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ABSTRACT 

The persistent volcanic activity of Stromboli Volcano, Aeolian Islands, Italy, is interrupted by paroxysmal eruptions on a 

decadal interval. In 2019, two strong paroxysms on July 3rd and August 28th, ended a more than a decade long period of regular 

strombolian activity. During normal strombolian activity the volcano erupts highly porphyritic scoria and lava (HP) with a 

shoshonitic basalt composition. In paroxysmal eruptions the HP material is mingled with low porphyritic (LP) pumices. Here, 5 

we provide new in-situ chemical measurements of the glass phases of LP and HP materials. We also provide the first radiogenic 

isotope data on the bulk compositions of the LP and HP components erupted on July 3rd, 2019. These data show a remarkable 

shift in the Sr isotope ratio of the LP reservoir to more radiogenic compositions, not observed since the paroxysm in 1930.  

 

SECOND-LANGUAGE ABSTRACT 10 

L'attività vulcanica persistente che caratterizza il vulcano Stromboli, Isole Eolie, Italia, viene interrotta, con cadenza decennale, 

da eruzioni di tipo parossistico. Nel 2019 due forti parossismi avvenuti rispettivamente il 3 luglio e il 28 agosto hanno interrotto 

un periodo di attività stromboliana che durava da oltre dieci anni. Durante l’ordinaria attività stromboliana il vulcano erutta 

scoria e lava altamente porfirica (HP) con composizione basaltica shoshonitica. Nelle eruzioni parossistiche il materiale HP si 

mescola con pomici a bassa porfiricità (LP). In questo lavoro proponiamo nuove misure chimiche in situ delle fasi vetrose dei 15 

materiali LP e HP. Inoltre, forniamo i primi dati isotopici radiogenici sulle composizioni di massa dei componenti LP e HP 

eruttati il 3 luglio 2019. Questi dati mostrano un notevole spostamento del rapporto isotopico dello Sr del serbatoio LP verso 

composizioni più radiogeniche, che non si osservava dai tempi del parossismo del 1930. 

 

1 INTRODUCTION 20 

Stromboli volcano (Aeolian Islands, Italy) is a textbook example of an active steady-state stratovolcano. Strombolian 

eruptions occur at intervals, as short as 5 minutes during phases of high activity (Rosi et al. 2013). However, the eruptive 

history of the last century shows that the steady-state eruptive behavior is occasionally interrupted by explosive 

paroxysms. Since the beginning of the 21st century major paroxysms occurred on the 5th of April 2003, 15th of March 

2007, and on the 3rd of July and 28th of August 2019. The paroxysmal eruption in 2003 followed a relatively quiescent 25 

period, as no large-scale paroxysms occurred since 1959. From 1906-1959 a total of 16 paroxysms were recorded, 

triggering 5 tsunami events (Bevilacqua et al. 2020; Rosi et al. 2013). These irregular explosive eruptions highlight the 

hazardous potential of normally steady-state eruptions, which are an important touristic attraction. It is therefore 

imperative to constrain the mechanisms of paroxysmal eruptions. Here, we present major and trace element data on 

mineral and glass compositions of the erupted materials, and radiogenic isotope compositions of the mingled magma 30 

components. 

The strombolian activity is characterized by the eruption of crystal-rich, black scoria, commonly referred to as highly 

porphyritic (HP) magma. In paroxysmal eruptions the HP magma is mingled with crystal poor, light-brown pumice, 
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labelled low porphyritic (LP) magma and also referred to as golden pumice (Bertagnini et al. 1999, 2003; D’Oriano, 

Bertagnini, and Pompilio 2011; Francalanci, Tommasini, and Conticelli 2004; Lautze and Houghton 2005; Métrich et 

al. 2005; Viccaro et al. 2021). The whole-rock compositions of the HP and LP magmas fall on the border between high-

K basalts and shoshonitic basalts, with SiO2 concentrations of 48.5-51.5 wt.% in the HP magma, and 48-50 wt.% in the 

LP magma (Bertagnini et al. 2008; Francalanci et al. 2008; Landi et al. 2004, 2006, 2008; Métrich et al. 2001). The 5 

glassy matrix of the more extensively crystallized HP scoria has SiO2 concentrations of 51-53 wt.% and is shoshonitic 

in composition, whereas the LP glass overlaps in composition with the HP whole rock (Bertagnini et al. 2008; Landi et 

al. 2006, 2008). Crystal contents in the HP magma range from 38-55 vol.%, with 22-35 vol.% plagioclase, 5-20 vol.% 

clinopyroxene and 2-9 vol.% olivine (Allard 2010; Landi et al. 2006; Métrich, Bertagnini, and Muro 2010), whereas the 

LP magma has a crystal content of less than 5 vol.% of clinopyroxene and olivine (Bertagnini et al. 2003; Métrich et al. 10 

2010). 

The Stromboli plumbing system is described as a vertically overlying sequence of magma ponding reservoirs that are 

connected by dikes. A lower magmatic ponding chamber at a depth of 7-10 km below the summit is proposed to host 

the LP magma, and the more evolved HP magma resides in a shallow plumbing system at 2-4 km below the summit 

(Métrich et al. 2010). The general eruption trigger is explained by the slow accumulation of a CO2 rich gas-phase that 15 

propels LP magma into the shallow HP reservoir, where the two magmas mingle and drive large paroxysmal eruptions. 

In between paroxysmal eruptions small quantities of LP magma move into the shallow reservoir, without triggering 

explosions, where the magma loses H2O, promoting plagioclase crystallization and the formation of the crystal-rich HP 

magma. This HP magma continuously erupts in steady state strombolian activity. The homogeneous nature of the HP 

lavas over time suggests efficient mixing, where the timescales of homogenization are shorter than the residence time in 20 

the HP reservoir (Di Stefano et al. 2020; Francalanci et al. 1999). 

The major and trace element compositions, including Sr concentrations, of the LP and HP magmas have remained 

constant over the past century. However, the Sr isotopic ratio (87Sr/86Sr) has decreased starting in the early 1980s 

(Bertagnini et al. 2008; Francalanci et al. 1999, 2005, 2004). The decrease in 87Sr/86Sr of the HP lavas predates a large 

lava flow eruption in December 1985 (Francalanci et al. 1999). In this study, Francalanci et al. (1999) discussed possible 25 

reasons for the change in the Sr-isotopic composition, discarding assimilation of unradiogenic country rock or gradual 

changes in the source magma. Instead, they suggest a distinct change in the isotopic composition of the LP input magma 

feeding the HP reservoir, prior to the 1985 lava flow eruption (Francalanci et al. 1999). Here, we extend the record of 

time dependent 87Sr/86Sr variation for both LP and HP materials to the paroxysmal eruptions in July and August 2019. 

 30 

2 METHODS 

2.1 Electron Probe Microanalysis (EPMA) 
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Quantitative analyzes of olivine, clinopyroxene, plagioclase and glass were performed along transects and on single 

spots with a JEOL JXA 8530 F Hyperprobe at the Helmholtz Institute Freiberg for Resource Technology, Germany 

using all five wavelength dispersive spectrometers (WDS). An acceleration voltage of 20 kV, a probe current of 20 nA 

and spot sizes between 1 and 5 µm were chosen for the minerals. Glasses were measured with an acceleration voltage of 

15 kV a probe current of 12 nA and beam diameters between 5 and 10 µm. Measurend concentrations were corrected 5 

offline for instrument drift, measuring natural mineral reference materials (ASTIMEX MIN25), and mutual interferences 

were corrected (VKβ on CrKα, TiKβ1,3 on BaLβ, CrKβ on MnKα and CrKα3rd order on SrLα) (Osbahr et al. 2015). Values below 

the lower limit of quantification as well as with relative 2SD above 40% have been omitted from the dataset. 

2.2 SEM-Based automated Mineralogy 

The phase distribution in polished thin sections was measured with a SEM Quanta 600F from FEI at the Technical 10 

University Freiberg. The SEM is equipped with the MLA (Mineral liberation analyser) software package for automated 

SEM-based mineral identification of ThermoFisher SCIENTIFIC former FEI (Schulz et al. 2020, Fandrich et al. 1997). 

To account for the fine-grained texture of the samples we measured the sections with a high resolution of 1000x1000 

pixel and a pixel size of 1µm2 in the GXMAP mode.   

2.3 Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) 15 

Trace element concentrations glasses were determined with LA-ICP-MS. The measurements were performed in the LA-

ICP-MS laboratory at the Institute at for Mineralogy, Universität Münster, Germany. A Teledyne Photon Machines 

Analyte G2 193 nm Excimer LASER ablation system is coupled to a Thermo Scientific Element XR double focusing 

sector field mass spectrometer. 43Ca was used as internal standard. The relative sensitivity factors for all other masses 

were determined with NIST612, which was also used to tune the instrument for high intensities on La and Th and low 20 

oxide rates (ThO/Th <0.002). Concentrations were calculated using a 2-stage Excel-based spreadsheet. Values below 

the lower limit of quantification were excluded. The accuracy has additionally been monitored by the repeated analysis 

of the GSD-1G and GSE-1G reference materials. 

2.4 Isotopic analysis 

The radiogenic isotope ratios (Sr-Nd-Hf-Pb) of the LP and HP samples were analyzed at the Institut für Mineralogie at 25 

the University of Münster on a Thermo Scientific Neptune Plus MC-ICP-MS. LP and HP materials were carefully picked 

to preclude cross-contamination between the end-member components. The rock powders were leached in cold 6 N HCl 

in an ultrasonic bath for 2h and rinsed three times with Milli-Q H2O. The dried samples were digested in Savillex® 

Teflon vials at 120°C for 2 days using mixtures of concentrated, double-distilled HF and HNO3. Boric acid and 6 N HCl 

were added throughout the digestion procedure to aid the removal of fluorides.  30 

After full dissolution, clear sample solutions were separated on standard cation (Biorad® AG50W X-8) columns to 

separate HFSE, Sr and the REE fractions (Genske et al. 2012). The HFSE fraction was then loaded onto Eichrom Ln 
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Spec columns to separate Hf (Münker et al. 2001). The REE cut from the cation column was further purified for Nd 

using standard (Eichrom®, 50-100 μm) Ln Spec chromatography protocols (Pin and Zalduegui 1997). We further applied 

protocols for Tl-doped Pb isotope analyses via MC-ICP-MS (Lugmair and Galer 1992; Todd, Stracke, and Scherer 2015).  

For the Sr isotope measurements, a purification column using Sr spec resin was applied to remove residual, fractionated 

Rb from the sample solution, to measure sample loads of pure Sr (about 10 ng) by MC-ICP-MS. To verify accuracy and 5 

precision of the Sr MC-ICP-MS analytics, aliquots of BCR-2 and BHVO-2 were measured (dataset, Renggli et al. 2023) 

along with the samples, and Sr isotope measurements were normalized to NBS 987 with 87Sr/86Sr = 0.710248, which 

was run as a bracketing standard after 3-4 sample measurements.  

For the Hf isotope measurements, Lu and Yb contributions onto corresponding Hf masses were generally below 0.5 and 

5 µg/g. However, performing a clean-up separation scheme using the same columns yields Hf cuts with less than 1 µg/g 10 

Yb contributions. All measured Hf isotope ratios were normalized to Ames 176Hf/177Hf = 0.282160, which is isotopically 

indistinguishable from JMC-475 (Blichert-Toft, Chauvel, and Albarède 1997). For Nd the reference material BCR-2 was 

measured at 5 ppb and 20 ppb Nd dilutions. 

All isotope data determined for USGS reference materials are in excellent agreement with reported literature values 

(Weis et al. 2006) and the recommended GeoReM values (Jochum et al. 2005). The measurement results of BCR-2, 15 

BHVO-2, and NBS 987 are reported in the dataset (Renggli et al. 2023). The reference materials were prepared by the 

same chemical separation procedures as the whole rock samples. Isotope data of the samples are summarized in Table 2 

and given in detail in the dataset on the DIGIS Geochemical Data Repository (Renggli et al., 2023). 

 

3 RESULTS 20 

We collected hand-sized scoria samples near the summit Pizzo Sopra la Fossa, from which we prepared thin sections 

(S1, S3 and S4 presented in this manuscript). The samples prepared as thin sections were selected to represent the 

different degrees of mingling of the LP and HP magmas observed in the hand samples. The HP magma is distinguished 

by the dark, black color, and the high abundance of crystals, with sizes ranging up to 5 mm. The LP magma has a light 

beige-brown color and is crystal poor. Thin section S1 represents the LP endmember (Figure 1), and thin section S4 25 

represents the HP endmember (Figure 2). S3 shows mingled textures with near-equal amounts of HP and LP magma, 

shown in Figure 3. Table 1 shows the major and trace element composition of the glass phases in the HP and LP magmas. 

These compositions are not distinguishable from those measured in the eruption products of the paroxysms in 2003 and 

2007 (Métrich et al. 2010). The chemical similarity of the pumices and scoria erupted in 2019 can be exemplified by a 

comparison of the Sc and Rb concentrations in the matrix glasses with previously reported data. The LP pumices erupted 30 

in 2019 have a Sc concentration of 27.8±0.7 µg/g and a Rb concentration of 54.8±1.5 µg/g. The Sc concentration falls 

in the field of 1996-2000 pumices (24-32 µg/g) and is moderately higher than that of the pumices erupted on April 5th, 
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2003 (Francalanci et al. 2008). Whereas the Rb concentration of the pumices falls in the same range as the 1996-2000 

and the 2003 pumices (40-100 µg/g). The HP glass erupted in 2019 has a Sc concentration of 23.7±0.8 µg/g and a Rb 

concentration of 136.5±6.6 µg/g, which falls in the range of concentrations reported for 1996-2000 and 2003 paroxysmal 

scoria, at 20-30 µg/g Sc and 110-150 µg/g Rb (Francalanci et al. 2008). 

The low porphyritic pumice is very crystal-poor and bubble-rich. A quantitative analysis of the phase distribution 5 

observed by MLA (Figure 1) gives a LP glass content of ~30 area% and 65% bubbles. The thin section S1 contains less 

than 1% HP glass, and approximately 1% each of plagioclase, olivine, and clinopyroxene. The plagioclase crystals hosted 

in the LP melt are anorthite-rich (An91) and heavily resorbed with sieve textures (Armienti, Francalanci, and Landi 2007). 

Olivines hosted in the LP magma include two groups, with the first characterized by zonations, abundant melt inclusions, 

and a Mg# ~77 in the core, and the second group of olivines are homogeneous and have a Mg# = 85. The clinopyroxenes 10 

are commonly sector-zoned, with Mg# in the sectors of 82 and 85. Additionally, some clinopyroxenes have resorbed 

cores with lower Mg# ~68. 

The high porphyritic scoria (S4) and lava flow samples consist of 28-35% glass (Figure 2). The bubble content ranges 

from 30-40%, with the scoria at the higher end of the range at 40%. Plagioclase is the most abundant mineral phase with 

18-25%, followed by clinopyroxene at 6-10%, and 3% olivine. The plagioclase crystals show multiple zonations (Figure 15 

2b), with sieve-textured zones at An87-91 (like the anorthite-rich plagioclase hosted in LP melt), and homogeneous zones 

at An76-78. These lower An-contents occur always in the outermost rims of the crystals, where they are in contact with 

the HP melt. The olivines in the HP magma show no zonations with Mg# = 69. Clinopyroxenes form large grains with 

diameters up to 5 mm. Large grains contain melt and mineral inclusions, which are indistinguishable from the phases 

observed in the HP magma (Figure 2c). Some pyroxenes contain antecryst cores (Mg# = 71), occasionally with diopsidic 20 

rims (Mg# = 89). For a detailed discussion of these textural and compositional features in the clinopyroxenes see Di 

Stefano et al. (2020).  

The texture of mingled LP and HP magma is shown in the mineral map of sample S3 in Figure 3. The sample contains 

25% glass (15% LP and 10% HP), 64% bubbles, 8% plagioclase, 1% olivine, and 2% clinopyroxene. The MLA map 

shows sharp contacts of the two glass phases (Figure 3c). Even at sharp boundaries the method allows a clear distinction 25 

between the different glass phases, despite their chemical similarity (Table 1). The sharp contacts evident in the MLA 

map suggest that no significant diffusional exchange between the LP and HP magmas occurred prior to the paroxysmal 

eruption.  

 

 30 
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Figure 1: MLA map of thin section S1, representing the LP endmember magma. This magma is very crystal poor and bubble rich. 

B) Magnified area shows plagioclase (pink), olivine (green), and clinopyroxene (red) hosted in the LP magma. The clinopyroxenes 

show distinct zonations; C) Magnification of crystal-free and bubble-rich LP magma. 

 5 
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Figure 2 : MLA map of the HP endmember magma, thin section S4. HP glass is shown in blue, bubbles in yellow, plagioclase in pink, 

olivine in green, and clinopyroxene in dark-red. B) Magnified area shows zonations in plagioclase crystals; C) Large clinpyroxene 

grain (Mg# ~ 74) with HP melt inclusions, and plagioclase and olivine mineral inclusions. 

 5 
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Figure 3: MLA map of thin section S3 representing a sample with mingled LP and HP magma. A) overview image of the entire thin 

section; B) Area with HP magma; C) Contact between LP and HP magma shows no diffusional exchange. 
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Table 1: Major and trace element compositions of the end-member HP (n=17) and LP (n=12) glasses measured in thin sections of 

eruption products from the paroxysm in July 2019. Oxides and Cl are reported in wt.%, and the trace elements are reported in µg/g.  

  HP glass s.e. Lp glass s.e. 

SiO2 52.16 0.59 48.57 0.59 
TiO2 1.63 0.02 0.93 0.01 
Al2O3 15.23 0.08 17.65 0.08 
FeO(tot) 10.06 0.22 8.16 0.15 
MnO 0.195 0.010 0.159 0.008 
MgO 3.43 0.09 5.97 0.08 
CaO 7.06 0.17 11.02 0.37 
Na2O 3.32 0.17 2.40 0.34 
K2O 4.12 0.10 2.00 0.15 
Cl 0.120 0.004 0.117 0.004 
V2O3 0.120 0.005 0.083 0.007 

Total 97.74 0.62 97.28 0.74 
Mg# 37.80 0.56 56.58 0.40 

Cl 1198 38 1172 41 
S 368 27 416 46 
Sc 23.7 0.8 27.8 0.7 
Co 26.7 0.9 31.5 1.1 
Ni 10.6 0.8 36.1 2.5 
Cu 209 48 100 31 
Zn 118.4 2.6 82.6 5.6 
As 9.63 0.53 b.d.l.  
Rb 136.5 6.6 54.8 1.5 
Sr 519 28 661 15 
Y 39.1 1.4 19.9 1.2 
Zr 282.1 9.9 116.8 6.3 
Nb 38.2 1.3 15.0 0.4 
Mo 3.1 0.4 1.3 0.2 
Sn 2.8 0.3 1.3 0.2 
Cs 9.3 0.5 3.6 0.1 
Ba 1576 44 857 25 
La 78.4 13.7 36.5 0.9 
Ce 157.3 27.1 75.8 2.2 
Pr 17.8 3.2 8.8 0.3 
Nd 71.1 2.5 35.6 1.2 
Sm 13.3 0.5 6.7 0.4 
Eu 3.04 0.14 1.86 0.09 
Gd 10.3 0.5 5.4 0.3 
Tb 1.40 0.07 0.75 0.05 
Dy 7.9 0.4 4.2 0.3 
Ho 1.49 0.08 0.76 0.07 
Er 4.1 0.1 2.1 0.1 
Tm 0.56 0.03 0.28 0.06 
Yb 3.8 0.3 2.0 0.1 
Lu 0.56 0.02 0.28 0.02 
Hf 6.5 0.3 2.8 0.2 
Ta 1.97 0.09 0.76 0.06 
W 4.04 0.25 1.51 0.12 
Tl 0.17 0.02 0.21 0.05 
Pb 30.6 1.4 16.8 4.3 
Bi 0.05 0.01 0.13 0.13 
Th 29.3 1.1 10.8 0.5 
U 8.10 0.28 2.94 0.09 

 

 

 5 
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Table 2: 87Sr/86Sr, 143Nd/144Nd, 206Pb/204Pb, 207Pb/204Pb, 208Pb/204Pb, and 176Hf/177Hf isotopic ratios of LP and HP material erupted in 

the paroxysmal eruptions in 2019. 

eruption 
date 

sample name material magma 
phase 

87Sr/86Sr 2 s.e. 143Nd/144Nd 2 s.e. 206Pb/204Pb 2 s.e. 

15.08.2019 LP_S.V._2019-08-15 Pumice LP 0.706215 0.000006 0.512584 0.000008 19.079 0.001 

03.07.2019 LP2_2019-07-03 Pumice LP 0.706203 0.000005 0.512584 0.000008 19.077 0.001 

03.07.2019 LP_2019-07-03 Pumice LP 0.706214 0.000007 0.512569 0.000008 19.083 0.001 

03.07.2019 HP2_2019-07-03 scoria HP 0.706175 0.000005 0.512564 0.000007 19.086 0.001 

03.07.2019 HP_flow_2019-07-03 lava flow HP 0.706175 0.000006 0.512580 0.000007 19.085 0.001 

03.07.2019 HP_2019-07-03 scoria HP 0.706169 0.000007 0.512574 0.000007 19.077 0.001 

        207Pb/204Pb 2 s.e. 208Pb/204Pb 2 s.e. 176Hf/177HF 2 s.e. 

15.08.2019 LP_S.V._2019-08-15 Pumice LP 15.685 0.001 39.129 0.003 0.282863 0.000005 

03.07.2019 LP2_2019-07-03 Pumice LP 15.682 0.001 39.118 0.003 0.282865 0.000006 

03.07.2019 LP_2019-07-03 Pumice LP 15.689 0.001 39.142 0.002 0.282851 0.000008 

03.07.2019 HP2_2019-07-03 scoria HP 15.690 0.001 39.148 0.003 0.282846 0.000010 

03.07.2019 HP_flow_2019-07-03 lava flow HP 15.690 0.001 39.145 0.002 0.282852 0.000006 

03.07.2019 HP_2019-07-03 scoria HP 15.687 0.001 39.131 0.004 0.282848 0.000005 

 

 

Figure 4: Evolution of the 87Sr/86Sr isotopic ratio of the HP and LP magmas over the past 120 years. Uncertainties are plotted where 5 
available from the literature. The HP magma erupted in 2019 has not changed significantly since the previous paroxysms in 2007. 

However, the LP magma erupted in 2019 shows a major shift to a more radiogenic composition, similar to that of the LP magma 

erupted in 1930. The isotopic data for erupted materials previous to 2019 are compiled from the literature (Bertagnini et al. 2008; 

Francalanci et al. 1999, 2005, 2004). 
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In addition to the samples documented by MLA, major and trace element analysis, we measured the isotopic 

compositions of a lava flow sample (HP) that formed as a secondary flow in the July paroxysm, and scoria sample from 

the August 28th 2019 paroxysm (LP). Table 2 lists the measured isotopic compositions of these samples. The isotopic 

systems reported here are 87Sr/86Sr, 143Nd/144Nd, 206Pb/204Pb, 207Pb/204Pb, 208Pb/204Pb, and 176Hf/177Hf.  5 

Francalanci et al. 2008 reported a Nd isotope ratio for both LP pumice and HP scoria erupted on April 5 th 2003 of 

0.51257, which is indistinguishable from the materials erupted in 2019, as well as eruption products from 1996 and 1999 

(Francalanci et al. 2004). The 143Nd/144Nd isotope ratio shows no resolvable difference between the LP and HP magmas. 

Similarly, Pb- and Hf-isotope ratios show no systematic differences between the two magmas (Table 2).  

The Sr-isotopic system shows a clear difference between the bulk compositions of the LP and HP magmas. In the samples 10 

erupted in 2019 the LP magma has a higher 87Sr/86Sr ratio by approximately 4.6x10-5 compared to the HP bulk isotopic 

composition (Figure 4). This offset is an order of magnitude larger than the analytical error. This is in contrast to Sr-

isotopic ratios measured in older eruption products, in which the HP magma had a systematically higher ratio compared 

to the LP magma (Bertagnini et al. 2008; Francalanci et al. 1999, 2005, 2004). A time resolved representation of the 

87Sr/86Sr values reveals, that the isotopic composition of the HP magma has remained unchanged from the previous 15 

paroxysms until 2007, whereas the ratio of the LP magma has increased to a higher value last recorded in 1930 (Figure 

4). This jump in the isotopic composition suggests a shift in the deep magmatic feeding system leading to the paroxysms 

in 2019, which we discuss below.  

 

4 DISCUSSION 20 

The systematically higher 87Sr/86Sr of the HP magma compared to the LP magma prior to 2019 has been explained by 

the presence of an old cumulus reservoir with abundant plagioclase and clinopyroxene and a high 87Sr/86Sr. This crystal 

mush is occurring at intermediate depths between the deep LP magma reservoir (~11 km) and the shallow HP magma 

reservoir (~3 km). As fresh crystal-poor and volatile-rich LP magma rises to the upper HP reservoir it assimilates high 

87Sr/86Sr cumulus material, leading to a higher 87Sr/86Sr in the HP magma and isotopic disequilibrium in zoned 25 

plagioclase and clinopyroxene grains (Francalanci et al. 2005, 2008). 

The shift to lower 87Sr/86Sr recorded after 1970 are however not explained by evolving interactions of the LP magma 

with an intermediate cumulus mush. Since the LP magma feeds the HP reservoir, it is likely that the change in Sr isotope 

ratios originates in the deep LP source at a depth of 11 km or so. A change in 87Sr/86Sr could be explained by variations 

in the degree of crustal contamination with time, whereas a higher 87Sr/86Sr would suggest more contamination. 30 

However, such a significant and evolving degree of crustal contamination should be noticeable in the trace element 

signatures, which is not the case over the past 100 years (Francalanci et al. 2008). Instead, Francalanci et al. (1999) 
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suggested that the shift to lower 87Sr/86Sr originated prior to 1980 with a pulse of fresh magma input in the LP reservoir, 

followed by the slow isotopic re-equilibration of the HP reservoir over a period of 20 years until the mid-1990s.  

Here, we propose that this pulse of fresh magma with a low 87Sr/86Sr into the LP reservoir has been consumed, either by 

eruption or storage in the system, leading to a LP magma 87Sr/86Sr equivalent to that prior to the fresh input. The 2019 

paroxysms sample a moment in the magmatic evolution of Stromboli, where the deep LP reservoir has returned to a state 5 

equivalent to that prior of 1980, sampled by the major paroxysm of 1930, but the upper HP reservoir has not had the 

time to isotopically re-equilibrate. A shift in the magmatic source behavior of the paroxysms in 2019 compared to 2003-

2017 was also observed in the clinopyroxene population (Petrone et al. 2022). Petrone et al. (2022) suggested that the 

2019 paroxysms were fed by a rejuvenated plumbing system with a lower degree of crystal mush assimilation compared 

to earlier eruptions. This lack of mush remobilization is seen in the absence of changes in the HP magma 87Sr/86Sr, 10 

despite the increase observed for the LP magma. 

In conclusion, we propose that, assuming the rate of mass transport remains unchanged, the HP reservoir can be expected 

to evolve to an 87Sr/86Sr of ~0.70626 ± 0.00002 over the next ~20 years. A continuous and systematic sampling and 

measurement of Sr isotope ratios will thus provide a key to the assessment of magma input rates into the HP reservoir 

and the volume of it. 15 
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