben

MCF (Gamma) MST (Snaphu)



AB BC AC |AB+BC-AC|

AB BC AC |AB+BC-AC|

AB BC AC |AB+BC-AC|

AB BC AC |AB+BC-AC|

Offsets+MCF consistently produces the smallest loop-closure residuals 

Example 2:

MCF (Gamma) MST (Snaphu)



Loop closure statistics

▪ Dataset
• 61 interferograms
• 109 triplets

Offsets+MCF reduces the magnitude and dispersion of loop error



Importance of High-Resolution DEMs 

▪ Original interferogram:
• 8-m resolution

▪ DEM used in (a):
• 30m SRTM resample to 8

m

▪ DEM used in (b):
• 1m Pleiades resample to

8 m

▪ High resolution DEM
helps capture more
details inside graben
area



Time-series results (LiCSBAS)

▪ LOS total displacement
• West lobe: 3.14 ± 0.02 m
• Graben: -0.74 ± 0.01 m
• East lobe: -1.42 ± 0.17 m



Comparison: Total LOS displacement (ascending track)

▪ CSK
• Time series
• Dec 2024 - Mar 2025
• Incidence: 57°

▪ Sentinel-1
• Sum of 7 consecutive

interferograms
• Dec 2024 - Mar 2025
• Incidence: 40°

▪ SAOCOM
• 1 interferogram (4 frames)
• Dec 2024 - July 2025
• October 2024 - May 2025
• Incidence: 43°

• Only CSK time series can capture
deformation within the graben

• East lobe profile trend: Sentinel-1 and
SAOCOM are similar, might be related with
similar incidence angle



Take-aways
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▪ 2024-2025 Fentale-Dofen dike intrusion, Ethiopia
• Dike intrusion: ~50 km long, ~10,500 km² affected, LOS displacement up to ~3 m in ~60 days 
• The complex widespread and rapidly evolving deformation require synergistic use of multi-

mission InSAR

▪ X-band CSK
• High-spatial resolution: ~3 m
• Dense temporal sampling: 1,8,16 days during the event
• Offset support unwrapping can help with time series processing

▪ C-band Sentinel-1
• Regular, regional coverage
• Real-time response 
• Large-scale modelling

▪ L-band SAOCOM
• Revisit time: months
• Independent constraint on large deformation
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Sentinel-1: Manually Tuned Unwrapping

Way et al, in prep

ASC

DSC

• Not feasible for routine processing of large amount of 
interferogram

• Applied only to 7 consecutive 12-day interferograms



SAOCOM

• Merge 4 frames for the whole region
• Revisit time: months
• 1 interferogram cover whole event

Contact: weiyu.zheng@bristol.ac.uk                            FRINGE 2026, Krakow, Poland, 15-19 June 2026

• Bad coherence due to long temporal baseline
• Easier unwrapping: MCF unwrapping (default

setting) is acceptable



Where did the methane come from?

Similar mechanism to the one proposed for 
the link between LIPS and hyperthermals.

Dualeh et al, submitted



Method Offset 
Estimation

Steps to get
residual IFG Unwrapping Total

MCF 0 0 5–10 min 5–10 min

Offsets+MCF 8–12 h 8 min ~5–10 min 8–12 h

MST 0 0 2 h–2 d 2 h–2 d

Offsets+MST 8–12 h 8 min 2 h–2 d 10 h–60 h

CSK offset support unwrapping: Computational Cost 

▪ AMD EPYC 7402P processor
• 24 physical cores, 
• 48 threads
• 251 GB RAM 
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    Δ     volume  dike    Δ   volume  source


    1 +    𝛽 m   𝛽 c

