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Abstract
Celadonite is a common alteration product of basalts in marine environments. It has been argued
that marine fluids are necessary for celadonite formation, possibly by providing a source of K and
other dissolved cations. Laterally extensive deposits of celadonite occur in basalts of the Grande
Ronde Basalt of the Columbia River Basalt Group. The celadonite is found in scoriaceous flow tops
of layered basalt flows, where it fills vesicles and replaces the surrounding groundmass. Evolved
interstitial glasses are present in the basalts and dissolution of these glasses may provide sufficient K
for celadonite formation, whereas dissolution of groundmass augite provides a source of Mg and Fe.
These observations show that alteration by seawater or any other external source of dissolved ions is
not necessarily required for celadonite formation.
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Introduction
Celadonite is a dioctahedral phyllosilicate mineral of the mica
group, with an ideal formula K(Fe3+,Al)(Fe2+,Mg)Si4O10(OH)2.
It has a distinctive blue-green color resulting from the presence
of both Fe2+ and Fe3+ replacing Al in the octahedral sheet (Velde
2003). It shows limited Al substitution in the tetrahedral sheet,
typically less than 0.2 atoms (Odin et al. 1988; Velde 2003),
although aluminoceladonite and ferroaluminoceladonite are
recognized mineral phases (Li et al. 1997; Rieder et al. 1999).
Although both Fe2+ and Fe3+ are present, most (80–96%) Fe in
celadonite is trivalent (Odin et al. 1988). Celadonite is most commonly formed by alteration of basaltic to intermediate rocks. It
is frequently found as fracture or cavity-filling deposits in highly
vesicular or porous basalts, or as a thin coating on altered basalt,
and in more extensively altered basalts it may replace glass or
phenocrysts. Celadonite in basalts typically occurs with other
secondary alteration minerals including quartz, chalcedony, opal,
calcite, nontronite, saponite, and zeolites such as clinoptilolite,
heulandites, and laumontite (Andrews 1980; Alt and Honnorez
1984; Cummings et al. 1989; Neuhoff et al. 1999). Although
glauconite often shows significant interstratification with smectites, interstratification of celadonite is considered uncommon
(Odin et al. 1988; Velde 2003). Celadonite has also been shown
to weather to Fe-rich smectite in soils by the loss of interlayer
K (Reid et al. 1988).
It is generally held that most celadonite forms in a marine
environment and that interaction with seawater provides a source
of K (Odin et al. 1988; Weaver 1989; Velde 2003) and possibly of
Mg (Andrews 1980). This is well enough accepted that celadonite
occurring in non-marine rocks has been assumed to indicate a
previous phase of marine alteration (Baker 1997). Celadonite
is known to have formed in an entirely continental setting in a
few cases, but these occurrences have not been as extensively
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documented as those of marine origin. Continental celadonite
occurrences have been described in paleosols in the Eocene John
Day Formation and the Miocene Picture Gorge Basalt of Oregon
(Hay 1963; Retallack et al. 1999; Sheldon 2003), as well as at
Olduvai Gorge (Hover and Ashley 2003), and in Australia (Norrish and Pickering 1983). Celadonite has also previously been
described as a minor alteration product in Miocene basalts of
the Columbia River group (Benson and Teague 1982; Cummings
et al. 1989) and in an Oligocene basalt in south-central Washington (Wise and Eugster 1964). Celadonite is also described
as a minor phase accompanying amethyst geodes in Brazilian
basalts (Gilg et al. 2003), and deep groundwater was probably
involved in its formation (Morteani et al. 2010), but a specific K
source for this occurrence was not identified. Celadonite filling
vesicles in Icelandic basalts has also been described (Neuhoff
et al. 1999), with surface freshwater described as a potential
source of K and Si.
Here we describe a locally extensive occurrence of celadonite
that has formed by alteration of Miocene Grande Ronde Basalts
of the Columbia River Basalt Group in Washington state, U.S.A.
The petrology, chemistry, and stratigraphic relations of these
tholeiitic basalts have been extensively studied (Ross 1978;
Camp 1981; Reidel 1983; Mangan et al. 1986; Reidel et al.
1989; Caprarelli and Reidel 2004), but relatively few studies
have examined their alteration mineralogy (Benson and Teague
1982; Trone 1986; Cummings et al. 1989; Hoover and Murphy
1989). These rocks were unquestionably erupted and weathered
under nonmarine conditions (Hooper 1982). The objective of
this study was to determine the source of K and other cations
necessary for celadonite precipitation in the absence of seawater.

Samples and analytical methods
Samples were collected from the N1 magnetostratigraphic unit of the Grande
Ronde member of the Columbia River Basalts, exposed in the Grande Ronde
River canyon in Washington state, U.S.A. (Fig. 1). The canyon walls at the field
site expose stacked basalt flows approximately 800 m in total thickness (Reidel
1983; Reidel et al. 1989), as well as feeder dikes for younger Grande Ronde
Basalt flows. The N1 flows are between 16.5 and 15.6 million years old and are
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