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ABSTRACT

Canavesite occurs as milky-white rosette-like ag-

etregFtes of fibers on ludwigite and magnetite skarns
in the abandoned iron mine of Brosso @iedmont'
Ilaly). It is monoclinic (diffraction symbol 2/mP-/-)
with 423.49(2), b 6.164{6), c 21.91Q)4,, F 114.9t(9)';
D*t 1.790 g om{ for Z = 12. The strongest reflec-
tions in the X-ray powder pattern are: 9.54(100)
(202\, s.t2(40)(201), 7.80(18X102,301), 4.56(21)
(5-01,503) and 3.1104 $r@07). The fibers are
elongate [010] and show one or morc {h0l} cleav-
ages; optically tley are biaxial, 2V very latge, Z=
b, na t.4s5(4), np I.494(4), nt l.5O5Q). DTA, TGA
and higb-temperature X-ray powder analyses docu-
ment several breakdown reactions, finally leaving
an assemblage of Msg(BOs)z and MgO above 800"C.
TGA, in particular, gives cumulative weight losses
of 10, 20, 30, 39,43, 50 and 56% at 95, 190, 300,
410,475,625 and 875"C, respectively. The infrared
absorption spectrum shows OH', COgL and BOs&;
the chemical analysis gives tle formula Mg:.os-
(COs)l.oeGIBOs)o.sa. 4.9 1H:O.

Sovrrvrem.e

La canav6site se pr6sente sous forme de fibres
d'un blanc laiteux, groupEes en rosettes dans des
skarns i ludwigite et i magn6tite dans la mine de
fer abandonn6e de Brosso (Pi6mont, Italie). Elle est
monoclinique (symbole de diffraction 2/mP-/-) avec
a 23.49(2), b 6.764(6), c 2l.9lQ)4., F ll4.9l(9)'i
D.a" t.790 g cm4 pour Z= L2, I-es raies les plus
intenses du diagramme de poudre sont: 9.54(100)
(202\, 8.12(40)(201), 7.80(1SX102,501), 4.56Q1)
(501,503) et 3.1104 (19)(401). rrs fibres sont al-
long6es suivant [010] et pr6sentent un ou plusieurs
clivages {&0/h optiquement elles sont biaxes, 2V
trbs grand, Z-b, na 1.485(4), n9 L494(4), n'r
1.505(2). Les analyses ATD et ATP, ainsi que les
clich6s de poudre aux rgyons-X d hautes temp€ra-
tures. ont mis en 6vidence des rfuctions de d6com-
position qui donnent comme produits Mga(BOr), et
MgO au-dessus de 800"C. En particulier, IATP
montre des pertes pond6rales de 10, 20, 30,39,43,
5A et 56Vo d 95, 190, 300, 410, 475,625 et 875"C,
respectivement. Ir spectre d'absorption infrarouge
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indique la pr6sence de OH-, COr& et BO3&' D-aprbs
I'analyse chimique, la formule s'6crit Mgr.ot(COt)-
,.or(IIBOg ) o.en. 4.9 lH,zO,

INtnoouctton

The iron mines of Brosso and of Traversella
(Province of Torino, Piedmont, Italy) are well'
known sources of fine minerals developed near
tle contact between the Traversella monzonite
stock and.marbles interbedded in the mica schists
of the Sesia-Lanzo zone. Giussani & Vighi (1964)
described boron'mineralization, with ludwigite
and szaibelyite occurring just at the contact, in
magnetite skarns of the Brosso pyrite mine;
they listed the principal references -concerning
Brosso and Travirsella. The recent discovery of
arsenic minerals is reported by Abbona et al.
(re69).' 

In the spring of 1972 Messrs. V. Farina and
M. Rapazzini of tle Gruppo Mineralogico Lom-
bardo formd the first specimens of the new min-

eral at the same locality, level 373 of the Vola
Gera tunnel, after the mine had been abandoned.
These were brought to our attention by Dr. V.
de Michele, curator of the mineralogical section
of the Museo Civico di Storia Naturale di Milano
where tylte material is deposited. Since- 1973
samples of canavesite have been widely collected
and occasionally traded as nesquehonite.

Canavesite (pronounced KANAVEZAI'T) rep-
resents, witl carboborite, CazMg(COsXBrO5)'
10H,O Qlsieh et al. L964), the only exarnples
of carboborates.

The mineral is named after the district, Cana-
vese, in which the village and the rnine of Brosso
occuf, near the town of Ivrea. The name and
species have been approved by the IMA-Com-
riission on New Minerals and Mineral Names'

PARAGENESIS

Canavesite occurs as milky rosette-like aggfe-
gates (Fig. 1) of very thin t0101 elongated fi-
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bution of lamellae around the needle axis (Fig.
2c).T\e habit of the material and its easy altera-
tion, beginning at about 40oC (see below), made
troublesome and imprecise the measurement of
the following optical sharacteristics: biaxial
positive, 2V very large, Z=b, refractive indices
q9_1r.gh0 na 1.485(4), nB La94@) and ny
1.505(2); nq. and np actially correspond, re-
spectively, to the minimum (more frequent) and
the maxirnum value observed perpendicular to
the needle axis.

Very rare single crystals with prisrnatic hexa-
gonal habit (Fig. 2d) were observed at higher
resolution only. Fracture leaves uneven sections
asross the fiber axis; along this direction one or
more unidentified {ll01} cleavages or partings (?)
were observed.

The X-ray diffraction pattern of tle fibers
yas very weak; oscillation photographg took no
less than jry9 days of exposure to produce pat-
terns exhibiting a mirror plaue coincident *ith
tle zeroJayer line and a fiber period of 6.16A.
The corresponding zero-level Weissenberg films
s!9wed, at best, half a dozen faint spots con-
siderably elongated in the or direction; usually

I A I J L E  I .  X . R A Y  U A T A  I - ( ) R  ( ' A N A ! E s I T E

FIo. l. Rosette-like canavesite with spheres of a hy-
dromagnesite-like mineral (see text); scale bar
2mm (photo C. Bevilacqua).

bers on surfaces and along fractures of ludwigite
and magnetite skarns. It seems clearlv to have
formed since mine operations ceased by reaction
of carbonatic solutions with ludwigiie. Cana-
vesite is associated with spheres of an earlier-
formed mineral upon which the needles may
be implanted (Fig. 2a). The properries of the
spheroidal aggregates suggest the unnamed
hydromagnesite-like mineral Mgc(CG)a(OH):.
8HrO (Suzuki & Ito 1973) or dyp.ingite Mgc(COa)a
(OH)r'sHrO (Raade l97O). Further investiga-
tions are in progress.
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- F:9- the silky aggregates, fragile bur s[ghtly
flexible ,fibers having vitreous lustre (Fig. 2b)
exteud for about 1 mrn. They show no fluores-
cence under ultraviolet light; under the polariz-
ing microscope they appeir as flat, colorGss and
transparent crystals with very weak dispersion
and maximu.m cross-sestion of about 5XSO &m.
Uader fts ssanning electron microscope,'the
fibers appear as textures with an unev"i dlrt i- Ave.aS resul!s from fllms and cente. data wilh FcKo and CuKO rsdiailons.
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no spots at all were detectable. Electron diffrac-
tion patterns obtained with the beam roughly
perpendicular to the fiber axis confirmed tle
iep-tition period along this direction and the
needle texture showed by SEM. On tle basis
of the fiber period and a few daor values meas-
ured on oscillation and Weissenberg films, the
X-ray powder spectrum (table 1) was indexed
with a 23.49Q) b 6.164(6) c 2I.9|Q)A I
ll4.9t(9)o. No systematic absences were ob-
served; tle space group is presumably one in-
cluded in the diffraction symbol 2/mP'/-' but
owiug to the scarcity of single crystal data,
twinned trislinic symmetry cannot be excluded.
The pseudo-hexagonal dimensions of the cell
could account for the hexagonal habit, which
probably reflects the_ presence of tle pinacoids

{100},  {001}  and {101}.

CorrposrrroNer, Dere

The infrared spectrum of canavesite (Fig. 3)
is not easily comparable with those of well-
known families of minerals; broad and strong
bands near 3500, 1450 and 1000 cm-l could be
interpreted as due to OH-. COa, and, with greater
uncertainty, to BOg&. The products of heating to
90O'q after 56Vo weight loss, were identified
as a mixture of Mes(BOg): and MgO (Iable 2).

Canavesite effervesces with dilute HCI at
room temperature. The chemical analysis, made
by a combination of several methods on 100 mg
of fibers selected under the binocular micro-
scope, is given in Table 3. On the basis of eleven
oxygens the analytical formula is Mgr.or(CO')'.0'-
(IIBOs)o.ga'4.91Hro, ideally M&(COaXHBOg)'
5HrO or, perhaps, Mg:(CO",HBOs)g'5HzO.

Because of tle habit of the material, only an
approximate measurement of the density was
possible by the heavy-liquid method; the value,
approximately 1.8 g cma' tequites 12 idealized
unit formulae in the cell (D""r" t.790 g cff; V
2877.3if; M.W.258.559). For the ideal fortnula
the Gladstone-Dale law suggests a D'.a' ot

Frc. 2. a. Canavesite implanted on a spherical ag-
grcgat€ of a hydromagnesite-like mineral; SEM,
scale bar 0.05mm. b. Close view of a rosette;
SEM, scale bar 0.1mm. c. Needle texture; SEM,
scale bar 0.01mm. d. Single crystal with hexa-
gonal habit (only two faces are visible); SEM,
scale bar 0.005mm.

1.908 and of. 1.92I rdth the specific refractive
energies reported by Larsen & Berman (L934)
and by Mandarino (L976), respectively.-The
discrepancy between Do"r" ood D/"ur", which re-
quires Z=L3, can be ascribed to several indepen-
dent or concurrent causes' e.g., imprecise re-
fractive indices, minor content of water, disorder
in the crystal structure with a fractional Z in
the cell.

Ttrrnrrter, SresnrrY

The TGA curve @ig. 4) has inflections at 95,
190, 300, 4LA,475, 625 and 875oC, which cor-
respond to oumulative weight losses of L0, 20,
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Flo. 3. Infrared spectrum of canavesite; 0.6mg in 100mg KBr disk'
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IA&E 2. X-RAY POWDER DATA FOR PHASES OBTAINED BY HEATING CANAVESITE

I I i l l

@90cc s-1650c 16r2756C 2?r5250C s2r?gooc
d(A) r d{A) r d(A) I dG) | d{A) I
7.55  m 7 .13  mw
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4 . 1 9  v w  4 . 2 0  v w
3 . S  t  3 . 5 3  r
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2 . W n s  2 . g m s
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2 . S  m s
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l . ? 4 9 ,
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l . 4 5 7 v r  2 . A 7 v s  a
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tulnl€.-Lenn6 (Nonlus) .ador6, CuKa radlalid; mdtm6 mossu.St6 d4 i
s€w€ak,  mEmdl@,  sq3! fon9,  v rsvery  we€k,  v6Eve.y  5 ! ron9.
a - M 9 3 ( B O 3 ) 2 ,  b - M q C O 3 ,  c - M € .

30, 39, 43,5A and 56/o rcspectively; secondary
effects are indicated by the derivative'curve oniy
!1gt^r:po-rted) at 45,365,475,650, 690, 760 and
825"C. With some approximation the above
temperatures reflect endothermic reactions in
the DTA pattern (Fig. 4), where effect$ occur
at 80, 1O5 and 125 (shoulders), t7S, LgS (shoul-

Fro.-4. TGA (top) and DTA (bottom) curves; 10mg
of canavesite with l0 and 20"C/min. sp""d, ,e_
spectively.

der), 260, 325, 35MOO and 480-600 (broad
p?\.), 665, 7'0O and 790-840'C (broad peak).

The complexity of the thermal behavibr of
canavesite is confirmed and in part clarified by
a continuous X-ray powder spectrum Cfable j)
taken between 20 and 1050.C. The unambigu-
ously identified phases MgCOs and MgO appear
near 530o-C; Mgr(BOr), and MgO aie pidsent
above 800oC. The range 165-530.C is character-
ized by poor crystallinity (unidentified X-ray
patterns III and IV in Table 2). In the range
4O-165"C, X-ray patterns I and II differ only in
their first reflection, and differ from that of
canavesite by shifts, mainly towards higher an-
gles, of the majority of the lines. phases I and
II could represent partly dehydrated canavesite,
with 2 and 3 water molecules lost, respectively,

TABLE 3 .  CHEMICAL ANALYSIS

MsO 31.50" 31.?0u

Bzo: r2.8oo 1z.6ob

aoz t8.g3t  19.32'

Hzo 32.56" 37.32"

3 1 . 6 0  3 1 . 2 1

t z . z o b  r 2 . ? o  1 3 . 4 0

1 8 . 5 7  i 7 . 0 3

3?,44  38 .35
56.ooo

Tota l  100.69  99 .94 100 ,31  100 .00

D. Avenage values of the analyses A, B and C.

E. Mg^(co^) (HBo-) .sH^o.
z J S Z

a. Colorimetry.- b. Tltraiion with NaOH of a HCI solulion ln

pnesence o f  mann i to l . -  c .  C .Erba 1104 e lementa l  mtc roana lvser . -

d .  To ta l  w t .  loss  a t  900oC.



CANAVESITE, A NEW CARBOBORATB 73

but witlout a breakdown of the crystal structule.
Breakdown surely occurs in the range of low
crystallinity q/ith, firstly, the complete loss of
ILO below 300'C and, subsequently' at around
400oC, of OH-. The presence of MgCOa in pat-
tern V (fable 2) shows that the loss of COr
occurs only after complete dehydration.

The stability field of canavesite confined be-
lcvw 40oC and its occurrence on surfaces in a
tunnel of an abandoned mine clearly show that
the mineral formed at or near room temperature.
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