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ABSTRACT. — A detailed X-ray mineralogical
research was carried out on the soil of Caverna
Pocala (Trieste Karst), a cave well known for the rich
bone deposit of Pleistocene fauna.

In a thin layer Ca-kutnahorite, kutnahorite,
hydroxyl-apatite and aragonite are present in addi-
tion to calcite, quartz, feldspars and clay minerals.
The appearance of both Ca-kutnahorite and kut-
nahorite is very interesting, as up to now they had
never been found in caves. Moreover, these two Ca-
Mn carbonates are always associated with hydroxyl-
apatite and aragonite. Notable is also the presence
of gypsum.

The origin of kutnahorites, hydroxyl-apatite and
aragonite may be related both to decomposition of
the bone deposit and to pedogenetic factors, occur-
red in a reducent environment.

In this framework the calcium carbonate may
precipitate also as aragonite, because of the presence
of strontium derived from bones decomposition. The
origin of gypsum may be related to organic factors
that occur in this reducent environment.

RiassunTo. — Sul suolo della caverna Pocala (Car-
so Triestino), grotta molto nota per il ricco deposi-
to di ossa di fauna pleistocenica, sono state fatte ri-
cerche mineralogiche per mezzo di diffrattometria
a Raggi X.

In un sottile strato sono stati riconosciuti oltre a
calcite, quarzo, feldispati e minerali argillosi calcio-
kutnahorite, kutnahorite, idrossiapatite e aragoni-
te. Di particolare importanza ¢ stato il rinvenimen-
to di calcio-kutnahorite e kutnahorite, dato che fi-
nora non erano mai state segnalati nelle grotte. Inol-
tre questi due Ca-Mn carbonati sono sempre asso-
ciati a idrossiapatite e aragonite. Un’altro fatto in-
teressante ¢ infine costituito dalla presenza di ges-
so sotto forma di noduli e incrostazioni.

Lurigine di Ca-kutnahorite, kutnahorite, idrossia-
patite e aragonite puo essere relazionata alle parti-
colari condizioni della grotta. infatti I'idrossiapati-
te puo trarre origine dalla decomposizione del ric-

co deposito di ossa presente, mentre la Ca-
kutnahorite e la kutnahorite si possono essere ori-
ginate in seguito a fenomeni pedogenetici avvenuti
in ambiente riducente,

Inoltre, per la presenza di stronzio (di derivazio-
ne ossea) il carbonato di calcio ha potuto precipita-
re anche sotto forma di aragonite.

Lorigine del gesso puo essere ricondotta a feno-
meni di natura organica, avvenuti nell’ambiente ri-
ducente sopra descritto.

KEY Worp: Kutnahorite, soil, Karst, Caverna Poca-
la (Trieste, Italy).

INTRODUCTION

The Caverna Pocala (91VG), entirely develo-
ped in carbonates (Borgo Grotta Gigante
member: Cucchi er al., 1987), is a well-known
cave of Trieste Karst. The cave is fairly long
(about 137m) and reaches the maximal width
of 37m at the bottom. The soil is mainly com-
posed of loam, often with calcareous debris
and numerous bones of Pleistocene fauna, in
particular «Ursus Spelaeus». As a result of a
large number of successful excavations, about
one thousand bone remains and several paleo-
lithic and eneolithic human handwork (Gher-
lizza and Halupca, 1988) have been found.

A thin gray layer, with carbonaceous debris
at the contact, was found in the pale-brown
loam. The X-Ray diffraction analysis of this
layer shows a presence of two carbonates,
namely Ca-kutnahorite and kutnahorite, not
very common in caves. These carbonates are
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always associated with hydroxyl-apatite and
aragonite.

The kutnahorite is a Ca-Mn carbonate of
dolomite group, discovered by Bukow-
sky (1901) at Kutna-Hora in Czechoslova-
chia. The ideal formulas for kutnahorite is
CaMn (COs3),. Ca-kutnahorite is a Ca-rich type,
whose formula as reported by Gabrielson and
Sundius, []966) is Ca|_43 Mﬂ0_33 MSG.M (CO_;J}
They are usually associated with metamorphic
Mn-rich deposits. Winter et al. (1981) found
these minerals in metamorphic Mn-carbonates
(Bald-Knob, North-Carolina, USA), and report-
ed as formation temperature 575+ 40°C. In
Italy, Cortesogno et al. (1979) found Ca-
kutnahorite in «diaspri» of Ligurian ophio-
lites. Bini and Menchetti (1985) found kutna-
horite as spherules intergrown with aragonite
needles in the Limi di Terranuova Formation,

near Levane in the Upper Valdarno (Italy). The
latter discovery is remarkable as the kutna-
horite is formed in a sedimentary environment
and is associated with aragonite. Their forma-
tion seems to appear due to «pedogenetic
phenomena mainly related to variation in the
water table level» (Bini and Menchetti, 1985).

EXPERIMENTAL PROCEDURES AND STUDIED
MATERIALS

Fig. 1, shows profile and map of the Caver-
na Pocala, and sample location.

1 — Sample: thin white encrustation on the
soil.
— Mineralogy: very abundant calcite,
scarce aragonite, and rare quartz.

Fig. 1. - Map and profile of Caverna Pocala (Trieste Karst). The sample locations are reported in the map.
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2 — Sample: gray layer (thickness 5-8 cm.)
sometimes with thin (1-5 mm.) bleu-green
layering.

— Mineralogy: The large number of ana-
lysed samples shows the presence of abundant
Ca-kutnahorite, calcite and quartz, minor
amount of aragonite, hydroxyl-apatite, kutna-
horite and scarce diasporo and Fe-oxides. Ca-
kutnahorite is more abundant towards the
center of the layer, whereas towards the bord-
ers calcite and organic substances prevail. Ca-
kutnahorite and hydroxyl-apatite are always
associated; the other minerals are present in
variable amounts. The thin blue-green layer
shows the same paragenesis, with calcite be-
ing the dominant mineral.

— Sample: dark loam on the top and the
bottom of the gray layer.

— Mineralogy: organic substances with
carbonaceous debris, calcite, quartz, hy-
droxyl-apatite. Aragonite and kutnahorite are
rare.

— Sample: soil over and under the gray
layer.

— Mineralogy: clay, quartz, feldspar, cal-
cite, dolomite, hydroxyl-apatite and diasporo.
Clay is mainly composed of illite and subor-
dinate clorite, kaolinite and smectite.

3 — Sample: tender white encrustations on
the soil.

— Mineralogy: abundant calcite with
scarce aragonite.

4 — Sample: thin tender layer similar to that
of point 2, but darker.

— Mineralogy: abundant calcite and
quartz with minor amount of hydroxylapatite,
Ca-kutnahorite, kutnahorite, aragonite and
rare feldspars and illite.

5 — Sample: pale-red layer (thickness 10-15
cIm. ).

— Mineralogy: clay and quartz are very
abundant, calcite, hydroxyl-apatite and gibb-
site are present in moderate amounts, whe-
reas feldspar is rare. Clay is composed of il-
lite, that prevail over clorite, kaolinite and
smectite.

— Sample: dark encrustations often cover-
ing calcareous debris.

— Mineralogy: hydroxyl-apatite.

6 — Sample: little tender nodule of white-
ivory color.

— Mineralogy: gypsum. The gypsum
reflections are often similar to those of
brushite, that is, a common phosphate in the
caves (Cancian, 1987). In order to confirm the
presence of gypsum, all the samples were
heated. As a result reflections of bassanite or
anidrite were obtained, proving the presence
of gypsum.

7 — Sample: tender white-ivory encrustation
of 1-2 em thick.

— Mineralogy: gypsum.

8 — Sample: bone fragment included in
small white-ivory mass.

— Mineralogy: hydroxyl-apatite and
gypsum.

Seven samples collected from the gray layer
of point 2 were accurately analyzed in order
to determine lattice constant of Ca-kutnahorite
and hydroxyl-apatite. The X-ray diffraction
analyses were carried out using SIEMENS
D500 powder diffractometer under the follow-
ing conditions: radiation CuKa (40 kW, 20 mA)
Ni filtered, speed 0.5° 2d/min., slits 1° The a,
and ¢, cell parameters were computed by
means of least squares method using 10 index-
ed reflections. The data are reported in Table 1.

Moreover, these 7 samples were prepared for
microprobe analysis with a CAMECA/CA-
MEBAX system equipped with four WDS spec-
trometers operating at 15kV and 5nA. The
CAMECA-PAP program was used to convert
elemental X-ray counts into weight % oxides.
Unfortunately, as a consequence of the in-
tergrown grains it was impossible to perform
accurate analyses on each mineral. As an ex-
ample we report the following analysis:
Ca0=18.47%, MnO=8.28%, MgO=2.87%,
Fe0=0,53%, Si0,=10.87%, Al,0;=2.73,
K,0=1.45%, Sum~=45.20, that suggests the
presence of both Ca-kutnahorite and Kut-
nahorite, with quartz and clay.
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TABLE 1

Cell parameters of Ca-kutnahorite and hydroxyl-apatite of 7 samples collected from the gray
layer of the second sampling station. Standard deviation in parenteses refer to last digit.

Ca-kutnahorite hydroxyl-apatite

Sample a, (R) c, (R) a, (A) c, (A)

1) 4.910 (5) 16.82 (11) 9.434 (9) 6.915 (14)
2) 4.914 (3) 16.71 (3) 9.430 (10) 6.894 (13)
3) 4.909 (7) 16.74 (9) 9.414 (9) 6.891 (9)
4) 4.920 (7) 16.63 (9) 9.457 (16) 6.862 (16)
5) 4.916 (8) 16.68 (11) 9.458 (15) 6.881 (25)
6) 4.922 (5) 16.71 (7) 9.459 (9) 6.891 (6)
7) 4.914 (7) 16.82 (10) 9.453 (15) 6.890 (17)
Mean 4.915 (6) 16.73 (9) 9.444 (12) 6.889 (14)

TABLE 2

Cell parameters of Ca-kutnahorite from literature and present paper.

a, (&) c, (&)

|Bini & Menchetti, 1985 4.910 16.552
Gabrielson & Sundius, 1966 4.91 16.60
Present paper 4.915 16.73

Discussion

Two interesting Ca-Mn carbonates, kut-
nahorite and Ca-kutnahorite associated with
hydroxyl-apatite, calcite, quartz, and aragonite
are present in a thin layer of the soil of Caver-
na Pocala.

As considered Ca-kutnahorite, the mean
values of «a,» and «cy» cell parameters are
4.915A and 16.73A, respectively. These values
are slightly higher with respect to those
reported by other authors (Table 2). This may
be due to small changes of composition (e.g.
Ca content variations). The cell parameters of
Ca-Mn carbonate increase with Ca content in-
creasing, vice-versa decrease with Mn content
increasing (Table 3). Thus, our Ca-kutnahorite
samples probably contain more Ca than those
reported by other authors (Table 2), even if the

effect of other cations as Fe2+ and Mg is not
valuable.

Kutnahorite was identified only in two sam-
ples. The calculation of their cel] paramelers
(a,=4.85A and c,=16.47A) was Very pro-
blematic, due to overlapping of peaks of kut-
nahorite and Ca-kutnahorite. The obtained
values are comparable with those reported by
Bini and Menchetti (1985) (a,=4.897A and
¢, =16.47A).

The mean a, and ¢, values of hydro-
xyl-apatite are 9.44A and 6.89A respectively.
These values are comparable with those
reported by Sudarsanan and Young (1969;
a,=9.424A, ¢,=6.879A). Some of the in-
vestigated samples present a, and ¢, cell
parameters slightly higher with respect to
those of Sudarsanan and Young (1969). This
could be related to small clorine content
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TABLE 3

Variation of cell parameter of Ca-Mn carbonates with Ca content increase. a), d) rhodochrosite
and calcite respectively by Effemberger et al., 1981; b) kutnahorite by Peacor et al., 1987; ¢) Ca-
kutnahorite by Bini and Menchetti, /985.

d) Cag.qs9 Mgg.o010

a) Mng g930M90.010F€0.060C03
b) Cap.49Mng.496MJo.011F€0.003C03
c) Cag.s7MNp.260MJ0.065F€0.005C03

a, (&) c, (A)

4.768 15.635

4.873 16.349

4.910 16.565

0, 4.990 17.061

(Chlorapatite: a,=9.52A and ¢,=6.85A;
Mackie et al., 1972).

The presence of hydroxyl-apatite may be
related to bone decomposition, while as
regards the presence of Kutnahorites, these
may be related to pedogenetic processes occur-
red in a reducent environment, as those
described by Bini and Menchetti (1985). This
is testified by the presence of dark loam at the
top of the layer, caused by the decomposition
of organic substances in stagnant water.

Finally we found aragonite and gypsum,
unusual to find in Karst caves. Aragonite is
probably related to the presence of Sr, com-
ing out of the bone decomposition, and occurs
both in thin layer associated with kutnahorites
and hydroxyl-apatite and in encrustations
associated with calcite.

Gypsum is present in nodules and encrusta-
tions. It's formation may be influenced by
organic factors. It is notable that in other caves
(Hill and Forti, 1986) gypsum and phosphates
are associated with guano deposits. Balenzano
et al. (1984), identified ardealite, a very rare Ca
phophate-sulphate, associated with guano in
a calcareous cave of Puglia (Italy). Moreover,
the decomposition of organic substances in
reducent environment can origin H,S, and
later, with variation of water level, oxidize to
H,S0,. The following reaction of H,SO,4 with
carbonates can produce gypsum (Forti and
Rossi, 1987). We believe that analogous pro-
cesses as described above were responsible for
the gypsum formation in the Caverna Pocala.

In the sumary, the decomposion of bones
could allow the formation of hydroxyl-apatite
and aragonite, and, pedogenetic processes
under reducent conditions would be respon-
sible for the genesis of kutnahorites and
gypsum.
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