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5. Coulomb stress modelling
A simpliﬁed, but realistic, dike opening model is used to explore the pattern of coulomb stress changes on
left-lateral strike-slip faults in the ﬁnal dike section.
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Patterns of dike-induced seismicity observed worldwide (e.g. at Miyakejima (Japan) and Afar (Ethiopia), shown below,
Kilauea (Hawai'i) and Kraﬂa (North Iceland)) are highly variable in the ratio of seismic to geodetic moment release,
the spatial distribution of seismicity relative to the inferred dike opening and the focal mechanisms of these
earthquakes.
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Dike intrusions are common in rifting environments, where they accommodate extension. A varying proportion of this
deformation generates earthquakes, where stresses induced adjacent to the propagating dike are suﬃcient to cause
brittle failure.

Double-couple strike-slip seismicity was observed along the entire length of the dike, indicating that opening was dominantly achieved through aseismic Mode I failure. Fault plane solutions in the
second and third dike segments show right-lateral shear, which abruptly switch to left lateral in the ﬁnal two segments.

Exaggerated opening

Seismicity is a primary observation that can be used to detect and understand magma movements in the earth's
crust, whether they lead to eruptions or intrusions.
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3. Dike-induced earthquake mechanisms are controlled by rift fabric orientation

Exaggerated opening

1. Background: dike-induced seismicity
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Seismicity only occurs
where the right
combination of crustal
strength, pre-existing
weaknesses and preexisting stresses exist.
However, where this is the
case, post-opening Omori
decay clearly shows that
seismic productivity is still
fundamentally controlled
by the dike-induced
stressing rate.

The dike strikes east of the rift-axis (perpendicular to plate spreading) throughout, leading to a component of left-lateral shear along the dike plane, but meaning it cannot explain the switch in the
sense of shear. However, the dike strikes east of the rift fabric in S2 and S3, and west of it in S4 and S5. The fault plane strikes are parallel to the inferred rift fabric throughout (interpolated between
measurements from the ice-free areas of the ﬁssure swarm in the SW - 040 degrees - and NE - 025 degrees).

4. Seismicity only occurs in areas of high background stress around the base of the dike
A stitched cross section along the length of the dike clearly demonstrates that seismicity is only observed around its base (dike opening cartoon based on geodetic opening models), with only a few
exceptions, representing anomalous long-period earthquakes associated with magma ascent close to inferred sub-glacial eruption sites.

6. Conditions required for dike intrusion to generate seismicity
Is dike opening stress
suﬃcient to break new
fractures?

YES

NO
Suﬃcient with
favourably oriented
pre-existing fractures?

Stressing rate controls
seismicity (e.g. Miyakejima:
Toda et al., 2002)
Dike-opening models, derived from the inversion of geodetic observations, can be used to model the induced stress
ﬁeld around dikes to help understand the style and pattern of earthquakes generated.

YES

2. The 2014-15 Bardarbunga-Holuhraun rifting event

Seismicity controlled by preexisting fracture distribution
& orientation and stressing
rate (e.g. Holuhraun, this
study: faults parallel to fabric;
Afar).

Here we use observations made during the exceptionally well recorded 2014 Bárðarbunga-Holuhraun dike intrusion to
gain insight into the controls on the productivity and style of earthquakes induced by dike opening, and reﬂect on the
consequences for our general understanding of dike-induced seismicity around the globe.
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of background stress?
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Seismicity controlled by
background stress, pre-existing
fractures and stressing rate (e.g.
Holuhraun, this study: seismicity
only at base of dike)

- A 48km long lateral dike was intruded over 2 weeks in
August 2014
- Dike opening model constrained by InSAR and cGPS
- >30,000 earthquakes were recorded by a dense local
seismic network
- Relative relocations give ~100m hypocentre resolution.

NO

Aseismic

Key References
In the ~200 years since the last rifting event strain continued to accumulate in the ductile lower crust, stressing the elastic layer above. A simple model, with 4m of extension below 8 km depth,
indicates that this stress was concentrated close to the brittle-ductile boundary, where seismicity is observed (see coulomb modelling, top right). Earthquakes are not observed above the dike, likely
due to the weakness of the shallow crust in central Iceland. An aseismic gap is observed in the dike path where a column of seismicity in the lower crust indicates magma ascent, also demonstrating
that the strength of the crust (weak here due to elevated temperatures and the presence of melt) is important in controlling where seismicity is generated.
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