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Gypsum (CaSO4·2H2O) provides an opportunity to obtain information from both the oxygen isotopic 
composition of the water and sulfate of its formation waters, where these components are commonly 
sourced from different reservoirs (e.g., meteoric vs. magmatic). Here, we present d18O values for gyp-
sum and parent spring waters fed by the Kawah Ijen crater lake in East Java, Indonesia, and from these 
natural samples derive gypsum-fluid oxygen isotope fractionation factors for water and sulfate group 
ions of 1.0027 ± 0.0003‰ and 0.999 ± 0.001‰, respectively. Applying these fractionation factors to 
a growth-zoned gypsum stalactite that records formation waters from 1980 to 2008 during a period 
of passive degassing, and gypsum cement extracted from the 1817 eruption tephra fall deposit, shows 
that these fluids were in water-sulfate oxygen isotopic equilibrium. However, the 1817 fluid was >5‰ 
lighter. This indicates that the 1817 pre-eruption lake was markedly different, and had either persisted 
for a much shorter duration or was more directly connected to the underlying magmatic-hydrothermal 
system. This exploratory study highlights the potential of gypsum to provide a historical record of 
both the d18Owater and d18Osulfate of its parental waters, and provides insights into the processes acting 
on volcanic crater lakes or any other environment that precipitates gypsum.
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introduction

Sulfate minerals are common in volcanic systems, both as 
primary accessory minerals and secondary minerals associated 
with magmatic-hydrothermal fluids and sulfate in aerosols from 
SO2 oxidation in the volcanic plume (Mather et al. 2006). The 
sulfate mineralogy is varied and includes alunite-jarosite, barite, 
gypsum, anhydrite, alum, and leonite. Calcium sulfates (gyp-
sum and anhydrite) are particularly common, and are found as 
primary igneous minerals in the eruption products of volcanoes 
including El Chichon and Redoubt (Luhr et al. 1984; Rye et 
al. 1984; Luhr 2008; Swanson and Kearney 2008), as mineral 
encrustations or sublimate minerals around fumaroles (Africano 
and Bernard 2000), as precipitates from acidic waters where 
volcanoes host crater lakes or acid streams (e.g., Delmelle and 
Bernard 1994; Takano et al. 2004), and in subsurface alteration 
products (Fulignati et al. 1998). Hence, sulfates from volcanic 
environments have the potential to provide information on a 
multitude of volcanic processes.

In an earlier study (Utami et al. 2019), we have explored the 
potential of growth-zoned gypsum precipitated from crater lake 
effluent to provide a record of volcanic activity from a gypsum 
stalactite and gypsum cementing the base tephra fall deposit 
from the 1817 phreato-magmatic eruption, as determined from 

its trace elemental compositions. We showed the presence of a 
compositional signal that correlates with the degree of activity 
at the Kawah Ijen crater lake in Indonesia. Here, we investigate 
the potential of the complementary record provided by stable 
isotopes, specifically the 18O/16O oxygen isotope ratio. In par-
ticular, oxygen occurs in two different sites within the crystal-
line structure of gypsum, in structurally bound water and in the 
sulfate group. Gypsum, therefore, samples two oxygen reservoirs 
from its formation waters; H2O and SO4, which commonly have 
different sources. H2O is sourced from rain, groundwater, and 
the magmatic-hydrothermal system, whereas SO4 comes from 
volcanic gases and the subsequent disproportionation reactions 
to produce sulfate group ions (Kusakabe et al. 2000; Delmelle 
and Bernard 2015). In highly concentrated brines such as those 
found in the Kawah Ijen and Poás crater lakes, sulfate contains 
in excess of 5% by mass of oxygen (cf. Delmelle and Bernard 
1994; Martínez et al. 2000). Isotopic equilibration between these 
oxygen reservoirs is sluggish (Hoering and Kennedy 1957; 
Chiba and Sakai 1985; van Stempvoort and Krouse 1994), which 
potentially allows for preservation of original oxygen isotopic 
signatures, as well as their use in geothermometry (see Seal et 
al. 2000). For minerals incorporating both water and sulfate 
and with slow intra-mineral oxygen isotopic exchange, such 
a signature and its differentiation between the two reservoirs 
would be preserved.

In this study, we determined the oxygen isotopic fractionation 
factors between gypsum and its hyperacidic formation waters for 
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