The impact of the 2018 Lombok earthquake sequence, Indonesia on the unrest Rinjani-Samalas volcanic complex inferred from the time-dependent
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In 2018, four deadly (Mw 6.2-6.9) earthquakes struck the north coast of Lombok Island on 28 July, 5 August, and 19 August, distributed between the Flores
back-arc thrust and the Rinjani-Samalas volcanic complex. The fault geometries and slip distributions of these earthquakes are modelled in this study by
inverting the co-seismic deformation imaged using an interferometric analysis of Sentinel-1 synthetic aperture radar measurements (InSAR), based on
rectangular dislocations embedded in a multi-layered elastic half-space. Our best-fit co-seismic slip model suggests the estimated maximum fault slip of 1.3
m, 2.2 m, and 2.5 m for the mainshocks from July to August, located at the depth of 9.6 km, 13.6 km, and 22.2 km, respectively. We performed an
unsupervised learning method (ST-DBSCAN) to cluster the relocated aftershocks so that we can identify the source of each aftershock. The clustered
aftershocks are primarily distributed in the areas with increased Coulomb stress and are less abundant in the maximum slip patch on the three rupture faults,
indicating high consistency with our estimated co-seismic slip model. We use an InSAR time-series consisting of 662 descending and 371 ascending
Sentinal-1 interferograms to investigate the time-dependent inflation and deflation signals generated by the 2015, 2016 eruptions and 2018 earthquake
Sequence. We use a combined model that simulates the viscoelastic relaxation and afterslip simultaneously to explain the two-years post-seismic behaviour,
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In this study, the three major events of the 2018 Lombok earthquake sequence occurred within
only one month, and the estimated rupture area are spatially close to each other, within only
12 km at the nearest place, hence, the origin of the aftershocks is hard to be clarified spatially
and temporally. We applied the ST-DBSCAN clustering algorithm based on Birant and Kut
(2007) to classify the Sasmi et al. (2020) aftershocks on the similarity of their spatiotemporal
attributes, including longitude, latitude, depth and origin time. It allows us to discover the
clusters of the spatial-temporal clusters in the aftershock dataset. The K-Nearest Neighbours
(KNN) method was used to determine the parameters (Birant and Kut 2007). We adopt the
modified Omori—Utsu law (Utsu and Ogata 1995), which describes the occurrence rate of
aftershocks n(t), to test our clustering results.
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In 1257, a catastrophic eruption occurred on the former Mt Samalas, leading to
the caldera collapse, with volcanic activity shifting to Barujari volcano on the
caldera rim. To quantify the volcano deformation before and after the earthquake
sequence, we extend the time range of our InSAR time-series analysis to the year
2014, covering the two eruptions occurred in the 2015 and 2016.
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The descending and ascending interferograms were inverted simultaneously a s = |- b o | -

by using the Geodetic Bayesian Inversion Software (GBIS) to estimate the ik Depth i 20 N 20

fault geometry and uniform slip displacement (Bagnardi and Hooper 2018) - _1'07?7 > e o< >

and use the Steepest Descent Method (SDM; Wang et al. 2013) to detect the _1-;.21-7' ((6:/ e ik e

distribution of the slip along the fault plane. In this study, we used a nine- = ;fof - e . s

layer 1D velocity model derived from Salman et al. (2020). The influence . y 0 o o

of the topographic surface on inferred slip models was accounted for by [ o

using the receiver elevation correction method (Williams and Wadge 1998).  ses b7 - .6 -

During the inversion, the descending and ascending interferograms were Sait N _::

weighted by their respective reference misfits as described in data MBI GRS G o S o == HeTE TeSE MRS TeSE TeSE |
Smittarello et al. 2019).
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For the coeruptive signal
surrounding the eruptive fissure, a
uniform sill and dike combined
model were generated. Our best-fit
dike 1s nearly vertical, reaching a
depth of up to 2 km below sea level,
opening of 8.5 cm, and the sill 1s at
the depth of 3.1 km, contracting of
40 cm.
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* FEruptive period:

Moji point source A:
Depth: ~3.9 km

Moji point source B:
Depth: ~3.5 km

* Pre-seismic period:

Moji point source A:
Depth: ~3.3 km
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Moji point source B:
Depth: ~3.6km

Moji point source A:
Depth: ~5.0 km

n \Moji point source B:
Depth: ~3.6km

Rinjani cone  volume change: -3.0x105 m3 30 km) were estimated due to the

Volume change: -2.3x10° m® depth, with magma ascending into

Volume change: 8.5x104 m3 intermediate-lower crust facilitates

Volume change: 7.2x10* m3 During the post-seismic periods,

* Post-seismic period:

Volume change: 9.4x10° m?

Volume change: 3.1x10° m?

About 0.5 Mpa of extensional
stress change between 5 and 15 km
depth, and 1.0 Mpa compressional
stress changes at greater depth (20 -

mainshocks. These results suggest
magmatic overpressure occurred at
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the opening shallow conduit. This
magma ascent encourages the
intrusion of a magma dike, and the
compression occurring at the

Depth(km)
Mo
S

sill development.

most of the positive Coulomb stress
is concentrated within the depth of
15 to 25 km of the volcanic edifice,
with the maximum value ~1 Mpa &
close to the magma conduit, and §
above 15 km, the normal stress S
changes drop to only ~0.1 Mpa at
the magma conduit region, revealing
the depressurization in the magma
plumbing system.

Normal stress change based on the co-seismic rupture model
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