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INTRODUCTION

“Thinolite,” “glendonite,” “jarrowite,” “fundylite,”
“gennoishi,” “gersternkõrner,” and “White Sea hornlets”; all
are local names attributed to a particular class of pseudomor-
phs formed from calcite (Shearman and Smith 1985). Of these
names, “glendonite” is the only term that appears to have been
successful in moving from its type locality (Glendon, New
South Wales, Australia) to be a more general term for pseudo-
morphs of radiating crystals of calcite, or their moulds, com-
monly associated with glacial deposits.

E.S. Dana made a detailed morphological study of such
pseudomorphs and concluded that the precursor mineral that
calcite had replaced was a hypothetical, tetragonal calcium
chlorocarbonate (Dana 1884). This conclusion was partly drawn
from the knowledge of an analogous tetragonal lead salt. How-
ever, the main evidence was his observation of square prism
shapes, displaying diagonals crossing at right angles internally,
and frequently terminated by square-base pyramid faces (Fig.
1). These pyramids were observed to be canted in opposite di-
rections at either end of the pseudomorph. As it is difficult to
accurately measure interfacial angles from these objects, Dana
used internal structures to improve his measurements and de-
termined that “the angle over the summit” of the pyramids lay
in the range 26–36°.

CaCO3·6H2O was first discovered in the laboratory (Pelouze
1865). It was almost a hundred years later that it was found as
a mineral, ikaite, in the Ikka (then Ika) fjord of southwest
Greenland (Pauly 1963). At this locality it grows in columns of
tufa up to 20 m long (Buchardt et al. 1997), apparently form-
ing as a rapid precipitate from a carbonate-rich, fjord-floor
groundwater seepage. The reason for the near-century gap be-
tween discovery in the laboratory and in nature is that the con-
ditions for ikaite formation make it uncommon in easily
explored zones and hard to study; near-freezing water is re-
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ABSTRACT

Neutron diffraction results are linked to the pre-diffraction, morphological crystallography of
E.S. Dana to show that ikaite is the precursor of “glendonite” and “thinolite” and that some of the
unusual features of the morphology can easily be explained by an accidental near-equivalence of the
unit cell of ikaite, CaCO3.6H2O. This relationship between the morphology of the pseudomorphs
and the crystallography of ikaite gives strong justification for the use of “glendonite” as a
paleothermometer, representing near freezing conditions for water.

quired for formation, and upon removal, ikaite decomposes
rapidly into a mush of anhydrous CaCO3 and water. It was
shown shortly afterward that, like aragonite, ikaite is metastable
near the Earth’s surface, only exhibiting thermodynamic sta-
bility at pressures around three times that at the bottom of the
deepest ocean (Marland 1975). Metastable persistence is aided
by the presence of orthophosphate in solution in cold water
(Buchardt et al. 1997), a powerful inhibitor of anhydrous CaCO3

nucleation (Bischoff et al. 1992). While aragonite can rarely sur-
vive in rocks from the Mesozoic without recrystallizing into cal-
cite, the ease of breakdown of ikaite means that, apart from the
most recent deposits, the preservation of ikaite in the geological
record is likely solely via calcite pseudomorphs or their moulds.

The suggestion of the link between ikaite and this class of
pseudomorphs was first made in the early 1980s when a crys-
tal of ikaite was recovered growing in organic-rich mud at the
bottom of the Bransfield Strait, Antarctica (Suess et al. 1982),
under conditions similar to those in which “glendonite” is
thought to have formed. This crystal was described as
bipyramidal, as it displayed only pyramid faces. “Glendonites”
had already been used as paleothermometers (Kemper and
Schmitz 1981), even before the suggestion of a cold-water car-
bonate precursor had been made. While the photograph of the
recovered crystal (Suess et al. 1982) certainly resembles some
of the forms of the pseudomorphs reported, no measurements
were made of the faces. Isotope evidence presented, such as
δ13C ratios, is not phase-specific to ikaite, although ikaite and
“glendonite” show similar values indicative of cold waters
(Schubert et al. 1997; Suess et al. 1982)

Ikaite is by no means the only mineral observed being
pseudomorphed by calcite in sediments (Riccioni et al. 1996),
and use of pseudomorphs as a paleothermometer can only be
justified where one can be certain of the precursor and the re-
strictive conditions of its formation; i.e., as an authigenic min-
eral forming in very cold waters. Ikaite certainly fits these
requirements. Yet what is the evidence that ikaite is the precur-
sor of these unusual pseudomorphs? A rigorous link between


