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

The rare mineral,  monohydrocalcite, cacos.Hzo, has been identi f ied in a guinea pig
bladder stone. Three other natural occurrence3 have been described, the most recent lrom
lacustr ine deposits in the southeast of South Austral ia. Our unique pathological specimen, a
concretion of alternating white and tan bands, one centimeter in diameter, contains 7 percent
MgO' 8 percent POr, less than l  percent FeO and no NarO or K2O. Optical characterist ics
(e : 1.548, c.r :  1.594), X-ray dif fract ion data (p3, a :  10.602, c :  j .54gA) and lR spectral
data compare well  with those of previous descript ions. The three most intense dif fract ion
max ima a te  d roo  =  4 .34 ,  d^  :  1 .935,  and du2:  3 .084.

The occurrences of monohydrocalcite in nature are probably the result of biological
activi ty. Preservation of this ephemeral phase may be enhanced in confined biological ly-
maintained environments. The monohydrocalcite of the guinea pig stone becomes magnesian
calcite on exposure to the atmosphere. The magnesian calcite of some invertebrate calcif ied
tissues may have a monohydrocalcite precursor. Similar mechanisms of biologic control of the
deposit ional environment may also apply to the South Austral ian lacustr ian occurrence of
monohydrocalcite,/magnesian calcite and protodolomite/dolomite described from adjacent
lagoons. We suggest that formation of the mineral may be determined by dist inct biological
species with unique specif ici t ies and reactions in the aqueous environment.

Introduction

The rare mineral  monohydrocalc i te ,  CaCOr.  HrO,
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,
l97l), 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 identif ied 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, I
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. I ), 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
e : 1.548, os : 1.594. These values, obtained by
observing the Becke line using blue-filtered white



274 SKINNER ET AL.: MONOHYDROCALCITE IN A BLADDER STONE

Frc.  I  Monohydrocalc i te guinea pig stone,  approximately 300 mg; concentr ic  a l ternat ing tan and whi te banding can be seen in sect ion

l ight, are somewhat higher than those reported by

Lippman (1959) on synthet ic  mater ia l  (1.542,1.590).

A portion of the stone was dissolved overnight in

3N HCI 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, uti l izing standard colorimetric methods.

Carbonate was determined manometrically as COz
(Van Slyke and Folch, 1940). Table I shows that the

MgO content of the calculus is several t imes that of

the geological occurrence described by Taylor (1975)

and is similar to monohydrocalcite identif ied from

air -condi t ion ing equipment  by Marschner (1969).

She identif ied monohydrocalcite and nesquehonite
(MgCOr.3HrO) in  one sample,  whi le  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-

t ion ing uni ts .  The guinea p ig calculus is  r icher  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 l ight of the

biological origin. Unfortunately no chemical analyti-

cal data are available on the tiger shark otolith' The

l0 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

contr ibut ion or  associat ion.
X-ray data on the calculus (Table 2) are similar to

those lor otolith material (Carlstrom, 1963). Both

gave fewer diffraction maxima than the Lake Fell-

,nong"ty sample. We used a Guinier powder diffrac-

tion camera and CuKa radiation. The fi lm (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. 2,A)

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).



SI(IIINER ET AL.,. MONOHYDROCALCITE IN A BLADDER STONE

Tnsls l .  Chemical analyses of monohydrocalcite.

CaO 37.74 42.5 25.34x
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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/Caand pH.
The average temperature in the South Australian la-

TnsI-E 2. X-ray powder diffraction data for guinea
pig monohydrocalc i te.

Guinea P ig
Stone

Taylor Marschner
(1e7s)  (1e6e)

M g o  7 . 2 9 2 . 4 9  1 0 . 9 6

0 . 1 3  0 , 0 5

0 . 4 0

0 . 6 9  L . 2 2

0 . 0 7

J J .  O U  J I .  b d

tr

tr

2 'L  zL .s
l q  o

5  . 0  1 0 . 0

FeO

Sr0

0 8 0

Na2O 0 .00

KzO 0 .00

co}  34 '50

P04 8 .46

SO,

H20 (100)

H2s

Inso lub le  5 .0

* reca lcu la ted  as  ox ides  f rom or ig lna l  da ta ,
S c l e n c e  1 6 5 ,  L 1 9 - 1 1 2 1  ( 1 9 6 9 ) ,  n e s q u e h o n i t e
a lso  present  in  Eh is  sample .

The stone material dehydrated on exposure to air
to magnesian calcite, which gave broader diffraction
maxima (0.8-l.Omm). Both carbonate phases were
observed on X-ray examination of the stone after
dry ing at  100'C under vacuum ( l .4kglcm2) for  24
hours. The X-ray pattern of a second guinea pig stone
gave only magnesian calcite diffraction maxima and
is shown in F igure 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-
tual ly  ident ica l  to  the spectra of  synthet ic  mono-
hydrocalc i te  produced by McCauley (personal
communication, 1976) using sil ica gel techniques
(McCauley and Roy,  1974).  Act ive modes inc lude 71,
73, and 74. 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-1 are ascribed to OH
stretching frequency bands, while the 1630-1660 ab-
sorbance is probably due to HrO bending motions.
The frequencies and assignments are compatible with
the spectral analysis on nesquehonite and hydro-
magnesi te presented by Whi te (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

*Indexed assunlng Lippmants pseudo-cell to
enab le  d i rec t  conpar ison  w i th  Tab le  3 ,  Tay lo r
(L91s)  p .  694.
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2 . I 7  0
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r . 4 4 0
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Frc.  2.  Port ion of  X-ray powder d i f f ract ion pat terns;  Guinier  (mul t ip le sample) camera,  CuKa radiat ion.  (A) Guinea pig stone l l
monohydrocalc i te;  arrows indicate posi t ions of  three strongest  maxima of  nesquehoni te.  (B) Opt ical  calc i te.  (C) Guinea pig stone 12-
magnesian calcite; note broadness and shift of all maxima relative to calcite pattern.

A

B

c

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 wil l be some
organic compounds, but the major portion, the in-
organic carbonate (COr), 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 COz in the
local environment. However, the material shows a
positive '3C, implying carbon contribution from an-
other source, most probably atmospheric COr. We
do not have sufficient sample to make accurate iso-
tope determinations, but we anticipate that the
guinea pig stone would show large negative'3C, sim-
ilar to values for algae from Lake Fellmongery or
biogenic carbonates.

Taylor  (1975) ident i f ied iso lated pel le ts  of  mono-

hydrocalcite from the uppeF 25-30 cm of the sedi-
ment pile in Lake Fellmongery, Australia. However,
the pelletal sands of the beach rock contained high-

magnesium calc i te  (33 mol  7o MgCO3).  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 l0 mol per-

cent MgCO3. 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 t ime, 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 Austra l ia .  We speculate that  mono-
hydrocalcite may be an earlier mineral phase in the
calcif ication of invertebrates which show magnesian
calcite exoskeletons. Identif ication of the phase mono-

FREoUENcY (cm-I }

Ftc. 3 lnfrared spectrum of guinea pig stone l l  identi f ied 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 l iv-
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
rrasic mineralization problems are triggered by this
occurrence of the mineral species and its mechanism
of prec ip i ta t ion.  ( l )  Is  i t  possib le that  mono-
hydrocalcite is a precursor to the formation of mag-
nesian calcites in normal calcif ication processes of
some invertebrates? (2) From the Lake Fellmongery
occurrence it appears that magnesian mono-
hydrocalc i te  ex is ts  in  c lose proximi ty  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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