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RIASSUNTO
II sistema carsico Perolas-Santana (Stato di San Paolo, Brasile) era gia stato parzialmente studiato in precedenza per quanto riguarda i minerali secondari di grotta. II presente lavoro costituisce un ulteriore contributo per la sua migliore conoscenza da questo punto di vista avendo permesso di individuare oltre alla presenza di bei cristalli di celestina, un minerale piuttosto
raro per I'ambiente carsico: la Iithiophorite. Con questi ritrovamenti iI sistema carsico PerolasSantana diventa una delle grotte piu importanti dal punto di vista mineralogico di tutto iI
Brasile. I risultati delle analisi chimiche effettuate su frammenti di questo ossido-idrossido di
manganese han no evidenziato una distribuzione zonata degli elementi che 10 costituiscono,
per cui si pub ipotizzare una genesi del minerale in momenti diversi e da soluzioni con chimismo variabile nel tempo.
Parole chiave: lithiophorite, chimismo, minerali di grotta, Perolas-Santana,

Brasile.

ABSTRACT
The Perolas-Santana karst system (Sao Paulo State, Brazil) has been partially studied from the
mineralogical point of view. The present paper will contribute to the knowledge of the minerals in these caves, describing the occurrence of euhedral celestite crystals and of a rather rare
mineral for a cavern environment: Iithiophorite. Thanks to these new discoveries the PerolasSantana karst system becomes one of the most important in Brazil from a mineralogical point
of view. Finally, the result of the chemical analyses carried out on this newly discovered Mnoxyhydroxide put in evidence a zonation in the distribution of the different elements which
may be related to several subsequent depositional events characterized by solutions with a
chemical content variable in time.
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Introduction
Until present only a couple of preliminary
ondary

cave minerals

Labegalini

researches were carried out on the sec-

of the Perolas-Santana

karst system

(Barbieri,

1993;

& Auler, 1997): they report the study of several speleothems,

all of

which are relatively common for the cave environment.

They evidenced the wide-

spread presence of secondary deposits of calcite, aragonite, hydromagnesite,
sum and limonite. Moreover, thin leucophosphite
reported only for the Santana cave (Tab. I).

and hydroxylapatite

gyp-

crusts were

Table 1. Cave minerals actually known from the Perolas-Santana karst system (the asterisk marks those discovered during the present research, the question mark indicates that it
is not completely demonstrated the secondary origin of illite)

*

*

Mineral

Formula

Occurrence

Aragonite

CaCOJ

Cave pearls, helictites, moonmilk, stalactites

Calcite

CaCOJ

All kinds of speleothems

Celestite

SrSO,

Small euhedral crystals

Gypsum

CaSO,2H2O

Crystals, crusts, helictites

Hydromagnesite

Mgs(COJ),(OH),4H,O

Moonmillk,

Hydroxylapatite

CalPO,MOH)

Crusts, powder

Illite

(K, H,Q)(AI, Mg, Fe),
(Si, AI).oJO[(OH)" H,O]

Hard translucent

KFe,(PO,),(OH)

Crust, powder

(?)

Leucophosphite

2H,O

Limonite

*

(AI, Li) MnO,(OH),

In 2001 the Italian Institute
hydrogeological
of this

grey masses

dispersed

in the

Jithiophorite rich crusts

Thin crust over pyrite

Lithiophorite

Environmental

powder

Thick black translucent crust

of Speleology

and Marine Sciences

together

with the Department

of

of Triest performed

an

of the University

(Ayub et al., 200 I) and geomorphologic

(Forti et al., 200 I) study

karst system. During this research some secondary

sampled to improve the knowledge on the minerogenetic
these caves. Therefore
gypsum speleothems

the widespread

calcite,

aragonite,

were not taken into consideration

cave deposits were

processes active inside
hydromagnesite

and

because they were already

well described, but a single phosphate deposit has been sampled because most of
them were located in areas not reached during this study.
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The research was mainly focused on some blackish crusts found inside the Perolas
cave and some small pale blue crystals growing around and over the large gypsum deposits in the Santana cave. The analyses of these cave samples permitted
the detection

of lithiophorite

and celestite (and perhaps illite), which are rather

rare in a cave environment (Hill & Forti, 1997).
In the present paper, after a short geological and hydrogeological
Perolas-Santana
eralogical

overview on the

karst system, the analysed samples are described from the min-

point of view together with the possibile

genetical

mechanism

that

allows for their depositing inside these caves. Accurate analyses were made on the
samples of Iithiophorite,
chemical composition,

a Mn-phyllomanganate

characterized

inside its crystal structure and by the typical occurrence
grained masses strictly intergrown

Geological
The

and hydrogeological

Perolas-Santana

Paranapiacaba

by a very variable

which is controlled both by the possible ionic substitution

system

of the mineral as fine-

with other manganese oxides.

overview
is located

on the SW slope

of the Serra

in the high Ribeira river valley, Iporanga municipality,

south-east-

Santana

fy
/-"

~
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/
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Fig. 1- Index map and sketch for the Perolas-Santana

karst system

•..•/\.

""'-

Tobias
Cave
Perolas
Can

di

t 1 Km
NI1

Ca,'e

130

Paolo Forti, Ennanno Galli, Antonio Rossi

ern sector of the Sao Paulo State, Brazil (Karmann & Sanchez,
1994) (Fig. I). The area is characterized
vation of 700 m asl with mountains

1986; Karmann,

by several highlands with an average elereaching

1000 m. The weather is tropical

humid (Gutjahr, 1993) without any dry period. The rainfall ranges between 1500
and 1850 mm/yr (1604 mm being the average over the period 1974-1993)
equally subdivided

and are

along the year with about 10 "strong" events. The tempera-

ture ranges from 20°C (average minimum) to 27°C (average maximum). This climate induces the development

of a thick vegetable cover, locally known as «Mata

Atlantica».
The area is characterized

by the outcropping

of rocks belonging to the A~ungui

Group, which consist mainly of gneiss and migmatites with marble and quartzite
intercalations

(Campanha,

1991). The recharge area of the Perolas-Santana

ops in low rank metamorphic
intercalations,

siltstones, limestones and dolostones).

more or less dolomitic

Normally the limestones are

and partially recrystallized,

sometimes

with a low marl

content; they have from small to medium grain size, a dark grey colour
clearly stratified.

Locally they present some intercaltions

turn are rich in iron oxides-hydroxides
underlies quartz-sericite

and illite.

with extremely

and are

of phyllites which in

The limestone-dolostone

unit

phyllites and schists.

The surface of carbonate rock is characterized
depressions

devel-

rocks (arkosic sandstones with quartz conglomerate

by covered tropical karst features,

scarce outcrops and huge doline-like

depressions.

Most of these

receive streams flowing in small lateral valleys and have active sink-

holes at the bottom. The high evapotranspiration

together with the scarce perme-

ability of the thick soils avoids a diffuse infiltration and therefore the recharge of
the karst aquifer occurs mainly through the sinkholes while the seepage in areate
zone remains very low.
The aquifer is characterized

by a few main drainage tubes, represented

by wide

often well decorated galleries partially occupied by collapse boulders. The development of the cave passages is driven by the dip of the strata, which are often subvertical. The Perolas and Santana caves are respectively
downstream

the upstream and the

part of the karst system, which is crossed by a perennial river with a

base flow of about 0.0 I m3/s.
Floods occur a few hours after main episodes

of rainfall and they induce an

increase in the water level of over I m. The hydrodynamics
fast that the floods last only 4-6 hours.

of the system are so
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Methods

A detailed analysis

of all the samples by the stereoscopic

microscope

formed to distinguish and to separate the different mineralogical

was per-

phases present in

each sample. Then the single phases were analysed by a powder diffractometer
(Philips PW 1050125), when the material was quantitatively

sufficient and homo-

geneous, or by a Gandolfi camera (0 : 114.6 mm, exposition: 48 hrs ), when the
material was scarce or inhomogeneous.

The experimental

conditions were always:

A). The same sam-

40Kv e 20 mA tube, CuKa, Ni filtered radiation (A = 1.5418

ples analyzed in the Gandolfi camera were later used to obtain images and chemical qualitative
XL40)

analyses through an electron scanning microscope

with an electronic

Interdipartimentale
Quantitative
microprobe

microprobe

(SEM

Philips

(EDS - EDAX 9900) in the "Centro

Grandi Strumenti" of Modena and Reggio Emilia University.

chemical

analyses

were performed

operating in a wavelength

dispersive

with an ARL-SEMQ

electron

mode at 20 keY, with a 20 nA

sample current and 30 foun beam diameter. The standard used were BH I microcline (Si, K), BH5 spessartine

(AI, Mn), BH7 ilmenite (Fe, Ti), paracelsian

(Ba),

metal Co 100% (Co), NiSoCr20 (Ni), CU63Zn37 (Cu, Zn), stoichiometric Ca2P207
(P), REE3 glass (Ca, Ce); data acquisition and processing by the PROBE program
(Donovan, 1995).
Water content was determined

by thermogravimetric
0

analysis on 12.02 mg of
0

sample using a Seiko SSC/5200 operating at 10 /min to 1000 in air. Li20, Na20
and MgO were detected with an Atomic Absorption Spectrometer (AAS) PerkinElmer mod. Analist 100.

Morphology of the samples and identification of the their mineralogical

phases

Four different samples were taken along the main gallery of Perolas Cave, where
the underground river flows:
Per. 1: Fragment of a blade shaped pendant (Fig. 2), the evolution of which was
caused by the erosive action of the water during the floods. The sample was taken
from the main gallery ceiling. It is a fragment of an orange calcite speleothem
with a compact structure
a millimetric

black

and rare small cavities, which is completely covered by

translucent

crust.

In a single

part, between

speleothem and the overgrown black crust, there are small lens-shaped
very thin sedimentary

the calcite
pockets of

materials, in which quartz and mica crystals can be recog-

nized by the naked eye.
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Fig. 2 - The boxwork sampled (Per. 1) in the Pero/as cave: the black thin outer crusts
proved to be lithiophorite

The Rx analyses show that this speleothem consists of calcite while the sediments
in the pockets are composed of illite, quartz chlorite and feldspar. The definition
of the mineralogical composition of the black crust was rather more complicated,
because it consists of several very thin superimposed layers and is poorly crystallized. Its determination was possible only by using a Gandolfi camera with an
exposure of over 48 hours , and it was confirmed later by an E.D.S . analysis: the
mineral forming the crust is lithiophorite, a Mn-oxyhydroxide rather rare in the
cave environment.
Per. 2: Fragment of a pale brown speleothem taken about 70 cm above the base
level of the underground river. On its surface there are clear solution grooves parallel to the speleothem elongation. Diffractometric analysis results showed pure
calcite.
Per. 3: Fragment of a lens-shaped boxwork 1 cm thick consisting of an illitic
micaschist with a trace of feldspar. It was hanging from a balcony 30 cm over the
base level of the river and evidently was involved by strong water flow during the
flooding . The fragment consists of a iron grey translucent schist covered by a thin
layer of an earthy, fine grained, brown material. The general aspect is of a material which underwent strong erosion and/or corrosion. It consisted of pure illite as
evidenced by Rx analyses.
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Per. 4: Fragment of a 3 cm thick crust grown over a large boulder which was in
the past interested by water flow during the flooding (Fig. 3). It consists of a black

microcrystalline, often cracked material, with some thin layers and/or pockets of
a thin grained sedimentary pink yellowish material with many rounded quartz
fragments inside. The black material normally has an earthy aspect but sometimes
consists of a crust of small shining metallic spherical aggregates; each sphere is

Fig. 3 - The thick lithiophorite crusts of Per. 3 sample

composed of thin concentric layers with an onion-like sheeting. Some transparent vitreous euhedral elongated prismatic crystals are present over the sphere surfaces, and inside of fractures and small cavities. Diffractometric and Gandolfi
camera analyses proved that the black material is lithiophorite, the sandy one is
illite and quartz, while the transparent crystals are calcite.
Five samples were taken from Santana Cave, all of them in the area where the
maximum concentration of gypsum occurs in order to define mineralogically
some small speleothems growing over the gypsum and/or over corroded calcite
formations.
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San. 1: This sample was taken from a subvertical wall (Fig. 4) and consists of: a)
a small fairly radiate aggregate of elongated prismatic pale-blue crystals (0.3 x 0.2
x 5 mm) of celestite as proved by diffraction; b) a thin crust (10 x 18 x 4 mm) of
prismatic crystals developing over a milky-white powder composed of pure calcite; c) an aggregate of transparent euhedrar monoclinic tabular crystals that

Fig. 4 - Small pale blue-grey celestite crystals over a gyspum crust (San. I sample)

proved to be gypsum; d) two small cylindrical fragments (6 x llmm e 6 x 7mm)
of a helictite (Fig. 5). From outside to inside, both of the fragm ents consist of a
thick aggregate of celestite crystals grown over the helictite, several thin layers of
calcite representing the main structure of the speleothem, and fin ally the feeding
hole was partially filled by calcite microcrystals sometime associated with small
pockets of aragonite powder.

San. 2: Small rosette aggregates (Fig. 6) of vitreous , transparent, tabular prismatic, irregular crystals .of celestite (0.2 x 0.2 x 2mm) growing over an earthy, pale
hazel-brown material.

San. 3: White-greyish earthy powder associated with a lithic vacuolar pale hazel-
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Fig. 5 - Sketch of the helictite present in the San. 1 sample: a) celestite; b) calcite layers; c)
calcite microcrystals;

d) aragonite powder

Fig. 6 - SEM image of a rosette aggregate of celestite crystals from Sail. 2 sample
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brown material developed over a strongly corroded stalagmite (Fig. 7): both
proved to be apatite.

Fig. 7- Santana cave: a calcite stalagmite heavily corroded by sulphuric acid and partially
transformed into apatite

San. 4: Pale green-greyish clayey material with a fairly greasy flat or partially
rough surface and containing several small white spheroidal masses taken in the
floor close to sample San. 3. This sample consists of apatite.
San. 5: A pale grey sand often cemented by a thin crust of variable thickness
and/or color: the sand was made by quartz, illite, clorite and felspar and the crust
by calcite.
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Results and Discussion
In the sample from the Santana cave the analyses always shown the presence of
celestite (SrS04)'

the deposition of which evidently represented

the chemical deposition

the final stage in

of the sulphates when all the available solution evapo-

rated.
Celestite in the Santana cave is present as crusts of pale-blue, prismatic parallel
crystals, in rosette aggregates or in euhedral crystals elongated [100], with equant
cross, {2l0}forms

prevalent, the {Oil} and {IOI} forms are commonly exhibit-

ed, while the {OOI } one is quite absent (Fig. 8). Over a face of the prism {21 O}
biogenic structures are evident, which are probably related to the sulfur-oxidizing

Fig. 8 - SEM image of a celestite single oystals from San I sample with evidellt biogenic structures

micro-organisms,

responsible

for the production of the lS04]2- ions which in turn

caused the mineral crystallization.

As for most of the caves in which celestite is

present (Hill & Forti, 1997) the source for the strontium is surely represented
the carbonate

rock in which Perolas cave is developed.

by

The sulphate ion comes

from the oxidation of pyrite crystals, which are fairly common inside the dolostone walls of the cave (Fig. 9), and which are exposed to weathering by meteoric
seeping waters.
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Fig. 9 - Perolas cave: small pyrite crystals exposed by karst erosion and partially transformed
into limonite

In the samples San. 3 and San. 4 a mineral of the apatite group was detected, that
correspond to the hydroxylapatite already sampled in the same place and characterised by Barbieri (1993): therefore no further analyses was performed on them.
The analyses of the samples from Perolas cave detected several minerals, some of
which cannot be considered true "cave minerals". In fact, all the chlorite, quartz,
feldspar and most of the illite, present as sandy clayley sediments in the Per. 1 and
Per. 4 samples, are clearly the products of the erosion over the rocks present in
the recharge area of the underground river.
Calcite is surely primary in origin in the Per. 1 (fragment of a limestone rock),
while is a true cave minerals in Per. 2 (a corroded speleothem) as well as in Per. 4,
where the euhedral vitreous transparent crystals formed via evaporation during
the long periods in which the area is not interested by an active water flow. These
calcite crystals are elongated along the prism { 10 -10), which is also the predominant form (Fig . lOa) , and terminate with the rhombohedron {01-11 ), the faces of
which host strange micro-stalactitic growing structures (Fig. I Ob).
Illite has often been reported in caves, but most of these reports refer to detrital
(residual) occurrences. The first cave in which illite has been demonstrated as
being secondary in origin was Fata Morgana cave in Turkmenistan (Lazarev &

NEW RARE CAVE MINERALS

FROM THE PEROLAS-SANTANA

KARST SYSTEM

139

A

B

Fig. 10 - SEM image of secondary calcite crystals from Pel: 4 sample: A) general view of a
crystal elongated along the (10-1 Ojprism, and terminated with the rom!Johedron (01-11 j, over
the faces of which strange micro-stalactitic accretion figures occur (B)
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1976) and after in other caves of the same region (Maltsev,

1993). In

these occurrences illite was present up to 20% in a terrigenous sediment and under
the electron scanning microscope

illite was found to form euhedral crystals up to

I I.l in size. The origin of this mineral (Hill & Forti 1997) relates to the weathering of silicate minerals within the cave environment
in humidity in an acidic environment
perfectly

induced by frequent changes

(pH = 4.5 -5.5): this genetic mechanism fits

with the Perolas occurrence

of illite and it is therefore reasonable

to

define at least one part of the illite present in the samples Per. 1 and Per. 4 as "secondary cave mineral". In fact both these samples were taken in places cyclically
flooded and then dried for relatively long periods. An acidic environment

is also

guaranteed by the actively oxidizing processes of pyrite dispersed in the carbonate rock, while the initial silicates are present both in the phyllite intercalations
and in the debris coming from the catchment area.
The idea that illite should be at least partially secondary
occurrence

together with lithiophorite,

needs exactly the same environmental
lithiophorite

surely a secondary

is strengthened

by its

cave mineral, which

conditions. The presence of high amount of

in the Perolas cave allowed for detailed investigation

on its mor-

phology and, for the first time, on its chemical variance in a cave environment.
Lith iopllOrite
Lithiophorite

([(AI, Li) Mn02(OH)2J

a trigonal oxyhydroxide

quantity of Li and with ao = 2.925, Co

= 28.169 A,

of Mn with a low

Sp. Gr. R-3m has been known

since 1870 (Frenzel, 1870), but for many years it has been considered to be "wad",
a generic term still utilised to define some varieties of undifferentiated
Lithiophorite

was defined as distinct mineral

described as widely occurring in soils, in ocean-floor
ing zones of ore deposits.

Mn oxides.

by Ramsdell only in 1932, and was

Normally lithiophorite

Mn-crusts, and in weather-

occurs as fine-grained

masses,

but sometimes also as relatively large euhedral crystals. It is rather rare as a cave
mineral, up to present being reported only as a minor component of stalagmites in
the Martel Cave of the Sima Menor de Sarisarifiama,

Venezuela (Urbani ef al.,

1976) and in the Aleko Cave, Bulgaria (Shopov, 1993). The lithiophorite
acterized

by

[(Al,Li)(OH)6J

a layer
octahedra

structure

with

at an interval

alternate
of

loA

sheets

of

(Wadsley,

is char-

[Mn4+061

and

1952; Post &

Appleman, 1994).
The available chemical analyses of lithiophorite coming from several different
localities in the world put in evidence a extremely variable Li content (from 0.2
to 3.3 oxide weight percent) (Mitchell & Meintzer, 1967; Ostwald, 1988). Many
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other elements (Co, CU, Zn, Ni) may easily enter in the structure replacing the
centro-octahedral aluminium (Post & Appleman, 1994).
The Perolas lithiophorite occurs as millimetric crusts of small spheroidal glassy to
metallic-luster grains, the structure of which is layered and apparently homogeneous. Fig. II A, B, C and 0 shows the SEM images of one of these spheroidal
grains where its laminar concentric structure and the dishomogeneity of its single
growing layers are evident. All the chemical analyses and the thermogravimetric
analysis have been conducted on fragments checked for purity by X-ray diffraction using a Gandolfi camera in order to avoid impurities. The content of Li20,
Na20 and MgO, carried out by AAS, were 0.19, 0.84 and 0.45 respectively, while
the water content determined by TG was 20.36 %.

A

B
Fig. 11- SEM illlage ofa spheroidal grain oflithiophoritefrolll
Pa 4 sample: A) external view
with evidelll dehydration cracks; B) illlernallalllinated structure.
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c

D
Fig. 11- SEM image of a spheroidal grain of lithiophorite from Per. 4 sample: C) enlargement
of the B image to make evident the dishomogeneity inside each layer; D) fragment utilized to
obtain the SEM element maps of Fig. 12

Obviously

the values are average ones having used only discrete fragments and

not spot analyses.
The Li content of the Perolas lithiophorite
those in the literature,

(0.19%) is one of the lowest among

similar to that (0.2% ) of the cave lithiophorite

from the

Sima Menor de Sarisarifiama,

Bolivar (Urbani, 1996) and of the non cave lithio-

phorite from Charlottesville,

Virginia (Mitchell

& Meintzer,

1967): anyway it

must be cited that Ostwald (1988) put forth the hypothesis that a non-lithium-con-
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may also exist.

Table 2 lists the values of 29 individual chemical point-analyses
small fragments of lithiphorite,

carried out on 6

along with their mean values, arranged in three

chemically homogeneous groups.
It is evident that the mean values for K20 (0.08-0.23), CoO (0.74-0.98), Ti02
(0.03-0.21) are rather constant, while the values for CaO (0.44-1.17), FeO (0.170.72), NiO (0.55-1.11), CU20 (0.82-1.47), ZnO (1.17-1.74), P20S (0.12-1.00) present a moderate variability, and those for BaO (1.13-6.13), MnO (40.08-49.76),
Si02 (2.10-4.77), AI203 (10.53-21.19), Ce203 (0.98-15.49) a very high variabiliTable 2. Chemical analyses of lilhiophorile from Perolas cave
N°

BaO

MnO FeO

CoO NiO

Cu,O 2nO

Ce,O,

Ti02

CaO K20

P,O,

SiO,

AI,O,

313

4.09

39.18

0.75

0.70

0.54

0.71

1.16

15.35

0.00

1.27

0.21

1.10

4.39

11.95

314

4.58

39.45

1.02

0.57

0.41

0.81

1.13

19.73

0.00

1.42

0.23

1.35

'4.39

10.16
11.85

315

3.64

38.41

0.55

0.71

0.53

0.91

1.14

13.87

0.00

1.13

0.20

1.03

4.79

329

4.79

42.80

0.42

0.88

0.69

0.90

1.16

13.18

0.10

1.05

0.24

0.71

2.87

10.02

331

4.33

43.69

0.53

0.97

0.72

0.99

1.19

10.48

0.08

1.00

0.25

0.69

3.21

12.49

4.90

36.95

1.03

0.62

0.43

0.59

1.21

20.33

0.00

1.15

0.24

1.13

6.51

9.74

4.39 40.08

0.72

0.74

0.55

0.82

1.17

15.49

0.03

1.17

0.23

1.00

4.36

11.04
9.61

332
Al'er.
324

6.38

49.63

0.26

0.73

0.60

0.87

1.41

2.88

0.23

0.79

0.34

0.31

1.78

325

7.36

50.78

0.26

0.65

0.48

0.70

0.99

4.90

0.24

0.91

0.41

0.42

2.12

8.18
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6.26

50.09

0.41

0.84

0.71

0.80

1.33

2.55

0.23

0.74

0.32

0.28

2.11

11.18

327

6.31

50.53

0.39

0.78

0.69

0.89

1.25

2.99

0.24

0.77

0.35

0.28
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ty. This variability in element contents has also been shown by some SEM maps
(Fig.12), which allow the visualization of the clear zonation in the distribution of
Si, AI, Ce, Mn, Fe e Ba. The clearer areas correspond to zones in which the elements are in higher concentration, while the darker areas correspond to lower concentrations, which are also represented by a lower resolution (higher graininess)
of the map.
In the first row, beside the image of the examined fragment, the maps for Ca and
Co are reported, which show a rather homogeneous distribution and a generally
low concentration. It is also evident that the two groups, Si, AI, Ce (second row)

Fig. 12- SEM image of the fragmellf of Fig. 11 D and distribution maps for Ca and Co (first
row second and third images),for Si, Al and Ce (second row) and for Mn, Fe, Sa (Third row).
Explanation in text.

and Mn, Fe, Ba (third row), are not only present zonations but are also complementary to each other: the areas with higher Si, AI, Ce content have always a
lower Mn, Fe, Ba content and the reverse. In the figure the maps for 0, Mg, P, S
and K are not reported because they have an homogeneous distribution similar to
that of Ca.

NEW RARE CAV E MINERA LS FROM THE PEROL AS -SANTANA KARST SYSTEM

145

In order to make evident the relative relationships between the most variable elements, some color maps have been prepared in which the red and green represent,
respectively, the couple Al-Si, Fe-Ba, Mn-Si (Fig. 13) and Al-Ba, Mn-Ce, Ba-Ce
(Fig. 14). If the overlapping of the red and green of the different couples gives
rise to yellow, it means that there is a similar distribution for the two elements,
while if the result is red or green it indicates a clear prevalence of related elements.
The lack of single crystals avoided the possibility to verify if this strongly zonated distribution was due to the presence in the same sample of several different
mineralogical phases or (less probably) to a single phase with a highly variable
chemical composition.
Therefore, even if the powder spectrum closely agrees with that of lithiophorite
in the literature, it cannot be excluded that the Perolas lithiophorite deposited intimately mixed with other amorphous or low crystalline Mn oxides, as referred by
Ostwald (1988) for other Mn minerals. The same Author suggests that the pres-

Fig. 13- SEM colour maps and overlap maps for Al-Si, Fe-Ba, Mn-Si. Explanation in text.
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Fig. 14- SEM colour maps and overlap maps for Al-Ba, Mn-Ce and Ba-Ce. Explanation in
text.

ence of transition metals like Co2+ (0.72A), Ni2+ (0.69A), Cu2+ (0.76A), zn2+
(0.74A) in the lithiophorite is not the simple result of a diadochic replacement of
Mn2+ (0.80A) , Mn 4+ (0.60A) and Li+ (0.68A) ions in the structure, but it may
derive from a hybrid of "pure" lithiophorite and absolane (Ostwald , 1984).
On the other hand, if the hypothesis of a single phase was the true one, it should
be extremely difficult to justify the presence of large radius like Ce2+ ( 1.07 A) e
Ba2+ ( l .54A) in the, even very open, structure of lithiophorite. The peculiar chemical variance of the Perolas lithi ophorite may be better explained by taking into
accou nt the genetic mechanisms of the Mn oxides and the easy way in which
topotactic transformations happens between "tunnel structures" and "layer structures of phyllomanganates" .
Burns & Burns (1978) suggested a genetic mechanism in which the initial step is
represented by the aqueous crystallization products of Mn2+ as groups of [Mn4+
0 6] octahedra, which in turn act as templates for tunnel development only if appro-
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