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Supplementary Materials for “The collapse of Bárðarbunga caldera, Iceland”

S1 MATERIALS AND METHODS

S1.1 Elastic model for dike opening in the active rift zone

We estimate a model of tensile opening for a dike embedded in an elastic halfspace to account

for ground displacements due to the active rift zone. The dike trace is defined by the earthquake

locations in the SIL catalog (Fig. 1). We use six longer-term RS2 and CSK interferograms with

time spans ranging from 24 to 48 days (Fig. S4). In order to account for the different timespans

of the interferograms, we divide the InSAR observations into four temporal subdomains spanning

Aug. 16 to Sep. 20, 2014 (since we expect minimal ground deformation prior to Aug. 16) and solve

for the distribution of tensile opening for each subdomain. The predicted LOS displacements in

the interferograms are then linear combinations of the predicted displacements from one or more

subdomains (Pritchard & Simons 2006). For interferograms with acquisition times falling within

the span of a subdomain, we linearly extrapolate the predicted displacements associated with the

nearest subdomain. Additionally, we use horizontal GPS displacements from Sigmundsson et al.

(2014) as additional data for the first three temporal subdomains. We use the predicted ground

displacements to form residual interferograms and GPS displacements for estimating the magma

chamber geometry (Fig. S8).

S1.2 Source modeling for magma chamber beneath the Bárðarbunga caldera

To estimate the geometry of a magma chamber beneath the Bárðarbunga caldera while avoiding

modeling errors due to uncertain ice-rock coupling, we consider LOS displacements from the

ice-free areas adjacent to the caldera from longer-term RS2 interferograms. We use two RS2 in-

terferograms (after removal of any signal due to the rift zone) with two different viewing ang-

les (ascending and descending) to improve resolution of the chamber location. We also include

horizontal displacements from GPS stations VONC and HNIF (also after removing the estima-

ted signal from the rift zone). We model the chamber as a collapsing horizontal circular crack

in an elastic half-space (Fialko et al. 2001) while employing an adaptive Metropolis algorithm
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to sample the posterior probability density function for the chamber parameters (Haario et al.

2001). We use the centroid of the subsidence pattern in the Aug. 27-28 and Sep. 12-13 CSK inter-

ferograms to define strong priors for the horizontal location of the chamber and sample for depth,

radius, and difference between the magma pressure and lithostatic pressure. Since the amplitudes

of the subsidence signals in the RS2 interferograms are substantially different, we assign independ-

ent pressure differences for each interferogram. We also sample for the coefficients of a bilinear

ramp for each interferogram to account for long-wavelength deformation. To maintain consistency

between the ice-free interferograms and the CSK interferograms over the ice, we include one-day

LOS displacements over the caldera from the Sep. 12-13 CSK interferogram to compare against

the modeled vertical displacements over the caldera. While we assign those data low weights dur-

ing the inversion due to the uncertain ice-rock coupling, their inclusion helps to constrain the

pressure differences, which in turn provides better constraints for the chamber geometry. Finally,

we acknowledge that there is likely some contribution to the observed ground displacement due to

slip on caldera ring faults. However, the lack of reliable observations over the ice, as well as the

rapid decay of deformation associated with fault slip with distance away from the caldera, does

not allow for reliable estimations of fault geometry and/or slip. Therefore, we assume that most of

the ground deformation on the ice-free areas is due to subsidence caused by the deflating magma

chamber.
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Figure S1. Ascending and descending one-day CSK interferograms with time spans of Sep. 13-14 and Sep.

17-18, respectively. The two viewing geometries allow for separation of LOS displacements into vertical

and horizontal components using the method of Yun et al. (2006), assuming that the two interferograms are

measuring roughly the same ground deformation. While the two interferograms appear to measure similar

levels of ice subsidence, the earthquake perturbations are more pronounced for the Sep. 13-14 interferogram

(see Fig. 2). Nevertheless, the ratio of horizontal to vertical displacements does not exceed ≈0.3 within the

caldera.
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Figure S2. Profiles of projected vertical subsidence observed in the five one-day CSK interferograms.

Profile locations are shown in Fig. 2. Vertical displacements were computed by dividing the line-of-sight

range changes by the cosine of the incidence angle for each interferogram. Solid lines are constructed from

interferogram data with good coherence while the dashed lines interpolate through areas of low coherence.

The gold line shows transects extracted from a 2013 one-day interferogram (Fig. S3), confirming that the

current subsidence is directly related to the ongoing magmatic activity.
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Figure S3. One day interferogram of Bárðarbunga caldera and surrounding ice-covered regions formed

from CSK images acquired on June 26, 2013 and June 27, 2013. No significant subsidence over the caldera

is observed, although LOS displacements due to ice flow out of the east side of the caldera are consistent

with the 2014 interferograms.
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Figure S4. Time spans of interferograms used for estimating the distribution of tensile opening along the

dike interface. All interferogram time spans are referenced to Aug. 16, 2014, indicated by the vertical

dashed line. The yellow lines correspond to RS2 interferograms while the red lines correspond to CSK

interferograms. The orbital directions of the images used for the interferograms are indicated as either

ascending (ASC) or descending (DESC). The alternating gray and white columns correspond to the temporal

subdomains used in the inversion.

Figure S5. Estimated distribution of opening along the dike interface for the time span corresponding to

the RS2 interferogram in Fig. 1. The synthetic interferogram (see Fig. S6) is shown above the fault, and the

white dots correspond to earthquakes located along the dike using the SIL network.
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Figure S6. Synthetic ground deformation for the elastic model of tensile opening along the dike interface.

(A) RS2 interferogram from Fig. 1 and GPS displacements with 90% confidence error ellipses used in

inversion. (B) Synthetic ground displacements from the estimated model. The modeled LOS displacements

include a bilinear ramp to account for orbital errors and long-wavelength deformation. Ellipses represent

90% confidence posterior uncertainties in the modeled GPS displacements. (C) Residual interferogram and

GPS displacements after subtracting the synthetic ground displacements. Larger residuals near the surface

trace north of Vatnajökull may indicate potential asymmetries due to dike dip not captured in our vertical

dike model. (D) Cumulative geodetic potency from the dike model in Fig. S5 for Aug. 16 - Sep. 20 vs. a

histogram of the depth distribution of earthquakes located along the dike.
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Figure S7. (A) Samples for magma chamber depth and radius obtained from an adaptive Metropolis algo-

rithm. Red and blue circles correspond to samples where the prior distribution for the chamber depth has

a maximum at 3 and 6 km, respectively. The black dashed lines indicate lines of constant depth-to-radius

ratio, h. (B) Samples for magma chamber pressure (in units of the shear modulus µ) and radius.
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Figure S8. Modeling of the source magma chamber using geodetic measurements on ice-free areas. The

chamber is modeled as a horizontal circular sill at depth. (A) Unwrapped RS2 interferogram formed from

images acquired in an ascending orbit on Aug. 1, 2014 and Sep. 18, 2014, and GPS displacements with

90% confidence error ellipses for VONC and HNIF after removing the estimated signal from the rift zone;

(B) unwrapped RS2 interferogram from images acquired in a descending orbit on Aug. 27, 2014 and Sep.

20, 2014; (C) modeled GPS displacements and LOS displacements for the ascending interferogram for

a chamber at a depth of 8 km and a radius of 2.3 km (location and size indicated by red dashed circle)

or a depth of 4 km and radius of 1.1 km (blue dashed circle); (D) modeled LOS displacements for the

descending interferogram; (E) residual between (A) and (C); and (F) residual between (B) and (D). The

estimated volume changes were 0.43 km3 and 0.14 km3 for the ascending and descending interferograms,

respectively.
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Figure S9. Seismicity rates for earthquakes occurring within the dike (top) and caldera (bottom). The num-

ber of earthquakes are binned in latitude and time where 1-day intervals are used for the time bins. The

count is saturated at 15 earthquakes/day for visualization clarity. Bins with less than two earthquakes are

colored white. High seismicity rates within the dike for the first 10 days are associated with the initial dike

emplacement. While seismicity along the dike has decreased with time, seismicity along the northern rim

of the caldera has increased.
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Table S1. Comparison of select earthquakes from the GFZ Potsdam and Global CMT (GCMT, (Dziewonski

et al. 1981; Ekström et al. 2012)) catalogs. Focal mechanisms and moment magnitudes are shown for the

earthquakes from each catalog. We compute seismic moment as M0 = 1/
√
2
(∑

ij Mij

)1/2
. Both the

mechanisms and moment magnitudes are consistent between the catalogs.

Date of event
GFZ GCMT

Focal mechanism Mw Focal mechanism Mw

08/26/2014 01:26 5.43 5.48

08/27/2014 02:50 5.37 5.45

08/28/2014 08:13 5.51 5.56

09/01/2014 11:41 5.53 5.60

09/03/2014 03:09 5.47 5.56

09/07/2014 07:07 5.57 5.65

09/15/2014 08:05 5.54 5.58

09/25/2014 05:00 5.18 5.25

09/29/2014 13:43 5.63 5.64

10/07/2014 10:22 5.57 5.63
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Table S2. Focal mechanisms and moment magnitudes for CLVD events occurring near Bárðarbunga from

1976-1996. The focal mechanisms were formed using the moment tensor elements estimated by Nettles &

Ekström (1998). These prior events exhibit opposite polarities from the current events (vertical tensional vs.

compressional axes).

Date of event Focal mechanism Mw

07/27/1976 5.4

12/28/1977 5.4

06/22/1979 5.2

08/12/1980 5.4

02/03/1989 5.1

09/15/1990 5.6

09/26/1992 5.6

06/22/1993 5.4

05/05/1994 5.4

09/29/1996 5.6
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