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Description of Supporting Files
Online resource 1 contains sample information, fluid inclusion and host analyses, EBSD results, and secondary standard analyses. Online resource 2 contains the results of the different sulfur degassing models. The code used for the sulfur diffusion model is available on GitHub, along with pictures of fluid inclusions, and examples of EBSD maps with their classification. We also include the Jupyter Notebooks used to make the plots in the main text, reading from the Online Resource files. https://github.com/PennyWieser/MaunaLoa_FIs_Extrusives_2025/
1. Sample Details
	Eruption
	Sample Code (USGS)
	Lab Code
	Coordinate (N, WGS)
	Coordinate (W, WGS)

	8870 14C year BC
	N/A
	79e
	19.02231
	-155.57708

	1852 AD
	L-86-281
	MP2
	19.55822
	-155.42072

	1855-1856 AD
	L-22-50
	M85
	19.513196
	-155.533296

	1868 AD
	L-93-208
	MLP
	19.06459
	-155.68595

	1949 AD
	L-22-76
	M49
	19.45682
	-155.60589

	1950 AD
	ML_23_58R_A
	M58
	19.315830
	-155.699945

	1984 AD
	L-22-84
	M84
	19.468272
	-155.59561

	2022 AD (F3)
	ML22-87
	M22
	19.51449
	-155.53148


Table S1 – Sample table for the tephra and reticulite samples collected by U.S. Geological Survey (USGS) Hawaii Volcano Observatory, in the WGS84 co-ordinate system. The latitude and longitude for the 8870 flow were provided by Amy Gaffney (written comms).
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Supporting Fig. 1 – Web of science search showing the number of publications with the stated search criteria within the abstract. We appreciate that some key publications prior to 1990 are missing (e.g. professional papers, likely because of difficulties indexing abstracts), however, there is no reason to think the database would be more incomplete for one volcano than the other.
Raman measurements
The sample was heated to 37±2 ℃ using a Peltier plate with a central hole for illumination, and a type K thermocouple stuck onto the surface of the sample with tape used to monitor temperature. Fluid inclusions were focused optically through a 50X or 100X objective, and excited with a 532.046 nm green laser. Laser powers were monitored using the WITec TruPower system, and kept as low as possible to produce quality signals without excessive heating (DeVitre et al., 2023; Hagiwara et al., 2021). The majority of spectra were collected at 10-12 mW as measured on the WITec TruPower system, with stronger signals collected at 5-8 mW. Neon lines were used to correct for instrument drift following the approach of Lamadrid et al. (2017). Spectra were fit using the open-source python package DiadFit (Wieser and DeVitre, 2024) to determine the splitting (distance between the two peaks). DiadFit propagates uncertainty from peak fitting, the gas densimeter, and the neon line correction model to obtain an uncertainty for each fluid inclusion. Splittings were converted into CO2 densities using a calibration line developed with a gas calibration cell for this specific Raman instrument and acquisition approach (see DeVitre and Wieser, 2024). 
Quantifying SO2 abundances
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Supporting Fig. S2 – Three fluid inclusions where there was so much SO2, the diad peaks were split in two (a-b), or clearly skewed (c). The two peaks show that the laser is interacting with a separate liquid and vapour phase. The skewed peaks result from the same phenomena, but either the geometry of the two phases, or their relative abundances don’t result in such a clear distinction. 
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Supporting Fig. S3 – Example spectra showing a moderate SO2 peak that doesn’t affect the diad skewness drastically. The area of the SO2 peak was quantified in DiadFit (Wieser and DeVitre, 2024). The peak consists of the main 32S peak at ~1151 cm-1 (600 cts here), with the shoulder shifted ~3 wavenumbers (cm-1) to the left forming from the 32S16O hot band, and the smaller peak shifted ~7.3 cm-1 to the left of the main peak results from34S16O (Brooker and Eysel, 1981). It is unclear in published cross sections which of these peaks were used. Given the difficulty deconvoluting the hot band and main peak in most spectra, we fit a spline to the overall area. 
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Supporting Fig. S4 – The amplitude (area) of three different Neon lines was tracked as the spectral center was gradually changed. The relatively flat trends demonstrate that there are no coherent variations in signal intensity depending on where on the spectrometer grating the signal arrives. Thus, when quantifying the SO2 mole proportion, the instrument efficiency was assumed to be 1.  The error bars are from peak parameters estimated by lmfit. 
We take wavelength-independent cross sections (Σ) from the literature compilation of Schrotter and Klockner (1979) and calculate the corresponding wavelength-specific cross sections (σ) for our specific laser wavelength (532.046 nm) using Eq. 1 of Burke (2001):
 (Equation 1)
Where Σ is the wavelength independent cross section, is the laser wavelength converted to cm-1,  is the Raman shift in cm-1 of the peak of interest (e.g. 1151 cm-1 for SO2), h is planks constant (6.626 X 10-27 erg s), c is the speed of light (2.998 X 1010 cm/s), k is Boltzmann’s constant (1.381 X 10-16 erg/K), and T is the temperature in Kelvin. This equation follows the cgs system of units given Raman shifts are commonly quoted in cm-1. 
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Supporting Fig. S5 – Four fluid inclusions were sent to the GeoRessources laboratory at the University of Lorraine (UL) and analysed by Marie-Camille Caumon, using their own inhouse peak fitting routines and CO2 absorption coefficients (Le et al., 2021, 2019), and the 514 nm coefficient for SO2 from Burke (2001). To reduce the UC Berkeley data, we try three different sets of wavelength independent coefficients (M1-M3), corrected to our laser wavelength (532 nm) using Equation 1. M1 uses the average wavelength-independent values from Table 4.2 of Schrotter and Klockner (1979), derived from measurements made with 337-515 nm lasers. M2 uses the preferred values of  Burke (2001), and M3 uses the data collated by Burke (2001) but averages all values. The error bars on the red triangles show the standard deviation of repeated measurements in each laboratory. We use the M2 model in the main text, as it shows the best agreement with the measurements made at University of Lorraine. From the scatter observed here, we show a conservative error bar of ±2 mol% on our data.  
Mineral Analyses
EPMA at Menlo Park
Analyses were performed using a JEOL JXA 8530 F+ EPMA at the U.S. Geological Survey (USGS) EPMA in Menlo Park, California. Samples were coated with a 22 nm carbon coat (the same as the standards).  Beam conditions were a 20 kV accelerating voltage and a 1 µm beam size with a 40 nA current. Counting times for olivine analyses were 20 s for Si, Mg and Fe, 40 s for Ca, Mn, Ti and Cr and 60 s for Ni, Al and Na on the peak with half the peak counting times on each side of the peak for backgrounds. San Carlos olivine (USNM 111312/444; Jarosewich et al. 1980) was measured regularly throughout the analyses to monitor for instrumental drift. Standards were Synthetic Fayalite for Si and Fe, San Carlos olivine for Mg, a synthetic nickel-oxide for Ni, Mn2O3 for Mn, Cr2O3 for Cr, Kakanui Pyrope Garnet (USNM 143968) for Al and Ti, Wollastonite for Ca and Tiburon Albite for Na. Two-sigma relative precision, based on repeated analyses of San Carlos olivine, are 0.40 wt% for SiO2, 0.65 wt% for MgO, 0.12 wt% for FeO, and 0.01 wt% for MnO, NiO, CaO, Cr2O3, Al2O3 and Na2O (See Supporting Information 1). Two-sigma relative precision of Fo is 0.19 mol%.
SEM-based EDS-WDS at Berkeley 
[bookmark: _Hlk187663296]Mineral chemistry was measured using quantitative Energy Dispersive Spectroscopy (Oxford UltimMax 100) and Wavelength Dispersive Spectroscopy (Oxford Wave) on a JEOL IT800HL Scanning Electron Microscope in the Department of Earth and Planetary Science, University of California Berkeley. Samples were coated with a 15 nm C coat (same as the standards). EDS and WDS measurements were made using a working distance of 10 mm, 20 kV of beam current, and aperture 1 (110 µm, the largest aperture on this instrument). The beam conditions in the JEOL software were set to Standard mode 40 for EDS (giving a beam current of 2 nA measured with an in-column Faraday cup), and Analysis 59 for WDS (beam current of 100 nA). EDS measurements can be made on the EDS or the WDS side of the software. On the EDS side, the beam associate step is conducted by analyzing a pure metal standard (Fe) to determine a count rate per second. This is independent of the beam current, so it must be recalibrated if the beam drifts. We monitored the beam current through the day using the Probe Current Detector (PCD, and there was no drift outside of noise (generally ranging from 1.997 to 1.999 nA within a single analytical session). The beam associate step on the WDS side also uses a pure metal standard, but accounts for the beam current (so the associate step is updated throughout the day as PCD measurements are made). In both cases, beam drift was so negligible to not make a difference to results (drift of ~0.1 %). The advantage of performing analyses on the WDS side is that an element can later be analysed by WDS. Thus, we perform most measurements on the WDS side, allowing us the option to add trace elements like Ni or Cr to check the performance of the EDS. When WDS analyses were run, we would first collect EDS spectra on ~20 olivines with the EDS detector in with 2 nA of beam current. After an EDS spectra was collected for ~20 olivines, the EDS detector was retracted, and the beam current was increased to ~100 nA, and a WDS spectra was added to each analysis.
EDS calibration standards were as follows. Initially, the standard recovery using the factory standards was very good, and for later runs, we recalibrated using Ian Carmichael’s standard block at UC Berkeley. 
Table S2 – Calibration materials for olivine EDS analyses:
	Si
	Synthetic Fayalite (Factory)
Or Diopside (I Carmichael)

	Fe
	Synthetic Fayalite (Factory) then Fe metal (I Carmichael)

	Mg
	San Carlos Olivine USNM 111312/444 (Factory), then MgO (I Carmichael standard)

	Ca
	Wollastonite (Factory), then Diopside (I Carmichael)

	Ni
	Ni metal




Table S3 – Calibration materials for glass EDS analyses (all in 1 session):
	Si
	Forsterite (I Carmichael)

	Al
	Al2O3 (Factory)

	Ca
	Diopside (I Carmichael)

	Fe
	Fe metal (Factory)

	
K
	KBr (Factory)

	Mg
	MgO (Factory)

	Mn
	Mn metal (Factory)

	Na
	Nepheline (I Carmichael)

	S (EDS)
	FeS2  (Factory)

	Ti
	Ti metal (Factory)



Ni for WDS quantification was calibrated on a Ni metal standard, and Cr on a Cr metal standard. Secondary standard materials from Ian Carmichael’s collection, and a new standard block from Microanalytical Consultants (MAC) were run every ~6 hrs. These repeated analyses show no clear drift through the day. 
Supporting Fig. S6-S7 compares analyses of the same region of olivine grains at UCB and USGS. Major elements are within 5 % of one another, and minor elements mostly within 10 %. Fig S4 shows EDS vs. WDS measurements of Ni. Initially, tests on our standards revealed that EDS Ni was far too high. We attribute this to the presence of a Ni-plating on the sample holder. After sanding off this coating and performing numerous EDS and WDS measurements of Ni, we concluded that the results were within error of one another, so later Ni measurements were made using EDS only on the EDS side of the software. Analyses of multiple standards show that the EDS and WDS side of the software give extremely similar EDS results (within uncertainty of the beam associate step).  
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Supporting Fig. S6 – Comparing Fo contents for olivine core analyses. Similar magnitude offsets were noted between EPMA facilities in U.S. Geological Survey (USGS), Stanford and Cambridge by DeVitre and Wieser (2024).
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Supporting Fig. S7 – Comparing oxide contents measured by EPMA at the U.S. Geological Survey (USGS) microprobe vs. by EDS on the University of California Berkeley (UC Berkeley) SEM. We note that samples were repolished between these two analyses, because of scratches introduced during transport, so it was not possible to analyse exactly identical spots. We estimate that analyses were made within 20-30 µm of the original spot. 5 % offsets are common between laboratories as a result of differences in primary calibration standards (Gale et al., 2013; Wieser et al., 2023). 
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Supporting Fig. S8 – Comparing Ni data collected by EDS vs. WDS on the JEOL SEM. The lowest values are the Springwater olivine, which has no Ni. EDS is more susceptible to picking up X-rays from a larger area, and this standard is mounted in a Ni-containing brass mount. 
EBSD analyses
Acquisition parameters in Aztec used to collect EBSD data are shown in Table S4. 
[bookmark: _Hlk187661862]Table S4 – EBSD acquisition parameters.
	Aztec (EDS) Acquisition Parameters

	Step size
	6-10 µm

	EBSD camera binning mode
	Speed 1 (622 X 512 pixels)

	EBSD Camera exposure time
	2-6 ms

	EBSD Camera Gain
	2

	Frame Averaging
	1 frame

	Static background correction
	Off

	Auto background correction
	On

	Hough Resolution
	60

	Band detection mode
	Centers

	Number of bands
	12

	Indexing mode
	Refined accuracy

	JEOL (SEM) Acquisition Parameters

	Voltage
	20 kV

	Aperture
	4

	Beam current
	10-25 nA (depending on charging)

	Working distance
	25 mm at top of 1” stub, 28 mm near the bottom


EOS calculations
We perform CO2-H2O calculations using the temperature-Fo relationship developed by DeVitre and Wieser (2024) for Kīlauea. Briefly, this relationship was determined by compiling literature glasses from Kīlauea, and for each glass, calculating the equilibrium olivine content and the temperature using the KD model and thermometer of Shea et al. (2022). The resulting Temp-Fo relationship was fitted with a 3rd degree polynomial:
y = 2.217e+04 Fo3 - 4.633e+04 Fo2+ 3.243e+04 Fo– 6481
Where Fo is decimal (e.g. Fo=0.8).
The paucity of high MgO glass at Mauna Loa means it is not currently possible to develop such a relationship. We can assess how different Mauna Loa temperatures may be by comparing the thermometer of Helz and Thornber (1987), developed for Kīlauea:
T (°C) = 20.1 MgO + 1014
The thermometer of Montierth et al. (1995) developed for Mauna Loa:
T (°C) = 23 MgO + 1012
And the thermometer of Shea et al. (2022) for Hawaiian tholeiites more generally:
T (°C) = 21.2 MgO + 1017
The difference between these thermometers is well within the ±50 K uncertainty on temperature used for EOS calculations (supporting Fig. S5a). 
We also measure FI in pyroxenes. We take a similar approach to calculate temperature. Using the Kīlauea set of glasses, we calculate the equilibrium pyroxene content using the KD expression of Putirka, (2008):
KD = 0.4805 – 0.3733 XSi
And then fit a 3rd degree polynomial to the resulting Mg# vs. Temp trend (Supporting Fig. S14c):
y = 3.041e+04 Fo3- 6.59e+04 Fo2+ 4.777e+04 Fo - 1.045e+04
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Supporting Fig. S9– Temperature relationships. a) Comparison of different liquid-only thermometers for Hawaiian lavas. b) Fo vs. Temperature relationship from DeVitre and Wieser (2024). c) Opx Mg# vs. Temperature developed for this study. In both cases, we use the 15 % Fe3+ trend. 
We use the XH2O-pressure relationship from DeVitre and Wieser (2024), based on the absence of published melt inclusions from Mauna Loa that measured CO2 in the vapour bubble. Based on the similar H2O contents of Mauna Loa and Kīlauea melt inclusions we believe this relationship is a good approximation to the likely trends at Mauna Loa (Supporting Fig. S10). 
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Supporting Fig. S10– XH2O vs. pressure relationship used for equation of state (EOS) calculations (also used by Lynn et al. 2024 for the 2022 eruption of Mauna Loa). H2O contents from Mauna Loa are from Marske and Hauri, (2018). The red histogram (b) shows the contents of H2O in the 2018 eruption used to parametrize this relationship at Kīlauea (the eruption with the most CO2 data in the bubble). c) shows the trends in XH2O vs. pressure for the 2018 eruption of Kīlauea, with a generous bound on uncertainty (upper values = blue dots, lower values = red dots). This uncertainty is propagated through EOS calculations using DiadFit. 

Sulfur_X degassing models
Sulfur_X degassing models were run using a starting composition based on erupted matrix glass data (Table S5), with model parameters show in Table S6. 
	SiO2
	Al2O3
	FeOt
	MgO
	CaO
	Na2O
	K2O
	P2O5
	MnO
	TiO2
	CO2 (ppm)
	H2O
(wt%)
	Fe3/FeT
	Fe3/Fe2
	S (ppm)

	51.94
	13.94
	10.14
	7.44
	10.27
	2.53
	0.49
	0.26
	0.16
	 2.06
	900
	0.5
	0.18
	0.107
	1400


Table S5 - Starting composition in wt%
	Parameter
	Value
	Explanation

	Delta_FMQ
	0.5 and 0.3
	Two different redox states to get the full range of S6+/ST ratios

	COH_model
	1
	VolatileCalc option for the C-H solubility model, because Iacono-Marziano shows very unstable results.

	fO2_tracker
	1
	Allows fO2 to change by S degassing and S-Fe electron exchange

	Monte_carlo
	0
	Doesn’t run Monte-Carlo simulations

	l
	1000
	Total steps of pressure from initial P to 1 bar

	m
	1000
	Total number of runs along degassing

	open_degassing
	0
	Closed system degassing

	S_Fe_choice
	100
	Uses the ‘Muth’ option for the for the S6+/ST ratio (code 100), adjusting the final coefficient between 4.3 and 7.2 to get different S6+/ST ratios

	sigma
	0.025
	log10(fO2) tolerance


[bookmark: _Hlk202947348]Table S6 – Sulfur_X model parameters. The S_Fe_choice parameter sets the relationship between S and Fe redox in Sulfur_X. The options provided to the user in the S_Fe.py code include the model of Nash et al. (2019), O’Neill and Mavrogenes (2022) and an empirical parameterization of Muth and Wallace (2021). These S-Fe models can show vastly different results (see Wieser and Gleeson, 2023; Wieser et al., 2020). In the Sulfur_X paper, Ding et al. (2023) tweak the coefficient in the Muth parameterization to obtain a relationship between Fe-S that best fits the data. In Sulfur_X, tweaking this coefficient is the only way to investigate the effect of different S6+/ST on the degassing path, without being tied to the T- S6+/ST relationships defined by Nash and O’Neill. 
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Supporting Fig. S11 – Comparison of KD values for different S redox states. a) The partition coefficient for Rx1 is most sensitive to pressure, with very little variability with S redox. The partition coefficient for Rx2 actually decreases slightly with increasing S6+/ST, because of the -0.5 ln fO2 term in this equation. However, the bulk partition coefficient increases with increasing S6/ST, because there is more SO4 in the melt. 








DCompress degassing models
The initial conditions for DCompress calculations are shown in the two screenshots below:
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Sulfur diffusion model
Diffusion Methods
To assess the timescales required for S to enter a bubble within a degassing magma, we simulate diffusion of S across a melt-fluid interface and the resulting diffusion of S within the surrounding melt phase. We assume a spherical geometry, with a total radius (melt plus fluid) of  (typically assumed to be 200 µm in the models shown). At the center of our system, we simulate the presence of a fluid inclusion with a radius of . 
Within the system we consider three domains: (i) the fluid inclusion, which we assume has a fixed volume and a homogenous S concentration (i.e., diffusion and/or mixing of S across the fluid is instantaneous at the timestep used in these calculations); (ii) a ‘melt-film’, representing the portion of the melt phase at the interface with the bubble; and (iii) the outer melt, diffusion of S within this region results from loss of S from the melt film to the bubble, setting up a concentration gradient within the melt. Our model is set up in two steps: 1. calculate the flux of S across the melt-fluid interface; 2. diffusion within the melt phase.
Step 1: We calculate the flux of S across the melt-fluid interface using a numerical solution to Fick’s First Law:
    (Eq. 1)
where  is the diffusion coefficient of S in the melt phase (see discussion below),  represents the radial step size (in meters) of the diffusion model,  represents the concentration of S in the melt film (ppm),  represents the concentration of S in the bubble/fluid inclusion (ppm), and  is the equilibrium partitioning relationship between a melt and fluid at the conditions of interest (see discussion below), i.e., for a system at equilibrium (no net diffusion):
    (Eq. 2)
For each time step in our diffusion model, we can then calculate the loss of S (in ppm) from the melt film due to diffusive flux across the bubble-melt film interface as:
    (Eq. 3)
where  is the surface area of the bubble-melt film interface (m2),  is the volume of the melt film (m3), and  is the time step used in the diffusion model. This can also be used to calculate the total transfer of S (in kg) to the bubble/fluid inclusion:
     (Eq. 4)
We assume that S dissolved into the melt is converted into SO2 in the fluid by gaining oxygen from the melt. Therefore, at each time step  the total mass of the fluid and the mass of SO2 in the fluid will both change according to:
     (Eq. 5)
(Eq. 6)
where the value of  is multiplied by 2 because of the different molecular weight of S vs. SO2. After each step of the diffusion model, we can therefore calculate the new concentration of S (in ppm) in the bubble () using:
 (Eq. 7)
Step 2: The spherical geometry used here allows us to simulate diffusion within the melt phase surrounding the bubble using a 1D radial diffusion equation in spherical coordinates. We consider diffusion within the scalar concentration field  with radial coordinate  at time . Assuming the symmetry of the sphere, the concentration will solely depend on radial coordinate  and will be independent of angular coordinates  and . Thus, Fick’s Second Law of Diffusion in spherical coordinates can be expressed as: 
     (Eq. 8)
and using the product rule this becomes:
      (Eq. 9)
and can be simplified to:
    (Eq. 10)
We discretize the spherical domain from  (the edge of the fluid inclusion) to  (the outer boundary of the melt). The radial domain is divided into  grid points with uniform spacing , set to be equal to the  (the radius of the melt film). At each grid point , we approximate the spatial derivative of Equation 10 with a finite difference scheme, second-order and centered in space: 
   (Eq. 11)
and update  with a first-order, explicit (forward) Euler method in time: 
       (Eq. 12)
Hence, this scheme is second-order in space and first-order in time. 
To ensure numerical stability, we use the Courant-Friedrichs-Lewy (CFL) stability condition to select timestep : 
        (Eq. 13)
where . The chosen  is conservative, compared to the usual , to ensure stability and to prevent unphysical results. 
We assume a zero-flux boundary condition at the outer margin of the melt phase (i.e., ) and use our calculations of the melt transfer into the fluid to set the boundary condition at the boundary interface between the melt and fluid (we term the melt film, as the final shell of melt next to the fluid).  In other words, the concentration in the melt film is described using a similar approach to that outlined in Equation 11 above, but corrected for by the loss of S to the bubble:
  	(Eq. 14)
where  represents the position of the melt film and  is taken from Equation 3 above.
Choice of parameters
The main parameters within the diffusion calculations shown above are the diffusivity of S within the melt phase (), the equilibrium partition coefficient between the melt and fluid (), the initial concentration of S in the melt phase (), the radii of the different components in the model () and the value of . We emphasize that this model is a first approximation, given the large uncertainty regarding many of these parameters (D, KD), and the exact geometry of the fluid inclusion and surrounding melt as a crystal traps the inclusion. However, we believe this model provides a good first estimate of whether it is plausible that the scatter in SO2 amounts reflects disequilibrium degassing, or whether the required timescales are orders of magnitude different from olivine growth rates.  
To determine an appropriate choice of , we consider the parameterization of Zhang et al., (2007):
  (Eq. 15)
and the anhydrous basalt parameterization of (Freda et al., 2005)
 (Eq. 16)
where T is in Kelvin for both equations. We calculate  at a range of temperatures appropriate to Hawaiian magmatism, yielding diffusion coefficients between 10-10 and 10-12. Results from these calculations for temperatures of interest are shown in Table S8 and Fig. S.11. For most calculations shown in this study, we use  although the influence of uncertainties in this parameter was also investigated (different lines in Fig.  13). A better understanding of diffusion coefficients in high-temperature tholeiitic melts, such as those in Hawai‘i and Iceland, would help clarify the processes controlling magma transport and storage (see also Nicholson et al., 2024).
The value of  was selected based on outputs from Sulfur_X degassing calculations (; Fig. S.12) and the initial concentration of S in the melt phase was set to 1400 ppm based on melt inclusion measurements from (Marske and Hauri, 2018).  was varied between 8 and 15 m (see Fig. 4, spanning 40-75 percentile), with the radius of the entire system () set at 200 m.  was set at 0.1 – 0.2 m, with the radius of the melt film set equivalent to . The latter two parameters (r and  made no different to models once r was sufficiently large and  was sufficiently small.


Table S8 – Sulfur diffusion coefficients calculated for different temperatures. The sigma values represent the calculation performed using the stated error bar on the coefficient in Eq16. 
	Temp ℃
	T_K
	D_Freda
	D_Zhang
	D_Freda (+1 σ)
	D_Freda (-1 σ)

	1150
	1423.15
	1.1E-12
	1.2E-12
	1.5E-10
	7.7E-15

	1200
	1473.15
	2.1E-12
	2.3E-12
	2.4E-10
	1.8E-14

	1250
	1523.15
	3.8E-12
	4.3E-12
	3.8E-10
	3.8E-14

	1300
	1573.15
	6.6E-12
	7.6E-12
	5.7E-10
	7.7E-14

	1350
	1623.15
	1.1E-11
	1.3E-11
	8.5E-10
	1.5E-13
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Supporting Fig. S12 – Graphical representation of diffusion coefficients given in Table S8, for the range of temperatures relevant to Mauna Loa magmas. 
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Supporting Fig. S13 – Bulk KD output from Sulfur_X. The black dotted line indicates the approximate pressure for a fluid inclusion with  g/cm3. KD=50 is shown in the text as a lower limit of reasonable KD, representing a worst case scenario for preserving disequilibrium given measured olivine growth rates. The higher the KD value, the easier to achieve the observed disequilibrium for a given entrapment time.
Variability in CO2 density as a function of SO2
To assess whether SO2 is affecting the calculated pressures, we look at the correlation between SO2 mol % and CO2 density in FI trapped within the same crystals. Some correlations could be real—FI trapped progressively shallow would be expected to record lower CO2 densities and higher SO2 mol %. However, some variability in SO2 mol % will be caused by sluggish diffusion for FI trapped at the same densities so this is still a useful exercise. There is no coherence in trends, and FI with different SO2 proportions record similar densities. Each plot shows an individual crystal, and plots are sorted from largest to smallest variability in SO2. 
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Supporting Fig. S14 – Variability in SO2 mol % and CO2 density within each crystal with >1 FI. 
We also examine the distribution of densities for those with and without SO2, and in each bin. This is where we would expect to see declining densities with increasing SO2 when binning, given that SO2 degassing is pressure dependent. 
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Supporting Fig. S15 – Comparison of distribution of densities for those with and without SO2. a) The overall distribution is similar, and our inference of the main magma storage region at ~3 km would not be drastically shifted by only including those without SO2. b) Removing the lowest density FI most affected by degassing. c) Comparison binned by amount of SO2. The decline is expected here, given that SO2 only strongly degasses at shallower pressures and thus the highest proportions will be seen in lower density FI. 
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Supporting Fig. S16 – Examples of some FI with varying proportions of melt:fluid. Each row represents a unique crystal. a-b) despite the differences in melt proportion, the densities are very similar. b) shows a FI where refraction makes it hard to estimate the % fluid accurately. c) a melt-dominated fluid inclusion. d) just fluid dominated. e-g) very small FI, there is no clear correlation between density and presence of melt films (only seen in f). We discard all FI with <40% melt by volume (e.g. c).
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Supporting Fig. S17 – 300 g scans collected on fluid inclusions (black) and their mineral host (black, pyroxene for a, olivine for b-c). The position of other common gaseous and aqueous species are shown. 
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Supporting Fig. S18 – 300 g scans collected on fluid inclusions (black) and their mineral host (black, pyroxene for a, olivine for b-c). The position of other common gaseous and aqueous species are shown. 
Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the U.S. Government
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  Online resource 1 contains sample information, fluid inclusion and host analyses, EBSD   results, 
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12

  degassing models.  The code used for the sulfur diffusion model   is available on GitHub , along with 

13

  pictures of fluid inclusions, and examples of EBSD maps with their classification .  We also include 

14

  the Jupyter Notebooks used to make the plots in the main text, reading from the Online Resource 

15

  files.  https://github.com/PennyWieser/MaunaLoa_FIs_Extrusives_2025/  

16

  1.   Sample  Details  

17

 

Eruption  Sample Code  (USGS)  Lab Code  Coordinate (N, WGS)  Coordinate (W,  WGS)  

8870  14 C year BC  N/A  79e  19.02231  - 155.57708  

1852 AD  L - 86 - 281  MP2  19.55822  - 155.42072  

1855 - 1856 AD  L - 22 - 50  M85  19.513196  - 155.533296  

1868 AD  L - 93 - 208  MLP  19.06459  - 155.68595  

1949 AD  L - 22 - 76  M49  19.45682  - 155.60589  

1950 AD  ML_23_58R_A  M58  19.315830  - 155.699945  

1984 AD  L - 22 - 84  M84  19.468272  - 155.59561  

2022 AD (F3)  ML22 - 87  M22  19.51449  - 155.53148  

Table S1   –   Sample table for the tephra and reticulite samples collected by  U.S. Geological Survey (USGS) 

18

  Hawaii Volcano  O bservatory, in the WGS84 co - ordinate system.   The latitude and longitude for the 8870 

19

  flow were provided by   A m y   G a ff n e y   ( w r i tt e n   c o m m s ) .  

20

 

