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Celestine discovered in Hawaiian basalts
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Abstract
We report here the first occurrence of celestine (SrSO4) in recent oceanic basalts. Celestine was
found in moderately altered accidental volcanic blocks from Ka‘ula Island, a rejuvenated tuff cone
in the northern Hawaiian Islands. This occurrence is novel not only for the presence of celestine but
also for the absence of barite, the sulfate mineral most commonly found in oceanic hydrothermal
deposits. Celestine was found lining vesicles and partially fillings voids within the matrix of several
high Sr (2200–6400 ppm) Ka‘ula basalts. High-quality wavelength-dispersive microprobe analyses
of celestine are reported here for near end-member celestine (>90%). The Ka‘ula celestine deposits
are compositionally heterogeneous with large variations in Ba content (0.9–7.5 wt%) within single
mineral aggregates. The most likely source of the Sr for celestine in the Ka‘ula basalts was the host
basalt, which contains ~1200 ppm. This is about 10 times higher than normally found in mid-ocean
ridge basalts and 4 times greater than commonly observed in Hawaiian basalts. Hydrothermal alteration by S-bearing fluids related to the eruption that transported these accidentally fragments probably
mobilized Sr in the blocks. These S-rich solutions later precipitated celestine during or following the
eruption. We were unable to confirm the origin for the Sr via Sr isotope measures because the Ka‘ula
celestine was too fine grained, friable, and widely dispersed to be concentrated for Sr isotope analyses.
Future studies of basalts from active volcanoes on oceanic islands, especially for basalts with elevated Sr
contents (>1000 ppm), should be aware of the possible presence of celestine in moderately altered lavas.
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Introduction

2016). However, high Sr content barite (11–12 wt% SrO) was
reported in hydrothermal deposits related to the 1996 eruption of
Lō‘ihi volcano, a seamount located south of the island of Hawai‘i
(Davis and Clague 1998; Davis et al. 2003), and in mid-ocean
ridge hydrothermal vent deposits (e.g., Loki’s Castle; Eickmann
et al. 2014). Celestine was not reported in either of these areas.

Celestine (SrSO4) is normally associated with continental
evaporite deposits, although it is also reported in hydrothermally altered continental volcanic and intrusive rocks (even
kimberlites and lamproites) as well as in some metamorphic
rocks (eclogites; Hanor 2000; Karakaya and Karakaya 2001;
Bailey and Lupulescu 2007; Nakamura et al. 2010; Rukhlov et al.
2013; Anenburg et al. 2014; Nickschick et al. 2014; Enkhbayar
et al. 2016). In sedimentary environments, celestine is thought
to form by reaction of hypersaline Sr-rich fluids with gypsum
and/or anhydrite (Hanor 2000). In continental igneous settings,
celestine is commonly associated with barite, and the two are
interpreted to be the product of interaction of a hydrous silicate
fluid (rich in Sr and Ba) with a sulfur-rich fluid (Hanor 2000).
Celestine is an important ore mineral (the principle commercial
source for Sr). The principal uses of celestine in the U.S.A. are
drilling fluids (70%); ceramic ferrite magnets, and pyrotechnics
and signals (9% each), and electrolytic production of zinc, master
alloys, pigments and fillers, and other applications, including
glass (3% each; U.S. Geological Survey 2019). Celestine is apparently unreported from active oceanic volcanic regions (e.g.,
mid-ocean ridge hydrothermal vents) and was unknown in the
Hawaiian rocks prior to its accidental discovery in high Sr content
(2200–6400 ppm) lavas from Ka‘ula Island (Fig. 1; Garcia et al.

Figure 1. Map of northern Hawaiian Islands (Kaua‘i, Ni‘ihau, and
Ka‘ula shown in green). Ka‘ula Island is a tuff cone remnant (small
green patch on the south side of Ka‘ula shield volcano) capping a
small, independent Hawaiian shield volcano (Garcia et al. 1986, 2016).
(Color online.)
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