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Monohydrocalcite in a guinea pig bladder stone, a novel occurrence
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Abstract

The rare mineral, monohydrocalcite, CaCO,- H,0, has been identified in a guinea pig
bladder stone. Three other natural occurrences have been described, the most recent from
lacustrine deposits in the southeast of South Australia. Our unique pathological specimen, a
concretion of alternating white and tan bands, one centimeter in diameter, contains 7 percent
MgO, 8 percent PO,, less than | percent FeO and no Na,O or K.;O. Optical characteristics
(€ = 1.548, w = 1.594), X-ray diffraction data (P3, @ = 10.602, ¢ = 7.548A) and IR spectral
data compare well with those of previous descriptions. The three most intense diffraction
maxima are dig = 4.34, dyy; = 1.935, and d,,, = 3.08A.,

The occurrences of monohydrocalcite in nature are probably the result of biological
activity. Preservation of this ephemeral phase may be enhanced in confined biologically-
maintained environments. The monohydrocalcite of the guinea pig stone becomes magnesian
calcite on exposure to the atmosphere. The magnesian calcite of some invertebrate calcified
tissues may have a monohydrocalcite precursor. Similar mechanisms of biologic control of the
depositional environment may also apply to the South Australian lacustrian occurrence of
monohydrocalcite/magnesian calcite and protodolomite/dolomite described from adjacent
lagoons. We suggest that formation of the mineral may be determined by distinct biological

species with unique specificities and reactions in the agueous environment.

Introduction

The rare mineral monohydrocalcite, CaCoO,- H,0,
first described as a compound by Kraus and Schrie-
ber (1930), was one of several calcium carbonate
hydrates found during investigations on reactions of
Portland cement. Documented natural occurrences
include the type material in Lake Issyk-Kul, Kirgi-
ziya (Sapozhaikov and Tsevetkow, 1959), in speleo-
thems in a West German cave (Fishbeck and Muller,
1971), in otoliths of the tiger shark, Galeocerdo, (Carl-
strom, 1963), and monohydrocalcite-organic mate-
rial aggregates covered by a mucilaginous layer of
blue green algae from Lake Fellmongery, in the
southeast of South Australia (Taylor, 1975). We re-
port on a guinea pig bladder stone which is composed
of monohydrocalcite. In chemical composition this
pathological deposit is similar to the aggregates de-
scribed by Taylor (1975), but more closely resembles
monohydrocalcite deposits identified in air-condi-
tioning equipment by Marschner (1969). A second
guinea pig bladder calculus was analyzed and showed

only magnesian calcite. Bladder calculi from guinea
pigs have not previously been reported.

Physical and chemical properties

The guinea pig stone is a whitish-tan concretion, 1
cm in diameter. The surface is composed of an ex-
tremely fine radiating mixture of white crystallites
arranged in clusters, producing a faintly botryoidal
outline. On sectioning, alternating white and tan
shells of remarkably uniform thickness were observed
(Fig. 1). The stone parted along one of the concentric
shells, most likely a zone of differential compaction.
The inner surface also appeared botryoidal with fine
crystallites.

Samples from the center, several interior sites and
the surface of the stone gave identical X-ray diffrac-
tion patterns, characteristic of monohydrocalcite. No
other phase was detected during X-ray or optical
examination. The crystals are optically negative with
€ 1.548, w 1.594. These values, obtained by
observing the Becke line using blue-filtered white
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Fic. 1. Monohydrocalcite guinea pig stone, approximately 300 mg; concentric alternating tan and white banding can be seen in section.

light, are somewhat higher than those reported by
Lippman (1959) on synthetic material (1.542, 1.590).
A portion of the stone was dissolved overnight in
3N HCIl over a waterbath at 56°C. Calcium was
determined using a modified EDTA titration (Bett
and Fraser, 1959), which minimizes interference from
magnesium and phosphate. Magnesium (Spare,
1962), iron (Goodwin et al., 1966), and phosphate
(Crouch and Malmstadt, 1967) assays were per-
formed, utilizing standard colorimetric methods.
Carbonate was determined manometrically as CO,
(Van Slyke and Folch, 1940). Table 1 shows that the
MgO content of the calculus is several times that of
the geological occurrence described by Taylor (1975)
and is similar to monohydrocalcite identified from
air-conditioning equipment by Marschner (1969).
She identified monohydrocalcite and nesquehonite
(MgCQ,-3H,0) in one sample, while monohy-
drocalcite was associated with anhydrous calcium
carbonates in other samples. She related the forma-
tion of distinct magnesium phases to high levels of
magnesium in the waters supplied to the air-condi-
tioning units. The guinea pig calculus is richer in Mg
and Fe [compared to the monohydrocalcite of Lake
Fellmongery] and contains no sodium. The high

phosphate content (8.5%) which distinguishes the
stone sample might be anticipated in light of the
biological origin. Unfortunately no chemical analyti-
cal data are available on the tiger shark otolith. The
10 percent insoluble fraction reported in air-condi-
tioner samples by Marschner (1969) might be organic
debris. In any case, the air-conditioner occurrence
could result from bacterial activity, either directly or
indirectly. The relative increase in the amount precip-
itated with time certainly does not preclude biological
contribution or association.

X-ray data on the calculus (Table 2) are similar to
those for otolith material (Carlstrom, 1963). Both
gave fewer diffraction maxima than the Lake Fell-
mongery sample. We used a Guinier powder diffrac-
tion camera and CuKe radiation. The film (Fig. 2)
was scanned using a computer-controlled optical
scanner system, programmed to record position and
breadth of the diffraction maxima. The maxima ob-
served for the guinea pig monohydrocalcite (Fig. 2A)
were 0.5 mm in breadth compared to 0.18 mm for
standard NaCl examined simultaneously for the same
20 and intensity range. Unit-cell parameters were cal-
culated using the trigonal space group suggested by
Kohatsu and McCauley (1973).
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TABLE 1. Chemical analyses of monohydrocalcite.

Guinea Pig Taylor Marschner
Stone (1975) (1969)

Ca0 37.74 42.5 25.34%
MgO 7.29 2.49 10.96
FeO 0.80 0.13 0.05
Sr0 e 0.40 ===
Nazo 0.00 0.69 1.22
KZO 0.00 0.07 ———
CO2 34.50 33.60 31.68
PO4 8.46 === tr
SO4 - — it
HZO(IOO) 2.1 21.9
H20+ 15.9

Insoluble 5.0 5.0 10.0

*recalculated as oxides from original data,
Science 165, 119-1121 (1969), nesquehonite
also present in this sample.

The stone material dehydrated on exposure to air
to magnesian calcite, which gave broader diffraction
maxima (0.8-1.0mm). Both carbonate phases were
observed on X-ray examination of the stone after
drying at '100°C under vacuum (l.4kg/cm?) for 24
hours. The X-ray pattern of a second guinea pig stone
gave only magnesian calcite diffraction maxima and
is shown in Figure 2C.

IR analysis showed that the carbonate ion of the
stone material exhibited lower site symmetry than the
carbonate ion in optical calcite. The spectrum of
our material (Fig.3) is somewhat diffuse but vir-
tually identical to the spectra of synthetic mono-
hydrocalcite produced by McCauley (personal
communication, 1976) using silica gel techniques
(McCauley and Roy, 1974). Active modes include y1,
3, and v4. The latter two show double peaks in-
dicating removal of the degeneracy for these modes.
The broad area of spectral absorbance at 3300-3600
and the sharp peak at 2930cm~! are ascribed to OH
stretching frequency bands, while the 1630-1660 ab-
sorbance is probably due to H,O bending motions.
The frequencies and assignments are compatible with
the spectral analysis on' nesquehonite and hydro-
magnesite presented by White (1971).

Discussion

We have presented a brief description of an unique
occurrence of a rare mineral species, mono-
hydrocalcite. This biological occurrence may have
implications for the mode of formation of magnesian

calcite in the exoskeleton of many invertebrates and
in lagoonal sediments such as those found in the
southeast of South Australia.

The guinea pig is strictly herbivorous and produces
a highly alkaline urine. Under normal physiologic
conditions the bladder may be incompletely voided
with retension of small volumes of urine. The nucle-
ation and formation of a bladder stone could result
from supersaturation during periods of low fluid
level. Cellular debris could act as nucleating material.
Alternatively, it is possible that stones form as a
sequel to bacterial infection. Bacterial extra-cellular
products might alter the chemical characteristics of
the urine, such as a decreased pH, as well as provide
debris to act as a nidus for stone formation. Little
high-molecular weight organic material is associated
with either calculus; therefore, it is unlikely that in-
fection is associated with calculus formation in these
cases. Because we know of no reports of calculus
disease in this common laboratory animal, it would
seem that guinea pigs are not prone to bladder stone
formation. However, no stone would form or grow if
the urine were not saturated with respect to the
phase. The entire stone is a single mineral species,
which implies uniformity of depositional environ-
ment and maintenance of saturated conditions over a
reasonable time period.

Both bladder and lagoon environments are charac-
terized by fluctuating fluid levels, salinity variations,
and microflora (and organic molecule) proliferation.
They are both distinctive for their class of deposition,
exhibiting abnormally high values of Mg/Ca and pH.
The average temperature in the South Australian la-

TaBLE 2. X-ray powder diffraction data for guinea
pig monohydrocalcite.

Bl % 4 (obs) T(re1)
110 5.30 35
111 4.34 100
112 3.08 95
301 2.838 43
221 2.501 10
302 2.380 27
222 2.170 st
410 2.004 11
411 1.935 98
223 1.824 3
114 1.779 6
333 1.440 5

*Indexed assuming Lippman's pseudo-cell to
enable direct comparison with Table 3, Taylor
(1975) p. 694.
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FIG. 2. Portion of X-ray powder diffraction patterns; Guinier (multiple sample) camera, CuKe radiation. (A) Guinea pig stone #1

monohydrocalcite; arrows indicate positions of three strongest ma

xima of nesquehonite. (B) Optical calcite. (C) Guinea pig stone #2—

magnesian calcite; note broadness and shift of al maxima relative to calcite pattern.

goons during precipitation is probably not much dif-
ferent from that in the animal, although the fluctua-
tions in lagoons would be greater. No details on
temperature of formation for Lake Fellmongery ma-
terial have been published. In the guinea pig stone all
the carbon has an organic origin. There will be some
organic compounds, but the major portion, the in-
organic carbonate (CO,), must result from the meta-
bolism of the bladder cells, blood, or other cells
and/or bacteria. Therefore biological activity is to-
tally and directly responsible for the precipitation of
monohydrocalcite in the case of the guinea pig stone.
The Lake Fellmongery sample has close association
with algae, which may enhance precipitation of mono-
hydrocalcite by increasing the pH and CO, in the
local environment. However, the material shows a
positive *C, implying carbon contribution from an-
other source, most probably atmospheric CO,. We
do not have sufficient sample to make accurate iso-
tope determinations, but we anticipate that the
guinea pig stone would show large negative *C, sim-
ilar to values for algae from Lake Fellmongery or
biogenic carbonates.

Taylor (1975) identified isolated pellets of mono-

hydrocalcite from the upper 25-30 cm of the sedi-
ment pile in Lake Fellmongery, Australia. However,
the pelletal sands of the beach rock contained high-
magnesium calcite (33 mol % MgCO;). The mono-
hydrocalcite from this locality was stable in air, but
transformed to magnesian calcite in the presence of
water (Taylor, 1975). The transition was retarded by
magnesium. The monohydrocalcite of the urinary
stone transformed in the atmosphere in a few months
to magnesian calcite with approximately 10 mol per-
cent MgCQ,. We anticipated this reaction when, after
heating a portion of the stone under vacuum for 24
hours, both monohydrocalcite and magnesian calcite
were observed on X-ray analysis. A second guinea pig
stone, examined after being exposed to the atmo-
sphere for an unknown length of time, consisted of
magnesian calcite only (Fig. 2C). Monohydrocalcite
appears to be the precursor to magnesian calcite in
the stones. Perhaps it is also precursor of some of the
material in the lacustrine deposits of the southeast
of South Australia. We speculate that mono-
hydrocalcite may be an earlier mineral phase in the
calcification of invertebrates which show magnesian
calcite exoskeletons. Identification of the phase mono-
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F1G. 3, Infrared spectrum of guinea pig stone #1 identified as

monohydrocalcite. Perkin Elmer 337, 2 mg sample/300 mg KBr.
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hydrocalcite probably depends on its preservation:
for the urinary stone, it is enclosed within the blad-
der; for lacustrine/cave environments, it is covered
by the mucia of green algae; for calcifying in-
vertebrates, it could be deposition within the epithe-
lial mantle.

The question whether a metabolizing cell or a liv-
ing species is required for the precipitation of
monohydrocalcite is a matter of semantics. Mono-
hydrocalcite is an extracellular product in both the
guinea pig calculus and in the lake deposit. The role
of specific organisms and precise biochemical reac-
tions must be delineated before we understand the
occurrence of the mineral.

Several intriguing areas for future investigations in
hasic mineralization problems are triggered by this
occurrence of the mineral species and its mechanism
of precipitation. (1) Is it possible that mono-
hydrocalcite is a precursor to the formation of mag-
nesian calcites in normal calcification processes of
some invertebrates? (2) From the Lake Fellmongery
occurrence it appears that magnesian mono-
hydrocalcite exists in close proximity to magnesian
calcite pelletal material: is it a precursor in this geo-
logic locality? (3) Could the formation of sedi-
mentary dolomite originally described from the same
area (Alderman and Skinner, 1959; Skinner, 1963) be
analogous? That is, are there some bacterial/algal
species that create and maintain local and unique
physicochemical conditions in the lagoonal waters
which are conducive to the formation of ‘pro-
todolomite’ and eventually well-ordered dolomite?
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