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Supplementary Note 1 

Chronology of the 2015 Wolf eruption 

The edifice of Wolf volcano is resurfaced by new lava flows every few thousand years1; eight 

eruptions occurred in the last century2,3. After 33 years of quiescence, eyewitnesses report that 

the 2015 eruption of Wolf volcano began with an explosion from a circumferential fissure on the 

southeast side of the caldera between 00:30 and 00:45 (all timings are local time; GMT-6) on 25 

May, which coincided with the last and largest in a series of pre-eruptive seismic events 

recorded by an Instituto Geofisico seismometer on Fernandina (FER1; recorded at 00:58)2. The 

explosion produced reticulitic tephra that was deposited on the flanks of the edifice and carried 

>1,400 km eastwards to the Ecuadorian mainland4. The emission rate subsequently decreased, 

and the circumferential fissure continued to produce lava flows that first moved southeast, then 

eastwards, reaching the coast between 26 and 27 May (Fig. 1b). Activity from the 

circumferential fissure decreased from 31 May but reinitiated from a new vent on the south side 

of the caldera on 13 June, producing caldera-fill lavas until the eruption ended on 30 June (Fig. 

1b). In total, the eruption produced ~87·106 m3 of basaltic lava, making it the fourth largest 

Galápagos eruption in the past 40 years2. 

The 2015 eruption was preceded by a prolonged period of surface inflation, related to a shallow 

magma source centred within the caldera, and was accompanied by edifice-wide deflation, 

related to magma withdrawal from a deeper source5. Before the eruption, Wolf was not 

underlain by a fully transcrustal magmatic system, but rather at least two discrete storage 

regions in the upper (~1.1 km depth) and lower crust (>6.1–8.8 km depth)6. 

Chronology of the 1968 Fernandina eruption 

Fernandina is currently the most frequently active Galápagos volcano, with the entire edifice 

resurfaced on timescales <4.3 kyr; at least 20 eruptions occurred in the last century3,7. The 1968 

Fernandina eruption is the only recent Galápagos eruption to have produced significant 

explosive activity and was accompanied by the largest mafic caldera collapse since the advent 

of modern volcano monitoring (2 km³; ref. 8). Following seven years of repose, the 1968 eruption 

of Fernandina volcano commenced from a radial fissure at ~15:00 on 21 May, producing lava 

flows that covered ~10 km2 (ref. 8). The fissure eruption ended by 25 May but periodic 

earthquakes continued9. On 11 June, a vapour cloud was observed above the island at ~10:16 

and the main phase of the eruption began with a major hydromagmatic paroxysm at 17:08, 

driven by magma interacting with ground water and an intra-caldera lake8,10. The explosion 

originated from an alcove on the western side of the summit caldera, enlarging it and forming a 

new maar structure10. It produced ballistic ejecta close to the vent and a >15 km high plume that 

deposited pyroclastic material (including juvenile basaltic tephra, plutonic nodules and lithics) on 

the western flank of the volcano (Fig. 1c)8,10,11. Distal ashfall stopped on 12 June and the 

eruption lasted <7 days8. The onset of caldera collapse coincided with the paroxysm and 

continued for ~10 days8,9. The amount of juvenile material ejected in the eruption is significantly 

smaller than the added caldera volume, likely reflecting either substantial sub-surface magma 

drainage or discharge from a submarine vent10. 



Like Wolf, geophysical observations from Fernandina indicate at least two discrete magma 

storage regions: repose periods are characterised by prolonged inflation within the summit 

caldera, related to a shallow storage zone (~1 km depth), whereas eruptions and major dyke 

intrusions are accompanied by edifice-wide deflation, caused by magma extraction from a lower 

crustal storage region (~5 km depth)12,13. 

  



Supplementary Note 2 

Published whole-rock and glass data used in Figs. 2, 9 and Supplementary Figs. 1, 2 are from: 

• Allan and Simkin14 

• Arevalo Jr and McDonough15 

• Geist et al.1,16-20 

• Handley et al.21 

• Koleszar et al.22  

• Kurz and Geist23 

• McBirney and Williams24 

• McBirney et al.25 

• Naumann et al.26 

• Peterson et al.27 

• Reynolds and Geist28 

• Saal et al.29 

• Standish et al.30 

• Teasdale et al.31 

• White et al.32 

  



Supplementary Note 3 

X-ray fluorescence spectroscopy (XRF) preparation and analytical methods 

Bulk major and trace element concentrations were measured by XRF in 18 lava samples from 

the 2015 Wolf eruption. Samples were cut into approximately fist-sized sized (~300 cm3) blocks, 

removing any oxidised surfaces, and a steel dremel was used to remove any material deposited 

within vesicles. They were then washed in a distilled water ultrasonic bath to remove any sea 

spray deposits, before being crushed in a steel jaw crusher at the University of Cambridge and 

ground to a fine powder in a tungsten-carbide GYRO mill at the University of Edinburgh. 

Samples were prepared as fused glass discs and pressed powder pellets for major and trace 

element analysis, respectively, with full preparation details provided by Passmore et al.33. 

Analyses were performed using a Philips PW 2404 instrument at the University of Edinburgh, 

following the procedures of Fitton et al.34 with modifications by Fitton and Godard35. 

Electron microprobe analysis (EPMA) analytical methods 

Mineral compositions were measured by EPMA using Cameca SX100 and Cameca SXFive 

instruments in the Departments of Earth Sciences at the University of Cambridge (UK) and 

Syracuse University (USA), respectively. Wolf samples were analysed on the Cambridge 

instrument at 15 kV, with a 10 nA, defocussed (5 µm) beam for feldspar and a 40 nA, focussed 

beam for olivine. Fernandina samples were analysed on the Syracuse instrument with a 15 kV, 

20 nA focussed beam for all phases, to facilitate analysis of small crystals. Typical peak count 

times were 10–20 s for major elements and 60–150 s for minor elements, with the total 

background count times equalling the on-peak time for each element. Primary calibrations were 

undertaken using a range of appropriate mineral and metal standards and analyses were 

internally calibrated using appropriate Smithsonian Microbeam Standards36 to ensure 

consistency between analytical sessions. Most analyses returned totals of between 97.5 wt% 

(96.5 wt% in clinopyroxene) and 101.5 wt%. Data were discarded if they had totals outside of 

this range or had anomalous major element compositions, suggesting accidental analysis of 

other phases.  



Supplementary Tables 

 Wolf 

 Evolved end-member 

(Rhyolite-MELTS; 300 MPa) 

Primitive end-member #1 

(W9562)1 

Primitive end-member #2 

(D4A)1 

SiO2 55.41 48.61 48.66 

TiO2 1.85 1.61 4.14 

Al2O3 14.94 17.23 13.39 

FeOt 8.56 7.79 13.61 

CaO 6.06 12.74 9.61 

MgO 2.32 9.50 5.06 

MnO 0.92 0.13 0.20 

K2O 1.78 0.25 0.77 

Na2O 5.67 2.16 3.54 

P2O5 1.14 0.19 0.50 

Total 98.64 100.21 99.48 
    

K2O/TiO2 0.96 0.16 0.19 

Mg#liq 36.22 71.89 43.81 

 Fernandina 

 Evolved end-member 

(Rhyolite-MELTS; 500 MPa) 

Primitive end-member #1 

(D25C-2-34)22 

Primitive end-member #2 

(D30A)17 

SiO2 60.35 48.11 46.56 

TiO2 1.36 2.46 3.47 

Al2O3 13.65 15.35 12.29 

FeOt 6.97 8.96 15.40 

CaO 4.43 12.13 10.50 

MgO 1.08 8.82 5.17 

MnO 1.21 0.15 0.21 

K2O 2.71 0.32 0.70 

Na2O 5.90 2.34 5.12 

P2O5 0.82 0.39 0.49 

Total 98.47 99.03 99.91 
    

K2O/TiO2 1.99 0.13 0.20 

Mg#liq 24.48 67.37 41.32 

Supplementary Table 1: End-member liquid compositions used in the Wolf and Fernandina 

mixing models (Fig. 9). The evolved end-members are from Rhyolite-MELTS (this study) and 

the primitive end-members are whole-rock and glass compositions from the literature1,17,22.  



Supplementary Figures 

 

Supplementary Figure 1: Major and minor elements vs. Mg#liq in liquids from Wolf volcano. 

The points show: whole-rock, tephra glass, submarine glass and melt inclusion literature data 

from all volcanoes in the western Galápagos Archipelago (excluding intrusive rocks and 

plagioclase-ultraphyric lavas); all previously analysed liquids (i.e. whole-rocks and submarine 

glasses) from Wolf volcano; and whole-rock and glass data from the 2015 Wolf eruption (see 

legend). References for previously analysed Wolf liquids and literature data from all western 

Galápagos volcanoes are in Supplementary Note 2. Glass data for the 2015 Wolf eruption are 

from Stock et al.6 and whole-rock data are from this study. Characteristic 2σ analytical 

uncertainties for our whole-rock analyses are less than the size of a data point. The black lines 

show liquid lines of descent calculated using Rhyolite-MELTS at 50 MPa (solid line), 300 MPa 

(dashed line) and 500 MPa (dotted line). 

  



 

Supplementary Figure 2: Major and minor elements vs. Mg#liq in liquids from Fernandina. The 

points show: whole-rock, tephra glass, submarine glass and melt inclusion literature data from 

all volcanoes in the western Galápagos Archipelago (excluding intrusive rocks and plagioclase-

ultraphyric lavas); all previously analysed liquids (i.e. whole-rocks, tephra glasses, submarine 

glasses and melt inclusions) from Fernandina; and whole-rock and glass data from the 1968 

Fernandina eruption (see legend). References for previously analysed Fernandina liquids and 

literature data from all western Galápagos volcanoes are in Supplementary Note 2. Glass and 

whole-rock data for the 1968 Fernandina eruption are from Allan and Simkin14. The black lines 

show liquid lines of descent calculated using Rhyolite-MELTS at 50 MPa (solid line), 300 MPa 

(dashed line) and 500 MPa (dotted line). 

  



 

Supplementary Figure 3: Clinopyroxene TiO2 vs Mg#cpx in (a) lava and tephra samples from 

the 2015 Wolf eruption and (b) nodule samples from the 1968 Fernandina eruption and lava 

samples from historic Fernandina eruptions. Crystals are classified according to their textural 

association (see legend). Crystal compositions from historic Fernandina lavas are from Allan 

and Simkin14. Characteristic 2σ analytical uncertainties for our clinopyroxene analyses are less 

than the size of a data point. The grey lines show the compositions of crystals calculated to be 

in equilibrium with the 2015 Wolf tephra glass (solid lines – average composition; dashed lines – 

1σ compositional range)6 and 1968 Fernandina scoria glass14, using the model of Putirka37 at 

1160 °C and 1130 °C, respectively (the approximate pre-eruptive crystallisation 

temperatures)6,14. The black lines show the trajectory of clinopyroxene compositional evolution 

calculated using Rhyolite-MELTS at 50 MPa (solid line), 300 MPa (dashed line) and 500 MPa 

(dotted line). In the Wolf models, clinopyroxene comes onto the liquidus at 1189 °C (50 MPa), 

1234 °C (300 MPa) and 1269 °C (500 MPa).  In the Fernandina models, clinopyroxene comes 

onto the liquidus at 1176 °C (50 MPa), 1222 °C (300 MPa) and 1257 °C (500 MPa). 
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