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1. Abstract
Melt inclusions within phenocrysts are typically analyzed to 

determine magmatic water concentrations, but this method is 

limited by the availability and quality of the inclusions. In this 

study, we expand the range of volcanic rocks that can be 

analyzed for magmatic water concentrations by determining an 

empirical partition coefficient between hydroxyl concentrations 

(OH) in plagioclase phenocrysts and quartz-hosted melt 

inclusions from the Bishop Tuff (BT), California, and the 

Huckleberry Ridge Tuff (HRT), Yellowstone. Plagioclase crystals 

from four of the nine pumice fall layers of the BT, and from three 

early HRT ash fall layers were polished into four–sided prisms for 

quantitative measurements and two-sided thick sections for 

transect measurements. Polarized infrared spectra were obtained 

using the Fourier Transform Infrared Spectrometer (FTIR) at 

JMU, and unpolarized transects were obtained on the FTIR at the 

Smithsonian Institution. Absolute water concentrations were 

calculated using the modified Beer-Lambert Law and the 

absorption coefficient specific to plagioclase (Mosenfelder et al. 

2015). Plagioclase OH concentrations ranged from 52-66 ppm in 

the BT and 38-50 ppm in the HRT samples. Weighted means of 
OH concentrations were plotted against Rb-restored H2O 
concentrations, ranging from 3.34-4.74 wt% H2O for the HRT and 

4.61-5.88 wt% H2O for the BT, measured from quartz-hosted melt 

inclusions from the same stratigraphic levels (Wallace et al. 1999, 

Roberge et al. 2013, Myers et al. 2016) to determine a partition 
coefficient D(H2O)plag-melt = 10.5±0.2, constrained through the 

origin. This coefficient can be used to aid investigations into silicic 

magmatic systems by directly determining water content in 

plagioclase phenocrysts from rhyolitic ash fall deposits without 

melt inclusion data or the uncertainties associated with diffusive 

loss of H from melt inclusions (e.g. Myers et al. 2016, 2018).

2. Background
Supereruptions are defined as events which explosively eject 

>450 km3 of magma (Miller & Wark 2008). The 0.76 Ma Bishop 

Tuff (BT) in Long Valley, California erupted >600 km3 of magma 

over only ~6 days (Wilson & Hildreth 1997). The 2.08 Ma 

Huckleberry Ridge Tuff (HRT) is the largest of three caldera-

forming eruptions in Yellowstone, ejecting 2500 km3 (Christiansen 

2001). For the BT, ash fall units are delineated as F1-F9, with F1 

as the earliest unit (Figure 1). The HRT ash fall units that underlie 

the first ignimbrite unit, member A, were sampled at levels 

MM11-MM3 with MM11 at the earliest (Figure 2). Bishop Tuff 

samples were taken from multiple locations (Figure 3), while the 

HRT was collected at the Mt Everts outcrop (Figure 2). 

4. Methods
Plagioclase crystals were picked from crushed samples and polished into four–sided 

prisms to account for anisotropy of OH (Figure 4) and two-sided thick sections were 

created for transects. Polarized infrared spectra were obtained using a Nicolet Magna 

750 Fourier Transform Infrared Spectrometer (FTIR) at JMU, and unpolarized

automated transects were obtained with an aperture size of 30 µm overlapping at 15 µm 

intervals on the Thermo-Nicolet 6700 FTIR at the Smithsonian Institution. Absolute water 

concentrations were calculated using the modified Beer-Lambert Law, dividing the 

integrated band area (A) per unit thickness (t) by the specific integral absorption 

coefficient for plagioclase (I’) calculated by Mosenfelder et al. 2015 as 29.3 ±0.3 ppmw-1

H2O ·cm-2. Spectra were taken along 3 optical axes, averaging 256 scans per spectra at 

a resolution of 4 cm -1 (Figure 5).

5. Results
The BT OH concentrations ranged from 52-66 ppm while the HRT ranged from 38-50 ppm (Figure 6). The partition 

coefficient was determined to be D(H2O)plag-melt = 10.5 ± 0.2 (Figure 8). The transect data indicates no discernible 

variation in OH across the phenocrysts except near melt inclusions and glass-filled fractures (Figure 7). 
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3. Research Goal
The goal of this study was to determine OH concentrations in plagioclase phenocrysts

from the BT and HRT with corresponding quartz-hosted melt inclusion water 

concentration data in order to determine a partition coefficient. This coefficient can be 

used to more easily determine magmatic water content for a wider range of evolved 

volcanic rocks where plagioclase occurs and melt inclusions are absent.
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6. Implications and Future Work
This partition coefficient provides a reproducible method of determining water concentration in silicic magmatic systems 

where melt inclusions are absent. This method allows for restoration of water in systems where pristine melt inclusions 

are not found, expanding the range of volcanic rocks that can be studied. This also minimizes concern associated with 

diffusive loss in melt inclusions during pre-eruptive slow ascent (Myers et al. 2018). 

Future research requires analysis of more phenocrysts from different localities to expand the range of data and better 

constrain the partition coefficient. Studying examples from basalt and andesite as a comparison to rhyolite would aid in 

understanding any differences in the partition coefficient related to magma composition. 

Figure 1:

Picture taken 

at Chalfant

Quarry (Fig. 

3), showing 

ash fall 

deposits F6-F9 

and an 

ignimbrite flow 

unit (photo 

from Colin 

Wilson). 

Figure 2: (a) Map of the HRT ignimbrite 

with red star marking the Mount Everts 

sampling site. (b) Stratigraphy of the 

HRT ash fall deposits with the layers 

used in this study highlighted in yellow. 

(c)  Picture of the lower ash fall units

(Myers et al. 2016).

Figure 3: Map of the Long Valley Caldera 

in California with the Bishop Tuff indicated 

in white with gray dots and sample 

locations marked with red stars (Roberge

et al. 2013).

Figure 8: a) OH concentrations for 

the BT and HRT plotted against 

wt% water from melt inclusion 

data with best fit line constrained 

through the origin and slope as the 

partition coefficient. b) OH 

concentration plot showing slope 

not constrained through the origin 

as a dashed line, and the slope 

constrained through the origin as a 

solid line.

Figure 4: Polished crystal from the F4 unit 

showing spot size, scale, and optical 

extinction angles.

Figure 5: OH spectra showing 3 extinction 

directions necessary to calculate concentration 

and the interference bands from residual 

Crystalbond adhesive.

.

Figure 6: Table showing melt inclusion water averages, OH 

averages, and the number of crystals used for each OH average.

Figure 7: Band area vs distance across crystal transect, 

showing the OH profile. Red arrow indicates start of run and 

blue line shows path of the transect. 

Unit
# of plagioclase 
measurements

Mean of 
[OH] (ppm 

H2O wt)

Number of melt 
inclusion 
analyses

Weighted Mean of 
H2O in Melt 
Inclusions

F1 5 57 42 5.40

F3 2 54

F4 5 52 5 5.38

F7 6 53 17 5.57

F8 2 58

F9 5 66 23 5.64

YP287 5 38 24 3.80

MM6 5 47 17 3.87

MM10 5 50 16 4.37

V33D-0276

Crystalbond
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