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abstract

At Lake Tecopa, in California, white play-of-color opals are found in vesicles of a volcanic ash layer 
from the Huckleberry Ridge Tuff super-eruption (2.1 Ma). They show characteristic traits of opal-AG by 
X-ray diffraction and scanning electron microscopy (silica spheres of ~330 nm). These properties are not 
typical for volcanic opals, and are usually associated with opals formed in a sedimentary environment, 
such as opal-AG from Australia. The conditions under which opal was formed at Lake Tecopa were 
determined by oxygen and hydrogen isotopic analyses and give a better understanding of the formation 
of opal in general. 

Tecopa opal’s d18O is ~30‰, which leads to a formation temperature between 5 and 10 °C from water 
composition similar to the present spring water composition (d18O = –12‰), or between 15 and 30 °C 
(the present day spring water temperatures) in water having a d18O between –9.5 and –5.5‰. As a result, 
opal experienced 25–50% evaporation at the Tecopa basin. Contrary to long-held views, the formation of 
opal-AG vs. opal-CT (or opal-C) is not determined by the type of deposits, i.e., respectively sedimentary 
vs. volcanic, but mostly by the temperature of formation, low (≤45 °C for opal-AG) vs. high (≥160 °C 
for opal-CT) as suggested in most recent papers. 

The isotopic composition of water contained in Tecopa opals is assessed and results show that water 
in opal records different stages of opal formation from groundwater. Opal seems to precipitate from 
groundwater that is undertaking isotopic distillation during its circulation, most likely due to 15% up to 
80–95% evaporation. Hydrogen isotopes are poorly documented in opal and require more systematic 
work, but this study reveals that, in Tecopa opals, molecular water (H2Om) is isotopically heavier than 
structural water (OH), a phenomena already well known in amorphous volcanic glass. Overall, opal 
isotopic composition reflects the composition of the water from which it precipitated and for that reason 
could be (as established for amorphous silicic glass) a useful tool for paleoenvironments, and paleocli-
matic reconstitutions on Earth and on other terrestrial planets.
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introduction

The formation mode of opal, which is an amorphous to poorly 
crystalline hydrated silica, has been mostly studied in biogenic 
samples (such as diatoms) for their importance in the silicon cycle 
in oceans both past and present (e.g., De La Rocha et al. 1998). 
Hot Spring opals have been used as possible proxy for the study 
of early life on Earth and life on Mars (e.g., Jones and Renaut 
2007 and the review paper by Campbell et al. 2015). These opals 
are not gem quality, as they are highly porous, and lack color and 
play-of-colors (iridescence). In contrast, gem opals are valued 
because of their body color (i.e., background color), transparency, 
and/or the presence of play-of-color. Unlike biogenic opals, they do 
not form in oceans, but on continents by weathering of silica-rich 
rocks either in a sedimentary or a volcanic environment (e.g., Des 

Cloizeaux 1862; Lacroix 1896–1901; Payette 1999; Gaillou et al. 
2008a; Rondeau et al. 2012; Rey 2013). As opal contains water 
in the form of both H2O and OH, hydrogen and oxygen isotopic 
analyses can be conducted to understand its formation mode.

At the dry Lake Tecopa, California, play-of-color opal is pres-
ent in nodules within a volcanic ash layer from a Yellowstone 
supereruption (Huckleberry Ridge Tuff, 2.1 Ma; e.g., Rivera et 
al. 2014). The purpose of this study is to use Lake Tecopa play-
of-color opals to better understand the processes that lead to the 
formation of gem opals. We present oxygen and hydrogen isotope 
measurements on Tecopa opals and their host rock, which allows 
the assessment of the formation conditions, such as fluid composi-
tion and the temperature from which opal precipitated.

Background on gem opals
Opal can be divided in three structural groups (Jones and 

Segnit 1971): opal-C (well-ordered a-cristobalite), opal-CT 

mailto:erwan.martin@upmc.fr



