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Significance statement

The present manuscript discusses a new concept in geosciences, energy facies. They are 

ensemble descriptors of flow deposits as a proxy of the energy, and not only of the density, of 

the flow, and apply in particular to pyroclastic currents. This is innovative as, besides the 

common use of lithofacies in geosciences, energy facies can also describe the trigger event of 

pyroclastic currents (the eruption), which is surprisingly often neglected in the study of such 

currents treated as simple gravity currents.

The present contents are, on the other hand, of broad general interest as for longtime pyroclastic 

currents have been described by taking turbidity currents (and other natural gravity currents) as 

conceptual reference. Instead, they differ even in terms of their field deposits, because are 

triggered by an explosive eruptive event. A turbidity current follows the erosion-transport-A
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deposition scheme, while a pyroclastic current follows the explosion-transport-deposition 

scheme.

Abstract 

Pyroclastic currents are described as gravity currents, and the classic conceptual model gives a 

first-order importance to the density of such currents. This directs quantitative models to assume 

specific flow structures (shallow water or equilibrium turbulent boundary layer), which may 

apply to restricted volcanic areas independently of source dynamics, or may correspond to 

source dynamics separate from topographic interaction. The recent introduction of two end 

members of pyroclastic currents, inertial and forced, is further developed here, leading to a 

global conceptual model in which source dynamics and topographic interaction are both taken 

into account. The concept of energy facies is defined here as the ensemble of the first-order 

indicators of pyroclastic currents (topological aspect ratio, competence ratio, and emplacement 

temperature) that are proxies of the energy of such currents. Nine energy facies are introduced 

with general applicability, and with the goal to globally characterize pyroclastic currents from 

vent to deposit.

Keywords: inertial pyroclastic current; forced pyroclastic current; global conceptual model; 

stratigraphy; petrology; energy facies; geohazard.

Introduction

Two end members of pyroclastic currents, inertial and forced, are recent concepts in volcanology 

(Doronzo, 2012; Giordano and Doronzo, 2017; Palladino and Giordano, 2019), and do not 

substitute for nor are synonymous with more classic terms like dilute and concentrated 

pyroclastic density currents, or like pyroclastic surges and flows (Cas and Wright, 1987; Branney 

and Kokelaar, 2002; Murcia et al., 2013; Sulpizio et al., 2014; Dufek et al., 2015; Lube et al., 

2020). On the other hand, these new end members allow the characterization of pyroclastic 

currents not only in the final stage of emplacement of their deposits, that is when the deposits A
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acquire a lithofacies architecture, but also in the transient stage of flow transportation and 

sedimentation. This is because the distribution of the deposits reflects what occurs in the flow 

upstream and downstream from the emplacement sites (Giordano and Doronzo, 2017). During 

transport, single or multiple flow pulses within a pyroclastic current can change the structure of 

the current itself, and this depends on how much their motion and internal dynamics (including 

sedimentation) are driven by the source and/or topographic conditions vs. their own inertia 

(Bursik and Woods, 1996; Doronzo et al., 2012; Esposti Ongaro et al., 2012). Forced pyroclastic 

currents are principally driven/affected by factors that are external to the current, which are, for 

instance, collapsing eruptive jet dynamics and flow channelization, while inertial pyroclastic 

currents are, in the gravity field, driven by internal factors, which are turbulence, pore pressure 

and granular energy (cf. Ben-Naim et al., 2005). Clearly, forced and inertial conditions may be 

experienced at various places and times by the same current depending on eruption dynamics 

and interaction with topography. In addition, such definitions apply to the first-order bulk 

behaviour of pyroclastic currents over the whole runout scale, and are reflected by first-order 

observable features (deposit thickness, lithic and juvenile componentry and grain size, 

emplacement temperature), as internal stratification of the current implies more complex 

variations at local scale. Strictly speaking, it is sedimentation that can be subjected to forced and 

inertial conditions, and these are responsible for making the depositional system as variably 

mobile (Giordano and Doronzo, 2017; see also Fisher et al., 1993; Branney and Kokelaar, 2002; 

Andrews and Manga, 2012; Doronzo and Dellino, 2014; Wright et al., 2016). As end-member 

examples, in bypassing pyroclastic currents on a steep negative slope, the depositional system is 

so highly mobile that it does not leave any deposit on the ground, while in pyroclastic currents 

emplacing veneer deposits on a positive slope, it is poorly mobile and leaves meter-scale 

sedimentary structures (Doronzo, 2012). Addressing pyroclastic currents in terms of forced and 

inertial behaviours highlights the peculiar nature and difference from other geohazards 

associated with turbidity currents, debris flows, fluvial currents, sand and dust storms, lava flows, 

landslides, and snow avalanches, both in terms of fluid mechanics and their deposits. This global 

view will avoid to treat such currents piece by piece (focused on vent or deposit), but as a whole 

(from vent to deposit).A
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Source dynamics

What occurs at a volcanic vent (e.g., fragmentation and degassing processes) is of primary 

importance during an explosive eruption. Here, we refer to four classic types of eruption 

mechanisms for the generation of pyroclastic currents: A) dome collapse; B) vertical jet dynamics 

(Vulcanian/sub-Plinian/Plinian); C) caldera ring fault dynamics; and D) lateral blast/base surge 

(Fig. 1). The dome collapse case is the gravitational collapse (also known as Merapi-type) of lava 

blocks and pyroclastic material, with a possible component of explosive fragmentation of the 

dome (Pelean- or Soufrière-type), while the lateral blast/base surge case is the overpressurized 

explosion of a volcanic jet with strong lateral component (e.g., Sulpizio et al., 2014, p. 38). 

Regarding the cases of vertical jet dynamics and caldera ring fault dynamics, the general theory 

of volcanic plume and pyroclastic fountain describes the style of the eruption, which can evolve 

into a buoyant plume or a fountaining, or (partially) both (e.g., Carey and Sparks, 1986; Bursik 

and Woods, 1991, 1996).

- Figure 1

For the cases B and C, the recognition of plume vs. collapsing jet dynamics by means of the 

densimetric Froude number is well established in fluid mechanics and applied fluid mechanics 

(Williamson et al., 2011; Degruyter and Bonadonna, 2013; Dellino et al., 2014; Jessop et al., 

2016). The densimetric Froude number at the vent, Frc, is defined as

                                                                                                                                                 (Eq. 
c

c
c

rg

v
Fr

'


1)

where vc is the eruptive jet velocity at the vent, rc is the vent radius, and g’ is the reduced gravity 

at the vent, which is given by

                                                                                                                                             (Eq. 
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where g is the gravity acceleration, ρa is the atmospheric air density, and ρc is the eruptive jet 

density at the vent, which is defined asA
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                                                                                                                                 (Eq. 
n

ncncpc CC 

3)

where ρp is the pyroclast density, Cc is the pyroclast volumetric concentration at the vent, ρn is 

the density of the n-th volcanic gas species, and Cnc is the volumetric concentration of the n-th 

volcanic gas species at the vent. The most abundant gas in the multispecies eruptive jet generally 

is H2O, then CO2 and SO2. Considering the pyroclast phase as multicomponent, so made of 

juvenile pumice or scoria clasts, free crystals and lithic clasts, the first term on the right hand side 

of Eq. 3 can be specified as

                                                                                                                                         (Eq. 
m

mcmcp CC 

4)

where ρm is the density of the m-th pyroclast component, and Cmc is the volumetric 

concentration of the m-th pyroclast component at the vent. It derives the general 

(multicomponent and multispecies) form for the eruptive jet density at the vent, which is

                                                                                                                           (Eq.  
n

ncn
m

mcmc CC 

5)

- Figure 2

In volcanology, and with reference to explosive volcanism, such recognition for eruptive jets 

subjected to dilatation is macroscopically related to the Bernoullian condition, which regulates 

the percentage of erupted mass that can rise up into the atmosphere vs. collapse to the ground 

(Carazzo et al., 2008; Colucci et al., 2014; Dellino et al., 2014; Doronzo et al., 2015; Costa et al., 

2018; Trolese at al., 2019). In the collapse scenario, a pyroclastic current is triggered at the base 

of the collapsing jet (not in the sense of base surge, but in general), and this implies that the 

physical characteristics of the jet can variably be responsible for the ones of the resulting 

pyroclastic current and its deposits. Vice versa, the total componentry at the vent can be inferred 

from an accurate reconstruction of the pyroclast component distribution of the deposits 
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(Giordano, 1998; Doronzo, 2012; Roche, 2015; Palladino, 2017; Valentine et al., 2019; Valentine, 

2020).

The results of an update on the general physical conditions that allow discriminating buoyant 

plume vs. collapsing eruptive jet dynamics are reported here. They are based on the theoretical 

calculation of the densimetric Froude number at the vent as a function of the vent dimension (50 

– 1000 m), in a range of eruptive jet densities (2 – 200 kg/m3) and for a given eruptive jet velocity 

(fixed here for simplicity to 140 m/s) at the vent exit. The eruptive jet velocity is representative of 

several modelled explosive volcanic eruptions, and its variation (from below the value to almost 

the double) does not preclude the applicability of the following results. The calculated regime 

curves (Fig. 2) represent theoretical eruptive conditions for small- to large-scale explosive events.

- Figure 3

Geological considerations based on the distributions of deposit thickness, lithic and juvenile 

clasts, and temperature (when accurately reconstructed from the deposits) are discussed to 

constrain the four eruption types, in terms of the forced and inertial end members of pyroclastic 

currents, inertial and forced (Doronzo, 2012; Giordano and Doronzo, 2017; Palladino and 

Giordano, 2019). To account for flow evolution over time, the ratio between the duration of the 

mass supply at source, tsupply, and the pyroclastic current lifetime, tcurrent, is considered, so that 

tsupply/tcurrent < 1 (or even << 1) defines an instantaneous (discrete pulse) feeding case, and 

tsupply/tcurrent ≥ 1 a sustained feeding case (Fig. 1 and 3; cf. Branney and Kokelaar, 2002; Rowley et 

al., 2014).

Topographic interaction and energy facies

The novelty of the presented results deals with connecting the abovementioned source dynamics 

to the topographic interaction that a pyroclastic current can experience at various scales. Here, 

we refer to four classic types of topography: open (flat) topography; channeled topography; 

topographic barrier; and steep slope (Fig. 1). The distributions of the deposit thickness, lithic and 

juvenile clasts, and temperature in pyroclastic successions are key, as they record the 

macroscopic eruptive conditions that occur in ancient explosive volcanic eruptions. They also A
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give insights on the temporal evolution of pyroclastic currents at active volcanoes, where the 

source dynamics can be better constrained and the topographic interaction can be inferred 

(Dufek and Bergantz, 2007; Di Vito et al., 2009; Cas et al., 2011; Doronzo, 2012; Cashman and 

Giordano, 2014; Palladino et al., 2014; Wright et al., 2016; Doronzo et al., 2017; Giordano and 

Doronzo, 2017; Palladino and Giordano, 2019; Báez et al., 2020a,b; Esposti Ongaro et al., 2020; 

Guzman et al., 2020).

To distinguish between ring fault dynamics and vertical jet dynamics, wholesale collapse and 

partial column collapse, respectively, are considered (Fig. 2). The two cases are presented in the 

general framework of pyroclastic current generation, but the intent here is that they apply to 

volcanic eruptions irrespective of the size of the explosive event. Also, they are functional to 

discuss the topographic interaction, while the end members of pyroclastic currents, inertial and 

forced, are used to discuss the two cases, for their capability to relate flow formation at the vent 

and topographic interaction with each other (Fig. 1). The discussion is of support to the database 

1.0, which includes sixteen case studies of pyroclastic currents worldwide that have already been 

described in terms of inertial and forced currents (Fig. 4 and Tab. 1). 

- Figure 4

In the first case (Frc < 1), the eruptive jet will collapse completely and will not lead to the 

formation of a sustained buoyant plume (and associated fallout) under any conditions. This 

typically occurs during caldera-forming events related to overpressured calderas (Martí et al., 

2009; Cas et al., 2011; de Silva and Gregg, 2014; Jessop et al., 2016). Such case of low eruptive jet 

and pyroclastic current generation will occur irrespective of the vent dimensions, as well as of 

any changes in the syn-eruptive petrological conditions (H2O content, magma composition, lithic 

and crystal contents). The temporal evolution of this case includes the double possibility that the 

wholesale collapse has a sustained vs. instantaneous feeding (Fig. 1). In the sustained feeding 

case, the resulting pyroclastic current is continuously fed from source during flow motion, so it 

will be forced, and this, for a given erupted mass, will further increase flow runout distance 

(Roche et al., 2016). In the instantaneous feeding case, the pyroclastic current is fed by a discrete 

pulse that detaches from source, so it will be inertial (Sulpizio et al., 2014). On the other hand, 

any proximal pyroclastic current will always be forced by the explosive event, similar to what A
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occurs in the jet zone of an eruptive column, and this makes pyroclastic currents different from 

other geohazards (cf. Williamson et al., 2011; Doronzo et al., 2015). At its birth, the pyroclastic 

current is still forming, so tsupply/tcurrent > 1, then the ratio could be maintained as such by multiple 

pulses (sustained feeding), or fall to < 1 by discrete pulse (instantaneous feeding) (cf. Vazquez 

and Ort, 2006). In the second case (1 < Frc < 3), the eruptive jet could lead to the formation of a 

sustained buoyant plume rising up into the atmosphere (Frc > 3), which could evolve into an 

eruptive column partially collapsing to the ground, and/or could estinguish with the possibility to 

shift to the wholesale collapse case as the eruption progresses (Navarrete et al., 2020a,b). The 

latter transition typically occurs during caldera-forming events related to underpressured 

calderas, concomitant with the shift from a central feeder conduit to ring faults (Druitt and 

Sparks, 1984; Martí et al., 2009; Palladino et al., 2014), through a sort of hydraulic jump. Such 

case of eruptive column collapse, and pyroclastic current generation and evolution will occur 

depending on the vent dimension, as well as on the pre- and syn-eruptive petrological conditions 

(H2O content, magma composition, lithic and crystal content). This does not imply that the high 

rising plume could collapse, but that it could be partitioned into a lower eruptive column 

collapsing to the ground (cf. Fierstein and Hildreth, 1992; Hildreth and Wilson, 2007) after an 

increase of the vent dimension, or of the eruptive jet density (for relative variations of H2O and 

lithic content, and of pyroclast density), or both; such increases directly affect the mass eruption 

rate (Sparks et al., 1978; Wilson et al., 1978; Carey and Sparks, 1986; Valentine and Wohletz, 

1989; Bursik and Woods, 1991; Martí et al., 1991; Giordano and Dobran, 1994; Neri et al., 2002; 

Shea et al., 2012; Costa et al., 2018; Romano et al., 2020). Also this case includes the possibility 

that the column collapse has either a sustained vs. instantaneous feeding. The resulting 

pyroclastic current will be forced in the sustained feeding case with increased flow runout 

distance, while will be inertial in the instantaneous feeding case.

Analogous to the concept of lithofacies in earth sciences, it is useful here to introduce the 

concept of energy facies. An energy facies is the peculiar ensemble of the first-order indicators of 

pyroclastic currents and deposits, which is particularly useful to capture the topographic 

interaction at various scales. Such indicators are strictly related to the thermomechanical and 

energetic properties of the gas-pyroclast flow, and are the thickness, the grain size and 

componentry of lithic and juvenile clasts, and the temperature of the deposits. To account for A
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flow evolution from the vent to the deposit through the topography, these properties are 

synthesized into three indicators extracted from the field deposits themselves, the topological 

aspect ratio (Giordano and Doronzo, 2017), the competence ratio (Palladino and Giordano, 

2019), and the emplacement temperature (e.g., Trolese et al., 2017, and references therein). The 

topological aspect ratio is the ratio of the deposit thickness at a site and the distance between 

the site and the maximum runout distance in a specific direction, while the competence ratio is, 

equivalently, the ratio of the maximum pumice/lithic clast dimension at the site and the same 

distance as before. 

- Figure 5

In Fig. 5, two applicative case-studies from Italy are reported as explicative of the methodology. 

The two aspect ratios and the emplacement temperature are field indicators of the global 

characteristics of pyroclastic currents and deposit distribution, and for this they concur to the 

definition of energy facies as proxies of mass, momentum and energy conservation. Various 

energy facies are introduced, which are characteristic both of the source dynamics and 

topographic interaction (Fig. 1). In particular, Energy facies from 1 to 4 refer to source-forced 

pyroclastic currents derived from sustained feeding, interacting with the abovementioned four 

types of topography, while Energy facies from 5 to 8 refer to source-inertial pyroclastic currents 

derived from instantaneous feeding, interacting with the same topographies. Lastly, Energy 

facies 9 refers to the peculiar case of balanced forced/inertial pyroclastic current on an open 

topography.

- Table 1

Energy facies 1. It is characterized by a variably-dense sustained feeding and forced pyroclastic 

current. An example is an intermediate to large caldera-forming eruption that produces a 

pyroclastic current that travels over an open topography. This will result in mild positive 

gradients of the topological aspect ratio and competence ratio for juveniles only, and in a roughly 

constant emplacement temperature both with longitudinal and transversal distance (little heat 

loss during transport). The forced regime primarily depends on the source condition, with 

negligible topographic control (Tab. 2). This facies has been recognized for Cerro Galan, Cerro A
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Blanco, Colli Albani RED, Latera ARL and Coranzulí (Giordano and Doronzo, 2017; Trolese et al., 

2017; Palladino and Giordano, 2019; Báez et al., 2020b; Guzman et al., 2020; see Tab. 1).

Energy facies 2. It is characterized by the forced pyroclastic current after interaction with 

topography. An example is in a channelization or topography-induced diversion of the pyroclastic 

current. This will locally further produce a forced pyroclastic current with positive gradients of 

the topological aspect ratio and competence ratio for juveniles only, and in a roughly constant 

emplacement temperature with longitudinal or transversal distance. It is similar to Energy facies 

1, but represents a topography-controlled current (Tab. 2). This facies has been recognized for 

Colima, while Energy facies 1 and 2 have been recognized for Bolsena WOB and the Deseado 

Caldera (Pensa et al., 2019; Palladino and Pettini, 2020; Navarrete et al., 2020a,b; see Tab. 1).

Energy facies 3. It is characterized by the evolution of the forced pyroclastic current into an 

inertial pyroclastic current after interaction with topography. An example is a pyroclastic current 

that climbs a topographic high. This will locally result in negative gradients of the topological 

aspect ratio and competence ratio for juvenile and lithic clasts, and in a decrease of the 

emplacement temperature with longitudinal distance (Tab. 2). This facies has been recognized 

for Colli Albani RED, while Energy facies 1, 2 and 3 have been recognized for Mount Pelée and the 

Campanian Ignimbrite (Wright et al., 2016; Giordano and Doronzo, 2017; Silleni et al., 2020; see 

Tab. 1).

Energy facies 4. It is characterized by the forced pyroclastic current after interaction with 

topography. An example is a pyroclastic current that encounters a steep slope (parallel to flow). 

This will locally further result in a forced pyroclastic current, and might result in deposit 

bypassing and emplacement at the break in slope, in strongly positive gradients of the 

topological aspect ratio and competence ratio for juvenile and lithic clasts, and in an abrupt 

decrease of the emplacement temperature with distance (Tab. 2). This facies has been 

recognized for Colima (Pensa et al., 2019; see Tab. 1).

Energy facies 5. It is characterized by a variably-dense instantaneous feeding and inertial 

pyroclastic current. An example is from a base-surge eruption that produces a pyroclastic current 

that travels over an open topography. This will result in negative gradients of the topological 

aspect ratio and competence ratio for juvenile and lithic clasts, and in a rapid decrease of the A
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emplacement temperature with distance (Tab. 2). This facies has been recognized for the 

Deseado Caldera (Navarrete et al., 2020a,b; see Tab. 1).

Energy facies 6. It is characterized by the inertial pyroclastic current after interaction with 

topography. An example is in a channelization or topography-induced diversion of the pyroclastic 

current. This will locally result in a forced pyroclastic current, in positive gradients of the 

topological aspect ratio and competence ratio for juvenile clasts only, and in a nearly constant 

emplacement temperature with longitudinal or transversal distance (i.e. close to the 

temperature attained by pyroclasts in the current before channelization) (Tab. 2).

Energy facies 7. It is characterized by the inertial pyroclastic current after interaction with 

topography. An example is a pyroclastic current that climbs a topographic high. This will locally 

further result in an inertial pyroclastic current, in negative gradients of the topological aspect 

ratio and competence ratio for juvenile and lithic clasts, and in a further decrease of the 

emplacement temperature with longitudinal distance. It is similar to Energy facies 5, but 

represents its evolution as a topography-surviving current (Tab. 2). Energy facies 5, 6 and 7 have 

been recognized for Mount St. Helens, Colli Albani PNO, Vulcano and Soufrière de Guadeloupe 

(Esposti Ongaro et al., 2012, 2020; Giordano and Doronzo, 2017; Doronzo et al., 2017; see Tab. 

1). 

Energy facies 8. It is characterized by the inertial pyroclastic current after interaction with 

topography. An example is a pyroclastic current that encounters a steep slope (parallel to flow). 

This will locally result in a forced pyroclastic current, in deposit bypassing and emplacement at 

the break in slope, in strongly positive gradients of the topological aspect ratio and competence 

ratio for juvenile and lithic clasts, and in an abrupt decrease of the emplacement temperature 

with distance (Tab. 2). This facies has been recognized for Vulcano, while Energy facies 6, 7 and 8 

have been recognized for Merapi (Doronzo et al., 2017; Trolese et al., 2018; see Tab. 1). 

Energy facies 9. A dilute sustained feeding combined with a flat topography will result in a 

balance between a forced and inertial pyroclastic current. This is characterized by null gradients 

of the topological aspect ratio and competence ratio for juvenile and lithic clasts (Tab. 2). This 

facies has been recognized for Latera BUS (Palladino and Giordano, 2019; see Tab. 1). On the A
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other hand, a balanced pyroclastic current interacting with the other three types of topography 

may result in Energy facies analogous to 6, 7 and 8.

- Table 2

In general, the two new end members of pyroclastic currents (inertial and forced) and the nine 

associated energy facies are not alternative classification schemes. Volcanic eruptions and 

volcanic edifices are varied and complex, and pyroclastic currents can be subject to dynamic 

changes during the progression of the specific explosive event, and after the interaction with 

variegated topography. This means that a pyroclastic current can start as forced and remain as 

such or evolve into inertial, and vice versa, and this will depend on the complexity of the 

explosive event (through tsupply/tcurrent) and on topography, which is why general energy facies are 

introduced. As a general example, Energy facies 2, 3 and 4 are similar to Energy facies 6, 7 and 8, 

respectively, but are distinct based upon the distinct eruption type and feeding timing at source. 

Also, a combination of eruption type and energy facies, such as C1 describing forced pyroclastic 

currents from caldera ring faults at Cerro Galan, will globally characterize pyroclastic currents 

from vent to deposit. Moreover, an association of energy facies, such as B5, C1 and 2 describing 

an entire succession of pyroclastic currents at the Deseado Caldera, will characterize explosive 

eruptions that produce different types of pyroclastic currents over time. These types of global 

characterization of pyroclastic currents inferred from the deposits are robust after a detailed 

field and laboratory investigation, and they can support complex numerical models that solve for 

the actual physics and hazard of the flow.

A take-home message from this investigation is the importance of field studies and large datasets 

for globally characterizing pyroclastic currents from vent to deposit through first-order 

indicators, which are the deposit thickness, lithic and juvenile componentry and grain size, and 

emplacement temperature. Such studies have become less and less fashionable over time, but 

they should be reappraised for a comprehensive investigation of explosive eruptions. In 

particular, lithofacies definitely capture the last moments of the pyroclastic current lifetime (i.e. 

the deposit emplacement), while energy facies can also capture the macroscopic feeder event, 

the flow transportation and the topographic interaction that occur (and often dominate and pose A
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a hazard) in explosive volcanic eruptions. On the other hand, energy facies do not substitute nor 

are alternative to lithofacies, as for the global view that they have on pyroclastic currents. 

Conclusions

This work highlights the mutual importance of stratigraphic and petrological considerations when 

dealing with specific natural problems like pyroclastic currents and explosive volcanic eruptions. 

For example, an increase of the vent dimension and of the lithic content (geometric factor), 

and/or a decrease of the H2O content and an increase of the pyroclast density 

(compositional/textural factor), could change the course of an explosive volcanic eruption, and 

favor the transition to the collapse cases. In particular, a change in the vent geometry from 

central conduit to ring fault during underpressured caldera-forming eruptions will likely be 

accompanied by a shift from buoyant plume (Plinian-type) to wholesale collapse.

Pyroclastic currents naturally differ from turbidity currents, debris flows, fluvial currents, sand 

and dust storms, lava flows, landslides, and snow avalanches, both in terms of fluid mechanics 

and their deposits, due to first-order thermal and feeder eruption effects. Indeed, pyroclastic 

currents define a thermomechanical problem, from flow generation to deposit emplacement. For 

example, the residence time of pyroclasts within the flow, and related hazards, do not only 

depend on grain size distribution nor settling velocity, as eruption type, feeding timing, and 

topographic interaction all play a role (often dominant) on transportation and emplacement (cf. 

Popper, 1963 for scientific method).

A database 1.0 containing sixteen eruption case studies (Tab. 1) consists of pyroclastic currents 

that have been described with the new terms, inertial and forced, and associated energy facies 

proposed for such currents. In this way, appropriate importance is given to the feeder eruptive 

event, which may not occur when pyroclastic currents are treated as simple gravity currents. In 

this sense, the distributions of deposit thickness, lithic and juvenile clasts, and temperature are 

first-order indicators of the bulk behaviour of pyroclastic currents.

The present database 1.0 will also better characterize pyroclastic currents from the natural 

hazard assessment perspective, by categorizing the explosive event as a whole and from the A
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beginning of flow generation (explosion-transport-deposition scheme). In conclusion, 

stratigraphy, sedimentology and petrology, along with time-dependent 3D multiphase numerical 

simulations (cf. Benage et al., 2016; Doronzo et al., 2017; Rosi et al., 2018; Esposti Ongaro et al., 

2020), are all necessary and complementary to fully characterize the thermomechanical problem 

of pyroclastic currents.
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Figure captions

Figure 1. Flow chart of a pyroclastic current from source dynamics to topographic interaction and 

energy facies.

Figure 2. Densimetric Froude number at the vent as a function of the vent dimension in a generic 

vertical jet or ring fault eruption.
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Figure 3. General sketch of the formation and propagation of a pyroclastic current. The two mass 

flux signals represent the sustained feeding (on top) and instantaneous feeding (on bottom) 

cases. The explosive event can sustain the pyroclastic current until mass flux is provided, and this 

forces the current to propagate further and make room to fresh mass flux, which can ultimately 

accumulate as the flow wanes.

Figure 4. Geographic location of the volcanic areas in which inertial and forced pyroclastic 

currents are recognized so far.

Figure 5. a, gradient of the topological aspect ratio for Latera ARL; b, gradient of the competence 

ratio for Latera BUS (data from Palladino and Giordano, 2019). The potential runout is the 

distance between each site and the maximum runout distance in a specific direction.

Table captions

Table 1. Database 1.0 of case studies in which pyroclastic currents are described as inertial and 

forced. The dataset includes information about location, magma composition, eruption volume 

magnitude, and the assignation of the energy facies for the different case studies.

Table 2. Synthetic description of the nine energy facies defined in the present work, and 

attribution of the inertial and forced conditions to pyroclastic current.
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Volcanic area Country Composition (TAS) Eruption volume (km
3
) References Eruption type Energy facies 

Bolsena WOB IT trachy-phonolitic >1 Palladino & Pettini 2020 C 1, 2 

Campanian Ignimbrite IT trachy-phonolitic >100 Silleni et al 2020 B, C 1, 2, 3 

Cerro Blanco AG rhyolitic <50 Baez et al 2015, 2020a,b C 1 

Cerro Galan AG rhyodacitic >500 Doronzo 2012; Giordano & Doronzo 2017 C 1 

Colima MX andesitic <<1 Pensa et al 2019 A 2, 4 

Colli Albani PNO IT foiditic <1 Giordano & Doronzo 2017 D 5, 6, 7 

Colli Albani RED IT tephritic >50 Giordano & Doronzo 2017; Trolese et al 2017 C 1, 3 

Coranzulí AG rhyodacitic >500 Guzman et al 2020 C 1 

Deseado Caldera AG andesitic/rhyolitic >100 Navarrete et al 2020a,b B, C 1, 2, 5 

Latera ARL IT trachy-phonolitic >1 Palladino & Giordano 2019 C 1 

Latera BUS IT trachy-phonolitic <1 Palladino & Giordano 2019 D 9 

Merapi  ID andesitic <<1 Trolese et al 2018 A 6, 7, 8 

Mount Pelée FR andesitic >1 Wright et al 2016 A 1, 2, 3 

Mount St. Helens US dacitic >1 Esposti Ongaro et al 2012 D 5, 6, 7 

Soufrière de Guadeloupe FR andesitic <<1 Esposti Ongaro et al 2020 B 5, 6, 7 

Vulcano IT latitic/rhyolitic <<1 Doronzo et al 2017 D 5, 6, 7, 8 
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Energy facies Topological aspect ratio Competence ratio Emplacement temperature Topography Pyroclastic current 

1 mild positive mild positive (juv) roughly constant open forced 

2 positive positive (juv) roughly constant channel/barrier forced 

3 negative negative (juv, lith) decrease barrier inertial 

4 strongly positive strongly positive (juv, lith) abrupt decrease steep slope forced 

5 negative negative (juv, lith) abrupt decrease open inertial 

6 positive positive (juv) roughly constant channel/barrier forced 

7 negative negative (juv, lith) decrease barrier inertial 

8 strongly positive strongly positive (juv, lith) abrupt decrease steep slope forced 

9 null null (juv, lith) decrease open balanced 
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