
R£:-IDlCO:-<11 DELLA SOC1£TA ITALlANA 01 MI:-l£RALOGIA E I'ETROLOGIA. 19115. Vul. ~O, pp. 277·283

New data on sulphosalt assemblages
al Vulcano (Italy)

NADE}DA NICOLAEVNA MOZGOVA, OLGA VASIL'EVNA KUZMINA,
NATALlA IVANOVNA ORGANOVA, blNA PAVLOVNA LAPUTlNA

In.stitute of Geology of Ore Deposits, Petrography, Mineralogy and Gcochemistry (l.G.EM.)
of the Academy of Sciences of the USSR, Stllromonemy pereulok, 35, Moscow 189017, U.s.s.R.

YURI SERGIEVICH BoRODAEV
Depanmc:m of Geology, Moscow Slate Unin"rsiIY, 117234 MO$COw, 8-234, U.s.s.R.

MARIO FORNASERI
Dipulimemo di Scienze dc:Ua Tttra, Uni~rsidl degli Smdi c La Sapi~za",

Piazzale Aldo Moro 5, 00185 Roma

ABSTRACT. - Original SlImples of the c cannizza·
rite,. collected in 1927 among the sublimation
products from Vulcano's fumaroles were re-examined.
Five minerals belonging 10 the Pb-Bi.S(Se) synem
were identified by microl?robe and X.ray diffraction
methods: Se·goongarrite (Sc·heyrovskite), $c·lillianite,
$c.galenobismutite, Se<anniuarite and Se·bearing gal
lena. The canniuarite composition is rather variable,
ranging from Pb.5;(S,Se)" .• wilh PbS: Bi.$. = 1.6
to Pb.Bi".,(S,.5e)..... with PbS: BioS. = 1.8 aoo
Me: S = 0.79. These ratios are cIos.er to the
structural fonnula Pb..B~,,. (PbS :~ = 1.7 and
Me : S = 0.787) than 10 those corrcspoooing 10
lhe eannizzarite fonnula PbJ3i.S" (PbS: BW). = 1.2
and Me: S = 0.73) reported in handbooks. 1be
eannizz:arite from Vulcano may thus be described
by the fonnula Pb,Bi...(S,5e).u.,... , whae x varics
from 0 to 0.5.

K~ word$: Se--goongarrite, Se.heyrovskite, Se.1iI.
!ianite. Se.galenobismutitc, $e-eanni:a:arite, Se·galena,
Vulcano, fumarales.

RIASSUNTO. - Sono stati riesaminati campioni ori.
ginali di .. cannizzarite,. raccolti nel 1927 fra i
ptodolti delle fumarole di Vulcano.

Per mezzo di indagini con la microsonda elenro.
niea e dithazione di raggi X 5000 stati identificali
cinque minerali appllnenenti al siSlema Pb-Bi.S(Se):
Se.goongarrite. (Se·heyrovskile). Se·lillianile Se.
Jlaleoobismutlte, Se<annizz:arile e galena sc:le~ifcr•.
La composizione della cannizz:arile e piunosto VIIria.
bile, cb Pb.5,(S,5e)".. con PbS: BioS. = 1,6 e
Me: S = 0,781 a Pb.Bi"..(S,5e)...... con PbS: BW). =
1.8 e Me:S "" 0,79. Questi flIpponi 5000 piu vicini
aIla fonnula snullurale Pb..Bi..S,n (PbS:BioS. = 1.7
e Me: S = 0,787) piunosto che all. formula
Pb.Bi,s" ripanata nei tCSI;'

La canninarite di VUlcallO pub essc:re rappre·
sentata con la fonnula Pb.Bio.,.(S,Se}".•.,..., con x
variabile da 0 a 0,5.

Parole chialle: Se.goongarrite, Se.heyrovskite. Se
lil1ianite. Se.galenobismutite, Sc<annizzarite. Se.ga.
lena, Vulcano, fumarah:.

Introduction

Vulcano (Lipari Islands, Italy) is known
as the first occurrence of cannizzarite
Pb:J3i$SIl, discovered by ZAMBONINI, DE
FIORE and CAROBBl (1925).

The mineral was found irregularly distri
buted as a product of a group of fumaroles
aligned along a N·S fissure cutting the north
rim of the 1890 crater and along a nearby
fissure directed E·W on the inner north slope
of the crater. ZAMBONINI et al. believe that
the formation of the cannizzarite started
from 1921 but only in september and october
1924 field studies and samples collection
took place.

Cannizzarite occurs in the deepest part
of the fumaroles, in which temperatures of
550" C to 6150 C we~ measured. In the
outer parts in contact with the atmospheric
gases, alteration products we~ observed,
followed by salammoniac, realgar and sui·
phur. I [ is worth noting that in the same
furnaroles as early as in 1916 some crusts
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Fig. )-2. - Genel'lll \'iew of the Se-beating Pb-Bi suJphoult druse from Vulcano, ISO x. Scanning mi·
croscope J.5M. -T - 20.

made up of black sulphur containing tellurium
and selenium were collected and analyzed.
ZAM80NINI et al. (1925) conclude that can
nizzarite forms in CO! and SO! fumaroles,
in absence of air and in a tempenllure range
betw~n 5500 and 6150 C, in presence of
salammoniac, realgar and sulphur. probably
containing selenium, tellurium and arsenic.

No other sulphosalts were described in
this deposit by these authors. C. WOLFE

(1938) re-examined two specimens of can
nizzarire from Vulcano. Onc (loose acicular
crystals) proved to be bismuthinite. The data
obtained for minute, flattened crystals from
the second specimen (crystal measurements,
cell dimensions, new chemical analysis and
specific gravity) were ascribed by WOLFE
to cannizzarite for which the formula
Pb,Bi~SII was proposed. Later on M.A. PEA
COCK" pointed OUt (DANA, 1946) that all
these cell dimensions and physical properties
were identical to those reported fot galena
bismutite by BERRY (1940). Thus in DANA
(1946) cannizzarite was considtted to be
identical with galenobismutite and henct
desc~i[ed.

GRAHAM et al. (1953), operating under
hydrothermal conditions in the system
Ph-Bi·S. synthesized different crystalline
phases, one of them, named phase 2, con
sisting in bundles of leafy blades, gave an
X-ray pattern identical with that given by
the thin flattened plates from the WOLFE'S
specimen of cannizzarite. A single leafy
crystal from another tipe specimen of canniz
zarite from Vukano yelded rotation and
Weissenbcrg X-ray data nearly identical to
those shown by the mentioned phase 2.
GRAHAM et aI. (1953) concluded that the
leafy mineral was apparently a component,
along with galenobismutite and bismuthinite
of the mineral originally described as *" can
nizzarite •. Therefore they proposed to retain
the old name « camlwarite • for this mineral
even if they were not able to obtain a pure
sample for chemical analysis.

It is worth noting that as early as 193}
F. BERNAUER (in HERRMANN, 1933) stated
that «canniuarite ... was a mixture of bismu
thinite and a plat)', metallic mineral not
further investigated.
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Fig. 3. - Shape of the canniruritc: crystals. 750 It.

Scanning mi~ }.5.M.• T - 20.

After the paper of GRAlIAM et al. (1933)
cannizzarite was listed again in handbooks
as a valid mineral species (STR.UNZ, 1978)
but its formula was considered as doubtful.
and only galenobismutite and bismuthinite
were reported in its association (VV.AA.,
1960). As we know. no new analysis of type
cannizzarite are available.

In the course of a study on the. type
specimen of cannizzarite collected by O. DE
FWRE in 1927 (as in the original label) and
provided by the Institute of Geochemistry
of the Rome University, we could characte
rize the composition of the original canniz·
zarite from Volcano and obtain new data
on its assemblage.

General description

Two samples of cannizzarite were studied,
one· of which was a choice of loose tiny
adcular, thin tabular and leafy crystals; the
othet was an aggregate of such crystals
growing in a small wug of andesite rock
having about 1 cm in diameter. The indi
vidual crystal size is 0.07-0.' mm in length

and 0.01-0.07 mm in width; they are extre
mely thin and fragile. The different crystal
habitus is well observed under the scanning
microscope (J.S.M.-T-20, «Joel.) (fig. 1-2).

The method of investigation was the
following. First of all each crystal was studied
with a GANDOLFI camera. Then, the crystal
preparated as a polished section and studied
by microprobe. At ·Ieast. a small quantity of
material was extracted from the crystal and
analysed for X-ray powder data and electron
micro-diffraction.

Five opaque minerals: Se-gOollgarrite
(Se-heyrovskyite), Se-lillianite, Se-galena
bismutite, Se-cannizzarite and Si-Se-bearing
galena were identified in~ specimens by
microprobe and X.rny diflraction methods.

All minerals are silvery gray with metallic
luster. Some of them are covered by a small
crust of white tiny crystals.

Cannizzarite crystals are thin platy and
leafy, usually strongly striated pamllel to
their elongation (6g. J). They are easily
twisted, bent and split up in small thin
bright plates, which frny out at their ends.
Three other sulphosalts show a long thin
prismatic and adcular habitus. Bi·Se bearing
galena was observed only in polished sections.
I ts grains are of irregular form and very
small (about 10 IJ. in diameter).

In reflected light, the color of all minerals
is white; sulphosalts acquire a slightly gray
greenish tint when in contact with galena

Fig. 4. - Electron microdiffraction pllllc:rn of
Cllnniullritc:.
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TABLE 1

Composition 0/ Pb·Bi-sulphosalts from Vu/cano (microprob~ data)

• ~, A...;~. r..los.. lli ... ,.1 1'10:5 ~,

,...In ~ " ~
,

~ T"ul ~ .; ~
,

~ Cli.SbI1S1

• !IoI.....I~;-..iu 16.2' 53••) · ,..,. 1.11 ".1' ... 1.'3 · ..,. •. u 0.71 I.", !>e_c...,u••ri t. ~., 65.61 .... ".3 '.M "., s.n ,." 10.'1 I. "
,... ..", · · · » .• 65.20 .." n.' ,.~ 99••7 .. s.n 0.02 10.1' I.S7 ,... 1.SS

• · · · ~ ... ......1 · 11." '.M '98.S2 S.12 · 10.'1 1.51 ,... ...., · · · ~.10 66.211 · 14.1 ... 100.00 ,." 5.03 · '.'1 1.03 ,." ....
• · · · ~., 65.0 · U.l .." loo.J5 .. '.M · 10.07 I." '.n ..", · · · n .• 6J.l · U .• ••• ft .• • '.57 · '.M 1.1' ,... ..~
• · .. - n.u 0.22 · 1'.2 •••• ,".n .. '.SJ · •.n ,.~ '.n ..n
• · .. - n.n 0.13 · 1'.0 .." 99.81 .. '.53 · '.>0 ,." 0.1' ,.n

" Se_lilli.ni •• 41.1 » .• · n,s ,., ft., 2.92 2.1' · '.a .." .... 2.61

" · .. · ".0 ~., · n.' ,.. 101.8 2.98 2.11 · ,.a 0." G.es 2.71

" S.-9OO"'l.,d •• 5'.8 26.0 · n.3 ,.. 100.1 s.n 2.18 · I.ll .." '.M 5.01

" · .. - 62.1 21.2 · n.2 ,., ft .• 6.02 ,... · .." .... 0.') '.M.. · .. · 63.6 21 . , · 12.' ,.. 100.' 6.16 2.02 · I.Ot 0.72 0.93 6.10

" e;_S._~.I.n. BO.1 ••• · U.2 ,., 9~ .• 0.94 '.M · 0.93 ..~ 0.9B 17.6.. · .. · 19.1 ••• · 12.4 '-' 9B.3 0.~4 O.OS · 0.95 '.M 0.9~ 31.6

" · .. - BO.O .. , · 12 .5 ,.. 100.6 O.~l 0.01 · 0.94 0.06 , 26.51

" -.. - BO.S4 4.04 · 1l.06 2.16 9~.B o.n 0.05 · 0.91 0.06 0.94 38.BO

N.os 1-4. 6-9, 18 = analyst I.P. UI'UTINA; " 10-17 = anlllyu Yu.S. BoIODAEY.

and show a noticeable anisotropy in air.
Unfortunately the extremely small size of
the crystals did not allow to investigate the
optical properties of these sulphosahs in
more detail.

Chemical composition

The minerals were analysed on a cCameca.
M$.46 electronprobe microanalyser (analyst
LP. LAPUTINA) and on a c Jeel. ]XA-5
(analyst Vu. S. BoRODAEV). Analytical con
ditions were as follows: accelerating voltage
20 KV, spectral lines (standards) PbL.. and
SK. (PbS), BiL. (B,S,), SeK. (PbSe), SbL.
(pure metal) on a «Cameca "'j accelerating
voltage 25 KV, spectral lines (standards)
PbM.. and SK.. (PbS), BiM.., SbL"t (pure
metals) on a ]XA-5j probe diameter <=:::11 \.l
in both cases.

ZAF . correction was used. The X.my
intensity data were processed using a PUMA
computer progmmme (BoRONIKHfN, TSEPIN,
1980).

Ag was OOt detected. The results are listed
in table 1. It is of interest to nOte that all
the minerals studied have a rather high Se
content (2-5 wtth), although Se WdS never
so far detected in Vulcano sulphosalts. Ga-

leoa is chamcterized by a high Bi-content
(4-6 wt%) which is unusual in natural
samples. The analytical values of Se.galena
bismutite and Se·Hllianite closely correspond
to the stoichiometric formulas PbBi(S,Selt
and Pb.sBiiS,Se)., respectively. The compo
sition of Se-cannizzarite and Se-gooogarrite,
as table 1 shows, varies noticeably. Se
goongarrite is characterized by an interval of
the ratio PbS: (Bi,SbhS, from 5 to 6j Se
cannizzarite 1.5-1.8. It evidently indicates
the non-stoichiomelry of the sulphosalts
(MOZGOVA, 1979). For goongarrile, this con
clusion corresponds to the existence of solid
solutions fields, which was established in
thes ystem PbS-BhS3 at high temperature by
B. SALANCI and H. MOH (969) (('hase 11
according to these aUlhors).

The analytical values of Se-cannizzarite
are sulxlivided into two groups: the first
(N 2-5) corresponds to the ideal formula
Pb4Bi~(S,Se)1I.~ with PbS : Bi2S3 = 1.6 and
Me: S = 0.78 and the second (N 7-9) to
PbBi4.l'.(S,Seho.7~with PbS : Bi2S3 = 1.8 and
Me: S = 0.79. These ratios are closer to
those of the structural formulas Pb,.Bb4Sm
(pbS : Bi~SJ = 1.7 and Me: S = 0.787) cal
culated by E. MATZAT in his analysis of can
nizzarite structure (MATZAT, 1972, 1979)
than to t~ obtained from the cannizzarite



NEW DATA ON SULPHOSALT ASSEMBLAGES AT VULCANO (ITALY) 281

TABLE 2
X-ray powder diffraction data of Se-f!,a/eno-
bismutite and Se-cannazzari/e from Vulcano

""~i...,i•• C.,.,l",d".. , ,. "
,

, • , • , • , • , •,., 1.1. , 1.l'

'.' ~.'l
,

~.'l
, 5.11

••• .." , 4 .~I .., 4.17 0 '.1', •. 0' •• l. 'l " I." • ,." " 1.41,
'", 1.6~ , 1.•\ , 1.61 , ,.", J.~J , 1.51 , 1.41

" 1." " 1.'1 , 1.41 • '" , J.lt

• 1.11 •• ,." , J.17 , J.ll , J.2', ]./1 •• ,." , J.21, 1.20 ,
1.1~,

'" • ].0] • ,." ••• 1. " • 1.01

" ,. '" 2.'S " 1.01, 1.11 • 2.16 , 1." " ,. • 2.11, 2." , ,." , 1.76.., 1.1' • 1.11 • ,." • '", /.66 , 2. 6~ , 1.5' , ,."• 1.... • 2.4. , ,." , 1.'1 ,
'", 2.'"

• ,.~ , 2.1' , 1.'1 , 1." •• ,n
••• 2.1'"., 2.146

• 2.262 0 2.2' • .." • /.,~ • 1.21

• 2.211 , 2.20, 2.11', 1.Oll • 1.0~ ••• 1.11 , ..", 1.0l! ••• 2.01 , .." • ,." • 1.01

• 1.916 • '-'6' • '.'17 , '.." • 1..,

• I.'''' , 1.11'

• 1.111 ••• 1.1<', 1.191 ••• l.7" • '.ell7 , '.S07 , 1 ,",

• 1.76' , 1.761 , 1.11., 1.7" , 1.7].' • 1.7'l' , '.111 0 '.11', 1.111 •• 1.1001 , '.101 , ,~ , ,~

" 1.•,0 ••• ,~ , '.UI ., '.6", 1.•,0, 1 •~,~ •• '"' , 1.510 , 1.\71

' ..1 1.~11 ., '.116, 1.•,0 , '.5" , 1.4'1'l 0 ,.-
• 1.'" , , .'\1; , 1.H' •• 1.4", 1.:Nl , 1."S, 1-lel , 1.1el , 1.111 0 1.114,

'.~
, , .117 ,, 1.l"2 •• , .ll", 1.11S •• , .1/' , 1.111 0 1.12., '.m ••• '.~

, 1.1.e 0 1./'S, 1.166 0 '.17'
0 1.112

••• 1.101, 0." , '.'ll,, 1.160

I = this study: la GANDOLfI camera; Ib DEBYE
camera; 2 = after BERRY and TlIOMPSON, 1962.

formula PbaBi~SlI (PbS: BitSa = 1.2 and
Me ; S = 0.73) reported in handbooks as
doubtful.(STRuNz, 1978; VV.AA., 1960).

It should be also pointed out that the
cannizzarite composition range according to
our analyses, is more larger than that sug
gested by E. MAKOVICKY (1981) from
MATzAT's structural data Pb,2BiH Sas 
Pbl1BitoS41. The ratios PbS; BitSa and
Me : S for the first formula are 1.70 and
0.788 respectively; for the second one they

are 1.714 and 0.787. Thus, the composition
range of the cannizzarite from Vukano which
we studied is described by the formula
Pb4Bi~..-(S,Sehu.u... , where x varies from
o to 0.5.

Diffraction data

The X-ray diffraction data obtained by
using GANOOLFI'S camera and a 57.3 mm
dia. camera (DEBYE-SCHERRER method, un
filtered Fe-radiation) are displayed in tables
2 and 3. The data for Se-eannizzarite and
Se-galenobismutite (table 2) are practically
identical to those for cannizzarite and
galenobismutite reported by BERRY and
THOMPSON (1962). The data for Se-lillianite
and Se·goongarrite are similar to those pu
blished for these pure minerals and synthetic
compounds (without Se) (table 3).

The'" small observed differences can be
interpreted as due to non stoichiometric
nature of these minerals and to their rather
large compositional range.

The diffraction data for the minerals
studied were also obtained by using electron
mierodiffraction (microscope ]EM-lOOC with
X-ray spectrometer Kevex 5100). The
electron diffraction images for cannizzarite
revealed two sublattices (fig. 4). One of them
is a pseudotetragonal subcell with a = 4.12
and b = 4.1 A; the other one (more intense)
IS pseudohexagonal with a = 7.03 and
b = 4.1 A. The subcelIs have a common
parameter b. This cannizzarite is one of the
representatives of the very interesting family
of minerals with incommensurate structures
(MAKOVICKY, 1981; ORGANOVA, 1984; Moz
GQVA et al., 1984). The incommensuration
is evident along axis X (fig. 4), where re·
Aections appear. to be irregular. The data
obtained agree with those published for
cannizzarite by GRAHAM et a1. (1953) and
by MATZAT (1979), and for wittite (canniz
zarite with high selenium content, about
8 wt%) by MUMME (1980) (table 4).

This allows us to conclude that the crystals
of Se·cannizzarite studied represent inter
mediate members of the cannizzarite-wittite
series.

The electron diffraction data derived by
uS for the Se-galenobismutite and Se·lilIianite
are poorer. From them, we could determine
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TABLE 3
X.ray diffraction data for Se-lil/ianite and Se-goongarrife from V ulcano in comparison

with puhlished data on lillianife and goongarrite

•

•••J."
•••••••••

•••J.",

1.'10
1.71)
1.7'7
L~

1.1OJ
1.7111

J."
•••

••••••
1."1
L_

1.\1
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•••

•
""••

..
•....
"

•••......

•..
•

...'
•,.

Otto _

SI...... , COl
,m

1.71D
1.717
1 .701
LW
Lm

J."

J.~l

•••

1.IT

•••
1.1I
1.11
1 .•7
1. ,.

•••

J.n
••••••1."
•••

•••
1.lIJL.
1."J

••••,

,
••••

,,
•

,

,
•••

, .

,
•••,,

~lNIMlI\[ PI4Ul: 11

•..

1••to
1 .'71

•••
1.OJ

1.'",.•
,.~
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1.... J
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••••••J."
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J.n
•••J.n
••••••••••••

•••...
1.17
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•••

, .
,
••••••••••,

•,
•••..,
•..

1Io._a •• al.m,

..

~.n

' ..
J.70

1.717

I.lt'
1.7&7

•••

1.60'
1.512

1.'5
1.'0

•••
•••

J.Cl

•••J.ll

••••••••••••
1.'7

....,

•

,,,

•,,
•..,

..,,

..
•,
••,,,

l.n

'.M

•••

L.
•••

•••

•. 10
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J.17

•••
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I • I 4
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••••..,,
•

•..,
•..

[...ir"7 T." .......
"'1.... "UlI S. M. 110 n

).010

1.'"

1.)5'

'.M•••

1.71)

'.m

) ..,.
'.W

'.m

10.J
~.,.
C.l0

1.lM
1.'SO..~
•.m
..~

L...-
"

"

•

, .
••..

..
••..
•
"..

,,.

SYlITJlEfI[

So.opIIlJ .t .1.
• 197C

""I.' 11lO5 ~

' .•

l.n

•••

l.M5

•••I.Cl

1.71(1
1.701
1.7117

1.1)

•••

1.111

..-

•••••••••••••••','7

••
•

•

, .

••,
•,
•

~ik.... ,
.m

"""" III

..

• ).SO

• ).M

~ 1.,"

• 1.151

o 1.0)

1 l.ll

• 1.11

o 1."
7 1.11

1 l.ft

I 1.71

• J.O'I

I .....

~ 1.M
I 1.M
1 1.n

1 1.7.)

--

1 ' •.s.

1 1.n

• 1.n

'4 I 4

• '.M

• J.M
10 J ••'

'0 1.1l

'hh....
M. 110 11

(*) Rdlections with 1 < 10 were: omim:d.

TABLE 4
Published crystallochemical data for cannizzarite and winite

~ln.,*l SPK. , . .
Fo, ... h G.O"P ..' '.' ,.' • Raf....""..

S1nth. Ph... 1 (1) T,PU. '.Ot C.O' 15.39 ....
G,......t .1., 1953

""n 81 '8 Seo M,tU. ,.. ••• 15.39 •••
C..... in.dt. (11 Pl,t. ", 11'.0 (O) ..09 (01 7a.06 {*l 11.93 (*I

T,Pll '·
a.ll ••• lS.aO 98.5' ""uu, lnt

"".6 11 SO 5'11 M'~ll/. 7.0) ..~ 15." '8.00

Wini.. T,Pl I. a." ••• lS.SI 10l.C

""O.)SO 110 . lO7 -. ...
M,U I. '1.1' ••• lS.SI 98.'

500 . 20J 50 . 791 III

(I) The compositions an: deri\-cd from the: crystal S1fueture. (2) Microprobe data. (') For true: cell.
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synthetic lilIianite;
synthetic galena-

(J "":' 1l.3, b",,:, 14, C "":' 4 A for Se-galeno
bismutite and a <>:< 13.6, b "":' 20.8 and
c=4 A for Se-Iillianite. These data are rather
consistent with those known for these mi
nerals without Se-admixture. Small size of
Bi-Se-bearing galena did not allow to obtain
reliable diffraction values.

ConclU8ion8

Among the sublimation products of the
Vulcano's fumaroles (Italy) 5 minerals be
longing to the Pb-Bi-S(Se) system were iden
tified. These minerals grew together and
formed very small microdruses. This evidence
probably indicates the absence of equilibrium
during the mineral formation process.

It should be stressed that the temperature
measured on the fumaroles of 550-615" C
(ZAMBONINI et al., 1925) corresponds to the
temperature stability interval of the phases:
400-830" C - phase 1I, the synthetic analogue

o( goongarrite;
320-816" C - phase Ill,
340-750" C - phase IV,

bismuthite,
established by experimental study of the
system PbS-Bi2S:l (GODOvIKOV, 1972). The
close temperarure conditions of stability of
these phases were also established by SA"
LANCI and MOH (1969).
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