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A B S T R A C T

The spectacular Lusi eruption started in northeast Java, Indonesia, on May 29th, 2006, continuously erupting
mud, water, gas, oil, and clasts ever since. Lusi provides an unprecedented opportunity to study the birth and the
evolution of a large-scale and hot mud eruption. Lusi is interpreted as a hybrid between a traditional hydro-
carbon-driven piercement structure (mud volcano) and a hydrothermal system fuelled by magmatic heat. Lusi is
therefore an exciting natural laboratory for understanding analogue modern and palaeo-piercement systems
such as mud volcanoes, sediment-hosted hydrothermal systems, and hydrothermal vent complexes.

This special issue collects recent multidisciplinary work completed in the framework of the ERC-funded LUSI
LAB project. These studies were conducted at and near Lusi. Contributions span across disciplines such as en-
gineering, geochemistry, geophysics, geology and numerical modelling, including fieldwork, laboratory and
theoretical approaches. The acquired results contribute to characterise the dynamics of complex interactions
between volcanism and an ongoing erupting clastic system. Lusi still saves many mysteries that will be un-
ravelled by future scientific investigations.

1. Introduction

The 29th of May 2006 witnessed the sudden birth of numerous vents around the Sidoarjo district in NE Java, Indonesia. Field observations
document that after a strike slip crustal M6.3 earthquake striking the Java island the 27th of May 2006, a system of fractures appeared in the Sidoarjo
region together with several aligned eruption sites (Mazzini et al., 2007). The distribution of these active vents extended over a distance of more than
a kilometre forming an alignment striking NE-SW. Within days a prominent crater formed and other vents were quickly covered by the large amount
of boiling mud erupted (flow rate peaking at up to 180,000 m3/day). This new structure was named Lusi [acronym from LUmpur (mud) and SIdoarjo
(the district name)]. The orientation of the fractures and the eruptions followed the trend of the reactivated Watukosek fault system (WFS). The WFS
originates from the Arjuno-Welirang volcanic complex and extends towards the NE in the Java backarc sedimentary basin. Within weeks, several
villages were submerged by boiling mud forcing the evacuation of 60,000 people, ultimately covering an area of more than 7 km2 with erupted mud
breccia (Fig. 1A–B). The social impact of the eruption and its spectacular dimensions still attract the attention of international media reporting on the
“largest mud eruption site on Earth”. To date, after nearly twelve years, Lusi is still active and erupting gas, water, oil, mud and clasts from two, and
sometimes three active vents (Fig. 1B and Fig. 2).

2. The LUSI LAB project

Since its inception Lusi has attracted the attention of scientists and numerous dedicated studies have been completed in the framework of the
LUSI LAB project. LUSI LAB (ERC grant n° 308126, PI A. Mazzini) is an ambitious project that performed a multidisciplinary study using Lusi and the
neighbouring region as a unique natural laboratory. The objective of the project is to 1) use the newly born and currently ongoing Lusi eruption to
better understand the processes underway in the active conduit, and 2) to investigate the interaction between seismicity, faulting, volcanic activity
and igneous intrusions. Particular emphasis was aimed at unravelling many unanswered questions: what lies beneath Lusi? If Lusi is not a mud
volcano, what is the nature of the link between Lusi and the connected hydrothermal system? How the frequent seismic activity and the neigh-
bouring Arjuno Welirang volcanic complex affect the pulsating behaviour of Lusi? What are the mechanisms controlling the eruption? How long will
the eruption last? Are more eruptions like this one to be expected in the future?

LUSI LAB developed a network of scientific collaboration with numerous international institutes (see Acknowledgments for details).
The research team focussed on five main aspects in order to complete a comprehensive regional investigation: 1) development of new tech-

nologies to reach the active crater and perform sampling and areal investigations; 2) monitoring and sampling the neighbouring volcanic arc and the
active Lusi vents; 3) monitoring of the fault system that originates from the volcanic arc, crosses Lusi and extends to the NE of Java Island; 4)
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Fig. 1. A–B: Satellite images from Google Earth and CRISP (NUS) of the area around Lusi eruption site (period 2005–2017). Inset map of Java Island with the Lusi position (red dot).
During the years numerous embankments have been constructed with the attempt to contain the erupted mud. Despite the continuous discharge of mud into the Porong River located to
the south of Lusi, the mud covered area became larger and larger. To date (Dec. 2017) a surface of nearly 7 km2 is framed by a 10 m tall embankment that contains the erupted mud
breccia. Since 2010 two active vents are actively erupting. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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geophysical observations, gravity survey, and regional 2D seismic studies; 5) clasts dating and petrography observations; 6) monitoring local micro-
seismicity potentially related to regional seismicity; 7) numerical modelling of Lusi activity and the strike-slip/magmatic complex system; 8) up-
scaling the results obtained at Lusi for larger modern and palaeo systems.

After the first field study reported by Mazzini et al. (2007), Mazzini et al. (2009) proposed a hypothesis for Lusi's birth. The results highlighted
that a WFS lateral shearing occurring after the 27th of May 2006 M 6.3 earthquake provided the pathway for the rise of fluids. The strike slip

Fig. 1. (continued)
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movement facilitated the fluidization of overpressured units along the faulted region and allowed the sudden release of fluids and clasts to the
surface triggering the eruption of Lusi. The findings combine field measurements and observations with analogue modelling supporting this scenario.

The origin of the erupted fluids was investigated by Mazzini et al. (2012). The authors provide an extensive database of geochemical analyses
highlighting that the erupted gas has both sedimentary and mantellic components. Further, the processes leading to the generation of CH4 and CO2

erupted at the crater require formation temperature up to 400 °C. These elevated temperature values are inconsistent with the geothermal gradient
measured in the area prior to the eruption, hence an additional heat source had to be invoked. This led the authors to change the paradigm of Lusi,
previously considered as a mud volcano, and introduce the term “sediment-hosted hydrothermal system”. This evidence implies the migration of
magma and hydrothermal fluids towards the backarc sedimentary basin, triggering thermo-metamorphic reactions altering the organic-rich
Ngimbang formation located at ∼4.5 km depth and/or shallower gas reservoirs.

This scenario has been recently confirmed by ambient noise tomography images obtained from the region around Lusi and the neighbouring
Arjuno-Welirang volcanic complex (Fallahi et al., 2017). The authors provide evidence showing that below Lusi is present a vertical hydrothermal
plume that is at least 6km deep. This conduit is connected at 4.5 km depth with an elongated corridor that links with the magma chamber imaged
below the volcanic complex. Interestingly, the Ngimbang Fm. occurs at this depth and is the regional source rock with TOC ranging between 1.6 and
5.7 wt% (Satyana and Purwaningsih, 2003; Mazzini et al., 2012). The tomography is consistent with a scenario envisaging the migration of magma
and hydrothermal fluids from the magma chamber towards the sedimentary basin. This migration follows the orientation of the WFS that likely
provided the pathways for the fluids. Once the magma and hot fluids interacted with the organic rich shales metamorphic reactions were triggered
resulting in fluids generation and overpressure at depth. The release of this overpressure manifested at the surface with the spectacular Lusi eruption.

The site today is a tourist attraction due to its impressive size, the tall mud bursts and the vapour plume that periodically vents for tens of meters
over the two active geysers. Indeed since its birth, Lusi has a geysering-like behaviour with powerful events that reoccur every∼30 min (Mazzini
et al., 2007, 2009, 2012) (Fig. 2). Recently Karyono et al. (2017) quantitatively investigated the Lusi activity combining crater monitoring with a
network of seismometers. The authors identified four cyclical phases that can be summarized as: (1) regular activity; (2) clastic geysering; (3) clastic
geysering with mud bursts and intense vapour discharge; and (4) quiescent phase.

3. The special issue: a multidisciplinary approach for a large scale natural laboratory

The idea of this special issue was suggested by Elsevier to gather the contributions of the successful EGU session on ‘‘Ten years of Lusi eruption”
held in Vienna in April 2016 (Chaired by A. Mazzini and M. Lupi). At this open session, all the recent multidisciplinary activities of the LUSI LAB
project were presented and are now compiled in this volume. This special issue is divided in eight blocks that describe the project findings. Initially
the surface observations are reported, and progressively are included the different approaches used to investigate the deeper parts of the Lusi system.
Ultimately is highlighted how these results can be used to understand other modern and palaeo systems on Earth. Accordingly, the various activities
and investigations are divided in: 1) engineering of new tools and applications; 2) geochemical investigations, 3); gravimetric studies and the shallow
plumbing system; 4) geophysical studies of the deep system; 5) petrography and dating of clasts; 6) seismicity studies; 7) numerical modelling; 8) the
Lusi analogue for other systems. In the following the main conclusions extracted from each manuscript contribution are collated.

Miller and Mazzini (2017) provide an overview of the Lusi events as well as an updated summary of the completed research. The debate
regarding the initiation of the eruption is also discussed and relevant references are provided. Regardless the trigger mechanism for this eruption,
Lusi represents an unprecedented opportunity to study and learn from an ongoing active eruptive clastic system. The relatively easy accessibility, the
geological setting, and the vast scale, made this site ideal for monitoring the evolution of an active clastic piercement system since its birth.

3.1. Development of new technologies and areal investigations

Since March 2009, the active vents remained isolated at the centre of a ∼600m diameter hydrothermal pond (e.g. compare Fig 1 A, 5 May 2008-
30 March 2009). This prevented access to the crater and thus sampling with traditional techniques was made impossible. In order to endure the
monitoring and the sampling initiated during the first years of the Lusi activity, the only safe way to access the crater was from the sky. In the
framework of the LUSI LAB project and in collaboration with the NTS lab (Nuove Tecnologie e Strumenti - New Technologies and Instruments) of
INGV (Istituto Nazionale di Geofisica e Vulcanologia), a multipurpose drone was designed and constructed to survey the eruption site (Fig. 2B).
Drone-born tools were also developed to allow geological measurements in the hostile Lusi environment. Di Stefano et al. (2017) provide a technical
description of the tools designed for the Lusi drone and their applications tested at the eruption site. This Unmanned Aerial Vehicle is solid, light in
weight, affordable, easy to transport, and successfully performed during several missions in extremely harsh environments such as Lusi. Standard
tasks (i.e. video survey, aero photography) were successfully completed, as well as numerous monitoring and sampling operations using tools
designed and built in-house (Fig. 2C). Drone operations provided valuable material for geochemical, petrographic, and biological studies on pristine
specimens collected directly at the vent sites.

In addition, IR images (Di Felice et al., 2017) were collected with the remote controlled Lusi drone. Frames were used to compose mosaics in order to
estimate the crater zone spatial and temporal thermal variations as well as that in the surrounding regions. The imaged thermal pattern of the Lusi vent
suggests the presence of shallow convective chambers inside the caldera collapse zone; while the presence of thermal anomalies in the surrounding
regions is consistent with the migration of deeper warm fluids along a faulted and fractured network. Using the monitoring data, the authors show that
during the last 4 years the radiant energy loss can be considered fairly constant (i.e. ranging between 653.03 and 743, 41 W/m2) with a slight increase
measured in 2017. Accordingly the value may be approximated to an index of volcanic activity in the main crater since it is mainly connected and
dependant on the energy exchanged in the crustal zone (Fig. 2C). This indicates that, at least during the period 2014–2017, Lusi does not show a decrease
in its activity. This observation is also consistent with the Lusi flow rate measurements that since 2016 indicate a gradual increase. The erupted mud
breccia in August 2017 recorded values up to nearly 80,000 m3/day and up to nearly 130,000 m3/day in december 2017.

Fig. 2. The Lusi eruption site. A) Geysering phase of the Lusi crater with the Arjuno-Welirang volcanic complex in the background as well as the Watukosek fault escarpment (just to the
left of the vapour plume). B) Survey flight of the Lusi drone to sample the crater site. C) Areal image from the Lusi drone. Two erupting craters are visible in the central part of the
hydrothermal pond. D) Geysering phase of the two active vents. E) One of the numerous active streams flushing the Lusi water away from the hydrothermal pond and radiating through
the mud breccia-covered walkable area. F) One of the faulted and fractured zones of the WFS heading SW towards the Arjuno-Welirang volcanic complex. Geysering Lusi, the Watukosek
escarpment and Penanggungan are visible in the background of the image.
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3.2. Surface geochemical studies to investigate deep processes

A wealth of geochemical data highlights that the fluids expelled at Lusi have a hydrothermal and mantellic origin mixed with sedimentary fluids
altered by thermo-metamorphic reactions (Mazzini et al., 2012). Recent gas and water sampling are consistent with previous findings. Inguaggiato
et al. (2017) present, for the first time, the geochemical characterization of fluids emitted from the fumaroles of the neighbouring Arjuno-Welirang
volcanic complex (Fig. 2A). Fluids geochemistry from the fumaroles has a composition similar to that observed at Lusi, confirming that these two
active systems are connected at depth and that Arjuno-Welirang feeds Lusi activity. Indeed this observation is consistent with the tomography images
reported by Fallahi et al. (2017).

It has been previously suggested that the migration of these hydrothermal fluids occurred at depth along the NE-SW oriented WFS (Mazzini et al.,
2012). Likewise it was proposed that the reactivation of this fault system facilitated the triggering of the Lusi eruption and the upwelling of deep
fluids (Mazzini et al., 2009). NE striking shear zones have been documented around Lusi since 2006 and have been interpreted as outcrops of the
WFS. A geochemical survey was conducted intersecting such fracture zones (e.g. Fig. 2F) in order to investigate anomalies in the gas leaking
properties (Sciarra et al., 2017). Results reveal that these damaged zones have the highest 222Rn activity, CO2 and CH4 flux and gas concentration
values. This demonstrates that these zones represent the shallowest part of deeply rooted tectonic structures acting as preferential pathways for the
rise of deep fluids.

Extensive monitoring conducted over 8 years at the Lusi eruption site revealed a fairly uniform composition of the erupted waters (Mazzini et al.,
2017) (Fig. 2E). The authors use comparative analyses with other setting and structures in NE Java (i.e. mud volcanoes, hydrothermal volcanic
springs, fresh water springs, and shallow wells) showing that Lusi waters represent a geochemical anomaly. The erupted fluids consist of a “cocktail”
of waters present in the various formations intersected by the feeder conduit. The identified sources include: meteoric water, clay mineral dehy-
dration water, formation water entrapped during the burial of marine sequences, possible fluids from the carbonates formations, and ultimately
waters from hydrothermal interactions. It must be underlined that the water geochemistry results of Mazzini et al. (2017) are consistent with the gas
data reported herein. This confirms high temperature reactions with hydrothermal solutions that have interacted with basement rocks and overlying
sediments/shales at high temperatures.

3.3. The shallow plumbing system and its activity

Gravimetric studies are among the multidisciplinary approaches undertaken to investigate Lusi. In 2016, Mauri et al. (2017b) conducted a
Dynamic Gravity survey using a network built over four locations and two Continuous Gravity-monitoring experiments to study the eruptive activity.
Temporal density variations inside the conduit have been used to investigate the pulsating phases characterizing Lusi. Results show that gravity
variations occur at a period of 12–13 hrs, suggesting that tides may control the density changes of rising mud mixture by triggering the release of gas
trapped at depth (Fig. 2D).

Gravity surveys conducted between 2015 and 2016 allowed the acquisition of a residual Bouguer anomaly map of the region around Lusi (Mauri
et al., 2017a). Results were compared with a previous survey conducted in 2006. The new dataset shows that the gravity decrease is generally
restricted along the faulted and fractured zones, around the erupting vents, and in the southern part of the mud edifice. These unique data also
allowed to define the geometry of the fault zone and, consequently, the areas where the caldera collapse is more active. Anomalies also highlight the
presence of an elongated and compressed volume of mud breccia. This large area is interpreted to be controlled by the lateral shearing of the WFS
(Fig. 2F).

3.4. Geophysical local and regional studies

Other techniques have been used to investigate the shallow part of the Lusi conduit and the surrounding region. Using ambient noise vibration
measurements recorded at 54 sites, Panzera et al. (2017) applied the horizontal-to-vertical spectral ratio (HVSR) method to reconstruct the sub-
surface velocity structure of this region. The authors inferred the location and structure of the conduit and highlighted the presence of a subcircular
“depocenter”. This is interpreted as the subsidence zone around the conduit caused by the expulsion of mud and fluids from depth. The collapsed
region reaches a depth of∼300 m. Interestingly these data are consistent with the gravity data (Mauri et al., 2017a) that also indicate a thickening of
the mud edifice.

Moscariello et al. (2017) used a different geophysical approach to explore the stratigraphy and structures at greater depth. The authors exploited
a database of two-dimensional seismic lines to study the subsurface geology of the NE Java basin and the region around Lusi. Results were combined
with wells data and regional structural studies. A new subsurface interpretation and revision of the stratigraphic units below Lusi is proposed: the
thick Early Miocene Tuban Formation is found sandwiched between the Upper Kalibeng Formation and the Early Miocene Carbonate of the Kujung
Formation, which in turn overlains the older Ngimbang Formation. The authors mapped a set of complex synthetic and antithetic fault segments, the
WFS, forming triangular deformation zones converging at the top of the early Miocene Carbonates. This system continues at greater depth with
vertical individual fault segments. Results show that the Lusi mud eruption originated from an intensely faulted and fractured bedrock zone located
at an intersection of lineaments associated with the compressional strike-slip movement of the WFS. These fault systems seem to characterise a larger
area including the zone where the Porong well (PRG-1) is located. The buried subsidence zone around PRG-1 has been interpreted as a collapsed
feature caused by the withdrawal of mud and fluids from depth which occurred chronologically before the Lusi eruption (Istadi et al., 2009). Other
piercement structures can be observed at the faults intersections.

3.5. Exploring the subsurface from erupted clasts

Our knowledge of the stratigraphy of northeast Java is based on information acquired through industry seismic surveys and the data from
hydrocarbon exploration wells. With the available seismic data and the overall shallow depth of the wells, it is difficult to provide precise inter-
pretations about the structures and the stratigraphy at depth. The signal in seismic profiles is often buffered by the presence of carbonate units that
absorb large part of the energy preventing the interpretation of the strata within and below. One of the approaches used to obtain information about
deeply buried strata is the investigation of the clasts erupted from piercement structures. Along the feeder conduits of mud volcanoes and hydro-
thermal vents systems, the intersected formations are typically brecciated and the clasts are ultimately transported and expelled to the surface as a
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melange of different lithologies. Samankassou et al. (2017) applied this approach at Lusi by doing petrography studies, biostratigraphy and
radiometric dating on a large selection of clasts systematically collected since 2006 (Fig. 2E). The dating has been combined with the interpretation
of selected 2D seismic lines. Results reveal that both Tuban and Kujung carbonate Formations are present below Lusi and that the feeder conduit
brecciated and mobilized to the surface carbonate lithologies buried as deep as ∼3.8 km as well as even older and deeper seated lithotypes from the
Ngimbang Formation. In addition, since the deeper carbonate samples erupted in 2006 belong to the typically not overpressured Kujung Formation,
an additional overpressure generated from deeper units (Ngimbang Formation) would be required to force these fragments to surface. The early
finding of Ngimbang samples is consistent with the presence of large overpressure created at great depth prior to the manifestation of Lusi at the
surface.

3.6. Learning from regional seismicity

One of the key goals of LUSI LAB was to investigate the seismicity in the Lusi region. Using a network of 31 seismometers deployed nearby Lusi,
along the WFS and around the Arjuno-Welirang volcanic complex, Obermann et al. (2017) monitored the seismic activity during a period of 24
months (2015–2016). Results revealed that most of the activity occurs at 8–13 km below the volcanic complex. Here the focal mechanisms indicate a
strike-slip motion consistent with the presence of the WFS. Despite the geological evidence of active tectonic deformation and faulting observed at
the surface (e.g. Fig. 2F), practically no seismicity is observed in the sedimentary basin hosting Lusi. The deficit in significant seismicity suggests
aseismic deformation beneath Lusi due to the large amount of fluids that may lubricate the fault system. Mazzini et al. (2012) highlighted that the
large magmatic complex has gradually developed from SW (Kawi-Butak) towards the NE (Arjuno-Welirang) and further to the younger Pe-
nanggungan volcano. Interestingly, this trend is consistent with the direction of the WFS and with the presence of palaeo-piercement eruptive events
located close to Lusi (Moscariello et al., 2017). The new ambient noise tomography (Fallahi et al., 2017) and the study of Obermann et al. (2017) are
coherent with this NE migration of the volcanic system and, in a long term, further developments following the same direction are hypothesized.

3.7. Numerical modelling and deep reactions

Clastic eruptions (either purely sedimentary, such as mud volcanoes, or hybrid sediment-hosted hydrothermal systems, like Lusi) are spectacular
natural phenomena. Most of the studies are typically performed during their dormant stages. Clastic eruptions are predominantly qualitatively
described and no exhaustive studies have been conducted to relate the type of eruptions to physical mechanisms. Only a few efforts have been made
to model fluid flow in active clastic piercements and results remain limited in resolution and in constraining parameters (e.g. Lance et al., 1998;
Murton and Biggs, 2003; Gisler, 2009; Mazzini et al., 2009; Zoporowski and Miller, 2009; Nermoen et al., 2010; Rudolph et al., 2011; Iyer et al.,
2017). There are indeed several challenging aspects that involve the modelling of fluid flow in such multiphase systems. Collignon et al. (2017a)
summarise the key factors to be taken into account when modelling fluid flow during clastic eruption: the geometry of the system, the properties of
the ascending material and the host rocks. The main challenges associated with the identification of processes and quantification of parameters are
presented.

On a separate manuscript Collignon et al. (2017b) exploit the information and the monitoring data acquired at the Lusi eruption site to test
models of upwelling fluids within the conduit. The authors apply both analytical formulations and numerical models to investigate relationships
between the mud breccia properties (density, viscosity, gas and clast content) and the volumetric flow rate. The results help to define the radius of
the conduit at depth, indicating a maximum expected diameter of 1.5 m. Results were constrained by matching the maximal mud discharge recorded
at Lusi. Simulations reveal that the presence of clasts, if not densely packed, does not affect the flow rate when they are smaller than a fifth of the
conduit size. In contrast, the presence of methane and carbon dioxide can considerably decrease both the density and viscosity of the fluid mixture,
resulting in a sudden velocity increase in the shallow part of the conduit. Based on the acquired Lusi data, the maximal depth at which exsolution
starts ranges between 1800 and 3200 m for methane and between 750 and 1000 m depth for carbon dioxide.

Using the available Lusi database and incorporating borehole information and seismic data, Sohrabi et al. (2017) constructed a 3D geological
model. Implementing the study with the measured geochemical properties, the authors attempted to develop a hydrogeological conceptual model for
this deep and complex hydrothermal system. Numerical calculations were computed using High Performance Computing (HPC) methods to achieve
high-resolution simulations of the dominant processes driving Lusi. Using the coupled physical processes for hydrothermal systems or geothermal
reservoirs, the authors compute thermodynamic calculations for CO2 solubility in an aqueous NaCl solution system (i.e. Lusi). A coupled 2-phase
model with a model of mechanics is then used to investigate the mechanism of fluids migration from depth once the charged Lusi system was
perturbed.

3.8. A modern analogue to understand the past

Recent studies highlighted the correlation between Large Igneous Provinces and periods of global warming and environmental crises (e.g. Bond
and Wignall, 2014), for instance the end-Permian and the Paleocene-Eocene Thermal Maximum. It has been proposed that these climatic crises were
triggered by extensive contact metamorphism in sedimentary basins followed by degassing to atmosphere via piercement structures (e.g. Svensen
et al., 2004; Jones et al., 2016; Polozov et al., 2016). However, since these piercement structures are extinct, their history and dynamic evolution are
poorly understood. In this respect, Lusi represents a promising new frontier to investigate active piercement structures, and the results may be
relevant for understanding the past.

The work of Svensen et al. (2017) presents a first step to use the Lusi system to bridge the past and present. The authors used a 1D thermal model
to calculate the production of CO2 from thermally matured organic matter in the contact aureole of a hypothetical 150 m intrusion emplaced at 4.5
km depth (i.e. in the Ngimbang Eocene Formation). The simulations show that during the first 1000 years after emplacement, 53.5 ton CO2/m2 is
produced in the contact aureole. When scaled to a reasonable sill volume (3.75 km3), the aureole has the potential to generate a total of 1350 Mt CO2

during the first 1000 years, with a peak generation of about 34 Mt CO2/y. These findings show that contact metamorphism in the depicted
hypothetical geological scenario generates CO2 in the gigaton range and represents a plausible source for the Lusi gas and its activity. Similar
scenarios are used to understand the sources of gas during the Toarcian, the PETM, the end-Permian, and the end-Triassic (cf. Svensen and Jamtveit,
2010).
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4. Conclusions

The gathered data and completed studies converge to the conclusion that Lusi was a naturally prepared system hosting overpressure at a depth
of> 4 km. The trigger of the eruption is in any case a very short event occurring throughout the evolution of a much longer lived system that was
already charged at depth. For these reasons, it is less important from a scientific point of view to focus on the trigger mechanism if one is interested to
understand the dynamics of erupting clastic systems. The new results indicate that:

• The heat and fluids from the Arjuno-Welirang volcanic complex initiated reactions in the organic-rich sediments present in the backarc sedi-
mentary basin of NE Java. This generated significant overpressure at depth within the Ngimbang Fm.

• The migration of fluids at depth was promoted by the Watukosek strike slip system that extends towards the NE from the volcanic complex. The
reactivation of this fault system likely promoted the vertical migration mechanism of fluids. The fault system reaches the surface with triangular
deformation zones that facilitate the rise of fluids.

• Geochemical analyses and tomography images show that Lusi is connected at depth with the neighbouring Arjuno-Welirang volcanic complex.

• The dynamics of the eruption may be influenced by external factors and further investigations should focus on this direction.

• Lusi is the largest ongoing clastic eruption on Earth, and thus provides a unique opportunity to constrain the activity of palaeovent systems that
characterise many of the sedimentary basins affected during the development of Large Igneous Provinces.

• The results are critical for understanding focused fluid flow systems in other sedimentary basins world-wide, and to unravel issues related to
palaeoclimate aspects.

• A better understanding of the Lusi system is of crucial importance for potential geohazards, for the social and economic impact that this eruption
generated and may have in the future.
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