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SAPPHIRINE-BEARING ROCK, VAL CODERA, ITALY

Fnro Benxnn, [/. S. Geological Suraey, Denver, Colorad.o.

AssrR,{cr

The sapphirine-bearing rock found in talus near Alpe Brasciadega, VaI Codera, Italy,
originally described by Cornelius and Dittler, has been re-examined. This locality is in the
root zone of the Alps, near the Bergell granitic massif. Reaction rims and veins indicate that
four successive assemblages formed; these are:

1) garnet-pleonaste,
2) biotite-cordierite-hypersthene-sapphirine,
3) biotite-cordierite-sapphirine-sillimanite, and
4) biotite-cordierite-orthoclase-sillimanite.

Garnet and the four mafic minerals of assemblage 2 werc analyzed. Their ratios MgO:
(MsOf FeO) are: garnet (0 54), biotite (0.83), cordierite (0.89), hypersthene (0.81), and
sapphirine (0.85).

INrnopucrrorq

The unique sapphirine-bearing rock of the Val Codera, Italy, has
been described by Cornelius (1916; Cornelius and Ditt ler, 1929). The
purpose of this paper is to present additional data on the assemblages
and minerals found in this rock. The Val Codera is northeast of Lake
Como and meets the Mera River at Novate Mezzola. The locality is at
Alpe Brasciadega, in talus at the foot of a cliff (Cornelius and Ditt ler,
1929, p. 28-29) . The terrain is precipitous, and the outcrop of sapphirine-
bearing rock has not yet been found. Rocks underlying this area are
highly metamorphosed genisses and schists containing cordierite, garnet,
and hypersthene (Repossi, 1915, 1917), and granitic rocks, some of
which probably are related to the nearby Bergell massif. The area is in
the so-called root zone of the Alps, and lies north of the Insubric disloca-
tion-line (de Sitter, 1959, p. 177-179).

The writer visited the locality in 1960, and, after a thorough search,
found one boulder only of Cornelius' and Ditt ler's "normal type" of
sapphirine rock (1929, p. 30-38), which was described very carefully by
them. The rock is coarse-grained and massive. Scattered garnets 5 to 25
mm in diameter are embayed by and set in a matrix of intergrown biotite,
cordierite, hypersthene, and sapphirine. This fabric is cut by anastomos-
ing veinlets of biotite, f ine-grained cordierite and sapphirine, sil l imanite,
and minor orthoclase. Proportions of minerals in this rock vary greatly
from place to place.

The rims on the garnets and the veinlets cutting the rock indicate
that successively stable assemblages were:

1) garnet-pleonaste-( * other minerals),
2) biotite-cordierite-hypersthene-sapphirine,
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1'3'a Analyses from Cornelius and Dittier (1929), p. 47, 54, and 50 respectively,
2 Analysis by rapid methods, U. S. Geological Survey chemists, of split from 3 lbs. of

curshed rock.
5 Analyses by U. S. Geological Survey: SiOz, TiOr, Al:Og, CaO, and MnO determined

by *-ray fluorescence; FezOr, FeO, MgO, and KzO by combination ol r'ra,y fluorescence
methods and chemical analyses by H. Smith, P. L. D. Elmore, and M. Schnepfe; and
NazO, HzO, and F by chemical analyses of M. Schnepfe, B. L. Ingram, and H. Smith.

6 Value given is total iron as Fe:Or. Rock not fully decomposed by rapid methods, and
thus iron determination uncertain.

7 Values given are for total water.
E n.a.:not analyzed.

3) biotite-cordierite-sapphirine-sillimanite, and
4) biotite-cordierite-orthoclase-sillimanite.

This sequence is similar to that of Cornelius and Ditt ler (1929,p.33).
Assemblages 2 and 3 are more magnesian, aluminous, and potassic than
the first one, and assemblage 4 is both less ferrous and less magnesian
than the preceding three, as shown by the minerai analyses of Table 1.
Assemblages l, 2 and 3 are roughly shown in an A-FM-S diagram in
Fig. 1. The bulk composition of assemblage 1 l ies very close to that of
the garnet. Biotite has been shown in Fig. 1 as an isolated point, but
the reader should bear in mind that it is part of both assemblages 2
and 3.

Ar,s, VAr Colnn.t, I:rer,l
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Two major reactions are inferred for the alteration of assemblage 1

to assemblage 2 and of assemblage 2 to assembiage 3; these are approxi-

mately:

A) assemblage l+assemblage 2:

pyropic garnet (fpleonaste)fKzO-biotitefcordieriter*hypersthene*sap-

phirinel, and
B) assemblage 2+assemblage 3:

cordieriter*hlpersthenef sapphiriner+cordierite2{sapphirinez*sillimanite,

in which 2 generations of cordierite and sapphirine are indicated by

subscripts. Orthoclase also was formed either during or after reaction B'

8132

hyporgthcno (o El}1iElnltc

biotltc

garnct (o

foO+UgO pleonastc

Frc. 1. Diagram of molar proportions of AlzOa, FeOiMsO, and SiO2, showing assem-

blages 1, 2, and3. The ratio MgO: (MgOf FeO) is given in parentheses next to each ferro-

magnesian mineral name (biotite is also part of assemblages 2 and 3).

and is separated from sapphirine by rims of cordierite (see Schreyer and
Yoder,  1961,  Pl .  7 ,  F ig.52) .  React ion A is  shown largely by react ion
rims on 0.5 to 3 cm garnets, with only small amounts of pleonaste

present. Reaction B produced the anastomosing vein system of products

in the reactants. The biotite shows no discernible changes from one

assemblage to another. Also, the fine-grained cordierite and sapphirine
found in the veinlets could not be separated for determination of optical

constants, but use of Becke lines in thin sections suggests that their
indices of refraction are very close to those of their coarse-grained
neighbors. Thus, the compositions of the two generations of cordierite

corallcrltc (0.89)



and sapphirine are r.'":'.i:":::'::::*,u.u,,r, in the,,,,::
AlzOrFeO-MgO-SiOz one would expect the three-phase fields cordierite-
hypersthene-sapphirine and cordierite-sapphirine-sillimanite to be sepa-
rated by a two-phase field cordierite-sapphirine, in which the MgO:FeO
ratios of both cordierite and sapphirine would vary. This two-phase
field must be rather narrow.

The bulk chemical analysis of this complex rock, a mixture of the
four assemblages, is notably high in AlzOs and MgO, as shown in Table 1.

MINBnarocy

Analyses of garnet and sapphirine made by Dittler (Cornelius and
Dittler, 1929,p.50,54) are given in Table 1 with new analyses of biotite,
cordierite (from assemblage 2), garnet, hvpersthene, and sapphirine
(from assemblage 2). These minerals were hand-picked; the separates
are free of visible inclusions. Semiquantitative spectrographic data for
the newly analyzed minerals are given in Table 2. All five minerals are
relatively magnesian, and the hypersthene is aluminous-its 9.4 per cent
of AlzOa is analogous to amounts found in hypersthenes of the classical
granulite facies.

Optical data for the five newly analyzed minerals are shown in Table
3. Most grains of garnet have ref ractive indices 1.7 7 3 to 1.7 7 4, but a Iew
grains in each mount showed n:1.775 to 1.776, indicating slight zoning.
Values of (2V) were measured with a Universal stage. The inclined
dispersion of sapphirine is such that-(2V) is 52o in Na light and 59o in
\l 'hite l ight. Pleochroic formulae are: biotite-X:very pale brown,
Y : Z : deep brown I hypersthene-X : deep pink, Y : pale pink, Z : green-
ish-gray; and sapphirine-X:pale greenish-gray, Y:deep sky blue, and
7:pale pink.

The cordierite was r-rayed; its Miyashiro A-value is 0.28*0.04, as
determined from relatively broad peaks. B. J. Skinner very kindly
determined the uni t -ce l l  edge of  the garnet  as 11.5125+0.0019 A at  25o
C., where 0.0019 is the standard error of the mean. He reports that the
doublets indicate slight inhomogeneity of this garnet, as independently
suggested by the range of refractive index.

Chemical formulae of the five analyzed minerals were calculated. These
a re :

bi"i'ie: 
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cordierite:

garnet:

hypersthene:

and sapphirine:
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(All indices of refraction for sodium light)

biotite
cordierite
garnet

hypersthene
sapphirine

1 . 7 7 3  t o  1 . 7 7 4

+ 0.002
+0.002
+ 0.004
+ 0.003
+0.003

ca.  -5"
- 7s'

-79"
-52" (Na)

n.d .
1  .534

r . 6 9 1
r .720

1.612
1 .541

1 .698
1 . 7 2 4

0.05
0.007

0 .017
0.007

n.d.: not determined.

The first four formulae are given with the conventional number of
(O+OH+F) atoms, and H2O for cordierite is written as water of hydra-
tion. This sapphirine has a composition rather close to that in which the
rat io  (MgOf FeO):Al rOa:SiOr:4:5:2,  and which conta ins 23 atoms of
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oxygen in its formula. The substitution of AlvrAlrv for MgSi is not ex-

tensive.
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