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Study of the geochemistry of stable isotopes can
efficiently solve issues of the genetic mineralogy only
if we can define the sources of matter involved in min-
eral formation. The present paper reports original data
on the distribution of carbon isotopes in two types of
supergene calcite. Calcite of type 1 was sampled from
stalactites in karst cavities in Triassic limestone blocks.
Calcite of type 2 is a product of the reaction of wollas-
tonite with CO,-rich groundwaters. The isotopic com-
position of calcite was determined with a Delta+
Advantage (Thermo Finnigan) mass spectrometer. The
accuracy of 8'3C determination was 0.07%0 PDB.
Material for the analysis was taken with a diamond drill
3.5 mm in diameter.

Calcite 1 was precipitated from CaCOj;-rich ground-
waters. Carbon entered this mineral as carbonate ions
from limestones and CO,-rich meteoric waters. There-
fore, summer layers of stalactite should be enriched in
atmospheric carbon, whereas winter layers should be
enriched in limestone. Figure 1 shows the transverse
section of a stalactite specimen with a zonal growth pat-
tern. The specimen (13 X 10 cm in size) was taken from
a cave in limestones near Dal’negorsk. The specimen
clearly shows zones with different colors. Figure 2 pre-
sents a bar chart of the distribution of carbon isotopes
in different zones. Samples for the analysis were taken
with an average spacing of 1 cm. Numerations 2 and 3
designate early growth zones of carbonates. The maxi-
mum discrepancy in the isotopic composition between
these zones is 4.15%0 PDB. Since the sample dimension
is significantly smaller than the growth zone width, the
maximum 8"*C value can be underestimated and the
minimum value can be overestimated. Nevertheless,
the distribution pattern shows that the 8'3C value
changed periodically in the course of stalactite growth.
The minimum value (-11.49%0 PDB) should be
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assigned to the 8'*C content in limestones; the maxi-

mum value (=7.34%0 PDB), to the 8'3C content in
waters enriched with atmospheric carbon dioxide.

Calcite 2 is a tabular monocrystal (hexagonal
prism), 2.3 x 3.0 cm in size and ~2 mm in thickness
(Fig. 3), representing a combination of pinacoid
{0001}, prism {10-10}, and tiny faces of scalenohe-
dron. The crystal shows distinct zonality. The specimen
was separated into the following four zones: (zone I)
central dull part (seed); (zone II) transparent zone
around the seed; (III) opaque white zone; and (zone IV)
transparent peripheral zone. The crystal was prelimi-
narily treated in 10%-HCI for 10 min to clean the sur-
face and reveal the morphology of growth zones.

At high magnification, transparent zones II and IV
show numerous thin zones parallel to faces of the prism
{10-10}. The minimum thickness of such zones is
10 um.

Fig. 1. Specimen of zonal carbonate (flowstone). (W) Sam-
pling sites and sample numbers.
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Fig. 2. Bar charts of 8'3C values in the flowstone sample.

Sample numbers are as in Fig. 1.

Fig. 3. Calcite specimen from the Bor deposit (Tetyukhe,
Primor’e region). Numerals designate faces where samples

were taken for the measurement of >C/12C values.
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Fig. 4. Bar charts of 813C values in the calcite crystal in zones II-IV. Numeration of faces is as in Fig. 3.

The transverse section of zone I reveals a great num-
ber of cracks related to growth stress. Under the binoc-
ular microscope, one can see that the cracks inherit sur-
faces of translation apices {10-11}; i.e., the pinacoid
{0001} underwent drastic degeneration into the cleav-
age rhombohedron {10-11} in such sectors. Zone I
reveals numerous tiny pyramids that represent cleavage
rhombohedra {10-11} restricted by the pinacoid. The
tiny pyramids (hereafter, rhombohedra) are oriented
strictly relative to each other, while faces of different
rhombohedra are parallel. The base of the rhombohedra
is parallel to the pinacoid {0001}, while lateral faces
are parallel to faces of the outer prism {10-10}. A sim-
ilar pattern is observed in zone III.

The central part of the crystal includes a dull seed
extended along axis L, of calcite. The transparent wide
zone in the seed shows a combination of pinacoid with
different faces. The combination of pinacoid with faces
of rhombohedron and scalenohedron produces trigonal
growth patterns. Ultimately, we observe the following
succession of growth zones. The crystal core includes a
prismatic seed with faces {0001} and {10-11}. This
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zone is overgrown with the remaining portion of the
crystal. In opaque zones, one can observe a drastic
change of shape from {0001} to {10-11}. Transparent
sectors are related to a slower zonal growth of the crys-
tal. The zonality of the crystal is also supported by its
morphological features. One can observe the following
successive episodes of crystal growth:

(1) growth with drastic change of shape from
{0001} to {10-10};

(2) zonal overgrowth along faces {0001} and {10-11};

(3) anew episode of overgrowth with drastic change
of shape from {0001} to {10-10}; and

(4) zonal growth of faces {10-10}.

We took calcite samples from the pinacoid surface
along sectors corresponding to different faces of the
prism for each of the four zones. Since the crystal has a
very fine zonal structure, materials from different
growth layers inside a single zone could enter the sam-
ple taken for analysis. Therefore, variations in the 8'*C
value reflect only the trend of periodic fluctuations of
this parameter in the course of crystal growth. Figure 4
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presents bar charts of 8'*C distribution in zones II-IV
and different faces.

Supergene calcite crystals in the Dal’negorsk
deposit formed together with quartz crystals in the
course of the reaction of wollastonite with groundwa-
ters enriched in carbonate ions:

CaSiO3 + C02 = CaCO3 + SlOz

This reaction is fostered by the following situation.
At low temperatures, the free energy of calcite forma-
tion becomes higher than the AG value for wollastonite.
As in the case of the formation of stalactites, the
decomposition of wollastonite took place under the
influence of two sources of carbon (atmospheric carbon

dioxide and older calcite that was present in wollasto-
nite—datolite ores). The atmospheric carbon dioxide has
a typical 8'3C value of ~7%0 PDB [1]. The minimum
OBC value (-9.89%0 PDB) recorded in the calcite
reflects the contribution of the older calcite, which was
generated in the course of the dissolution of limestone.
This value is much lower than that in the stalactite.
Hence, the second source played a subordinate role
during the growth of the crystal relative to the growth
of the stalactite.
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