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Reviewer #2 (Remarks to the Author):

The article presented analyzes the data obtained on the emissions of various gases (H20, CO2, SO2,
H2, SH2, etc.) in the eruption of the Tajogaite volcano on La Palma in 2021, differentiating the
gaseous emissions from the various emission points that appeared during the eruption,
distinguishing the emanations associated with the effusive vents (EV), from spattering vents (SV) and
fountaining vents (FV), as well as the emanations associated with the interruption of the eruption of
September 27, 2021 (PV). In this sense, the authors found an important difference in the C02/5S02
ratio of these emissions, observing a high relationship in the emissions associated with explosive
eruptive moments or vents (fountaining vents, FV) compared to low values for the emissions
associated with effusive events (effusive vent, EV), or spattering vents (SV), as well as the emissions
associated with the interruption of the eruption on September 27, 2021 (PV).

The authors relate these differences to the existence of a single feeding dyke in the eruption that is
subdivided into several branches at a depth of about 400 meters. The main vertical branch would
channel the intense degassing of CO2, associated with the most explosive activity (FV), in the highest
vents, while the lateral branches would channel the flow of SO2 and lava to the lower-altitude vents
(EV and SV vents.

On the other hand, they conclude that the initial CO2 content of the magma that produced the
eruption would be around 4.5 Wt%. The authors explain these high values due to the fact that the
magma was formed in a metasomatized mantle by recycling oceanic crust of certain chemical



elements under a low degree of partial melting, an aspect that had already been verified in the El
Hierro eruption of 2011-2012. In this sense, and by calculating the volume of magma emitted in the
formation of La Palma from its seamount stage (estimated a duration of 12 million years for this
entire process, somewhat excessive, taking into account that the age of the volcanic rocks that
appear on the Island (the submarine trachytic lobe-hyaloclastitic complex) of around 3.1 Ma, Casillas
et al., 2019) conclude that the CO2 emitted in all these eruptions would be equivalent to 20% of that
emitted in the formation of the typical Large Igneous Provinces, eruptions that are involved in
periods of major environmental and climatic change in Earth's history.

These are very new data and results that help to understand the different eruptive dynamics of the
different eruption vents throughout the eruption, explaining the more or less intense explosive
activity of each eruptive vent and at each moment.

For all these reasons, | consider that the article deserves to be published with slight modifications
that | refer to in an attached file.
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Review of the manuscript

“Exceptional CO2 emissions from erupting alkaline mafic
magma in the Canary volcanic archipelago”

by Burton et al.
General comments

The manuscript addresses a fundamental problem related to the origin and evolution
of oceanic intraplate magmas, namely their original volatile contents and degassing
processes. It further features a re-assessment of the degassing budgets of oceanic
intraplate systems. The manuscript is well written, and presents a detailed account for
the preferred model of progressive magma degassing, which is further used as a basis
for syn-eruptive volatile budget estimates. However, two important factors have not
been properly considered:

A) In the calculations of primary volatile contents of the magmas, the assumption
used seems to be that only the erupted magmas are responsible for the CO»
mass emitted into the atmosphere. Because magmas that do not erupt also
contribute to the degassing, the resulting estimates of original volatile contents
are biased towards too high values.

B) Concerning the cumulative degassing budgets, only the estimated edifice
volume of the island in question has been considered, and not intrusive rocks
emplaced into the crust beneath the main edifice, which certainly also degas
during crystallisation.

In spite of these comments, the approach used in the paper is excellent, and it should
be reconsidered for publication following a revision.

Further comments

The CO: budgets presented are biassed by assuming that the total amount of volatiles
released were dissolved in the erupted magmas only, which is most probably wrong.
You nicely demonstrate that degassing must have commenced at upper mantle levels.
As only a fraction of the magmas entering the crust actually reach the surface, but still
degas to variable extents, the calculated volatile budgets for the primitive magmas are
most likely overestimated. I know this is hard to quantify, but still has to be
considered in such a high-profile paper.

As you mention, magmatic CO»-dominated fluid inclusions in the Tajogaite eruption
(Dayton et al. 2023) gives CO: oversaturation pressures at about 1 GPa or less,
overlapping with the results for very similar Gran Canaria basanites (Hansteen et al.,
1998; CMP). Taken at face value, this would correspond to CO» contents considerably
less than those suggested in the present manuscript for the magmas involved. How
does this fit with your results?

Degassing of intrusive rocks must contribute to the CO> budgets of ocean island
volcanoes. Total degassing budgets presented in the manuscript consider only the



estimated edifice volume, and thus excludes intrusive rocks in the middle to lower
crust. The CO; exsolved from such intrusions may be released to the hydrosphere/
atmosphere by diffuse degassing. Please comment on this problem.

Best wishes

Thor Hansteen
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Alkaline mafic magmas forming intra-plate oceanic islands are believed to be strongly
enriched in CO; due to low-degree partial melting of enriched mantle sources. However,
until now, such CO; enhancement has not been verified by measuring CO, degassing
during a subaerial eruption. Here, we provide evidence of highly CO;-rich gas emissions
during the 86-days long 2021 Tajogaite eruption of the Cumbre Vieja volcanic system (La
Palma Island). Our results reveal sustained high plume CO2/SO: ratios, which, when
combined with SO, fluxes, melt inclusion volatile contents and magma production rates at
explosive and effusive vents, implies an initial magmatic CO, content of 4.5+ 1.5 wt%. The
amount of COz released during the 2021 eruptive activity was 28 + 14 Mt CO,. Extrapolating
to the volume of alkaline mafic magmas forming La Palma alone (estimated as 4000 km?3
erupted over 10 Ma), we infer a maximum CO, emission into the ocean and atmosphere of
10'® moles of CO,, equivalent to 20% of the eruptive CO, emissions from a large igneous
province eruption, suggesting that the formation of the Canary volcanic archipelago
produced a CO, emission of similar magnitude as a large igneous province.

Volatile exsolution and expansion during magma ascent are the primary drivers of volcanic
eruptions! and volcanic gas emissions have had a profound impact on volatile cycles? and
climate® throughout Earth’'s history. Quantifying the original volatile content of magmas is
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therefore a key objective in volcanological research. Among the main volatile species carried by
magmas (H.0, CO,, SO, HCI, HF), CO; is the least soluble and therefore the first to exsolve,
even at pressures consistent with the mid to lower crust. Volatile solubility behaviour is well-
established for a wide range of magma compositions from experiments under various pressure
and temperature conditions?; thermodynamics® and microanalysis of dissolved volatiles in melt
(glassy) droplets and fluid inclusions entrapped in crystals that form during magma storage and
ascent®’. The low solubility of CO, drives exsolution prior to melt inclusion formation which, in
addition to post-entrapment CO,-loss to bubbles and bubble decrepitation upon ascent®, means
that inclusion-measured CO- contents are lower limits for the initial CO. content®. COz-rich fluid
inclusions trapped at high pressures® evidence that a co-existing fluid phase may be present even
at mantle depths if CO, abundances are high enough®1,

Trace element ratios such as CO./Nb and CO»/Ba can provide an alternative approach to
constrain the potential range of initial magmatic CO, content!?13. Uncertainties arise, however,
from the large variability in these ratios due to mantle heterogeneity and melt mixing4. Syn-
eruptive measurements of CO, emissions, while challenging to acquire, can provide robust
information on pre-eruptive contents of CO; and other volatiles, when combined with
measurements of magma eruption rate, SO; fluxes and the initial magma sulfur (S) content!%1215,
Eruptive gas compositions are measurable either remotely, using open-path Fourier Transform
infra-red (OP-FTIR) spectroscopy with molten lava as the radiation source'®!’, or in-situ, using
Multi-GAS analysis of dilute gas plumes?®; see Methods. Scaling the X/SO; ratio, where X is the
volatile of interest, to the SO, flux measured from the ground and space®?! provides the mass
flux of CO, and other components. Normalising these mass fluxes to the mass eruption rate
(MER) of magma then allows initial volatile contents in the magma to be calculated?2.

One of the most significant recent discoveries in volcanology is that magmatic CO; contents may
be much higher than initially thought®24, This observation has important implications for the
contribution of volcanism to the global geological CO, budget?>2¢ and to global climate and mass-
extinction events during large igneous province eruptions?’. In particular, alkaline mafic magmas
have been highlighted as a main source of CO.-rich volcanism?8-3° with those erupted at intra-
plate oceanic islands believed to be especially enriched in CO; due to low-degree partial melting
of enriched mantle sources?!!. In the Canary volcanic archipelago, eastern Atlantic ocean, a high
CO; content between 2.5 and 5 wt% was estimated in basanites from El Hierro volcano®°.
However, direct measurements of CO, emissions during eruption of such magmas still remain
sparse, and hitherto non-existent for the Canary Islands volcanic archipelago.

The 2021 Tajogaite eruption of the Cumbre Vieja volcanic system, on La Palma island, provided
a remarkable opportunity to quantify volatile emissions and magma volatile contents for alkaline
mafic magmatism in the Canary Islands archipelago. The Canary Islands constitute the subaerial
portions of a group of voluminous intraplate volcanoes that predominantly erupt alkaline magmas
derived from a heterogeneous mantle source3!. The Cumbre Vieja volcanic system is currently
the most active in the archipelago; however, no gas emission measurements were conducted
during its last eruption in 1971.
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The 85-days long Tajogaite eruption began on 19" September 2021 along a NNW-ESE fracture
system ~930 m above sea level, just above urbanized areas (Figure 1). Voluminous lava flows,
and dense lapilli and ash fallout from sustained lava fountaining activity, forced the evacuation of
~7000 peopl~-~nd caused extensive destruction until the end of the eruption on 13" December
2021%. The iizal eruptive fissure evolved rapidly into a single main cone (Tajogaite) that hosted
multiple linearly-aligned and closely-spaced vents3?34, Powerful lava fountaining and explosive
activity were produced from central upper vents (referred to here as Fountaining Vent(s), FV),
while spattering and lava flow effusion occurred at flank vents (hereafter referred to as Spattering
Vent, SV, and Effusive Vent(s), EV; Figure 1). Initially erup ‘| basanite ascending from 10-16 km
depth were progressively replaced by a less evolved basanite/alkali-basalt ascending from 27-31
km?®:353¢_ Continuous syn-eruptive seismicity located in two event clusters at ~10-16 km and ~22-
27 km %7, as well as fluid inclusions in olivines®36, marked the respective storage depths of these
magmas.

The 2021 eruption site was relatively accessible, with established road / track infrastructure close
to the vents. This access enabled repeated (~daily) quantification of the chemical composition
and mass flux of magmatic gases discharged from both explosive and effusive vents. These
measurements were acquired using a suite of ground-based, aerial and orbital (satellite)
instruments. Specifically, we quantified emitted gas compositions using Multi-GAS, deployed as
ground-based (mobile and fixed stations) and drone-mounted systems, and OP-FTIR
spectrometers (see Methods). We derived SO; fluxes using data from the satellite-based
TROPOMI sensor (see Methods). In this study, we quantify the magmatic CO, flux produced
during the 2021 Tajogaite eruption and combine with volcanological and petrological data to
determine the original CO- content of the parental basanitic magma.


redacted
Nota adhesiva
In reality, there were several fissures that opened throughout the afternoon of September 19.

redacted
Nota adhesiva
In reality, from September 19 to September 27, a tephritic magma rich in amphibole phenocrysts and poor in olivine was emitted, after the eruptive stoppage of the On September 27, the emitted magma was basanitic, very rich in olivine.
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A key observation from our field measurements is the sharp, systematic contrast in CO2/SO;
ratios measured in gas emissions from the explosive upper vents (FV) and the spattering/effusive
(SV/IEV) flank vents (Figure 1). This pattern is well-illustrated by Multi-GAS data obtained
between 27 September and 3 October 2021, with CO2/SO, molar ratios varying from 52-25 (FV)
to 3-13 (SV) and down to 0.3-0.04 (EV), as well as by OP-FTIR data collected from 3 October
until the end of the eruption (Extended Data Table 1 and Figure 1). Such a spectacular
compositional contrast, at vents only 500 m apart, demonstrates that poorly-soluble CO; was
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FIGURE 1: The 2021 Tajogaite eruption (Cumbre Vieja, La Palma) and chronology of volcanic gas
measurements. (a) The 2021 lava flow field in south-western La Palma. Aerial images of the near-vent
eruptive region, showing multiple distinct emission sources, eruptive styles, and degassing regimes (PV,
passive vent; FV, fountaining vents; SV; spattering vent; EV, effusive vent). (b, c) Passive emissions during
an eruptive pause and immediately following main vent reactivation on 27 September 2021. (d, e) Lateral
progression in eruptive style from intense ash-producing lava fountaining activity at the upper vents (FV)
through to spattering activity at the lower vent (SV), feeding lava flows; (f) Concurrent lava fountaining,
spattering and non-explosive lava effusion on 1 October 2021. The EV opened at the base of the northern
flank of the cone and fed lava extrusion for two days. (g) Temporal evolution of CO2/SO: ratios in the gas
plumes released by the different vents, as measured with Multi-GAS and OP-FTIR spectroscopy. Symbols
indicate vent source (diamond = eruptive pause; circle = FV; square = SV (four especially water-rich
compositions — see Figure 2 - are identified with light green tone); and triangle = EV). The star highlights
the highest quality FV measurement.

predominantly outgassed through the central upper vents and, hence, already highly depleted
prior to secondary degassing of the magma discharged effusively through the flank vents. A
similar CO_-fractionation pattern was previously documented on Mt. Etna between eruptive'® and
passive degassing®.

Our second key observation is that explosive gas emissions from the central upper vents (FV)
displayed very high CO,/SO; ratios during the whole eruption (Figure 1). Our best OP-FTIR
observations on December 2, 2021 (starred in Figures 1 and 2) constrain the FV gas to contain
37 mol% H,0, 61 mol% CO, and 1.7 mol% SO, with a CO,/SO, molar ratio of 36 (24 by mass)
(Extended Data Table 1). A similarly high CO,/SO;ratio persisted at the FV throughout the entire
eruption (Figure 1), with a mean value of 33 £ 9.7 (or 23 £ 6.7 by mass). This makes the syn-
eruptive gas from the explosive vents of Tajogaite one of the most CO,-rich ever measured at an
active volcano to date®>263%, By contrast, the mean CO,/SO; ratio at the lower flank vents
exhibiting lava spattering (SV) was 7.3 + 4.0 (or 5.0 + 2.7 by mass) throughout the eruption.

To reconstruct the magma degassing path(s) (Figure 2), we measured the dissolved H,O, CO;
and S contents of glassy basanitic melt inclusions entrapped in erupted olivine crystals (Extended
Data Table 2; see Methods). The sulphur content of these inclusions displays a narrow range,
averaging 3290 + 390 ppm (one standard deviation), and shows no systematic variation during
the eruption (Extended Data Figure 1 and Extended Data Figure 2); it thus represents the initial
sulphur abundance in the parental basanite. The same inclusions also contain 1.30-2.21 wt.%
H>0 and 0.22-0.50 wt.% CO.. According to experimental data for H,O and CO- solubility in Canary
basanites?®, such concentrations correspond to melt inclusion entrapment pressures of ~290 to
~350 MPa, or ~10-12 km depth given the local crustal density structure(D’Auria et al. 2022). This
depth range fits with the near-Moho seismogenetic volume (at 10-16 km) active during the
Cumbre Vieja eruption®2’, which we interpret as an intermediate magma ponding zone fed by the
more deeply sourced (15-27 km) basanites®36. The presence of pure CO: fluid inclusions in olivine
and other crystals within the erupted magma?®3¢ indicate that the mantle-derived basanites already
co-existed with a CO»-rich gas phase prior to reaching this intermediate storage zone. It is thus
very likely that the maximum dissolved CO; content in melt inclusions (0.50 wt.%) under-estimates
the parental melt CO,. Using a C-H-O-S solubility model®, we therefore computed the evolving
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fluid composition (Figure 2) during decompression of magma containing initial CO; contents of
0.5 to 5 wt.%, in both closed- and open-system conditions, under temperature-redox conditions
typical for La Palma basanites (see Methods; Extended Data Table 3).
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Figure 2: Triangular plot showing H20, CO2 and St proportions (H20 and St proportions scaled by factors
0.1 and 5, respectively, for illustration purposes) in gas emissions from the different vents during the 2021
Cumbre Vieja eruption, measured both remotely (OP-FTIR) and directly (Multi-GAS). Upper fountaining
vents (FV), spattering vent (SV) and effusive vents (EV) plot in distinct compositional fields. Symbol labelled
PV corresponds to the Passively degassing Vent measured during an eruptive pause on 27 September
2021 (see Figure 1 and Extended Data Table 1). Model degassing trends were computed for either closed-
or open-system degassing using the solubility model of Moretti et al. (2003). Model runs are identified by
numbers (Extended Data Table 3). For the open-system runs we assume all the erupting magma goes
towards the effusive vents at a branch point at 5 MPa while a variable proportion, or gas-liquid fraction, glf,
of the coexisting gas phase is transported to the explosive vent. Thus a glf of 0.9 indicates a degassing
pathway for magma which lost 90% of its gas at 5 MPa to the explosive vent and then erupted at the effusive
vent.

We interpret the gas composition data in the context of the distinct eruptive style observed at the
fountaining vents (FV) compared with spattering and effusive vents (SV and EV). We propose
that that magma and exsolved gas ascended rapidly as a near-closed system to a shallow branch
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point, at which point gas-melt decoupling occurred. Most exsolved gas continued ascending
vertically to fuel explosive fragmentation at the FV, whilst most of the magma erupted at the SV
and EV; this is a typical dynamic in low-viscosity scoria cone-forming eruptions*!. In this
conceptual model, the gas emitted at the FV exsolved and last equilibrated at relatively high
pressure and is therefore CO»-rich and depleted in SO and H20, while gas emitted at the SV and
EV is dominated by magma degassing above the branch point (at low pressure and therefore rich
in H,0 and SO, and CO-poor).

Ultimately, the final gas compositions at FV, SV and EV are controlled by the relative distributions
of gas and magma between FV and EV/SV at the branch—which depends on geometry and fluid
dynamics—and the dissolved concentration of SO, and H,O remaining in the magma at the
branch point. In figure 2 we assume that the branch point is at 10 MPa, approximately 400 m,
and that all magma is erupted at the EV/SV (i.e. an end-member assumption).

Comparing our observations with modelled degassing trajectories shows that closed-system
degassing with 0.5 wt% CO: (run 4) cannot reproduce the CO;-rich FV compositions, confirming
that maximum CO; concentrations measured in melt inclusions (0.5 wt%) underestimate the initial
CO; abundance and instead reflect a melt that has exsolved much of its initial CO,. FV
compositions require closed-system degassing of a magma containing between 1 and 5 wt%
initial CO; (runs 1-3, & 5) with gas and melt remaining in equilibrium until the inferred branch point
between FV and SV/EV (Extended Data Figure 3). In contrast, EV (and many SV) gas
compositions can only be reproduced with open-system degassing from 5 MPa to atmospheric
pressure.

An important result of our modelling is that the relatively oxidised melt produces an unusually high
S solubility, such that most of the initial sulphur is still dissolved at the branch point between FV
and SV/EV (Extended Data Figure 3b). The rapid magma ascent would also produce a kinetic
limit on gas exsolution. This result provides a critical control on the gas compositions produced at
FV and SV/EV and means that the SO, flux produced at the FV and SV/EV is controlled largely
by the mass eruption rate (MER) at each vent, while the CO; flux is predominantly emitted at the
FV. This explains the observed high CO2/SO- ratio at the FV and much lower CO2/SO: ratio at
the SV/EV. We highlight that the MER at the fountaining vents is critical to determine the initial
magmatic CO; content because, together with the total MER, the total SO, flux and the initial S
content, this controls the CO»/SO- ratio observed at the fountaining vents. The calculations used
to determine the initial CO, concentrations are provided in Extended Data Tables 4 and 5, and
the mass-balance approach we used is described below.

We quantify the total SO, flux using TROPOMI data collected from the Sentinel-5P satellite,
analysed with a back-trajectory approach called PlumeTraj to determine the height, age and SO
mass in each pixel?’. Here we report the initial CO, content for two cases: (1) focusing on a
particular measurement day, 3 October 2021, when simultaneous Multi-GAS, FTIR and
TROPOMI measurements were made, and (2) considering the integrated emissions and MERs
for the entire eruption.
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On 3" October, there was strong and sustained explosive activity at the summit vents during the
day, accompanied by voluminous lava effusion from SV and EV. Our TROPOMI/PlumeTraj
measurements indicate that the average SO- flux was 860 * 450 kg/s and the height of the
eruption plume was 4500 + 200 m, confirmed by observations of the plume height from a
camera
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Figure 3: Plume heights and fluxes retrieved from PlumeTraj/TROPOMI for 3-4 October 2021 during the
2021 Tajogaite eruption, La Palma. (a) SOz emission rate calculated over 36 hours from a single TROPOMI
SO: observation collected at 14:54 UTC on 4" October, by binning and integration of SO2 from individual
pixels in 10-minute time bins. Errors reflect wind and SO2 quantification uncertainty. 111 kt SOz over 36
hours reflects an average SO: flux of 860 kg/s. (b) Height distribution of SOz emissions, dominated by a
lower altitude persistent SOz emission from the lava field, and intermittent fountaining at the uppermost
vents. (c) Emission intensity showing the evolution of SOz flux as a function of height and time.

at the Instituto Astrofisico de Canarias (IAC), 2,365 m a.s.l. and 16.5 km north of the eruption®2.
The height of the cone was measured as 1100 m*3 and therefore the net plume height was 3400
m. We quantify an explosive MER from this plume height of 22600 + 3300 kg/s using published
scaling relationships 43 (Extended Data Table 4). This compares with 9000 kg/s attributed to the
tephra and cone deposit*?, with the difference arising from the mass of ash emitted into the
atmosphere and transported more distally. Lava effusion rates were reported as 60 m3/s on 27t
September 32 and 30 + 15 m?/s on 3 October*, and we use



249
250

251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270

7000 6.0
| a) assuming constant fraction (90%) p_—— b) assuming constant fraction (10%) &
| of gas going to explosive ventof branch ~ __.-="" e of S exsolved at branch =

_________________ 41 bb =
— 6000 | T o | TR 8§
= [ eeed 3 4 ™1 50 Q
x et T October 3rd MER Time-averaged MERs ~
x u ; : 0
S 5000 . 1.5 O
3 [ === October 3rd MER

L —TmeaverageaMERs .- e )i 5
(@) Lo e . 2
O i e ————— 0 =
4000 poses====="= =

3000 R N L L . L X : s i s i L i L i s i 3.0

5.0 7.5 10.0 12.5 82.5 85.0 87.5 90.0 92.5 95.0

S already exsolved at branch (%) Gas going to explosive vent branch (%)

[Paredfalbasaiife” 1 /'
C0.= 45 ¢ 18w /
18='0.33 with /

Figure 4: Parental CO2 content and total eruptive CO2 flux computed from mass balance calculations
(Extended Data Table 5). Panel (a) shows the range of variation of these two parameters when, at the
branch point (about 10 MPa), the exsolved fraction of initial S is varied from 5 to 15 % and 90% of the total
exsolved at that point migrate in FV conduit. In panel (b) the latter is varied from 80 to 95%, while the
exsolved fraction of initial S is kept constant at 10%. In both plots, the solid and dashed lines delineate the
ranges in CO2 content and flux obtained by considering magma eruption rates (MER) and SO: fluxes on
October 3 and for the entire eruption, respectively. c) Photo of Tajogaite volcanic cone (drone flight on 2™
October) and schematic cross-section of the shallow (0.1-10 MPa)-conduit system feeding FV, SV and EV
vents that best explains our observations and the above results. From about 10 MPa the eruption feeder
dyke (D’Auria et al., 2022) transitions into branched conduits where most of the CO2-rich gas flux (fgas) is
preferentially channelled into subvertical FV conduit, sustaining powerful lava fountain, whereas magma
influx (fmagma) predominantly concentrates through SV conduit then EV drains. The star points to our
MultiGas and FTIR measuring site on 3" October.

43 + 15 m¥/s for our calculations. This yields an effusive effusion MER of 113000+40000 kg/s
using a measured lava density of 2618 + 179 kg/s*2.

From the melt inclusion analysis we have the initial S content as 3290 + 390 ppm and a final
content from measurements of glass of 440 ppm. Assuming a negligible initial crystal load and
that all crystals that formed during ascent were retained we can correct the final S content for
crystallisation-induced enhancement of S concentration in the residual melt and quantify a bulk
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final S content of 250 ppm. In Extended Data Table 5 the key parameters described above
constrain much of the degassing system, but two key parameters remain to be defined. These
are the quantity of SO, which had exsolved at the pressure of the branch point between effusive
and explosive conduits, and the percentage of total exsolved gas which was transferred to the
explosive vents. There was ~200 m height difference between the effusive vents and the
fountaining vents, and these probably joined even deeper within the system at the branch point,
so we estimate a 400 m depth and approximately 10 MPa. Using the S solubility vs. pressure
relationship shown in Extended Data figure 3 this implies only 5-10% of the initial S was
exsolved. This will be modified by kinetic controls and is an upper limit. The percentage of
exsolved gas entering the FV conduit can be estimated by volcanological observation, as there
was only mild spattering at the SV, if a significant percentage of gas were entering this then we
would expect to see more vigorous activity. Our best estimate is 90 £ 10% of the exsolved gas
ascending directly to the fountaining vents and 10% was carried to the spattering and effusive
vents.

With a 10% exsolution of S at the branch point and 90% of exsolved gas entering the FV, for the
3" October we calculate an initial CO, content of 4.5 + 1.5 wt% is required to explain the observed
CO,/SO; mass ratio of 24 (see figure 4). The calculated SO flux produced in this approach
matches the observed SO; flux of 860 kg/s (Extended Data Table 5). We can do the same
calculation for the time averaged effusion and explosive MERS, reported as 63000 kg/s for the
effusion and 10000 kg/s for the tephra and cone*?, which we estimate is also the same MER for
the total airborne ash emissions. The time-averaged SO, flux comes from the TROPOMI-
PlumeTraj data and is 600 kg/s(Burton et al., in review). With the same assumptions as above we
calculate an initial CO- content of 5.3 wt% and again a good agreement between calculated and
observed average SO, flux. Overall, the range of initial CO2 concentrations which can be
produced in this mass balance approach is 3.3 wt% to 5.7 wt%, by varying between 5-10% pre-
exsolved SO, and 80-95% exsolved gas entering the FV conduit, and our best estimate is 4.5
wt% (figure 4).

An initial CO- content of 4.5 wt% corresponds to a daily average emission rate of 0.33 £ 0.16 Mt
d? of CO,, and an overall CO, emission of 28 + 14 Mt. This emitted mass is unprecedently high
compared to previously reported volcanic CO; flux measurements at other volcanoes?>2645, Such
an initial magmatic CO; content ranks as the highest yet calculated from analysis of gas emissions
during an eruption. It is the upper end of estimated parental melt CO, contents from the nearby
2011-2012 Tagoro volcano (El Hierro) (2.5 to 4.2 wt.%), based on dissolved/exsolved volatiles in
melt inclusions and trace element ratios®4¢. A high CO, content in La Palma basanite is
consistent with a low degree of partial melting of a mantle source metasomatized by recycled
components, as also proposed for Tagoro magmas3°3146,

Notably, at the intermediate magma storage zone of ~10-15 km depth (ca. 275-410 MPa), where
most of the syn-eruptive seismicity was occurring (D'Auria et al., 2022), CO; solubility in La Palma
basanitic melts is predicted by solubility models*® to be only 0.25 to 0.6 wt%. Therefore, an
important implication of our results is that about 3.9 wt% of CO, was already exsolved at these
seismogenic depths, in agreement with the presence of CO; in fluid inclusions from depths
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shallower than 27 km®3¢, Under these conditions at least 1 wt% of H.O may have coexisted with
CO: in the exsolved fluid phase*°. We thus verify that basanitic magma stored at depths <27 km
coexisted with an abundant exsolved fluid phase, which not only enhanced the explosivity of the
eruption but also increased the magma compressibility, buffering volumetric changes during
depressurization as the magma was erupted*’.

The volatile-rich nature of the 2021 Cumbre Vieja magma, particularly with respect to COg,
highlights that large magnitude volatile emissions can be produced by intraplate alkaline ocean
volcanism from mantle sources previously enriched in recycled oceanic crust. This observation
suggests that throughout Earth’s history the formation of ocean islands may have made a
significant contribution to the geological carbon cycle. During the initial submarine formation of La
Palma, there would have been substantial emission of volatiles into the ocean, followed by
subaerial discharge once the island breached the surface. La Palma has a maximum height of
6423 m from ocean floor to summit and is therefore one of the tallest volcanic edifices on the
planet. Its total submarine volume is estimated to be 3300 km? from topographic surveys*&4°. Its
subaerial age is 1.7 Ma and volume is 600 km? %0-52) composed of a combination of gabbro,
basanite and phonolite. Assuming for simplicity that basanite is the average composition of the
entire edifice and initially contains 4.5 wi% CO;, we estimate a maximum discharge of 68,000 Mt
CO: (1.6x10* moles) of CO; during La Palma’s subaerial growth (Extended Data Table 4).
Assuming the same eruption rate throughout La Palma’s history implies a total age of ~12 Ma and
a total CO; production of 475,000 Mt (1.1x10%*¢ moles). This is equivalent to ca. 20% of the
estimated CO, release from a typical large igneous province?’, many of which are implicated in
periods of major environmental and climatic change in Earth’s history. Considering that La Palma
is amongst the smaller of the eight main islands composing the Canary archipelago, we suggest
that the integrated CO; emissions associated with the construction of the entire archipelago may
have approached that of a LIP.

Data and code availability

All results from field campaigns and further analysis are contained within the extended data tables
included in the submission. The solubilty model code is available here
https://github.com/charlesll//chosetto. Original data and analysis codes are available on request.

Figure Captions

Figure 1: The 2021 Tajogaite eruption (Cumbre Vieja, La Palma) and chronology of volcanic gas
measurements. (a) The 2021 lava flow field in south-western La Palma. Aerial images of the near-vent
eruptive region, showing multiple distinct emission sources, eruptive styles, and degassing regimes (PV,
passive vent; FV, fountaining vents; SV; spattering vent; EV, effusive vent). (b, c) Passive emissions during
an eruptive pause and immediately following main vent reactivation on 27 September 2021. (d, e) Lateral
progression in eruptive style from intense ash-producing lava fountaining activity at the upper vents (FV)
through to spattering activity at the lower vent (SV), feeding lava flows; (f) Concurrent lava fountaining,
spattering and non-explosive lava effusion on 1 October 2021. The EV opened at the base of the northern
flank of the cone and fed lava extrusion for two days. (g) Temporal evolution of CO2/SO: ratios in the gas
plumes released by the different vents, as measured with Multi-GAS and OP-FTIR spectroscopy. Symbols
indicate vent source (diamond = eruptive pause; circle = FV; square = SV (four especially water-rich


redacted
Nota adhesiva
Estimating the age of the entire insular edifice of La Palma at 12 million seems a bit excessive, taking into account that the age of the oldest submarine volcanic rocks that crop out on the Island (the submarine trachytic lobe-hyaloclastitic complex of La Caldera de Taburiente ) of around 3.1 Ma, (Casillas et al., 2019)
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compositions — see Figure 2 - are identified with light green tone); and triangle = EV). The star highlights
the highest quality FV measurement.

Figure 2: Triangular plot showing H20, CO2 and St proportions (H20 and St proportions scaled by factors
0.1 and 5, respectively, for illustration purposes) in gas emissions from the different vents during the 2021
Cumbre Vieja eruption, measured both remotely (OP-FTIR) and directly (Multi-GAS). Upper fountaining
vents (FV), spattering vent (SV) and effusive vents (EV) plot in distinct compositional fields. Symbol labelled
PV corresponds to the Passively degassing Vent measured during an eruptive pause on 27 September
2021 (see Figure 1 and Extended Data Table 1). Model degassing trends were computed for either closed-
or open-system degassing using the solubility model of Moretti et al. (2003). Model runs are identified by
numbers (Extended Data Table 3). For the open-system runs we assume all the erupting magma goes
towards the effusive vents at a branch point at 5 MPa while a variable proportion of the coexisting gas
phase is transported to the explosive vent. Thus a gIf of 0.9 indicates a degassing pathway for magma
which lost 90% of its gas at 5 MPa to the explosive vent and then erupted at the effusive vent.

Figure 3: Plume heights and fluxes retrieved from PlumeTraj/TROPOMI for 3-4 October 2021 during the
2021 Tajogaite eruption, La Palma. (a) SOz emission rate calculated over 36 hours from a single TROPOMI
SO observation collected at 14:54 UTC on 4™ October, by binning and integration of SO from individual
pixels in 10-minute time bins. Errors reflect wind and SOz quantification uncertainty. 111 kt SOz over 36
hours reflects an average SO: flux of 860 kg/s. (b) Height distribution of SOz emissions, dominated by a
lower altitude persistent SOz emission from the lava field, and intermittent fountaining at the uppermost
vents. (c) Emission intensity showing the evolution of SO: flux as a function of height and time.

Figure 4: Parental CO2 content and total eruptive CO2 flux computed from mass balance calculations
(Extended Data Table 5). Panel (a) shows the range of variation of these two parameters when, at the
branch point (about 10 MPa), the exsolved fraction of initial S is varied from 5 to 15 % and 90% of the total
exsolved at that point migrate in FV conduit. In panel (b) the latter is varied from 80 to 95%, while the
exsolved fraction of initial S is kept constant at 10%. In both plots, the solid and dashed lines delineate the
ranges in CO:2 content and flux obtained by considering magma eruption rates (MER) and SO: fluxes on
October 3 and for the entire eruption, respectively. c) Photo of Tajogaite volcanic cone (drone flight on 2
October) and schematic cross-section of the shallow (0.1-10 MPa)-conduit system feeding FV, SV and EV
vents that best explains our observations and the above results. From about 10 MPa the eruption feeder
dyke (D’'Auria et al., 2022) transitions into branched conduits where most of the COz-rich gas flux (fgas) is
preferentially channelled into subvertical FV conduit, sustaining powerful lava fountain, whereas magma
influx (fmagma) predominantly concentrates through SV conduit then EV drains. The star points to our
MultiGas and FTIR measuring site on 3 October.
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Methods

Volcanic gas composition. We measured plume gas composition during the Cumbre Vieja
eruption using two independent and complementary techniques: in-situ plume measurements
using aerial and ground-based Multi-GAS to characterize plume composition during the initial
phase of the eruption (27 September to 4 October 2021) and remote sensing Fourier Transform
Infrared (FTIR) spectroscopy observations on 3 October to 2 December 2021 (Figure 1). All gas
composition results are listed in Extended Data Table 1.

Multi-GAS. The multi-component gas analyser system (Multi-GAS) technique was used to
measure concentrations of CO;, SOz, H2S + H, (and P, T, RH) in the emitted gases The Multi-
GAS was operated as (a) a ground-based mobile instrument, (b) a ground-based fixed station,
and (c) an aerial instrument, mounted onboard a DJI Matrice M210 quad-rotor Unoccupied Aerial
System (UAS) platform (Extended Data Table 1). For all instruments, air is sampled through a 1
um particle filter exposed to ambient air, at a pump rate of 1.0 L min', and sensor data are logged
at 1 Hz. SO, and H;S electrochemical sensors (T3ST/F and T3H, both City Technology) were
calibrated for 0-200 and 0—200 ppmv, respectively, with an accuracy of £ 2% and a resolution of
0.1 ppmv. A non-dispersive infrared (NDIR) spectrometer - either a Microsensorik Smartgas
Modul Premium2 (aerial Multi-GAS; 0-5000 ppm range) or a Edinburgh Gascard ND (ground-
based Multi-GAS; 0-10000 ppm range) - were calibrated for CO, with an accuracy of £ 2% and a
resolution of 1 ppmv. Units are shielded from radio frequency interference using a foil bag.
Pressure (+1 hPa), temperature (x0.5°C) and relative humidity (0-100%; +3%) were also
measured at 1 Hz using either a Bluedot BME280 sensor exposed to ambient air (aerial Multi-
GAS) or Galltec sensor connected in series with the other sensors within the unit (ground-based).

UAS flights were undertaken in accordance with EU operating procedures, with airspace
permission. Take off locations were from two sites along Carretera San Nicolas, A (28.621302, -
17.873859) and B (28.620874, -17.871741), each located ~900 m north of the summit vents
(Extended Data Figure 4). Flights involved between 30 and 1000 m of vertical ascent, depending
on the target vent emissions, and were between 10 and 20 minutes in duration—although typically
only a fraction of that time was spent in the dense region of the gas plume.

We measured passive gas emissions during a pause in the eruption on 27 September 2021 from
a position hovering several meters above the northern rim of the cone (labelled PV in Figure 1b).
The pause lasted several hours before the main upper vent reactivated with vigorous fountaining
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and ash emission (Figure 1c), approximately 30 minutes after our sampling flight. The reactivation
was preceded by the emission of a white steam-rich plume from the lower, spattering vent.

The gas plume from the main upper vents producing strong lava fountaining (labelled FV in Figure
1) grounded towards the northwest of the cone on 30 September 2021. We measured the gas
composition at a distance of approximately ~900 m from the vent using a ground-based Multi-
GAS operating in portable mode, by walking traverses through the plume. Subsequently, the unit
was installed as a fixed, ground-based station and this remained in place until 2 October 2021
when the site became at risk from lava flows. The station was programmed to acquire data for 30
mins every hour. The fixed station was exposed periodically to grounding plumes from both the
upper, lava fountaining vents (FV) and lower, spattering vent (labelled SV in Figure 1) and these
two distinct emission sources produced resolvable CO,/SO; ratios in the time series  gas data.
The gas emissions from the spattering vent (SV) were measured again on 3 October 2021 much
closer to source using an aerial Multi-GAS unit on-board the UAS.

An effusive vent opened at the base of the northern flank of the cone overnight between 30
September and 1 October 2021 (labelled EV in Figure 1f), producing a lava flow and a strong gas
plume. We measured the gas composition from the effusive vent during a UAS flight on 1 October,
a few tens of meters downwind from the vent and at around 30 m elevation above ground level.
Subsequently, a second effusive vent opened at slightly higher elevation on the northern flank on
4 October 2021 and was again sampled using the UAS-mounted aerial Multi-GAS on the same
day.

Multi-GAS instruments were calibrated with standard reference gases at University of Palermo,
Italy, prior to and following the field campaign, but required no instrumental drift corrections. All
sensor data are logged locally to a micro-SD card and, for the aerial Multi-GAS, also telemetered
directly to the ground station (using a RFD 868x Modem by RFDesign) where it can be viewed in
real-time. The angle of the transmission antenna on the landing leg of the UAS required outwards
orientation to minimize interference with the landing sensors located beneath the main body of
the UAS. H,O concentrations were calculated from records of temperature and relative humidity,
using the ambient pressure at the measurement altitude, according to the Arden Buck equations
relating the pressure of vapor saturation to temperature for moist air. We post-processed gas
concentration time series using Ratiocalc software(Tamburello, 2015) and R. H»>S concentrations
were corrected for the 13% cross-sensitivity of the sensor to SO, (determined during calibration
with standard reference gases).

OP-FTIR. Two OP-FTIR spectrometers were deployed to measure the gas compositions
produced by the eruptive vents, and lava flows. The OP-FTIR is a very powerful and flexible
instrument, and when performing absorption measurements can work wherever there is cooler
magmatic gas observed in front of a warmer radiation source. We used it in both passive and
solar absorption modes. Passive measurements were conducted using incandescent ash
eruption, lava fountaining and lava flow sources(Allard et al., 2016; Burton et al., 2003; La Spina
et al.,, 2015; La Spina et al.,, 2013; Oppenheimer et al., 2006; Pfeffer et al., 2018). Passive
measurements provide constraints on H>O, CO,, SO, and HCI, but because there are multiple
gas sources each with a distinct gas composition the total CO, and H>O emission rates must be
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estimated by summation of the relative emission rates of each eruptive style. FTIR spectra were
analysed using the FTIR_FIT software(Burton et al., 2007) written in the IDL language and
available on request. FTIR_FIT works in a similar manner to iFit(Esse et al., 2020), reproducing
the measured intensity spectrum using a forward model built upon the RFM radiative transfer
model and the HITRAN 2008 database.

FTIR observations were taken in a variety of eruptive vents and activity styles from October 3 to
December 4 (Extended Data Table 1). As an illustration, we detail our measurements on October
3, when we operated simultaneously two OP-FTIR spectrometers; a first one measured
degassing from the main lava spattering flank vent (SV), from a distance of 0.7 km in the Tacande
Village area, while the other was targeting the ash-rich eruptive column from summit vents (FV)
from a distance of 3 km (figure 5). Eruptive activity at the latter vents gradually increased in
intensity as the measurements progressed, and we observed a mixed gas emission, partly arising
from the SV and partly from the FV. Gas emissions from the SV clearly reflected a secondary,
CO.-depleted degassing stage of the magma, but still displaying a high CO,/SO, molar ratio up
to 11, plus SO,/HCI = 8 and H.0/SO; = 126 (Extended Data Table 1). Explosive degassing from
the FV showed variable compositions at different times, due to the changing conditions in ash
content, eruption intensity, and interference with the drifting plume from the SV. Extended Data
Table 1 lists the October 3 gas compositions measured successively during 5 intervals of ~10
minutes each. The increasing intensity of explosive activity during this sequence is reflected in an
increasing cleanness of the chemical signature of the main summit degassing, with CO2/SO-
ratios increasing up to 33.6 while SO2/HCI ratio remained in the range from 6 to 10 (Extended
Data Table 1). On the evening of November 6, the eruptive activity shifted from ash-rich to
Strombolian/lava fountaining, and we measured the lava fountain degassing from a distance of 5
km (dos Pinos area). We again recorded CO2/SO, = 33.5, but also high SO,/HClI ratios (20.7) that
suggest weaker Cl exsolution during lava fountaining (La Spina et al., 2015). After a pause in
explosive activity at the summit on 2" December, a powerful sequence of continuous jetting of
lava and gas started from a new vent cutting the NE flank of the grown main cone. We measured
this sequence at 600 m from the vent, at Cabeza de Vaca, and obtained FTIR spectra of extremely
high quality. The results further provided a high CO./SO, of 35.8, with SO,/HCI = 16.8 and
H>0O/SO; = 22.4. This is our best compositional record of the FV eruptive plume.

Analyses of silicate melt inclusions and matrix glasses. We measured the volatile contents
of olivine-hosted glassy melt inclusions and the groundmass glass of rapidly quenched air fall
tephra. Major and minor elements plus sulfur, fluorine and chlorine in melt inclusions and matrix
glasses were measured by electron microprobe in two independent laboratories in Paris (France)
and Bristol University (UK). Analytical procedures are fully detailed in the Supplementary
Material S1

Melt inclusions, corrected for post-entrapment crystallization, are basanitic in composition, and
contain 40.2-46.4 wt.% SiO2, 2.8-4.5 wt.% TiO,, 4.4-6.3 wt.% MgO and 1.1-2.1 wt.% KO
(Extended Data Figure 1; Extended Data Table 2). Embayments and matrix glasses have more
evolved and overlapping compositions, containing 43.0-49.5 wt.% SiO», 1.4-4.1 wt.% TiO», 0.8-
5.3 wt.% MgO and 1.0-2.9 wt.% K>O (Extended Data Figure 1). The olivines hosting melt
inclusions and embayments have compositions between Fo78 and Fo85 (Extended Data Figure
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2). The mean melt inclusion S content is 3290 ug/g; one sulfur-rich inclusion contains 4871 ug/g
S, and the highest S content in the main melt inclusion population is 3715 pg/g (Extended Data
Figure 1, Extended Data Figure 2). Groundmass glasses have a mean S content of 474 ug/qg,
indicating that approximately 85% of magmatic sulfur was outgassed during magma ascent and
eruption (Supplementary Material), as also tracked by glassy embayments trapped at the rim of
crystals in comparison to sulfur, chlorine and fluorine show only minor outgassing during
ascent:dissolved concentrations respectively vary from ca 450-1050 pug/g Cl and 1000-1500 pg/g
F in melt inclusions, to ca. 1400 pg/g Cl and 1000-1500 pg/g F in groundmass glass and melt
embayment (fluorine reaching up to 2200 ug/g in one embayment). Fluorine and chlorine become
progressively more enriched as melt inclusions and glass compositions become more evolved,
indicating that melt F and CI contents are primarily governed by a fractional crystallization
relationship. Embayments and groundmass glasses have similar F and Cl contents, suggesting
that syn-eruptive F and Cl outgassing at the vents was inefficient. H.O and CO, were determined
in three melt inclusions only (Extended Data Table 2).. Analyzed groundmass glasses are
tephritic in composition. They have degassed all their CO, and contain 520-1510 pg/g residual
H-0.

Degassing modelling. We model the theoretical composition of the exsolved fluid phase in
equilibrium with the La Palma basanite using the C-S-O-H saturation model of Moretti et al.,
(2003). This model (publicly available for download at https://github.com/charlesll//chosetto) has
been applied before to other volcanoes with widely different magma compositions (Aiuppa et al.,
2010; Aiuppa et al., 2007; de Moor et al., 2016; Moretti et al., 2013; Moretti et al., 2018; Moretti
and Papale, 2004; Oppenheimer et al., 2011; Papale et al., 2006). Model runs are initialized for a
range of starting conditions and over a range of pressures and redox conditions relevant to La
Palma basanites (Extended Data Table 3). Details of all model runs are illustrated in Extended
Data Table 3. Model runs are performed using as parental melt (major elements) a typical La
Palma basanite. H,O and S contents are from dissolved content in Cumbre Vieja melt inclusions
(this study; Extended Data Table 2). CO; is assumed to vary from 1 to 5 wt.% in the different
model runs to reproduce the postulated range for primary melts in the Canary(Longpre et al.,
2017; Taracsak et al., 2019). All runs are performed by simulating isothermal (temperature kept
constant at 1273 °K) magma decompression from an initial pressure of either 400 MPa (models
(1) to (4)) or 5 MPa (models (5) to (9)) down to atmospheric conditions (0.1 MPa). Runs are
performed in under closed system conditions (i.e., gas and melt continuously re-equilibrating
during the decompression path) in runs (1) to (4) to simulate basanite ascent from source to
shallow volcanic conduit. Runs (5) to (9) simulate the basanite degassing path in the shallow
conduit, in which separated gas is allowed to freely escape from the melt (open system
conditions). These models differ for the quantity (mass fraction) of gas removed at each pressure
step, this "gas fraction lost" ranging from 0.1 (run (5)) to 0.9 (run (9)). In both closed and open
system degassing, equilibrium compositions of the melt and the coexisting gas are calculated at
each step throughout the decompression path. Redox conditions are fixed at 1 log units above
the Nickel-Nickel Oxide (NNO) buffer (ANNO = +1) to fit the oxidized nature of the La Palma
melt(Day et al., 2022) and intraplate alkaline melts in general(Taracsak et al., 2022) Run (4) uses
slightly less oxidized redox conditions (ANNO = +0.5) to explore the effect of redox on the
degassing path. Comparison between results obtained in runs (2) and (4) suggests a 0.5 log unit
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change in redox has limited role in the degassing paths (Figure 2). In all model runs, the
equilibrium exsolved gas varies during the degassing path from COz-rich  at high pressure to
H,O-S-rich  atlow pressure (Figure 2). The pressure-dependent evolution of the modelled
CO2/St ratios is illustrated in Extended Data Figure 3. From this, we infer that the FV gas
corresponds to the equilibrium gas at 1-3 MPa in runs (1) to (4), implying closed system degassing
conditions likely prevailed until very shallow in the upper conduits. The largest CO, depletions are
observed in open system and at low pressure, such conditions reproducing well the CO»-poor
compositions of EV gases (Figure 2 and Extended Data Figure 3). The modelled dissolved S
contents (Extended Data Figure 4) also imply that S degassing from melt becomes significant
only at very shallow levels (< 10 MPa). The predicted dissolved S content at atmospheric pressure
(0.1 MPa) matches closely the mean groundmass glass S content of 474 ppm (Extended Data
Figure 4).

SO; flux and plume height. TROPOMI data were analysed with the PlumeTraj approach(Burton
et al., 2021; Hayer et al., 2023; Pardini et al., 2018; Pardini et al., 2019; Queisser et al., 2019), in
which back-trajectory analysis is applied to determine the height at which gas would have needed
to have been injected into the atmosphere above Cumbre Vieja to arrive at the observed pixel
location. The height constraints then allow correction of the retrieved SO, masses. This is critical
because the sensitivity of TROPOMI to SO is strongly height dependent, meaning that without
an accurate quantification of plume height SO, masses cannot be accurately quantified. Errors
on the retrieved height and SO, mass are determined using the size of each pixel, the reported
retrieved SO, mass error and the meteorological wind field error. Pixel heights and masses are
then distributed in 10 minute time bins, combining uncertainties from each pixel's contribution to
a time bin in quadrature. This produces a time series of SO, flux density, the distribution of
SO, mass as a function of height and time. The initial motivation for retrieving plume height is to
correct the retrieved SO2 mass, but it is also an extremely valuable measurement, reflecting the
evolution of the explosive mass eruption rate. The intense degassing during the first two weeks
of the Cumbre Vieja eruption permitted the quantification of gas emissions emitted up to 36-48
hours prior to image collection, providing complete and continuous temporal coverage of the
plume height and SO, emission rate. This was particularly valuable in the early stage of the
eruption before ground-based measurements could be deployed.
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Method
Multi-GAS

Multi-GAS

Multi-GAS

Multi-GAS

Multi-GAS

Multi-GAS

Multi-GAS

Multi-GAS

Multi-GAS

Multi-GAS

Multi-GAS

Multi-GAS

Multi-GAS

Multi-GAS

OP-FTIR
OP-FTIR
OP-FTIR
OP-FTIR
OP-FTIR

Date
10/1/2021

10/2/2021

10/4/2021

9/30/2021

10/1/2021

10/1/2021

9/27/2021

9/30/2021

10/1/2021

10/1/2021

10/1/2021

10/1/2021

10/1/2021

10/3/2021

10/3/2021
10/3/2021
10/3/2021
10/3/2021
10/3/2021

Time UTC
10:00

11:30

11:15

9:00

2:00

5:00

16:30

9:00

2:00

5:00

6:00

7:00

8:00

11:00

14:21
15:12
15:39
16:15
16:25

Measurement Site
Gas composition measured by aerial multigas from
lateral vent on northern flank
Gas composition measured by aerial multigas from
lateral vent on northern flank
Gas composition measured by aerial multigas above
the upper effusive vent

Gas composition measured by ground-based portable
multi-gas in the downwind grounding plume of the lava
fountaining, taken about ~900m from the main cone.

Gas composition measured by ground-based fixed multi-
gas in the downwind grounding plume of the lava
fountaining, taken about ~900m from the main cone.

Gas composition measured by ground-based fixed multi-
gas in the downwind grounding plume of the lava
fountaining, taken about ~900m from the main cone

Gas composition measured by aerial multigas above
the rim of the main cone. The measurements were
acquired during a period of eruptive quiescence before
explosive activity resumed approximately 30 minutes
later.

Gas composition measured by ground-based fixed multi-
gas in the downwind grounding plume of the spattering
vent taken about ~900m from the main cone

Gas composition measured by ground-based fixed multi-
gas in the downwind grounding plume of the spattering
vent taken about ~900m from the main cone

Gas composition measured by ground-based fixed multi-
gas in the downwind grounding plume of the spattering
vent taken about ~900m from the main cone

Gas composition measured by ground-based fixed multi-
gas in the downwind grounding plume of the spattering
vent taken about ~900m from the main cone

Gas composition measured by ground-based fixed multi-
gas in the downwind grounding plume of the spattering
vent taken about ~900m from the main cone

Gas composition measured by ground-based fixed multi-
gas in the downwind grounding plume of the spattering
vent taken about ~900m from the main cone

Gas composition measured by aerial multi-gas in the
plume from the spattering vent on the northern flank.

Tacande house 28.635N, 17.877W
Tacande house 28.635N, 17.877W
Tacande house 28.635N, 17.877W
Tacande house 28.635N, 17.877W
Tacande house 28.635N, 17.877W



OP-FTIR  10/16/2021 Tajuya

OP-FTIR  10/17/2021 Paraiso

OP-FTIR  10/31/2021 Las Manchas 28.610N, 17.896W
OP-FTIR  11/6/2021 21:00 Dos Pinos Involcan Base 28.646N, 17.901W
OP-FTIR  11/23/2021 Base

OP-FTIR  11/25/2021 Tacande

OP-FTIR  12/2/2021 18:25 Cabeza de Vaca 2 28.617N, 17.862W
OP-FTIR  12/3/2021 Cabeza de Vaca 2 28.617N, 17.862W
OP-FTIR  10/3/2021 14:30 Tacande flow 28.622N, 17.874W
OP-FTIR  10/3/2021 Tacande_middleVent_INGV
OP-FTIR  10/3/2021 Tacande spattering_ INGV
OP-FTIR  10/3/2021 Villa UK

OP-FTIR  10/5/2021 Tacande

OP-FTIR  10/5/2021 Tacande 4coadds

OP-FTIR  10/7/2021 Tajuya mid_vent

OP-FTIR  10/7/2021 Tajuya low vent

OP-FTIR  10/7/2021 Tajuya

OP-FTIR  10/13/2021 Tacande

OP-FTIR  10/13/2021 Tajuya rotonda

OP-FTIR  10/14/2021 Tacande

OP-FTIR  11/25/2021 base lava fountain

OP-FTIR  12/4/2021 19:30 Las Manchas 28.610N, 17.896W

OP-FTIR  12/5/2021 13:30 Las Manchas 28.610N, 17.896W



Vent Type
EV

EV

EV

FV

FV

FV

PV

SV

SV

SV

SV

SV

SV

SV

FV
FV
FV
FV
FV

activity type

lateral effusive vent
lateral effusive vent

main effusive vent

lava fountaining

lava fountaining

lava fountaining

quiescently degassing vent

spattering vent

spattering vent

spattering vent

spattering vent

spattering vent

spattering vent

spattering vent

main ash column
main ash column
main ash column
main ash column
main ash column

C0,/S0,
0.3

0.04

0.07

52

25

46

6.8

16

13

6.2

2.8

2.7

2.8

2.8

16.3
14.1
241
33.6
30.3

H,0/S0,
41.9

16.7

82

71

80

141

33.4

95

13

17.9

100

10

ry

C0./SO,

0.1

0.01 —
25/09



FV
FV
FV
FV
FV
FV
FV
FV
SV
SV
SV
SV
SV
SV
SV
SV
SV
SV
SV
SV
SV
SV
SV

base of lava fountain
base of lava fountain
base of lava fountain

vigorous strombolian activity at main vent

base of lava fountain
base of lava fountain
lava fountaining at NE vent
base of lava fountain
spattering vent
spattering vent
spattering vent
spattering vent
spattering vent
spattering vent
spattering of vent of lava flow
spattering of vent of lava flow
spattering vent
spattering vent
spattering vent
spattering vent
base of lava fountain
spattering of vent of lava flow
vent of lava flow

29
34
37
33.5
38.3
38
35.8
35.8
10.8

TS0~ A~ ®

©

2.9
9.3
5.3

16
31
22.3
92.2
17
24
22.4
22.4
126
186
126
518
166
176
42
79
186
106
47
26
26

36
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SAMPLE

1 CAN-TLP-0037
2 CAN-TLP-0040
3 CAN-TLP-0052
4 CAN-TLP-0042
5 CAN-TLP-0042
6 CAN-TLP-0042
7 CAN-TLP-0042
8 CAN-TLP-0042
9 CAN-TLP-0042

10 CAN-TLP-0042

11 CAN-TLP-0168

12 CAN-TLP-0168

13 CAN-TLP-0168

14 M8-A

15 M8-A

16 M8-A

17 M8-A

18 M8-A

19 M8-A

20 M8-A

21 M8-A

22 M8-A

23 M8-A

24 M8-A

25 M8-A

26 M8-A

27 M8-C

28 M8-C

29 M8-C

30 M8-C

31 M8-C

32 M8-D

33 M8-D

34 M8-D

35 M8-C

36 M8-C

37 M8-C

38 CAN-TLP-0042

39 CAN-TLP-0042

40 CAN-TLP-0042

41 CAN-TLP-0042

42 CAN-TLP-0168

43 CAN-TLP-0168

44 CAN-TLP-0168

45 CAN-TLP-0168

crystal-inclusion

ol3-mil
ol4-mil
ol2-mil
ol3-mil
ol8-mil
ol8-mi2
ol8-mi3
0l12-mil
0l22-mi2
029-mi2
ol53-mi2
0l66-mil
0l67-mil
ol35-mil
ol41-mil
0l45-mil
0l62-mil
0l69-mil
0l69-mi2
0l69-mi3
0l75-mil
0l76-mil
ol90a-mil
0l1102-mil
0l1102-mil
0l1109-mil
ol4-mil
ol7-mi2
0l13-mil
0l30-mil
0l39-mil
ol41-mil
0l41-mi2
ol44-mil
ap94-mil
ap94-mi2
ap94-mi3
oll-embl
ol12-emb2
0l29-emb1
ol30-emb2
ol5-embl
ol8-emb1l
ol13-emb1l
ol50-emb1

type

lab

LMV
LMV
LMV
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB

Si02_mea TiO2_mea Al203_me FeO_meas

wt.%

wt.%

wt.%

uncorrected EPMA data

41.88
43.06
42.35
44.12
43.85
43.42
43.20
42.23
44.04
42.88
41.50
46.35
44.38
43.28
42.57
41.80
44.44
42.48
43.34
43.92
43.04
42.47
43.55
40.86
42.01
43.55
42.40
42.07
42.62
43.64
43.27
42.90
44.03
43.40
40.55
40.25
40.77
44.26
44.59
44.50
44.99
44.73
44.71
45.10
43.01

4.24
4.08
3.71
3.82
3.91
3.89
4.20
4.55
3.65
3.43
4.04
2.76
3.79
3.96
4.23
4.21
3.23
4.19
3.61
3.67
4.32
4.20
3.49
3.99
4.05
3.37
3.91
4.39
4.01
3.66
3.62
4.33
3.37
3.78
3.60
3.55
3.59
3.98
3.88
3.77
2.46
3.76
3.50
3.84
4.08

15.52
15.49
15.31
15.03
15.40
15.38
14.85
14.75
14.52
14.67
14.83
16.23
14.51
14.96
14.51
14.66
15.25
14.94
15.00
14.77
15.30
14.37
16.82
14.67
14.55
15.63
14.77
15.02
14.74
15.92
15.54
14.81
15.65
15.78
14.52
14.50
14.48
15.83
15.52
16.10
16.80
16.24
16.30
15.98
17.15

wt.%

9.51
9.58
10.64
10.31
10.22
10.01
10.86
10.52
10.05
10.50
10.90
9.61
9.56
10.21
9.97
10.37
9.86
10.30
9.38
9.31
9.86
9.95
9.55
10.74
10.83
9.95
9.93
10.21
10.23
9.60
11.01
10.40
9.23
9.23
11.81
11.73
11.97
11.70
11.65
11.40
9.80
11.48
11.92
12.16
9.96



46 CAN-TLP-0168
47 M8-A
48 M8-A
49 M8-A
50 M8-A
51 M8-A
52 M8-A
53 M8-A
54 M8-A
55 M8-A
56 M8-A
57 M8-A
58 M8-A
59 M8-C
60 M8-C
61 M8-C
62 M8-C
63 M8-C
64 M8-C
65 M8-C
66 M8-C
67 M8-D
68 M8-D
69 M8-D
70 M8-D
71 M8-D
72 M8-D
73 M8-C
74 CAN-TLP-0042
75 CAN-TLP-0042
76 CAN-TLP-0168
77 M8-A
78 M8-A
79 M8-A
80 M8-A
81 M8-C
82 M8-C
83 M8-D
84 LPA-16
85 LPA-16
86 LPA-16
87 LPA-16
88 LPA-16
89 LPA-16
90 LPA-16
91 LPA-16
92 LPA-16
93 LPA-16

ol72-emb2
0l19-emb1
0l19-emb2
old7-emb1l
old7-emb2
ol57-emb1l
ol62-emblb
ol65-emb1l
ol66-emb1l
0l1102-emb3
0l1109-emb1
0l123-emb1l
0l123-emb2
ol7-embl
ol13-emb2
ol39-emb1l-inner
0l39-emb1-mid
ol39-emb1l-outer
ol43-emb1l
ol43-emb3
ol85-emb1l
ol18-emb1l
ol41l-embl
old7-emb1l
ol71-emb1l-inner
ol71-emb1l-outer
0l91-emb1l
ap94-embl
ol10-gl1
ol15-gl1
ol37-gll
ol25-gl1
ol65-gl1
ol71-gl1
ol91-gl1
ol39-gl1
ap94-gll
ol18-gl1
shardl-gll
shard1-gl2
shard1-gl3
shard1-gl4
shard1-gl5
shard1-gl6
shard1-gl7
shard1-gl8
shard1-gl9
shard1-gl10

emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb
emb

gl

gl
gl
gl
gl
gl
gl

gl
gl

gl
gl

gl
gl
gl
gl
gl

UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
UoB
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV

44.32
45.78
46.46
45.03
45.28
45.31
45.23
45.52
43.46
44.80
43.35
44.35
44.07
45.06
45.32
44.56
44.68
45.00
43.00
44.49
45.15
45.81
44.51
45.07
44.81
45.94
44.74
43.45
46.42
46.02
44.96
46.20
45.86
46.18
46.08
45.73
4451
46.79
48.55
45.80
45.68
45.18
44.39
49.08
45.83
45.93
45.25
45.43

4.10
3.25
3.32
3.50
331
3.81
3.32
3.80
3.89
3.40
3.59
331
3.54
3.46
3.56
3.32
3.34
3.54
3.66
3.62
3.61
3.58
3.89
3.46
3.81
3.81
4.03
3.63
3.67
3.58
3.91
3.57
3.68
3.59
3.23
3.51
3.79
3.83
1.95
331
3.81
3.78
3.89
2.10
3.76
3.82
3.83
3.88

16.08
16.82
16.95
16.74
16.86
16.38
16.50
15.93
14.70
16.85
16.00
16.23
16.17
16.43
15.99
16.22
16.57
16.54
16.14
16.27
16.87
16.96
15.76
16.72
16.39
16.28
17.61
15.50
15.93
16.43
15.42
16.44
16.30
16.29
16.79
16.48
15.47
16.24
23.21
17.76
15.65
16.05
15.76
22.56
15.76
16.35
15.89
16.12

12.03
9.99
9.54

10.34

10.40

11.13

10.63

10.94
9.80

11.01

11.85

10.73

10.66

10.67

10.80

10.45

10.12
9.83

11.49

10.26

11.14

10.87

11.12

11.17

11.07

10.76

10.42

11.19

10.93

10.46

11.82

10.11

10.54

10.29
9.36

10.16

10.60

10.68
5.55
9.94

10.61

11.16

11.53
6.19

10.92

11.07

10.75

11.34



94 LPA-16

95 CAN-TLP-0128

96 CAN-TLP-0128

97 CAN-TLP-0128

98 CAN-TLP-0128

99 CAN-TLP-0128
100 CAN-TLP-0128
101 CAN-TLP-0128
102 CAN-TLP-0128
103 CAN-TLP-0128
104 CAN-TLP-0128
105 CAN-TLP-0128
106 CAN-TLP-0128
107 CAN-TLP-0128
108 CAN-TLP-0128
109 CAN-TLP-0128
110 CAN-TLP-0053
111 CAN-TLP-0053
112 CAN-TLP-0053
113 CAN-TLP-0053
114 CAN-TLP-0053
115 CAN-TLP-0053
116 CAN-TLP-0053
117 CAN-TLP-0053
118 CAN-TLP-0053
119 CAN-TLP-0053

shard1-gl11
shardl-gll
shard1-gl2
shard1-gl3
shard1-gl4
shard1-gl5
shard2-gll
shard2-gl2
shard2-gl3
shard2-gl4
shard2-gl5
shard3-gll
shard3-gl2
shard3-gI3
shard3-gl4
shard3-gI5
shard1-gll
shard1-gl2
shard1-gl3
shard1-gl4
shard1-gl5
shard1-gl6
shard1-gl7
shard1-gl8
shard1-gl9
shard1-gl10

gl
gl

gl
gl
gl
gl
gl
gl

gl
gl

gl
gl

gl
gl
gl
gl
gl
gl

gl
gl

LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV
LMV

45.12
48.26
47.94
45.37
45.84
44.62
45.47
45.33
46.01
49.30
49.51
45.03
45.34
45.14
45.07
45.19
45.47
46.50
48.40
44.89
46.32
45.47
45.28
46.14
45.32
47.11

3.91
2.16
2.65
3.91
3.91
3.99
4.00
3.88
3.71
1.35
1.96
3.93
3.94
3.96
3.95
3.97
3.77
3.42
2.61
3.76
3.68
3.86
3.79
3.71
3.83
3.12

16.11
23.48
21.56
15.94
16.25
15.92
16.15
16.19
16.92
25.40
25.69
16.03
15.91
15.79
16.10
16.15
16.45
17.42
20.37
15.73
16.36
15.84
16.17
16.22
16.24
19.13

11.23
6.21
7.20

11.54

11.36

11.55

12.31

11.54

11.33
5.34
6.45

11.35

11.66

12.19

11.99

11.86

11.02
9.97
7.85

11.11

11.36

11.18

11.26

11.15

11.21
9.37



MnO_mea MgO_mea CaO_meas Na20_me: K20_meas P205_me: Cr203_me H20_mea: CO2-wt_m SO3_meas

wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.% wt.%
0.18 4.82 11.82 4.18 1.72 0.96 nm 1.30 0.22 0.31
0.18 4.95 11.38 4.25 1.31 1.00 nm 2.21 0.51 0.29
0.15 4.42 10.38 4.63 1.80 1.34 nm 1.48 0.23 0.34
0.17 5.14 11.41 4.35 1.19 0.66 0.01 nm nm 0.80
0.17 4.38 12.21 4.19 1.41 0.95 0.01 nm nm 0.87
0.16 4.59 12.28 4.12 1.35 0.92 bdl nm nm 0.88
0.16 4.71 12.08 4.07 1.27 0.95 bdl nm nm 0.85
0.17 491 12.09 4.17 1.48 0.98 0.00 nm nm 0.95
0.16 5.13 12.22 3.87 1.51 0.87 0.05 nm nm 0.79
0.17 5.19 10.71 4.21 2.01 1.83 bdl nm nm 0.87
0.17 5.45 12.26 4.30 1.24 1.87 0.01 nm nm 1.23
0.18 4.67 10.00 5.18 2.15 0.86 0.08 nm nm 0.60
0.14 5.19 13.73 3.63 1.26 0.84 0.03 nm nm 0.75
0.18 4.82 10.71 4.46 1.54 0.91 bdl nm nm 0.87
0.15 5.15 12.79 3.69 1.57 0.90 0.01 nm nm 0.85
0.18 4.84 12.67 3.80 1.54 0.92 0.00 nm nm 0.90
0.18 6.60 11.80 3.95 1.09 0.71 0.16 nm nm 0.71
0.17 4.26 12.79 4.02 1.51 0.98 bdl nm nm 0.94
0.14 5.14 12.59 3.87 1.62 0.88 0.10 nm nm 0.78
0.15 4.22 13.18 3.97 1.55 0.88 0.02 nm nm 0.79
0.17 5.16 11.89 4.04 1.35 0.91 bdl nm nm 0.85
0.17 5.24 12.39 3.58 1.58 0.93 0.02 nm nm 0.88
0.16 4.79 9.44 4.97 2.02 1.49 0.01 nm nm 0.77
0.20 4.60 10.94 4.19 1.68 0.99 0.01 nm nm 0.94
0.19 5.26 12.00 3.81 1.52 0.94 0.00 nm nm 0.87
0.15 5.04 12.80 3.64 1.45 0.82 0.88 nm nm 0.75
0.15 4.96 11.97 4.24 1.37 0.87 0.01 nm nm 0.91
0.17 3.97 12.66 4.02 1.54 0.93 0.03 nm nm 0.90
0.16 5.11 12.37 3.92 1.68 0.94 bdl nm nm 0.82
0.16 4.59 13.13 4.04 1.73 0.91 0.03 nm nm 0.81
0.23 4.50 10.19 5.47 2.08 1.13 0.01 nm nm 0.64
0.16 4.94 12.16 4.02 1.29 0.95 0.01 nm nm 0.83
0.14 3.68 13.37 4.15 1.54 0.92 0.06 nm nm 0.84
0.15 4.22 12.99 4.16 1.21 0.93 0.02 nm nm 0.88
0.26 5.08 12.12 5.25 1.75 2.08 bdl nm nm 0.81
0.26 5.00 11.75 5.07 1.82 2.00 0.02 nm nm 0.78
0.24 4.98 11.95 5.07 1.82 2.00 bdl nm nm 0.77
0.20 4.02 10.30 5.59 2.43 1.45 0.00 nm nm 0.21
0.21 3.94 10.42 5.23 2.10 1.06 0.01 nm nm 0.24
0.23 3.97 10.07 5.24 2.14 1.04 0.00 nm nm 0.43
0.17 3.77 10.77 6.26 2.46 0.95 0.03 nm nm 0.48
0.20 3.37 9.96 5.53 2.36 1.07 0.00 nm nm 0.23
0.21 3.29 10.11 5.19 2.36 1.11 0.00 nm nm 0.30
0.23 3.72 10.51 4.97 2.24 0.95 bdl nm nm 0.25

0.13 3.74 11.47 5.47 1.91 1.05 0.03 nm nm 0.51



0.22
0.20
0.19
0.22
0.23
0.22
0.20
0.22
0.16
0.22
0.22
0.22
0.21
0.21
0.23
0.22
0.20
0.21
0.25
0.17
0.23
0.25
0.23
0.21
0.23
0.22
0.23
0.24
0.22
0.19
0.23
0.21
0.22
0.21
0.19
0.21
0.23
0.22
0.21
0.14
0.19
0.21
0.20
0.14
0.15
0.13
0.18
0.24

3.62
3.90
3.72
3.69
3.52
3.39
3.64
3.83
5.31
3.62
3.75
4.22
4.25
3.51
3.55
3.89
3.93
3.80
3.79
3.88
3.59
3.91
3.46
3.87
3.95
3.93
2.85
3.96
3.68
3.95
3.94
3.84
3.78
3.81
3.74
3.83
3.87
3.95
1.85
3.32
4.08
3.76
3.51
1.74
3.76
3.29
3.37
3.79

10.07
9.40
9.11
9.43
9.13
8.85
9.25
9.27

11.97
8.87

10.30
9.91
9.98
9.29
9.17
9.84
9.90
9.73

10.27
9.78
8.96
9.76
9.49

10.34
9.98
9.20
8.22
9.74
8.97
9.12
9.37
8.89
8.63
8.84
9.63
9.14
9.16
9.17

10.35
9.33

10.07
8.68
8.61

10.12
9.09
8.59
8.47
8.99

5.13
5.75
5.67
5.70
5.68
5.68
6.05
5.65
3.85
5.74
5.22
5.52
5.48
5.69
5.79
5.43
5.48
5.56
5.33
5.71
5.91
4.56
5.33
5.34
5.42
5.54
6.34
5.50
5.58
5.40
531
5.88
5.76
5.62
5.48
5.85
533
4.59
4.57
5.35
5.50
5.67
5.50
5.19
5.59
5.24
5.69
5.67

2.21
2.33
2.48
2,51
2.59
2.55
2.54
2.57
1.69
2.48
2.22
2.24
2.08
2.70
2.54
2.19
221
2.26
2.17
2.52
2.63
2.40
2.38
2.18
2.19
2.54
2.87
241
2.69
2.55
2.27
2.48
2.77
2.69
2.23
2.51
2.54
2.76
1.40
2.33
2.42
2.69
2.63
1.53
2.61
2.38
2.55
2.52

1.08
1.22
1.28
1.25
1.25
1.20
1.23
1.35
0.96
1.30
1.06
1.27
1.21
1.31
1.44
1.21
1.15
1.29
1.20
1.28
1.16
1.19
1.14
1.10
1.13
1.34
1.30
1.76
1.35
1.11
1.24
1.45
1.48
1.42
1.19
1.34
1.61
1.38
0.73
1.33
1.33
1.44
1.43
0.84
1.48
1.44
141
1.42

bdl
bdl
0.00
bdl
bdl
bdl
0.06
bdl
0.02
bdl
0.01
0.00
0.01
0.00
bdl
0.00
0.02
bdl
0.02
0.00
0.01
bdl
0.00
0.00
0.00
0.01
0.00
bdl
bdl
bdl
0.01
bdl
0.00
0.00
0.01
bdl
0.00
bdl
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm

nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm

nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm

0.24
0.32
0.23
0.34
0.30
0.33
0.21
0.18
0.76
0.39
0.51
0.62
0.65
0.28
0.19
0.50
0.41
0.27
0.52
0.41
0.37
0.36
0.24
0.40
0.33
0.15
0.27
0.36
0.12
0.14
0.11
0.20
0.12
0.13
0.18
0.21
0.30
0.14

bdl
0.08
0.05
0.08
0.03
0.07
0.10

bdl
0.12

bdl



0.21
bdl
bdl

0.21

0.23

0.25

0.23

0.18

0.22
bdl
bdl

0.25

0.20

0.19

0.25

0.20

0.24

0.17

0.20

0.21

0.31

0.28
bdl

0.32

0.18
bdl

3.82
1.92
2.31
3.86
3.63
3.89
4.04
3.90
3.76
2.48
0.81
3.92
3.97
3.86
3.97
3.89
3.59
3.43
2.39
3.95
3.46
3.67
3.46
3.53
3.61
2.81

8.79
11.53
10.22

9.40

9.07

9.54

9.11

9.23

9.67
11.01
10.90

9.47

9.21

9.26

9.05

9.44

8.63

8.98

9.78

9.19

8.62

8.77

8.95

8.63

8.95

9.38

5.47
4.38
4.75
5.19
5.03
5.40
5.14
5.27
5.09
4.47
4.09
5.18
5.47
5.21
5.43
5.24
5.20
5.99
5.11
5.52
5.59
5.50
5.53
5.56
5.34
5.22

Glass K20
MI K20
initical xta

2.46
1.15
1.57
2.35
241
2.38
2.45
2.42
2.23
1.00
1.06
2.28
2.29
2.37
2.44
2.38
2.66
241
1.58
2.47
2.70
2.65
2.50
2.69
2.60
2.22

2.44
1.37
10%

initial K20 1.245455

1.40
0.78
0.87
1.28
1.28
1.22
1.27
1.23
1.26
0.51
0.64
1.26
1.21
1.27
1.26
1.26
1.38
1.36
1.03
1.39
1.48
1.45
141
1.49
1.46
1.18

nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm

nm
nm
nm
nm
nm
nm
0.15
0.15
0.15
0.15
0.15
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm

nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm

magma glass correctic 0.510059

magma Ml correction 0.909091

bdl
0.09
0.05
0.13
0.07
0.09
0.07

bdl
0.05

bdl
0.09
0.05
0.09

bdl
0.08
0.12
0.13
0.03
0.06
0.10
0.08
0.09
0.09
0.07
0.11
0.08



F-wt_mea: Cl-wt_meas S-ug/g_meF-ug/g_meCl-ug/g_m TOTAL_me¢ HOST

wt.%

nan

nan

nan
0.13
0.16
0.12
0.15
0.16
0.11
0.12
0.11
0.12
0.10
0.14
0.11
0.12
0.11
0.14
0.11
0.13
0.14
0.12
0.15
0.14
0.10
0.10
0.12
0.14
0.12
0.11
0.13
0.12
0.12
0.15
0.16
0.13
0.13
0.18
0.15
0.15
0.15
0.15
0.21
0.17
0.15

wt.%

0.07

nan
0.08
0.05
0.05
0.05
0.05
0.06
0.06
0.09
0.11
0.08
0.06
0.05
0.07
0.06
0.05
0.07
0.06
0.07
0.05
0.06
0.08
0.07
0.07
0.06
0.07
0.07
0.06
0.07
0.10
0.05
0.07
0.05
0.10
0.09
0.10
0.10
0.08
0.09
0.08
0.08
0.09
0.08
0.13

ug/g

3103
2903
3403
3204
3461
3505
3419
3784
3155
3464
4925
2394
2992
3483
3403
3619
2844
3761
3114
3173
3398
3519
3066
3775
3483
2997
3630
3602
3266
3258
2551
3309
3375
3528
3250
3131
3091

831

964
1716
1933

921
1202

989
2046

ug/g

nm
nm
nm
1297
1556
1237
1545
1566
1101
1168
1142
1163
963
1448
1069
1235
1116
1434
1084
1296
1413
1232
1538
1354
1048
967
1189
1430
1154
1138
1342
1235
1231
1469
1588
1258
1345
1781
1473
1478
1486
1521
2128
1694
1548

ug/g

719
bdl
795
484
504
532
513
603
650
891
1076
754
557
530
659
625
451
662
650
747
505
608
849
716
660
596
671
688
645
654
956
534
701
539
951
939
1000
955
820
924
834
845
938
844
1339

94.83 CAN-TLP-0037-0l3
95.27 CAN-TLP-0040-0l4
94.71 CAN-TLP-0052-0l2
97.18 CAN-TLP-0042-0l3
97.76 CAN-TLP-0042-0l8
97.16 CAN-TLP-0042-0l8
97.40 CAN-TLP-0042-0l8
97.01 CAN-TLP-0042-0l12
97.04 CAN-TLP-0042-0122
96.68 CAN-TLP-0042-0129
98.04 CAN-TLP-0168-0I53

mineral

ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol

98.87 CAN-TLP-0168-0l66-¢ol

97.95 CAN-TLP-0168-0l67
96.10 M8-A-ol35
96.57 M8-A-ol41
96.09 M8-A-ol45
98.14 M8-A-0l62
96.79 M8-A-0l69
96.63 M8-A-0l69
96.64 M8-A-0l69
97.08 M8-A-0l75
95.96 M8-A-0l76
97.29 M8-A-0l90a
94.01 M8-A-0l102-core
96.20 M8-A-0l102-core
98.20 M8-A-0l109
95.67 M8-C-ol4

96.12 M8-C-ol7

96.76 M8-C-ol13-core
98.41 M8-C-0l30
97.92 M8-C-0l39
96.97 M8-D-0l41
97.19 M8-D-0l41
96.96 M8-D-ol44
98.09 M8-C-ap94
96.93 M8-C-ap94
97.87 M8-C-ap94

100.25 CAN-TLP-0042-0l1

99.09 CAN-TLP-0042-0l12
99.12 CAN-TLP-0042-0129
99.19 CAN-TLP-0042-0l30
99.17 CAN-TLP-0168-0l5
99.31 CAN-TLP-0168-0l8

100.19 CAN-TLP-0168-0l13

98.79 CAN-TLP-0168-0l50

ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ap
ap
ap
o

ol
ol
ol
ol
ol
ol
ol



0.15
0.15
0.15
0.15
0.17
0.17
0.22
0.18
0.11
0.19
0.14
0.16
0.13
0.18
0.14
0.14
0.14
0.15
0.17
0.13
0.19
0.18
0.16
0.15
0.16
0.16
0.20
0.15
0.15
0.13
0.14
0.16
0.17
0.16
0.16
0.18
0.17
0.17

nm

nm

nm

nm

nm

nm

nm

nm

nm

nm

0.08
0.10
0.09
0.10
0.10
0.10
0.10
0.10
0.07
0.10
0.10
0.09
0.10
0.10
0.10
0.09
0.09
0.10
0.10
0.09
0.10
0.10
0.10
0.09
0.09
0.10
0.12
0.10
0.09
0.09
0.08
0.11
0.09
0.10
0.09
0.10
0.10
0.10
bdl
0.08
0.08
bdl
0.11
bdl
bdl
0.07 nan
0.13
bdl

945
1267
928
1345
1211
1307
842
723
3024
1548
2047
2493
2590
1130
767
2020
1660
1100
2094
1622
1494
1431
945
1591
1323
584
1076
1422
499
576
443
784
468
529
726
858
1207
562
bdl
402
253
423
169
343
487

594
bdl

1513
1546
1520
1492
1698
1688
2187
1835
1133
1871
1434
1579
1329
1814
1433
1380
1391
1493
1677
1324
1935
1823
1570
1475
1604
1558
1953
1456
1490
1269
1414
1632
1688
1574
1604
1777
1728
1731

nm

nm

nm

nm

nm

nm

nm

nm

nm

nm

841
986
923
966
1011
1036
1043
966
681
970
995
920
982
1017
990
911
928
962
979
890
1020
1023
1002
900
867
951
1151
995
895
915
791
1059
932
1041
936
1014
1004
1021
bdl
801
799
bdl
1142
bdl
bdl
650
1301
bdl

99.30 CAN-TLP-0168-0l72 ol

99.21 M8-A-0l19
99.20 M8-A-0l19
98.99 M8-A-ol47
98.83 M8-A-0l47
99.12 M8-A-ol57-core
99.20 M8-A-0l62
99.55 M8-A-0l65
96.75 M8-A-ol66-core
98.95 M8-A-0l102-core
98.30 M8-A-01109
98.87 M8-A-01123
98.54 M8-A-01123
98.90 M8-C-ol7
98.82 M8-C-ol13-core
98.07 M8-C-0l39
98.23 M8-C-0l39
98.27 M8-C-0l39
98.11 M8-C-ol43-core
98.60 M8-C-ol43-core
99.91 M8-C-0l85-core
99.92 M8-D-0l18
97.80 M8-D-0l41
100.08 M8-D-ol47-rim
99.57 M8-D-ol71-rim
99.95 M8-D-0l71-rim
99.18 M8-D-0l91-core
97.99 M8-C-ap94
99.78

99.15

98.81

99.53

99.40

99.33

98.35

99.25

97.69

100.01

98.43

98.76

99.49

98.75

97.58

99.61

99.14

98.36

97.64

99.48

ol
ol
ol
ol
ol
ol
ol
ol

o
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol

ap



nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm

bdl
bdl
0.10
bdl
0.10
0.08
0.11
0.12
0.09
bdl
bdl
0.08
bdl
0.10
0.11
0.07
0.10
0.12
bdl
0.09
0.08
0.11
0.07
bdl
0.08
0.08

glass ppm S
Ml ppm S
degassed S
magma SO2

bdl
472
236
645
338
444
360

bdl
234

bdl
452
234
446

bdl
403
594
650
169
297
504
421
462
462
357
567
402

nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm

measured 2cted for K

440 224.6387

3290 2990.909
2766.27
5981.818

bdl
bdl
1003
bdl
952
762
1108
1184
919
bdl
bdl
842
bdl
994
1071
689
1020
1176
bdl
871
834
1135
682
bdl
832
838

98.60
100.01
99.33
99.23
99.20
98.93
100.34
99.35
100.36
100.97
101.30
98.87
99.34
99.35
99.71
99.79
98.64
99.80
99.37
98.43
100.06
98.87
98.51
99.51
98.94
99.71



SiO2_host TiO2_host Al203_ho:FeO_host MnO_host MgO_host CaO_host Na20_hos K20_host P205_hos

wt.%

38.94
39.10
38.27
39.30
39.41
39.41
39.41
39.40
3941
39.50
39.51
38.95
39.04
38.54
39.31
39.37
39.35
38.90
38.90
38.90
39.59
39.66
39.30
38.51
38.51
39.06
39.52
39.15
38.85
39.42
38.30
39.28
39.28
39.45

0.28

0.28

0.28
38.91
39.40
39.50
39.25
39.59
39.12
40.29
39.38

wt.%

nm

nm

nm
0.06
0.00
0.00
0.00
0.05
0.03
0.07
0.05
0.03

bdl
0.02
0.05
0.01

bdl
0.06
0.06
0.06
0.03

bdl
0.01
0.04
0.04

bdl

bdl
0.05

bdl
0.01
0.04
0.02
0.02
0.04

bdl

bdl

bdl
0.03
0.05
0.07
0.03
0.05
0.01

bdl
0.02

wt.%

0.06
0.05

bdl
0.03
0.02
0.02
0.02
0.05
0.02
0.04
0.03
0.02
0.02
0.04
0.10
0.02
0.04
0.02
0.02
0.02
0.03
0.03
0.06
0.05
0.05
0.06
0.03
0.07
0.04
0.01
0.02
0.04
0.04
0.03

bdl

bdl

bdl
0.07
0.05
0.04
0.07
0.07
0.01
0.08
0.04

wt.%

17.84
17.51
20.13
18.80
18.76
18.76
18.76
18.65
18.92
19.14
18.26
19.30
16.62
20.20
17.43
17.13
18.13
19.53
19.53
19.53
17.52
17.18
19.51
20.40
20.40
19.29
18.16
18.86
18.57
17.04
19.83
17.13
17.13
18.08

0.21

0.21

0.21
18.79
18.65
19.14
19.11
15.30
17.70
14.13
17.55

wt.%

0.26
0.23
0.33
0.26
0.22
0.22
0.22
0.27
0.25
0.25
0.30
0.27
0.22
0.31
0.25
0.25
0.26
0.28
0.28
0.28
0.26
0.28
0.32
0.30
0.30
0.26
0.27
0.24
0.27
0.26
0.28
0.24
0.24
0.21
0.05
0.05
0.05
0.27
0.27
0.25
0.22
0.24
0.26
0.20
0.24

wt.%

41.83
41.95
39.47
41.63
41.83
41.83
41.83
41.62
41.74
41.35
41.77
41.08
43.23
39.90
42.33
42.74
41.82
41.12
41.12
41.12
42.99
42.88
40.99
40.26
40.26
41.21
41.92
41.94
41.74
42.71
40.24
42.58
42.58
41.79

0.30

0.30

0.30
41.97
41.62
41.35
41.29
44.34
42.39
45.24
42.16

wt.%

0.28
0.25
0.25
0.27
0.29
0.29
0.29
0.25
0.24
0.25
0.22
0.27
0.25
0.32
0.29
0.24
0.25
0.32
0.32
0.32
0.21
0.27
0.23
0.30
0.30
0.25
0.27
0.24
0.30
0.36
0.31
0.30
0.30
0.27
55.33
55.33
55.33
0.26
0.25
0.25
0.24
0.27
0.28
0.27
0.24

wt.%

nm
nm
nm
0.01
0.02
0.02
0.02
0.00
0.02
bdl
0.00
0.01
bdl
0.05
0.03
0.01
0.01
0.03
0.03
0.03
0.05
0.03
0.03
0.01
0.01
0.03
0.02
bdl
bdl
bdl
0.02
0.03
0.03
0.02
bdl
bdl
bdl
bdl
0.00
bdl
0.01
bdl
bdl
bdl
0.04

wt.%

nm
nm
nm
bdl
bdl
bdl
bdl
bdl
bdl
0.02
bdl
0.02
0.01
0.02
0.02
bdl
0.03
bdl
bdl
bdl
0.00
0.01
0.02
bdl
bdl
bdl
bdl
bdl
0.00
bdl
0.01
bdl
bdl
0.02
bdl
bdl
bdl
0.03
bdl
0.02
0.01
0.01
0.02
0.03
0.01

wt.%

nm
nm
nm
bdl
0.06
0.06
0.06
0.02
0.00
0.03
bdl
bdl
0.01
bdl
0.03
0.04
0.04
0.06
0.06
0.06
0.01
0.02
0.02
0.05
0.05
0.05
0.01
0.01
0.09
0.04
0.03
0.02
0.02
0.02
41.06
41.06
41.06
0.03
0.02
0.03
bdl
0.02
0.04
0.01
0.02



38.88
39.03
39.03
39.24
39.24
38.87
39.35
3941
39.20
38.51
39.06
39.80
39.80
39.15
38.85
38.30
38.30
38.30
38.92
38.92
38.45
39.08
39.28
39.30
39.59
39.59
39.37

0.28

0.04
0.02
0.02

bdl

bdl
0.03

bdl

bdl
0.05
0.04

bdl
0.03
0.03
0.05

bdl
0.04
0.04
0.04
0.02
0.02
0.03
0.03
0.02
0.02
0.06
0.06
0.06

bdl

0.03
0.09
0.09
0.02
0.02
0.06
0.04
0.04
0.07
0.05
0.06
0.03
0.03
0.07
0.04
0.02
0.02
0.02
0.04
0.04
0.10
0.02
0.04
0.05
0.05
0.05
0.01

bdl

17.27
18.78
18.78
16.42
16.42
20.35
18.13
18.68
19.34
20.40
19.29
16.52
16.52
18.86
18.57
19.83
19.83
19.83
17.88
17.88
20.53
18.41
17.13
18.35
16.56
16.56
18.38

0.21

0.26
0.26
0.26
0.22
0.22
0.30
0.26
0.24
0.29
0.30
0.26
0.21
0.21
0.24
0.27
0.28
0.28
0.28
0.26
0.26
0.34
0.26
0.24
0.32
0.27
0.27
0.27
0.05

43.02
41.68
41.68
43.06
43.06
40.00
41.82
41.90
41.10
40.26
41.21
43.30
43.30
41.94
41.74
40.24
40.24
40.24
42.47
42.47
39.96
41.31
42.58
41.75
43.26
43.26
41.55

0.30

0.24
0.29
0.29
0.24
0.24
0.30
0.25
0.28
0.27
0.30
0.25
0.27
0.27
0.24
0.30
0.31
0.31
0.31
0.30
0.30
0.26
0.27
0.30
0.30
0.31
0.31
0.28
55.33

0.06
0.01
0.01
0.02
0.02
0.00
0.01
0.03
0.08
0.01
0.03
0.03
0.03

bdl

bdl
0.02
0.02
0.02
0.05
0.05

bdl

bdl
0.03
0.02
0.01
0.01

bdl

bdl

0.01
bdl
bdl

0.01

0.01

0.02

0.03
bdl
bdl
bdl
bdl

0.01

0.01
bdl

0.00

0.01

0.01

0.01
bdl
bdl

0.01

0.01
bdl

0.01
bdl
bdl

0.00
bdl

bdl
0.09
0.09
0.03
0.03
0.03
0.04
0.02
0.05
0.05
0.05
0.01
0.01
0.01
0.09
0.03
0.03
0.03
0.03
0.03
0.03
0.02
0.02
0.04
0.00
0.00
0.01
41.06






Cr203_ho: NiO_host TOTAL_ho Fo
mol.%

wt.%

nm
nm
nm
0.02
bdl
bdl
bdl
0.01
bdl
0.03
0.04
bdl
0.01
0.02
0.02
0.03
0.02
bdl
bdl
bdl
0.06
0.01
bdl
0.01
0.01
0.01
0.01
bdl
0.01
0.04
bdl
0.02
0.02
0.01
0.01
0.01
0.01
0.04
0.01
0.03
bdl
0.06
0.03
0.08
0.00

wt.%

0.25
0.22
0.00
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm

99.46
99.33
98.44
100.38
100.62
100.62
100.62
100.32
100.63
100.66
100.19
99.94
99.41
99.42
99.87
99.84
99.96
100.32
100.32
100.32
100.74
100.36
100.48
99.95
99.95
100.22
100.20
100.54
99.87
99.91
99.08
99.66
99.66
99.93
97.23
97.23
97.23
100.40
100.32
100.66
100.24
99.96
99.87
100.32
99.71

na
na
na

80.7
81.0
77.8
79.8
79.9
79.9
79.9
79.9
79.7
79.4
80.3
79.1
82.3
77.9
81.2
81.6
80.4
79.0
79.0
79.0
814
81.7
78.9
77.9
77.9
79.2
80.5
79.9
80.0
81.7
78.3
81.6
81.6
80.5

79.9
79.9
79.4
79.4
83.8
81.0
85.1
81.1

Kd-ol-calc

0.24
0.23
0.29
0.25
0.25
0.25
0.25
0.25
0.25
0.26
0.25
0.26
0.22
0.28
0.23
0.23
0.24
0.27
0.27
0.27
0.23
0.22
0.27
0.28
0.28
0.26
0.24
0.25
0.25
0.22
0.28
0.23
0.23
0.24

target(Fe2+/Mg)liq
target Kd=0.3

0.80
0.78
0.95
0.84
0.84
0.84
0.84
0.84
0.85
0.87
0.82
0.88
0.72
0.95
0.77
0.75
0.81
0.89
0.89
0.89
0.76
0.75
0.89
0.95
0.95
0.88
0.81
0.84
0.83
0.75
0.92
0.75
0.75
0.81

PEC%

1.34
1.48
1.81
0.66
2.86
1.92
3.04
1.84
0.08
0.45
1.08
-0.10
1.55
-0.24
1.59
3.86
-4.63
2.54
-1.99
0.91
1.56
1.96
-0.38
1.76
-0.78
-0.39
1.43
4.24
0.78
2.78
2.05
3.50
4.86
2.28



0.03
bdl
bdl

0.02

0.02
bdl

0.02

0.02

0.01

0.01

0.01
bdl
bdl
bdl

0.01
bdl
bdl
bdl

0.03

0.03
bdl

0.02

0.02

0.03

0.03

0.03

0.01

0.01

nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm

99.82
100.25
100.25

99.27

99.27

99.96

99.96
100.62
100.47

99.95
100.22
100.21
100.21
100.54

99.87

99.08

99.08

99.08

99.99

99.99

99.70

99.42

99.66
100.19
100.14
100.14

99.95

97.23 na

81.6
79.8
79.8
82.4
82.4
77.8
80.4
80.0
79.1
77.9
79.2
82.4
82.4
79.9
80.0
78.3
78.3
78.3
80.9
80.9
77.6
80.0
81.6
80.2
82.3
82.3
80.1






Inclusion-PEC

CAN-TLP-0037-0l3-mil-PEC
CAN-TLP-0040-0l4-mil-PEC
CAN-TLP-0052-0l2-mil-PEC
CAN-TLP-0042-0l3-mil-PEC
CAN-TLP-0042-0l8-mil-PEC
CAN-TLP-0042-0l8-mi2-PEC
CAN-TLP-0042-0l8-mi3-PEC
CAN-TLP-0042-0l12-mil-PEC
CAN-TLP-0042-0l22-mi2-PEC
CAN-TLP-0042-029-mi2-PEC
CAN-TLP-0168-0l53-mi2-PEC
CAN-TLP-0168-0l66-mil-PEC
CAN-TLP-0168-0l67-mil-PEC
M8-A-0l35-mil-PEC
M8-A-0l41-mil-PEC
M8-A-0l45-mil-PEC
M8-A-0l62-mil-PEC
M8-A-0l69-mil-PEC
M8-A-0l69-mi2-PEC
M8-A-0l69-mi3-PEC
M8-A-o0l75-mil-PEC
M8-A-0l76-mil-PEC
M8-A-0l90a-mil-PEC
M8-A-0l102-mil-PEC
M8-A-0l102-mil-PEC
M8-A-0l109-mil-PEC
M8-C-ol4-mil-PEC
M8-C-ol7-mi2-PEC
M8-C-0l13-mil-PEC
M8-C-0l30-mil-PEC
M8-C-0l39-mil-PEC
M8-D-0l41-mil-PEC
M8-D-o0l41-mi2-PEC
M8-D-o0l44-mil-PEC

SiO2_pec TiO2_pec AlI203_pe(Fe203_pe FeO_pec

wt.%

wt.%

wt.%

PEC-corrected compositions

41.84
43.00
42.27
44.09
43.72
43.34
43.09
42.18
44.04
42.87
41.48
46.35
44.30
43.29
42.52
41.70
44.67
42.39
43.43
43.88
42.99
42.42
43.56
40.82
42.04
43.57
42.36
41.94
42.59
43.52
43.17
42.77
43.80
43.31

4.18
4.02
3.64
3.80
3.79
3.81
4.07
4.47
3.65
3.42
4.00
2.76
3.73
3.97
4.16
4.05
3.38
4.09
3.68
3.64
4.26
4.12
3.50
3.92
4.08
3.39
3.85
4.20
3.97
3.56
3.54
4.18
3.20
3.69

15.31
15.26
15.03
14.93
14.96
15.08
14.40
14.48
14.51
14.60
14.68
16.25
14.28
14.99
14.28
14.09
15.96
14.56
15.30
14.64
15.06
14.09
16.89
14.41
14.66
15.69
14.56
14.38
14.62
15.48
15.22
14.29
14.89
15.42

wt.%

2.83
2.76
3.08
2.94
2.92
2.90
3.05
3.05
2.95
3.03
3.13
2.79
2.80
3.00
2.93
2.99
2.85
3.05
2.87
2.86
2.81
2.89
2.74
3.17
3.18
2.90
2.95
3.00
3.01
2.80
3.20
2.93
2.75
2.75

wt.%

7.56
7.66
8.58
8.10
8.15
7.94
8.73
8.34
7.79
8.26
8.51
7.26
7.41
7.99
7.88
8.42
7.19
8.22
7.00
7.22
7.82
7.99
7.38
8.83
8.41
7.65
7.92
8.36
8.00
7.52
8.60
8.39
7.47
7.32

MnO_pec
wt.%

0.18
0.18
0.16
0.17
0.18
0.16
0.16
0.17
0.16
0.17
0.17
0.18
0.14
0.18
0.15
0.19
0.17
0.17
0.14
0.15
0.17
0.17
0.16
0.20
0.19
0.15
0.15
0.18
0.16
0.16
0.23
0.16
0.15
0.15









MgO_pec CaO_pec Na20_pecK20_pec P205_pec Cr203_pe(NiO_pec H20_pec CO2-wt_piSO3_pec
wt.%

wt.%

5.32
5.50
5.05
5.38
5.45
531
5.84
5.58
5.15
5.36
5.84
4.64
5.78
4.74
5.74
6.30
4.97
5.19
4.42
4.56
5.75
5.98
4.65
5.23
4.98
4.90
5.49
5.58
5.39
5.65
5.24
6.26
5.57
5.08

wt.%

11.67
11.21
10.20
11.33
11.87
12.05
11.72
11.87
12.22
10.66
12.13
10.01
13.52
10.73
12.59
12.20
12.33
12.47
12.83
13.06
11.71
12.15

9.47
10.75
12.09
12.84
11.80
12.13
12.27
12.78

9.99
11.74
12.74
12.70

wt.%

4.12
4.18
4.54
4.32
4.07
4.04
3.95
4.09
3.87
4.19
4.26
5.18
3.57
4.47
3.63
3.66
4.14
3.92
3.95
3.93
3.98
3.51
4.99
4.11
3.84
3.66
4.18
3.85
3.89
3.93
5.36
3.88
3.95
4.06

wt.%

1.70
1.29
1.77
1.18
1.37
1.32
1.23
1.45
1.51
2.00
1.23
2.16
1.24
1.54
1.54
1.48
1.14
1.47
1.66
1.54
1.33
1.54
2.03
1.65
1.53
1.45
1.35
1.48
1.67
1.68
2.04
1.25
1.47
1.18

wt.%

wt.%

0.95 nm
0.98 nm
1.31 nm
0.66
0.92
0.90
0.92
0.96
0.87
1.83
1.85
0.87
0.83
0.92
0.89
0.88
0.74
0.96
0.90
0.87
0.89
0.91
1.49
0.97
0.95
0.83
0.85
0.89
0.93
0.88
1.11
0.91
0.88
0.91

0.01
0.01
0.00
0.00
0.00
0.05
0.00
0.01
0.08
0.03
0.00
0.01
0.00
0.17
0.00
0.11
0.02
0.00
0.02
0.01
0.01
0.00
0.88
0.01
0.03
0.00
0.03
0.01
0.01
0.06
0.02

nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm

0.003
0.003
0.000

wt.%

nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm

1.28
2.18
1.46

wt.%

nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm
nm

0.22
0.50
0.22

wt.%

0.31
0.29
0.33
0.80
0.84
0.86
0.83
0.93
0.79
0.86
1.22
0.60
0.74
0.87
0.84
0.87
0.74
0.92
0.79
0.79
0.84
0.86
0.77
0.93
0.88
0.75
0.89
0.86
0.81
0.79
0.62
0.80
0.80
0.86









F-wt_pec Cl-wt_pec S-ug/g_pe F-ug/g_pe Cl-ug/g_p¢ TOTAL_pec
wt.% wt.% ug/g ug/g ug/g

0.00 0.07 3061 nm 709 97.53
0.00 0.00 2860 nm bdl 99.01
0.00 0.08 3341 nm 780 97.73
0.13 0.05 3183 1289 481 97.87
0.15 0.05 3362 1511 489 98.44
0.12 0.05 3437 1214 521 97.89
0.15 0.05 3315 1498 498 98.17
0.15 0.06 3715 1538 592 97.79
0.11 0.06 3152 1100 649 97.72
0.12 0.09 3449 1163 887 97.46
0.11 0.11 4872 1130 1065 98.72
0.12 0.08 2396 1164 755 99.31
0.09 0.05 2946 948 548 98.52
0.15 0.05 3491 1451 532 96.89
0.11 0.06 3348 1052 648 97.34
0.12 0.06 3479 1187 601 97.03
0.12 0.05 2976 1167 472 98.62
0.14 0.06 3665 1397 645 97.62
0.11 0.07 3176 1106 663 97.26
0.13 0.07 3145 1284 740 97.36
0.14 0.05 3345 1391 497 97.79
0.12 0.06 3450 1208 596 96.84
0.15 0.09 3078 1544 852 97.90
0.13 0.07 3708 1330 703 95.21
0.11 0.07 3511 1056 665 97.01
0.10 0.06 3009 971 598 98.83
0.12 0.07 3578 1172 662 96.56
0.14 0.07 3449 1369 659 97.09
0.11 0.06 3241 1145 640 97.51
0.11 0.06 3167 1107 636 98.96
0.13 0.09 2499 1315 937 98.56
0.12 0.05 3193 1192 515 97.75
0.12 0.07 3211 1171 667 97.91
0.14 0.05 3448 1435 527 97.66
406.0451

3302



Extended Data Table 3 - Imput parameters of the degassing model runs. All rui
of gas removed at each pressure step. See Methods for details

Model run Degassing mode  gas fraction lost Initial
Pressure
(MPa)
(1) closed 400
(2) closed 400
3) closed 400
(4) closed 400
(5) closed 400
(6) open 0.1 5
7) open 0.3 5
8) open 0.5 5
9) open 0.7 5
(10) open 0.9 5
(11) closed 400




ns with the Moretti et al., (2003) model. In the open system runs, gas is separated from melt during decompre

Final

pressure Temperature Redox Log fO, SiO, TiO, Al,O, (FeO); MnO

(MPa) (°K) (ANNO) bar (Wt%) (Wt%) (Wt%) (Wt%) (Wt%)
0.1 1423 1 -9.3 44.3 4 14.8 12 0.19
0.1 1 -9.3
0.1 1 -9.3
0.1 1 -9.3
0.1 0.5 -9.8

N = = — —a




ssion, and the variable "gas fraction lost" represents the quantity (mass fraction)

MgO CaO Na,O K,0 H,O CO, S

(Wt%) (Wt%) (Wt%) (Wt%) (Wt%) (Wt%) (Wt%)
6.6 10.9 4.3 1.9 2 5 0.33

“wn “ “wn “wy “wn 2 “wn
“wn « “wn s “wn 1 “wn
“wn « wn s “wn 0.5 wn
“wn “ “wn “wy “wn “wn

wn “n wn “n wn wn

wn “n wn “n wn wn

wn “n wn “ wn wn

wn “n wn “n wn wn

2
2
2
2
2
2

wn “n wn “n wn wn




Parameter Value
Lava effusion rate 3/10/21 43

Lava density 2618
Lava MER 112574
Plume height 3/10/21 3.4
Mastin MER 22596
Total MER 135170
S0O2 flux 3/10/21 860

SO2 wt% 0.64%

S wt% 0.32%
SO2 wt% 6362

S wt% 3181
explosive MER 17%
effusive MER 83%
parameter Value

Tephra density 1200
lava density 2618
Time averaged eruption rates

Tephra blanket MER 4.00E+03
Tephra cone MER 6.00E+03
Lava MER 6.30E+04
total MER 7.30E+04
Integrated erupted masses for eruption

Tephra blanket total mass 2.70E+10
Tephra cone total mass 4.20E+10
Lava total mass 4.78E+11
total Mass 5.47E+11
eruption duration 86.00
Erupted lava volume estimate 2.08E+08
Erupted Lava mass from Bonadonna density 5.45E+11
peak tephra blanket and cone MER 16000
3 october tephra MER 9000
Average plume height 3.2
Average plume height above vent 2.1

Error
15
179
40017
0.5
3323
51999
106

0.26%
0.13%

2570
1285

error

Unit
m3/s
kg/m3
kg/s
km
kg/s
kg/s
kg/s

wt%
wt%

ppmw
ppmw

unit
120 kg/m3
179 kg/m3

6.00E+02 kg/s
5.00E+03 kg/s
3.20E+04 kg/s
3.20E+04 kg/s

4.80E+09 kg
3.40E+08 kg
2.35E+11 kg
2.39E+11 kg

days

1.10E+07 m3

kg/s
kg/s

Comment

Plank et al.
Bonadonna
Errors adde
From VON/
Mastin, H=
Errors adde
PlumeTraj

Calculated
S mass is 3.

comment
Bonadonna
Bonadonna

Bonadonnz
Bonadonnz
Bonadonnz
Bonadonna

Bonadonnz
Bonadonna
Bonadonnz
Bonadonnz

Bonadonna

Plank 2023

LU1 19-24 ¢

LU2 Octobe

Bonadonna
Civico 2022



Percentage of MER from tephra
Percentage of MER from lava
Lava eruption rate on 3 october

Plume hight on 3rd october (VONA)
Plume hight on 3rd october (PEVOLCA)

Eruptive cone height

Tropomi average peak fluxes
Tropomi average average fluxes

13.70%
86.30%

30 15 m3/s
4500 m
5000 m
1071 m asl

750 kg/s

330 kg/s

Plank 2023

Bonadonna
Bonadonna

Civico 2022



2023 (30 with error 15 m3) and Civico et al., 2022 (60 m3/s on 27/9)

1 et al., 2022

:d in quadrature

\, Bonadonna 2022, and vent height of 1100 m

0.3035M”0.241, note Bonadonna 2022 reports 9000 kg/s, suggests half the ash was airborne
:d in quadrature

and TropOMI

by dividing total MER by SO2 flux
2 g, SO2 molecular massis 64 g

12022
12022 10 samples

12022
12022

12022 Melt Inclusions

12022

Glass K20 2.44

MI K20 1.37

12022 initical xtal 0%

12022

12022
12022

12022

Sep
or

12022



12022
12022



Submarine and edfice calculation

submarine base diameter
submarine base area
ocean floor depth
subaerial area of la palma
average area

35 km
961.625 km2
4 km
708 km2
834.8125 km?2

(wiki)

volume of submarine edifice 3339.25 km3
density
Subaerial volume subaerial mass
CO2 wt%
Height of La Palma 2.423 km CO2 mass
Estimated average height across island 0.8 km CO2 mass
CO2 mass
subaerial volume 566.4 km3 CO2 moles
total volume 3905.65 km3 density
mass
Subaerial age 1.7 Ma CO2 wt%
eruption rate 333.1765 km3/Ma CO2 mass
eruption rate 333176.5 m3/year CO2 mass
CO2 mass
CO2 moles
predicted age of edifice 11.72247 Ma
magma glass correction 0.561475 glass ppm S
Ml ppm SO2

magma SO2







2700 kg/m3
1.53E+15 kg

4.50%

6.88E+13 kg

6.88E+16 g

68818 Tg
1.56E+15 moles

2700 kg/m3
1.05453E+16 kg

4.50%

4.74536E+14 kg
4.74536E+17 g
474536.475 Tg
1.07849E+16 moles

measured

corrected for K

440

247.0491803

3290

6580




3rd october with airborne ash emissions

Known parameters

Cc02 Initial Final
already magma magma
Effusive | Explosive | exsolved | Explosive S02 S02
Total SO2 [Total MER MER MER at branch | CO2/S02 | content | content
flux (kg/s) | (kg/s) (kg/s) (kg/s) (%)  |massratio| (ppmw) | (ppmw)
860 135500 113000 22500 100% 24 6600 250
Intermediate calculations
Dlsscs)zl\c/;d 02 which Total Exsolved S02 Exsolved | SO2 flux Total
magma | exsolves exsolved | SO2 flux | exsolving | SO2 flux | exsolving | exsolved
. SO2 flux into within into within CO2 flux
going into | above the . . . . . .
the branch entering | explosive | explosive | effusive | effusive into
branch (ppmw) branch branch branch branch branch branch
(kg/s) (kg/s) (kg/s) (ke/s) (kg/s) (ke/s)
(PPmMw)
5940 5690 89.43 80.49 128.03 8.94 642.97 5560.32
Outputs
Explosive | Explosive | Effusive | Effusive
Initial CO2| SO2 flux | C02/S02 | SO2 flux | CO2/S0O2 | Total SO2 | Total CO2
wt% (kg/s) |massratio| (kg/s) [mass ratio|flux (kg/s)|flux (kg/s)
4.10% 208.51 24.00 651.91 0.85 860.43 5560.32




Time averages with air

Known parameters

CO2
already
Effusive | Explosive | exsolved
Total SO2 | Total MER MER MER at branch
flux (kg/s)| (kg/s) (kg/s) (kg/s) (%)
600 83000 63000

20000 100%

Variables
S02 % gas
already | goingto
exsolved | explosive
at branch | vent at
(%) branch
10% 90%
Exsolved | Exsolved
CO2 flux | CO2 flux
into into
explosive | effusive
branch branch
(ke/s) (kg/s)
5004.29 | 556.03

Dissolved

(ppmw)

SO2 of |SO2 which
magma | exsolves
going into | above the
the branch
branch (ppmw)

Tota

exsolved | SO2 flux
S0O2 flux into
entering | explosive
branch branch
(kg/s) (ke/s)

| Exsolved

6336 6086

21.91 19.72

Explosive | Explosive

Initial CO2| SO2 flux | CO2/S02
wt% (kg/s) |mass ratio
4.54% 141.44 24.00




borne ash emissions (tephra*2)

Variables
Initial Final S02 % gas
magma magma already | goingto
Explosive S02 S02 exsolved | explosive
C02/S02 | content | content at branch | vent at
mass ratio| (ppmw) | (ppmw) (%) branch
24 6600 250 4% 90%
Intermediate calculations
S02 Exsolved | SO2 flux Exsolved | Exsolved
exsolving | SO2 flux | exsolving Total CO2 flux | CO2 flux
within into within | exsolved CO2 into into
explosive | effusive | effusive flux into explosive | effusive
branch branch branch | branch (kg/s) [ branch branch
(kg/s) (kg/s) (kg/s) (kg/s) (kg/s)
121.72 2.19 383.42 3771.75 3394.58 377.18
Outputs
Effusive | Effusive
SO2 flux [ CO2/S0O2 | Total SO2| Total CO2
(kg/s) |mass ratio|flux (kg/s)| flux (kg/s)
385.61 0.98 527.05 3771.75

Total CO2
Total CO2
Total CO2 error

Daily CO2 Tg
Daily CO2 error

2.77E+10
27.70
13.85

0.33
0.16



kg
Tg
Tg

Tg
Tg



Author Responses: first round

Response to reviewers for the paper “Exceptional CO2 emissions from erupting alkaline mafic magma
in the Canary volcanic archipelago”

We thank both reviewers for their comments, which are positive, constructive and help to strengthen
the scientific value of this work. We accept all of these comments and address them as detailed
below.

Response to Reviewer 1, Thor Hansteen:

We are grateful to Thor Hansteen for his positive summary and constructive comments, which we
address as follows.

General comment A: “In the calculations of primary volatile contents of the magmas, the
assumption used seems to be that only the erupted magmas are responsible for the CO2 mass
emitted into the atmosphere. Because magmas that do not erupt also contribute to the degassing,
the resulting estimates of original volatile contents are biased towards too high values.”

The quantification we have made is of the volatile loading in the magma which has ascended from
depth, in this case from up to 30 km depth. Hansteen is correct in highlighting that there could have
been extra CO; in the erupting magma sourced from material which did not erupt. However the
evidence we have points to a weak role for such a process. We have clarified the text to reflect this as
follows:

Original line 35: “implies an initial magmatic CO, content of 4.5 + 1.5 wt%.”
Revised: “implies a magmatic CO, content of 4.5 + 1.5 wt%.”

Original line 44: “Quantifying the original volatile content of magmas”
Revised: “Quantifying the volatile content of magmas”

Line 53 revised to: “CO,-rich fluid inclusions trapped at high pressures®!® show that a co-existing fluid

phase may be present even at mantle depths if CO, abundances are high enough!*2, In low viscosity
magmatic systems CO, bubbles are able to migrate separately or/and accumulate as foams at
structural discontinuities®, thus degassing larger magma volumes than those eventually erupted. In
our present study we propose a limited impact from such differential CO, degassing processes, as our
measurements did not reveal large evolutions in CO, compositions during the course of the eruption.

Note that we have included reference 10 suggested by Hansteen.

Original lines 317-320 “Therefore, an important implication of our results is that about 3.9 wt% of
CO, was already exsolved at these seismogenic depths, in agreement with the presence of CO; in
fluid inclusions from depths shallower than 27 km®37”

Revised to: “Therefore, an important implication of our results is that about 3.9 wt% of CO, were
already exsolved at these seismogenic depths, in agreement with observations of dense CO,-rich fluid
inclusions®3®, Under these conditions at least 1 wt% of H,O may have coexisted with CO; in the
exsolved fluid phase®?. Thus, the basanitic magma stored at depths <27 km likely coexisted with an
abundant exsolved fluid phase, which not only enhanced the explosivity of the eruption but could also
increase the magma compressibility, buffering volumetric changes during depressurization as the
magma was erupted®®. We cannot exclude the possibility that pre-eruptive segregation and
accumulation of this CO,-rich gas phase in a reservoir could have contributed to the eruptive gas



emissions, thereby producing higher CO; contents in ascending magmas than that of the original
stored magma. However, the preservation of high CO,/SO; ratios in FV gas during the eruption
suggests that there was not a strong differentiation of CO, within the feeding magma reservoir, and
that therefore our quantification of magmatic CO, contents reflects that of the magma reservoir. ”

General Comment B: “Concerning the cumulative degassing budgets, only the estimated edifice
volume of the island in question has been considered, and not intrusive rocks

emplaced into the crust beneath the main edifice, which certainly also degas

during crystallisation.”

We added this line to line 341: “This crude calculation likely provides an underestimate as it does not
take into account the CO2 contribution from intrusive magma emplacement into the crust.”

Further comments from Thor Hansteen:

“The CO; budgets presented are biassed by assuming that the total amount of volatiles
released were dissolved in the erupted magmas only, which is most probably wrong.
You nicely demonstrate that degassing must have commenced at upper mantle levels.
As only a fraction of the magmas entering the crust actually reach the surface, but still
degas to variable extents, the calculated volatile budgets for the primitive magmas are
most likely overestimated. | know this is hard to quantify, but still has to be
considered in such a high-profile paper.”

We have addressed this point above by highlighting that we focus on the CO, content of erupting
magmas, and that the lack of evolution in CO,/SO; ratios points to a lack of differentiation in the
magma reservoir. We are clearer now in saying that we have measured the magmatic CO; content,
and at the end we conclude that its likely that the magma reservoir CO, content is largely the same
as the measured magmatic CO, content, new lines 318-323.

“As you mention, magmatic CO,-dominated fluid inclusions in the Tajogaite eruption (Dayton et al.
2023) gives CO, oversaturation pressures at about 1 GPa or less, overlapping with the results for
very similar Gran Canaria basanites (Hansteen et al., 1998; CMP). Taken at face value, this would
correspond to CO2 contents considerably less than those suggested in the present manuscript for
the magmas involved. How does this fit with your results?”

We revised the sentence at line 317 as shown above, the presence of fluid inclusions shows that CO,
fluid was present, but not its quantity.

“Degassing of intrusive rocks must contribute to the CO, budgets of ocean island volcanoes. Total
degassing budgets presented in the manuscript consider only the estimated edifice volume, and
thus excludes intrusive rocks in the middle to lower crust. The CO; exsolved from such intrusions
may be released to the hydrosphere/atmosphere by diffuse degassing. Please comment on this
problem.”

We address this with the added line at line 341 as shown above.

Response to Reviewer 2:

We thank reviewer 2 for their positive comments and accurate summary of the key points from our
work. We fully accept the comments from reviewer 2 in their annotations and have revised the
manuscript to reflect reviewer 2’s comments.



Addressing the comments from reviewer 2 in the annotated manuscript:

Line 90, reviewer comment: “In reality, there were several fissures that opened throughout the
afternoon of September 19.”

We revised the initial phrase “The initial eruptive fissure evolved rapidly into a single main cone
(Tajogaite) that hosted multiple linearly-aligned and closely-spaced vents3234”

to: “The 85-day long Tajogaite eruption began on 19th September 2021 along a NNW-ESE fracture
system ~930 m above sea level, just above urbanized areas (Figure 1). The eruption rapidly built up a
main volcanic cone (Tajogaite) that hosted several linearly-aligned and closely-spaced vents34-36

Line 94, reviewer comment: “In reality, from September 19 to September 27, a tephritic magma
rich in amphibole phenocrysts and poor in olivine was emitted, after the eruptive stoppage of the
On September 27, the emitted magma was basanitic, very rich in olivine.”

We revised the initial phrase to the following “The initially erupted magma, an olivine-poor evolved
basanite ascending from 10-16 km depth, was progressively replaced by more primary, olivine-rich
and highly oxidized basanite ascending from 27-31 km depth®37:3.”, This is in agreement with
reported petrological measurements, the reviewer is referring to the glass composition when
highlighting a tephritic composition, we report the overall whole rock composition.

Line 334: reviewer comment: “Estimating the age of the entire insular edifice of La Palma at 12
million seems a bit excessive, taking into account that the age of the oldest submarine volcanic
rocks that crop out on the Island (the submarine trachytic lobe-hyaloclastitic complex of La Caldera
de Taburiente ) of around 3.1 Ma, (Casillas et al., 2019)”

Our initial phrase was “Assuming the same eruption rate throughout La Palma’s history implies a
total age of ~12 Ma and a total CO, production of 475,000 Mt (1.1x10® moles)”

We highlight that we attempt to estimate the age of both the submarine and subaerial edifice, the
height of La Palma island from the sea floor is 6.4 km, so the majority of time would have been spent
building the submarine edifice. We accept that the timing between subaerial growth and submarine
growth was not clear and revise the text as follows:

“If the submarine growth of La Palma volcanic island occurred at the same eruption rate as during its
subaerial history, we then estimate a total build-up age of ~12 Ma and a total CO2 production of
~475,000 Mt (1.1x10'® moles).”



Decision letter and referee reports: second round

14th Sep 23

Dear Professor Burton,

Your manuscript titled "Exceptional eruptive CO2 emissions from intra-plate alkaline magmatism in
the Canary volcanic archipelago" has now been seen by our reviewers, whose comments appear
below. In light of their advice we are delighted to say that we are happy, in principle, to publish a
suitably revised version in Communications Earth & Environment under the open access CC BY
license (Creative Commons Attribution v4.0 International License).

We therefore invite you to revise your paper one last time to address the remaining concerns of our
reviewers. At the same time we ask that you edit your manuscript to comply with our format
requirements and to maximise the accessibility and therefore the impact of your work.

EDITORIAL REQUESTS:

Please review our specific editorial comments and requests regarding your manuscript in the
attached "Editorial Requests Table".

*****Pplease take care to match our formatting and policy requirements. We will check revised
manuscript and return manuscripts that do not comply. Such requests will lead to delays. *****

Please outline your response to each request in the right hand column. Please upload the completed
table with your manuscript files as a Related Manuscript file.

If you have any questions or concerns about any of our requests, please do not hesitate to contact
me.

SUBMISSION INFORMATION:

In order to accept your paper, we require the files listed at the end of the Editorial Requests Table;
the list of required files is also available at https://www.nature.com/documents/commsj-file-
checklist.pdf .

OPEN ACCESS:

Communications Earth & Environment is a fully open access journal. Articles are made freely
accessible on publication under a <a href="http://creativecommons.org/licenses/by/4.0"
target="_blank"> CC BY license</a> (Creative Commons Attribution 4.0 International License). This
license allows maximum dissemination and re-use of open access materials and is preferred by many
research funding bodies.

For further information about article processing charges, open access funding, and advice and
support from Nature Research, please visit <a href="https://www.nature.com/commsenv/article-

processing-charges">https://www.nature.com/commsenv/article-processing-charges</a>

At acceptance, you will be provided with instructions for completing this CC BY license on behalf of



all authors. This grants us the necessary permissions to publish your paper. Additionally, you will be
asked to declare that all required third party permissions have been obtained, and to provide billing
information in order to pay the article-processing charge (APC).

Please use the following link to submit the above items:

[link redacted]

** This url links to your confidential home page and associated information about manuscripts you
may have submitted or be reviewing for us. If you wish to forward this email to co-authors, please
delete the link to your homepage first **

We hope to hear from you within two weeks; please let us know if you need more time.

Best regards,
Joe Aslin

Senior Editor,

Communications Earth & Environment
https://www.nature.com/commsenv/
Twitter: @CommsEarth

REVIEWERS' COMMENTS:
Reviewer #1 (Remarks to the Author):

Second review of the manuscript “Exceptional CO2 emissions from erupting alkaline mafic magma in
the Canary volcanic archipelago” by Burton et al.

The authors have taken all my comments into account, and revised the manuscript accordingly. The
conclusions reached are valid interpretations which can be accounted for through assessment the
presented data. | thus recommend that the paper should be accepted for publication following
accurate proofreading.

Best wishes,

Thor H. Hansteen

Reviewer #2 (Remarks to the Author):

The modifications introduced in the article have substantially improved it.

Especially those modifications that refer to the CO2 content from the magma located in the crust in
the form of intrusive rocks.

However, in relation to the comments expressed by me in the first review, | believe that the
modifications proposed by the authors are not sufficiently adequate.

In particular, on Line 99, | continue to propose a change in wording by:

“The magma initially erupted, until the eruptive pause on September 27, was a tephrite poor in



olivine and very rich in amphibole that rose from 10 to 16 km deep; From the eruptive pause on
September 27, it changed to a more primary basanite, rich in olivine, poor in amphibole and highly
oxidized, which rose from 27 to 31 km deep."

The change in composition was not progressive, but occurred after the eruption stopped on
September 27. The change from tephrite to basanite was carried out in the entire composition of the
rock, not only in the glass. Furthermore, not only did the proportion of olivine change, but also, and
very notably, the proportion of amphibole (with the consequent indication of the change in the H20
content of the magma).

On the other hand, in relation to line 337 “If the submarine growth of the volcanic island of La Palma
occurred at the same eruption rate as during its subaerial history, then we estimate a total age of
accumulation of ~12 Ma and a total production of CO2 of ~475,000 Mt (1.1x1016 moles). "I
recommend changing the wording to the following:

“If the submarine growth of the volcanic island of La Palma (which took place, at least since 3.1 Ma,
age of the oldest submarine volcanic rocks outcropping on the Island, the submarine trachytic lobe-
hyaloclastitic complex of the interior of the Caldera de Taburiente, Casillas et al., 2019) occurred at
the same eruption rate as during its subaerial history, then we estimate a total age of accumulation
of ~12 Ma and a total production of CO2 of ~475,000 Mt (1.1x1016 moles).

In this way, the calculated age of the Island's submarine growth can be compared with the data
obtained from the oldest submarine outcropping rocks.

For all these reasons, | consider that the article deserves to be published with these slight
modifications.



Author Responses: second round

Response to reviewers in final revision of manuscript COMMSENV-23-0693A “Exceptional eruptive
CO2 emissions from intra-plate alkaline magmatism in the Canary volcanic archipelago”

Reviewer 1: Thor Hansteen: many thanks to this reviewer for they comments, there is nothing to add
Reviewer 2’s comments are in red below with edited text in quotes and my comments in black text

However, in relation to the comments expressed by me in the first review, | believe that the
modifications proposed by the authors are not sufficiently adequate.

In particular, on Line 99, | continue to propose a change in wording by:

“The magma initially erupted, until the eruptive pause on September 27, was a tephrite poor in
olivine and very rich in amphibole that rose from 10 to 16 km deep; From the eruptive pause on
September 27, it changed to a more primary basanite, rich in olivine, poor in amphibole and highly
oxidized, which rose from 27 to 31 km deep."

The change in composition was not progressive, but occurred after the eruption stopped on
September 27. The change from tephrite to basanite was carried out in the entire composition of the
rock, not only in the glass. Furthermore, not only did the proportion of olivine change, but also, and
very notably, the proportion of amphibole (with the consequent indication of the change in the H20
content of the magma).

We have modified the text removing the word “progressively”, so the text now reads as follows:

“The initially erupted magma, an olivine-poor evolved basanite ascending from 10-16 km depth, was
replaced by more primary, olivine-rich and highly oxidized basanite ascending from 27-31 km
depth9,37,38”

In this way we address the reviewers’ point by not defining the timescale for the transition in
composition.

On the other hand, in relation to line 337 “If the submarine growth of the volcanic island of La Palma
occurred at the same eruption rate as during its subaerial history, then we estimate a total age of
accumulation of ~12 Ma and a total production of CO2 of ~475,000 Mt (1.1x1016 moles). "I
recommend changing the wording to the following:

“If the submarine growth of the volcanic island of La Palma (which took place, at least since 3.1 Ma,
age of the oldest submarine volcanic rocks outcropping on the Island, the submarine trachytic lobe-
hyaloclastitic complex of the interior of the Caldera de Taburiente, Casillas et al., 2019) occurred at
the same eruption rate as during its subaerial history, then we estimate a total age of accumulation
of ~12 Ma and a total production of CO2 of ~475,000 Mt (1.1x1016 moles).

In this way, the calculated age of the Island's submarine growth can be compared with the data
obtained from the oldest submarine outcropping rocks.

This suggestion is not changing anything substantial in the meaning of the current text, and the main
recommendation involves adding a data point which can be found in the suggested reference
Casillas 2019. This reference is not easy to find and appears to be a book chapter, unclear if peer-
reviewed. We therefore do not make a change, as the result would not improve clarity or change the
reported volume or timing.



https://portalciencia.ull.es/documentos/6235615973242a6be97361f0
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