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FROM GABBROIC TO GRANODlORITlC ROCK-TYPES

OF THE ADAMELLO MASSIF (NORTHERN ITALY)
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Istituto di Mineralogia e Petrologia dell'Universita. CorS(} Garibaldi 37, 35100 Padova

ABSTRACT. - Further study was carried out on the
minerals of the igneous rocks of the Tertiary South·
Alpine pluton of Adamello (Northern Italy). The
amphibok:s from 37 of the mOSt important Iithotypes
coming from the three main masses composing this
composite to multiple epibatholith were selected.

Bulk chemistry on 37 concentrates and some
microprobe analyses on zoned areas were carried
out. ~ll the amphiboles turn out to be calcic,
belOnglOg to the Mg.hornblende. In the more basic
rocks, an important role is played by the edenitic
pargasitic and tschermakitic components. On the
basis of the Mg/Mg +Fe'- = mg ratio, the am
phibolcs hom the three masses are easily discrimi
nated, and good correlation with the distribution ot
some elements is also possible.

Among inter-elemcnt correlations, of particular
interest is that between (OH+Fj and occupancy
of monovalent ions of A site and of tri.quadrivalent
ions of C site. and the correlation between the
contents of Fe'" and Ti, responsible for color
variations and absorption intensity.

Compositional variations depend on bulk che.
mistry, mineral assemblages, and physical conditions
of formation. Some peculiar characteristics are at.
tributed to intense fluid activity. i.e., the low ratios
of Fe" /Fe,." and the relatively high contents of
Al·' found in amphiboles of foliated rocks charac.
terized by the absence of opaques.

RIASSUNTO. - Vengono esposti i risultati dello
studio eristallochimico eseguito sugli anfiboli di 37
rocee rappresentanti i Iitotipi fondamentali delle tre
masse principali dell'epibatolite multipl<xomposito
dell'Adamcllo.

Le analisi sono state eseguite mediante le t«niche
tradizionali e con la microsonda. GIi anfiboli risul.
tano delle Mg.orneblende, arricchite dei termini puri
estremi cd.enitic(Hschermakitico 0 tschermakitico
nelle rocee piu basiche. 1I rapportO Mg/Mg +Fe'·
(mg) appare un fattare chiaramente discriminante
per gli anfiboli delle tre masse cd e spesso correla.
bile con i oontenuti di alcuni dementi.

(,orrelazioni esistono inoltre tra vari dementi;
tra queste particolarmentc imeressanti sono quel1:l
tra (OH +F) e le quantita di ioni monovalemi e
tri·quadrivalenti rispettivamente nelle posizioni reti·

colari A e C, e quella tra i contenuti di Fe"' e Ti,
responsabile delle variazioni di colore e di intensita
di assorbimcnto.

Le diflerenze cornpositive sono in relazione col
chimismo globale della roccia ospite, oon ]'associa·
zione mineralogica e con le condi:doni fisiche di
formazione. Una intensa attivitii dei fluidi sembra
responsabile di alcune peculiari caralleristiche, come
ad esempio i bassi rapporti Fe"'/Fe,~, ed i rdali
vamente devati contenuti di Al·' degli anfiboli delle
rocce foliate sostanzialmente prive di opachi.

Introduclion

This paper gives the results of a study on
amphiboles from the igneous rocks of the
largesr Alpine batholith in the Alps, i.e. the
AdameUo Massif. It is part of a comprehensi
ve study on the mineralogy of the Adamello
rocks (see jOBSTRAIBIZER et al., 1983;
DE PIER I & ]OBSTRAIBtZER, 1983). The last
paper contains a brief account of the geology
and petrography of the Adamello Massif. For
a more account on both the arguments see
BlANCi'll et aI., 1970 and CALLEGARl & DAL
PIAZ, 1973.

Textural features of the amphibole change
markedly in the different igneous masses of
this composite to multiple batholith (fig. I).
In the M. Re di Castello mass it forms small
elongated or needle·like prisms; in the
W-Adamello and in the Presanella masses
it appears as cOarse grained crystals, short
prismatic in the former and elongated in the
latter. Optical properties also change in the
mineral of the three masses (BlANCHl et al.,
1970).

Very little in known about the chemistry
of the AdameJlo amphiboles. Beside the data
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on two amphiboles from gabbros(GoTTFRIED,
1929; CALLEGARI, 1963, 1966) the only
published analyses refer 10 nine optically
homogeneous amphiboles, mainly from 10·

nalitic rocks (Caeca & DE PIERI, 1981); Ihe
latter will be included in this paper after a
minor revision of SiO~ content owing to the
reconnaissance of a systematic error.

The purpose of this smdy is: a) to ascertain
the compositional range covered by the
amphiboles in the different lithologies of a
single igneous mass; b) to identify the main
chemical parameters responsible for the
observed varialions and attempt possible cor·
relations with the chemical and/or physical
parameters controlling the cryslallization of
these phases from the magma.

In order to compare bulk rock chemistry
with amphibole bulk chemistry we have car·
ried out the analyses on concentrates of
hornblende from the rocks; this has also the
advantage of giving a betfer picture of inter
elemental correlation oWlllg to discrete
determination of H~O, F and oxidations statc.

To recogni"..c the compositional range
insidc the single rock (zoning pattern) we
analysed by microprobe some selected crystals
from scven rocks used for the extraction of
the amphibole concentrates.

Sampling and petrographic31
ohservations

For this study we utilized the samc
powdered rocks from which we extracted
cither the K-feldspars or the biotites which
wc had previously studied.

However, we added one ultmm,dic and
some mafic rocks to our sample collection in
order to cover the entire spectrum of the
hornblende.bcaring rock.types. Sample 10·
calities are shown in lig. I; better speci·
fications are found in CALLEGARf et al.
(1974) and DE PIERI & ]OBSTRAIBIZER
(1983). The new samples are as follows:

clinopyroxene-bearing hornblende gabbros
(RC 23, RC 24, RC 26, RC 27, RC 29) and
hornblende gabbro (RC 28) collected on
the western slopes of Cornone di Blumone
east of Lago Vacca (Bazena, southermost
part of Adamello Massif). Together with
RC 30 (see below), rhey represent the

malic members of the M. Re Castello
mass·

- olivi~e-bearing homblendite RC 30 from
M. Manoni (Bazcna);

- one tonalire (A 5) and one pegmatitic gab
bra (CAB) from Lago Baitone, belonging
to the AdameIJo mass.

With the above integration of samples,
therefore, wc had the following rock-types
from which amphiboles were separated (RC,
A, P refer to M. Re Castello, Adamello and
Presanella masses respectively):

hornblendite = RC 30;
gabbros = RC 23, RC 24, RC 26, RC 27,
RC 28, RC 29, CAB;
diorites = RC 21, RC 22, RC 25;
ronalites = RC I, RC 2, RC3, RC4.
RC 5, RC 11, RC 12; AI, A 2, A J, A 5.
PI, P2, P3, P 19, P20, P21;
hornblende-bearing biotite tona!ites
QDJ; QD 10; P4, P5, pr" P7;
hornblende biotite granodiorites = RC 6,
RC 7, RC 9.

MOl/te Re di Castello mass. In order 10

represent basic rocks, we chose those our
cropplllg in the southern sector of Re di
Castello. These were fine-grained diorites
and gahbros with short prismatic amphibole,
often pecilitic, with inclusions of plagioclase
and rare clinopyroxene (RC 21, RC 22,
RC 29); the clinopyroxene sometimes became
an essential component in the gabbroic rocks
(RC 23, RC24).

In order to represent the slightly malic
rocks outcropping in variable-grain merre·
thick bands, we chose pyroxene-amphibolic
gabbros (RC 26, RC 27) with calcic plagio
clase. We also included the amphiboles of a
gabbroic pegmatite (RC 28) and a fluidally
arranged diorite with needle-shaped amphi
bole (RC 25). All these rocks came from a
small area between Passo della Vacca and
rhe western part of the Cornone di Blumone.
Lastly, we also analysed the amphibole of
a hornblendic uhramalite outcropping on
M. Mattoni (RC 30, Bazena area). It co
existed with olivine, ortho- and clino
pyroxene, and opaques, mainly Fe-sulphides;
of all the analysed amphiboles, it was
distinguished for its marked zoning with
brown core, often with fine opaque segre-
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Fig. I. - Geological sketch map of Adamello Massif, wilh sample 10000lions (from BlANCIU el aI.,
1970, simplified).

galions, greenish-brown mantle, and a pale
green or colorless oscillatory-structured rim.

In the amphiboles from the above gabbroic
rocks, zoning was less marked; they arc
brown (RC 27, RC 28) or reddish·brown
(RC 23, RC 24, RC 29). In the diorite
amphiboles zoning was more marked.
showing a change in color towards greenish
brown (RC 22) or brownish·green (RC 21,
RC 25). All the selected rocks should have
hornblende as a primary phase; some of them
also contained a pale green or colorless
amphibole deriving from subsolidus of pre
existing c1inopyroxene uralitization. This
amphibole was diminated during separation,

and data on its composltlon were only col
lected by microprobe (RC 30, RC 26). In
the gabbroic rocks, the amphibole was
sometimes found with opaques, mainl~

magnetite; opaques were plentiful in all the
rocks with the exception of RC 27. RC 28.
RC 30. The plagioclase of these rocks W:lS

homogeneous and essentially anorthitic in
RC 26, RC 27, RC 28 but more or less
strongly zoned in the other samples.

In order to represent the amphibole of
IOnalites, we selected both rocks from the
more southerly area (Bazena) and from the
more northerly part (Re Castello unit H.l.
Considering the variability of the tonalitic
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rocks in the Bazena area, iI should be pointed
out that RC 3 represents the homogeneous
tOnalitic mass of Lago della Vacca; RC I and
2 represent intermediate rocks between
quanzdiorites and IOnalites with fluidal
texture and slUmpy prismatic amphibole.
outcropping near PASSO della Vacca; and
RC 11 and 12 represent amphibolic variants
of the biotitic leuco-tonalite from Val Fred
da, RC 12 being a dyke rock, RC 11 an
apophysis at the contact with the marbles.
The amphibole of RC 11 is green and
probably reflects contamination by nearby
carbonatic sediments. In the tonalites the
amphibole is normally more or less markedly
zoned, brownish-green at the core and green
in the rim.

In the granodiorites selected to represent
the large unit of Lago Boazzo - Lago Arno,
the amphibole is distinguished by greater
idiomorphism, more homogeneous compo
sition and pleochroism with more or less
intense green tOnes. As in the tonalites, the
amphibole is associ:lIed with opaques in the
granodiorites.

Adamel/o mass. The Western Adamello
tonalitic unit is clearly distinguished from
the preceding tonalites due to the morpho
logy of the amphiboles which form large
euhedral crystals with Stumpy prismatic
h3bilUs. Under the microscope they are
homogeneous, with marked green 1'1:=0
chroism. This mineral is commonly associated
with opaques. Similar features are found in
the amphibole of the hornblende-poor biotitic
tonalites of the Central Peaks unit (QD 3).
The only basic rock selected was a pegmatitic
gabbro with dedmetric amphibole collected
north of Lago Baitone (CAB).

Presal1el/a mass. The rocks of this mass
have long prismatic amphibole, coarse grain
in the normal tonalites, smaller in the horn
blende-bearing biotite tonaIites.

\VIe chose samples P I, P 2, P 3, P 19 and
P 20 to represent the tonalites of the Central
Presanella unit, and P.5 and P 21 for the
lE Presanella unit. In these rocks the

amphibole shows green pleochroism, oscil
latory zoning and, occasionally, partial re
placement or recrystallization phenomena of
pale green amphibd1e after brownish-green
llmphibole. Common inclusions are plagio-

clase, biotite and opaques.
In the hornblende-poor tonalites of the

Nambrone unit, differently from that of the
other two units, the amphibole is characteri
zed by the absence of oscillatory internal
zoning, the presence of large pinkish-brown
patches on a sludge-green mineral, and the
rarity or absence of opaque inclusions (which
are also lacking in the host rock). Of the five
samples selected, QD 10, collected in the
southern part of Val Nambrone al the boun
dary with the low Val Genova unit, shows
a green amphibole; sample P.5 is a tonalite
outcropping in a belt between the Nambrone
unit and Ihe NE Presanella unit: by analo~y

with the optical and chemical features of the
amphibole (and biotite), it was grouped with
the hornblende-poor tonalites of the Nam
bronc unit (P 4, P 6, P 7).

Anal)<tical tecllniquc8

The amphibole concentrates were obtained
from fractions of 100-200 microns by iso
dynamic and heavy liquid separation tech
mques.

Purity degree was estimated under the
microscope to be more than 99 %. Observed
impurities were only some needle-like apatite
and sometimes very scarce biotite Rakes.
Estimated apatite impurities correspond
roughly to p~:; content. In these analyses,
therefore, this oxide was not included, and
the corresponding Cao content was sub
tracted. In any case, 24 (out of 37 analysed
amphiboles gave P~O:; values usually much
less than 0.1 %; others showed P~05 of less
than 0.18 lilO. No correction was made for
biotite contamination, since this mineral
when present did not exceed 0.1 %.

The chemical data were collected with the
same techniques used previously for the
coexisting biotites (DE PIERI & JOBSTRAJBI
ZER, 1983). Analyses performed on the con
centrates were: Fe,... , Ti, Mn, Mg, Ca, Na, K
and P by atOmic absorpt.ion and X-ray fluo
rescence spectrometry (exttpt Na); Si and AI
by X-ray fluorescence. Particular attention
was devoted to the determinat.ion of H~O

and ferrous iron; the laner was determined
by titration with KMnO•. Water content was
obtained by a double-stage technique: after
3-4 hours' pre-heating at 6.500 C. the am-
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phiboles were heated at 1000" C for 6 hours;
ignition loss was then corrected for iron
oxidation during heat treatment, Fluorine
content was determined potentiometrically
using an ion-selective electrode. The accuracy
of H~ and F measurements is estimated 10

be bem:r than 5 %.
Table 1 gives the analytical data of the

37 selected amphiboles, together with num
ber of atoms for 24 (0, OH, F).

Microprobe analyses were performed on
strongly zoned amphiboles using an ETEC
Autoscan-Autospec microprobe. A computer·
adapted program according to MASON et al.
(1969) was used for calculations. Total iron
determined as FeO was subdivided into fcr
rous-ferric iron assuming FeO/Fc20:l ratio as
obtained from wet analysis of the correspon
ding amphibole concentrate.

Table 2 shows the microprobe data on the
amphiholes, together with number of atoms
for 23 (0). Each analysis is the average of
the data obtained on 4 adjoining points;
letters B, G, VG and C refer to brown,
green, very green and colorless areas of the
crystals.

CrY81aJ chemi8try

Following the criteria already adopted in
discussing biolite chemistry from the same
rocks (DE PtERI & ]OBSTltAtBIZER, 1983),
we will use here the term «tonalite»
for rocks containing essential amounts of
hornblende besides biotite; tonalitic rocks
containing very subordinate amounts of am
phiholes will be referred to as «bi*-tonalites»,

Following the I.M.A. classification scheme
(LEAKE, 1978), all the analysed amphiboles
arc members of the calcic amphibole group.
In rocks from dioritic to granodioritic com
position, they invariably show bulk compo
sitions corresponding to «magnesio-horn
blende •. In rocks of gabbroie composition,
however, their bulk chemistry cor(esponds
either to «magnesio-hornblende» or to
tschermakitic hornblende (RC 28), tscher
makite (CAB) and pargasitie hornblende
(RC 27). The amphiboles of Adamello Massif
can be easily distinguished on the basis of
atomic ratio Mg/Mg+Fe:- = mg: M. Re
di Castello, mg > 0.63; Adamello, mg ==
0.60; Presanella, mg = 0.57-:-0.50.

Fig. 2 shows the behaviour of the atomic
fractions of rhe elements against mg. It is
apparent thai, apart from differences in Fe:
and Mg, no signifiamt compositional varia
tions exist between the hornblendes from
IOnalites of different igneous masses. On the
contrary, notable variations are observed in
the amphiboles from either gabbroic or bi*
tonalitic igneous units; in the former the
hornblendes show higher Al'-' and AI'·, Ca,
Na, Ti and lower Si, K, lmd Mn contents;
in the latter they have the highest Si values,
together with lower values of Fe" and Na.
The hornblendes from bi*-tonaJites arc
distincrive for their very low content of Fe'
and their high AI"'.

The comparative analysis of Mg, Fe2 • and
mg trend reveals that there is a charge ba
lance compensation in the octahedral site
between Mg and (Fe2 '+Mn): these bivalent
ions give a constant contribution of charge
by means of averaged 4.04 atOms in all the
amphiboles excepting those from bi*-tOna
lites where the averaged sum is 4.30.
Therefore, charge unbalancing related to the
Si =AI'· substitution must be compensated
by reciprocal substitution of monovalent and
trivalent ions (plus Tilt as is also apparent
in fig. 3.

This plot shows mosr of the analysed
amphiboles arc: «common hornblendes_.
However, those from the gabbros tend to be
more pargasitic-edenitic (RC 27. RC 28,
CAB), while amphiboles from bi*-tonalites
and RC 11, RC 30 have the lowest values
of tschermakitic end-member.

Following the procedure of CzAMANSKI!
et al. (1973,1977), it is possible to balance
the substitution of Ti for bivalent metals
in the octahedral site by substitution of Na
for Ca in the 13 sites and of 2AI for Si in T
sites. This allows calculation of the percentage
of the two theoretical end-members Na2Ti
(Mn,Fe2 ').•SisOdOHh and Ca2Ti(Fe2',Mn)~

AbSie0 2iOHk The positive correlation of
Ti contents against AI'· and Na. and the
negative correlation of Ti against Mn and
Fe2- suggest the possibility of using the
Na2 Ti(Fe2' ,Mn).Silj022(OHh end-member
in these calculations. This is also suggested
by the relationships between NaB, (Na+K),4"
AJ'·, (AJ·'+Fe'·) which seem to exclude the
possibility of obtaining the richterite end
member using NaB.
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TABLE I
Chemical analyses of ,ht, amphiboles from Adamello Massif
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TABLE 1 (regue)
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o 625

.393

0.064

2.416

1. 892

o 255

0,117

o 028

1. 966

8 000

4 940

"'"o 264

.994

o 634

6 168

.232

0.232

0,158

o 559

.337

o 013

2.615

1.858

0.308

0.092

0.033.

2.025

8.000

'H
"'"o 258

2.058

0.662

6.772

.228

o 287

0.125

0.520

1.400

0.076

2.654

1.789

o 241

0.124

0.037

2.060

8.000

5.000

2.000

0.222

2.097

0.655

6 597

.403

o 219

0.167

o 561

.459

0.064

'". 168

o 215

0.163

0.031

2.219

8.000

5.000

2.000

0.232

'"
o 636

6.719

1 .281

0.264

0.151

o 600

.623

o 070

2.393

1.172

o 218

0.134

o OH

1.919

8.000

""'
"'"o 285

.952

o 596

""o 918

o 166

o 096

0.334

1. 332

0.078

2.944

.801

o 303

o 089

0.028

2.291

8 000

""
2 .000

0.199

.319

o 688

6.891

1. 109

0.270

O. )05

0.529

1. 384

0.096

2.585

1. 811

0.349

0,116

o 037

2 037

8 000

4 969

2 000

o 216

2.074

0.651

6. /85

1 .215

0.2/2

0.106

0.612

1 . 317

0.105

2.533

1 .838

O.Hl

0.107

0.042

1.883

8.000

5.000

2.000

0.291

1. 925

0.658

(crmfinua)
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TABLE I (uglle)

'"
51°2

11 02

A1
2

0
3

Fe203

'"..,
""
""

Totol

45.96

l.H

8.30

."
11 . 80

",
11.76

11.24

1. 13

0.65

0.08

2.29

100.08

0.03

100.05

46.15

, "
8.31

"11 .45

0.18

1l 07

11.16...
0.60

0.08

", 00 05

0.03

100.05

44.94

l. 00

9.12

5.13

\2 84

0.71

10 59

11 . 24

" "
0.14

" ..
2.11

99.55

, "
99 52

45.25

1. 06

8.81

4.92

12.63

0.64

11.06

11.38

1. 03

0.74

0.08

2.20

99.9S

0.03

99.9Z

45.80

" "
H'...

11 . 15..,
1] .69

11 .46

" .., ..
, ..
2.13

99.12

" "
99 69

44 70

."'
9.36

6.08

12.74

O. SS

10.11

11.75

0.96

0.77

0.06

1. 99

100.11

0.02

100.09

45.19

0.72.....
1217..,
\0 64

11 .61

."
""" ..
."

99 98

0.03

99.95

41 .94

2.15

14.15..
8.12

0.14

13 89

11 . 55...
""
" "'
2.32

100 26

0.03

100.n

45.80

0.93

9.14

5.34

13.53

0.61

9.82

11.56

1. 00

0.60

0.07

...
99 91

0.03

99.94

..
Al IV

A1 Yl

"Fe 3+

FeZ-

"
",.
",
,..
,
,
•
•
(OH)

.,"

6.173

1. 217

0.214

0.1 :n

0.538

1.454

0.013

2.582

1.735

0.322

0.122

0.037

2.250

8.000

4.998

2.000

0.119

2.287

0.640

6.808

1. 192

0.252

0.102

0.549

1. 412

0.097

m

1.854

0.308

0.113

0031

.889

8.000

'""
'""

0.340

1.926

0.653

6.701

1.293

0.311

0.112

o 515

1.602

0.090

2.355

1. 171

o 269

0.142

0.038

2.099

8.000

5.000

2.000

0.227

2.131

0.595

6.716

1.284

0.2S6

0.119

0.549

1.567

0.080..,
.178

0.296

0.141

o 0)/

2.1/7

8 000

'"''",
o 231

2.214

0.609

6.119

.221

o 278

0.103

o 544

.454

o 084

2 577

.189

o 270

0.124

0.037

2.101

8 000

5.000

2.000

0.223

D'
o 639

6.654

1.346

0.295

0.114

o 681

.585

o 010

'". 869

0.211

0.141

o 029

.916

8 000

4 986

2.000

o 293

2 005

o 586

6 H5

.255

o 272

o 081

0.622

.594

0.121

2 366

.835

o 298

o 133

0.038

1 .951

8.000

"'"..,
0.322

1.989

0.597

6 061

.933

0.419

0.234

o 386

o 982

o 017

2.993

.168

o 554

o 056

0.032

m

8 000

5 000

2 000

0.469

2 270

o 753

6.843

1. 151

0.453

0.104

0.599

1.690

0.018

2.186

1.848

0.289

0.115

0.033

1.543

8 000

'""
2.000

0.362

.516

0.564

(continua)
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100.08 100.05

0.03 O.OJ

Sl02

Tl02
A1 20J

r'20J

'"
'"'..,
'"
NIZO

',',
H

2
0.

'"'

"
45.90

1.01

1.43

4.11

13.11

0.51

11.11

11 .28

."
'"
'"2.24

100.10

0.03

"
U.H

1.43

9.20

S.OO

14 06

'"9.84

11 . 61

."
, "
, "
1, 81

0.03

".
45.01

1.14

9.91

5.01

13.14

0.51

10.09

11 . 28

1. 01

0.49

0.06

2.02

0.02

45.13

1. OS

9.19

4.89

13.89

0.59

10.36

11. 25

."
0 .• ,

0.01

2.l0

100.21

0.03

H.06

0.95

9.62

3.95

15.35

0.62

9.10

11. S3

0.96

O. IS

0.07

1. 90

99.93

O.OJ

Q010

IS. Si

0.75

9.01

1.02

15.03

0.68

9.60

l1.H

0.80

0.69

0.08

2.06

99.80

..
46.96

l. I 5

7.55

2.38

16.12

0.76

9.10

11. 67

0.80

0.60

0.01

2.07

100.20

46.66

1.11

1.20

2.12

un
0.62

9.72

11.62

0.85

0.49

0.07

2.01

100.02

O.OJ

"
46.96

0.96

1.60

2.16

16 J9

0.10

9.19

11.68

'", "
0.06

2. 22

99.96

0.02

"
U.61

0.13

1.52

1.19

11.0l

, ..
'"

II.SJ

'0.80

O. SO

0.06

2.H

99.93

0.02

f01l1 100.01 100.05 100.03 100.11 99.90 99.11 100.11 99.99 99.91

",...
,
'",
,
•
•
(OK)

.,"

6.111

1.229

0.2l6

0.120

0.523

1.626

0.061

2.451

1. 181

0.289

0.089

o OJ3

2.202

8.000

5.000

2.000

0.188

2.235

0.602

6.616

1.324

0.301

0.161

0.563

1.761

0.018

2.196

1.861

0.335

0.115

o 038

1.808

8 000

,,,
2 .000

0.391

1.8U

O. SSS

6.611

1.J26

0.111

0.127

0.559

1.666

0.064

2.229

1.186

0.n9

0.093

0.028

'.991

8.000

5.000

2.000

0.214

2.025

0.512

6.682

1. Jll

0.216

0.116

0.541

1.120

0.014

2.284

1.168

0.286

0.078

0.033

2.211

8.000

5.000

2.000

0.156

2.JOI

0.510

6.751

.2H

o 451

0.101

0.415

1.925

0.018

2.033

1.831

0.219

0.141

0.033

1.900

8.000

5.000

2.000

0.J06

\.933

0.511

6.811

1.119

0.400

0.084

O.45l

1.880

0.086

2. HO

1.110

0.232

0.131

o 038

2 051

8.000

5.000

2.000

0.216

2.095

0.532

1.005

0.995

0.33J

0.U9

0.261

2.085

0.096

2.088

1.150

0.231

0.115

o 033

".
8.000

1.998

2.000

0.196

2.092

0.500

6.956

1.041

0.396

0.131

0.231

2.031

o 011

2. \59

\.821

0.H5

0.093

O.Dll

2.058

B.ODD

5.000

2.000

0.198

2.091

0.515

6.990

1.010

0.321

0.101

0.241

2.040

0.088

2.111

1.851

0.2l1

0.114

0.029

2.20l

8.000

1.971

2.000

0.199

2.232

0.516

1.013

0.921

O. )90

0.093

0.131

Z.115

0.086

2.184

1.822

0.230

0.091

0.029

2.218

8.000

5.000

2.000

0.148

'"
o 508
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Fig. 2 - Mg/Mg+Fc" ratios Vf. atom numbers from wet analyses. lkst lines are drawn through
the representative pomts of amphlboles from M. Re dl Castello mass (except RC30j and Prcsanella mass
respectively.
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TABLE 2

M;croprobe ol101yus of /hl' umph;bfll," fmm Adomel/o MOH;f

133

SlOt

tl° t
Al t O

l

FtO·

FetOr

FtO··

'"'

Toul

"",IY

",Vl

"Ft)-

Ft2 '.,..,...
,

.,'

U.t

LiS

13. 1

•••.....,
0.15

16. )

12.2

\.99

"98.8

6.215

1.115

0.501

0.111

0.268

0.ll6

0.018

3.UI

1.855

0.5H

0.051

8.000

5.000

2.000

0.601

0.82(

RClOG

eG.t

0.)1

1J. I

•••
U

U

0.22

16.5

11. S...."
98.1

6.605

1.395

0.H5

0.0.0

0.3ll

0.811

0.021

l.5lC

1.161

0••69

0.055

1.000

5.000

2.000

0.526

0.801

lOOt

52.S

0.15

..,
•••.....,
0.2)

19.0

11.1

".
0.14

98.5

1. la
0.611

0.U6

0.016

O.tU

0.135

0.021

). '51

1.1U

0.010

0.025

8.000

5.000

2.000

0.102

0.8H

ItUI

·5.t

1.61..,
1•. 3

U

11. 3

0.57

Il.O

11. 5

1.22."
"

'.156

l.tU

0.11l

0.181

0.312

l..u
0.012

2.194

1.1.1

0.lS4

0.061

'.000

5.000

2.000

O.HO

0.612

RCt6G

·8.1

0.19

•••
15.9

U

It .6

0 •• )

13.2

11.7

".."
95.8

1.H2

0.108

O.lll

0.022

0.·16

0.055

2.911

1.112

0.0(1

O.OH

1.000

5.000

2.000

0.098

0.651

IC26C

53.1

O. l5

1.65

•••
U

,..
O. SS

18.1

11. 1

0.00...
"

1.112

0.218

0.002

0.038

0.2(9

0.931

0.061

3.811

1.802

0.000

0.006

8.000

5.000

1.919

0.000

0.805

ICtU

H.'
2.00

10.'

14.6

U

11. 1

O.ll

1t.6

11.6

1.15

O.lS

lie . 2

6.U8

1. 512

0.291

0.220

0 .•0'

1.U6

0.0(1

2.154

1.824

0.U1

0.065

1.000

5.000

2.000

0.U5

0.665

H.2

1.11

13.1...
10.1

0.24

14.0

11.6

1.09

0.37

91.2

6.923

1.011

0.202

O.Ut

0.386

1.312

0.030

3.051

1.lll

0.310

0.069

8.000

5.000

2.000

0.312

0.700

lun

H.l

2.11..,
13.6..,
•••
0.58

ll .•

11..

1. 40

0.34

"

...
1.392

0.191

0.ll9

0.(63

1.2ll

0.012

2.924

1.119

0.391

0.063

1.000

5.000

2.000

0.351

0.107

I~Unl/lW<J1

* FcO valuc based on electron microprobe value for j:e. .. Fe.G. and FeO panitioned according to the
ratio found by wet analysis in Inc: same sample. Total is for partitioned Fc.o. and FeO values.
mg* = Mg/Mg+Fc'"-.

"' Common hornblende. IS the prevailing
end-member. It is associated with variable
amounts of pargasile or edenite, and ofren
Ischermakile 100. The sum of common
hornblende plus tschermakite end.members
always exettds thal of edenite plus pargasitc
end·members. wirh lhe exceplion of speci
mens CAB, RC 27, RC 26 and RC 28.

From the calculations of the above end·
members, an excess of (Na+K) in A site
sometimes remains, and, owing to the re
lationships belween AI'· and (AI'" +FeS -),

Ihis cannol be used 10 obtain edenite, par
gasite or alkali amphibole end-members.
Within the limilS of experimemal error, all
mher calions arc completely consumed. This
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TABLE 2 (stgut)

Res" '"
Sloz

Ha,
Al,Ol

hO·

htO;·

reO··

'"

foUl

45.'

l.1S

U

15.6..,
12.0

O. /6

12.0

11. 3

0.80

0.46

97.0

H.'

1.77

•••
15.1..,
11.4

D.n

12.1

11.1

1.11

".
"

H.1

0.14

•••
11. I

'-'
u.·
O.n

11.1

l1.t

0.98

0.53

91. Z

H.C

0.16..,
18.'
'-'

13.'

0.13

10.5

11.3

0.51

0.61

". s

46.8

l. 01,.,
IS.'..,
It.a
0.4J

12. 1

10.'

0.86

0.39

96.7

15 .•

0.'7

•••
18.5..,
14.0

0.61

10.'

10. S

1.00

0.41

91.0

46.5

1.0'...
18.9

'-'
11.8

0.13

10.2

10. B."
0.52

97. a

47.0

o.n
,..

It.'...
11.2

D.n
10.0

11. Z

0."
0.56

91. J

"All Y

4'YE

"re]-

rtZ-..
",...
•

,
•
•
,,"

6.828

I. In

O.IH

O. III

0.511

1."5

0.096

2.HC

,.so.
O.HI

0.088

'.000

5.000

2.0DO

0.246

6.100

1. lOO

0.161

0.191

0.511

I,COI

0.066

2.7n

1.754

0.311

0.112

'.000

5.000

2.000

0.321

0.U5

6 814

1. 186

a.no

0.094

a.STI

1.546

0.092

2.sn
, .718

O.tU

0.100

'.000

5.000

2.000

0.291

0.6n

6.119

1.181

0.210

0.086

a.in

I.ns
O.OU

2.3'7

1.'31

0.H1

O.llt

'.000

5.000

1.000

0.2((

o 5'3

6.935

1.065

O.Ut

0.110

O.Ht

1.4'6

0.054

1.104

1.'51

O.lH

0.013

'.000

5.000

1.000

0.193

6.163

1.131

0.H6

0.091

0.563

1.754

0.077

1.411

I.U5

O.ltO

0.0'3

'.000

5.000

LoOO

0.131

1l.519

7.018

0.981

0.1l3

0.136

1.246

0.093

1.lt3

1.146

0.119

0.100

'.000

5.000

2.000

O.ltO

0.505

1.0911

0.910

0.335

0.013

0.141

1.295

O. lOt

1.lH

1.lOt

o.ln

O. lilt

'.000

5.0110

2.000

0.161

0.505

excess (Na+K)A is observed in amphiboles
with (OH + F) less than the theoretical value
of 2. This would suggest that substitution
of oxygen for (OH+F) in (OH) sites is
necessary in order to balance the excess
(Na+K) in A site (DEER et al., 1963). In
some cases, however, aher calculations, we
obtained remains of Si, AI'" Ca, (Mg+
Fe~'+Mn); their proportions exactly cor
respond to the cdenitic end-member but there
is no (Na + K) in it site for obtaining it.
This fact suggests a substitution of (H)Or

for (Na+Kl in A site, which corresponds to
an «cdenite» end-member of the type
(H;lO)'Ca~Mg~(AISil)odOHh. Alternative·
ly, the substitution of AI'" for Si in the
edenite end-member, lacking (Na+K) in A
site may be balanced by (OH+ F) substituting
for oxygen in (0) site.

It is noteworthy that the greater the
charge defect in A sites, the greater the excess
of (OH + F) over the value of 2. This is
shown by the good negative correlation
between (Na+K)" and (OH+Fl (fig. 4).
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Similar correlations were also noted by JAN

11< HOWIE ( 1982) for the amphiooles of Swat
Kohistan.

A further suggestion for substitutions
between anions is given by [he correlations
also including (AI'" + Fe"'> + 2Ti) and
(AI'T+Nall). In the plot (Na+Kl... +(AIT'+
Fe"'- +2Ti) IJS. (AI'·+ aB) where the calcic
amphiooles should lie along a diagonal line
with a 1: 1 slope, the analysed amphiooles
show a more or less marked deviation from
linearity: the points above the diagonal line
correspond to amphiboles with (OH +Fl < 2;
the opposite holds true for the points lying
below it. Th(' ,'('ty good correlation between

dislinctly lower in amphiboles from gabbros
and bi'"-tonalites than in other rock-IYpes
(see also 6g. 2). Lower proportions of Fe"
generally correspond 10 higher values of AI"'.

According to JAN 11< HOWtE (1982), the
mutual relationships belween AI", Ti and
Fe3- are responsible for the color and
absorption intensity of the amphiooles.
Comparison berween [he colots of the ana
lysed amphiooles as a function of the aoove
elements are consiStent with the conclusions
of the quoted Authors. The dashed line in the
plot of 6g. 6 a separa[es the brown amphi
boles (below) from the green ones (above)
and corresponds to [hat proposed by JAN &

Fig. 3. - Plol of AI" vs. tAl" + F~' + Til of amphibo1cs of Adamello Massif (adapled from DEEIl
el al .. 1963). Symbols as in fig. 2.

(OH+F) and the ratio (Na+Kl... +(Alv,+
Fe:!' + 2Til/(Al'v+NaB) of fig. 5 indicates
the compensating mechanism through that
the electrostatic neutrality is achieved.

These data emphasize the importance of
the (OH + F) variation in influencing the
total chemical composition of amphiboles.
The extent of OH + F (and AI'·) coroposilio
nal range is seen from Ihe variation of A
site (0.57--:-0.15) and of total AI·' + Fe3' +
m (1.33+<).69).

The relalions between AIT'. Fe!' and Ti
are shown in 6g. 6. The highest Ti values
are observed in amphiooles from gabbros.
No significant variations in Ti are seen among
amphiboles from other lithologies. Fe!' is

HOWIE (1982). Absorption intensity seems
related to absolute amounts of Fe3 ' + Ti. In
fact, the amphiboles with marked absorption
either in brown from gabbros or in green
from tonalites (RC 1, RC 2, RC 4, RC 5,
P 3) also have the highest values of (Fe" +
Ti); conversely, the pale brownish or sludge
green amphiboles of [he bi*-tonalites showing
weak absorption (P4, P 5, P6, P7) also
have the lowest values of Fe" + Ti. These
dala agree with the results of JAN 11< HOWIE
(1982), bUI do not require that absorption
intensity is significantly depending on the
Fe2

> /Mg ratio.
Fig. 6 h, (AI.... vs. Fe:'» shows a tentative

boundary between the brown and g~n
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amphiboles ilt a value of 0.45 atoms of Fe:l
-,

Moreover even the green amphibolcs mosdy
have lower AI" than the brown ones the
role of AI'-' on amphibole calor seems dif
ficult to define. There IIrc in fact green
amphiboles with high AI'" (e.g., QD 10,
P21, P19, pt) and also some brown
amphibolcs with low AI" (e.g., RC 29,
RC 26). From a comparison of data from
table I and fig. 2, wc believe that the major
role on amphibole calor is played by Ti
and Fe:l -.

In order to evaluate the chemical varia
tions produced by zoning, we analysed by

microprobe zoned crystals from the following
rocks (tab. 2):

RC30 (homblcnditc): strongly zoned crystals
with brown core and brownish-green
mantle, bordered by a pale green IQ

coJorless rim.

RC28 (hornblende gabbro): strongly zoned
crystals with brown core and brow
nish.green rim.

RC26 (hornblende-dinopyroxene gabbrol:
brown amphibole with narrow green
rim. Also contains pseudomorphs

l.l 2.4 z.s1.11.0l'Cltol'

" ~
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Z + • •
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4;" ••

" ! .'. '

Fig. 4. - Relationship between (OH + F) and (Na + Kj. in amphiboles of Adamello Massif. Symbols
as in fig. 2.
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Fig. 5. _ The linear correlation between cationic ratios (Na + K). + (Al"' + Fe'" + 2Ti) I (AI'· + Nas)
and anionic substitution. Symbols as in fig. 2.
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••

Fig. 6. - Plot of Ti (a) and AI" (b) vs, Fe"
atom numbers in amphiboks from Adamcllo Massif.
Symbols as in fig. 2.

of colorless amphibole aher clino
pyroxene.

RC22 (pyroxene-bearing hornblende quartz
diorite); brown cores mantled by
brownish-green borders.

RC5 (hornblende biotite tonaBte); greenish
brown core mantled by deep green.
border. A small green unzoned crystal
was also analysed.

P 2 (biotite hornblende tonalite): greenish
brown core mantled by deep emerald
green border.

P 7 (hornblende-bearing biotite tonalite):
pale pink or brownish core mantled
by pale green border.

Plots of Si vs. mg ratios (fig. 7) indicate
that the field of compositional variations
wirhin single crystals is similar to that co
vered by the ensemble of amphiboles from
all the different rock-types (fig. 2). Som~

extension up to actinolite field is due to the
effect of deureric alterations which produce

thin rims either of actinolitic hornblendes
(I~C 26G, RC 30C) or actinolite pseudo
morphosing clinopyroxene (RC 26C),

The following points can be underlim;d:
a) the observed compositiona! range from

the cores to the rims of the amphiboles is
broader in the mafic and ullramafic rocks
than in rocks of intermediate composition;
in its turn, the amphibole in the diorite shows
a compositional range larger rhan in rocks of
tOnalitic composition;

h) Si comem usually increases, lmd Ti,
Na decrease from the brown cores to the
green borders. The amphibole from tonalite
p 2 is an exception;

c) mg values of the amphiboles tends to

be nearly constant from the core to the
border in the mafic and ultramafic rocks.
Similar behaviour is also shown by the
hornblende of bi*-tonalite P 7. In the am
phiboles from other rocks (quartzdiorite and
tonalite),the transition from core to border is
marked by a decrease in mg. Comparatively,
hornblendes of most gabbros, diorites and
tonalites /.s. have compositional ranges si
milar to those displayed by the corresponding
zoned hornblendcs.

The observed crystallochemical features
of the Adamel10 amphiboles may be sum
marized as follows.

I. - They are mostly Mg-hornblendes
which tend to be rich in pargasite and/or
tschermakite in some gabbroic rocks; patches
or rims of actinolitic hornblende or late
generation actinolite, linked {Q recrystal
lization effects in subsolidus, are also found.

2. - Substitutions occur in all the crystal
lographic sites:

a) in T site Si varies between 6.1 and
7.1, most values falling between 6.6 and 6.8
(fig. 21;

b) in C site bivalent ions fall around it

value of 4,0 (4.3 in the amphiboles of the
bi*-tonalites). Between Mg and (Fe~' +Mn)
there is an excellent negative correlation and
mg ratio decrease with decreasing AI'" (fig.
2). For cri-quadrivalent ions the largest
substitutions AI"'!:; Fe3 ' are observed in
rocks other than gabbros; in the latter
amphiboles show the highest Ti contents
(fig. 6);
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c) in B site, Ca averages 91 % of the
population; the rest is Na or Na+Mn. Fe2 '

is present in CAB aod in those six amphiboles
displaying the highest (Na+K)" values and
IOH+F) < 1.9 lfig. 41;

d) in A site K has a subordinate role.
mainly in the amphiboles from gabbroic rocks
lfig. 2);

e) in OH site the (OH +F) sum may be
far from the theoretical value of 2, ranging

1.0 0.15 K

.. Fl nE
No

~ 0.4 "" --~
0.4 /

rl ----~
,,

01 'tl' '+---~-- 01 !,
" • oh

~---------- Mn

+---------~
.......~"I ::0 .......

'----------170.2 tt

+--

Si 4.0
+------- .,

+,

" ~-~
" --J5 ,> ---• -.,, It -'-7.0 , --, 10

~
,

" / M9/Mg+ Fe"
1.5

Mg/Mg+ Fr
0.8 0.7 .. 05 0.8 0.7 D.•
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05

Fig. 7. - Mg/lvlg+Fc" ratio vs, atom numbers of zoned amphiboles {mlCroprohe analj'so.sl, Solid
lines join compositions of the oores (brown) with those of the rims (grcen); arrow follows Jrend from
core 10 rim: dashed lines join the latter with outer deuteric rim (colourless). Symbols as in fig. 2.
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Fe'·

---.i'~__
---------------

+

____~·NiO

•

Mg"

Fig. 8. _ Plm of arnphibolcs and bimitcs of Ad.lrncllo Massif in Fc"·Fc'··Mg diagram of WONES &

EUGST121l (1965): tic line indicates coexisting pairs. Biotitcs always show highcr Fe'> /Mg ratio and
lower Fc'" value of coexisting amphiboles. Symbols as in fig. 2.

from 1.6 to 2.3, due to replacement such as
(OH+F)" O.

3. - The charge unbalancing due to
substitutions of trio and quadrivalent ions
for bivalent ions in C site, of Na for Ca in
B site, and to the presence of (Na + Kj in A
site is only partially equilibrated by Al'''-=Si
replacement. Electrostatic neutrality IS

achieved through the anionic substitution
(OH + F) -= O. These compensating mecha
nisms are suggested by the fan that
{Na+K)A, (AI"'+Fe:l '+2Ti) and their sum
are positively correlated with AI'" and ne
gatively with (OH + F). Since AI'" and
(OH + Pl do not turn out to be significantly
correlated, it may be deduced that both marc
or less independently inl1uence (or are in
l1uenced by) the various cationic groupings.
Moreover, by means of the calculation of
the idealized end-members, a deficit or excess
of (Na+KjA may be identified which can be
balanced precisely by anionic substitutions
such as (OH+Fj-=O.

4. - Compositional variations of the zoned
crystals are coherent with those shown by
whole amphibole with decreasing mg (figs. 7
and 2).

5. - Some chemical peculiarities, such as
the Fea

> contents and the Fc:l' jTi ratio
(fig. 6 a) justify the differences in color and
pleochroism already used by BTANCHt et al.
(1970) as criteria discriminating between the
amphiholes of the various igneous masses.

1.6 AI IV +

+
1.5

1.4 .+

+ .+.' •
1.3 +• •"'. •
1.1
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• b

•
1.1 •

b *
1.0 'i

b
AI VI0.9 •

0.1 01 OJ 04 05 06

Fig. 9 - PIm of AI'· "' AI'" of amphiboles
from Adamcllo Massif: solid line of J.J ratio is
after FLEET'" BAIlNETT (1978). Symbols as in fig. 2.

Concluding remarks

The above ensemble of compositional
features allows us to draw some conclusions
regarding our aims.
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From inter-clement corrchltiollS against
mg, a quite continuous trend in found, in
which the amphibolcs of each of the three
igneous masses occupy definite portions
without substantial overlap (fig. 2).

In ,he composite mass of M. Re cli Ca
stello, the mg values. decreasing from ,he
gabbros 10 diorites and lonlllitc-granodiorites,
follow a fraclionarion trend, although this is
not precisely defined. in fact, the line in
6g. 2 is a compromise due 10 the marked
dispersion of some representative poinls
(RC 27, RC 30, RC 11). probably indicaling
different fractionation processes (cumulus?)
or olher effects: thus, for example. the par
gasitic hornblende RC27 (mg = 0.73) comes
from a rock which, in composition and
texture. seems to correspond to a primitive
gabhro (CALLEGARI E., pers. comm.). Effects
of late reequilibration musI also be borne in
mind for RC 30. and probable contami
nation by nearby carbonalic sediments for
RC ll.

The trend of Ihe Presanella amphiboles in
fig. 2 is pe<:uliar; except for the Mg and Fe
tontents, the hornblendes from tonaliles do
not show imponant compositional differen
ces with respe<:1 to Ihose from Ihe tonalites
of the other masses. Vice versa, the
hornblendes of Ihe bi--tonalites show more
Si, Fe~- and AI", and less Mg and Fe~',

with minimum values of mg. This means
that, with respect to those of Re Castello,
the Presanella amphiboles define trends which
are shifted or inverted; the trends of the
bi--tonalites, in particular, show a «special»
position in the various chemographical rc
presentations.

It is interesting to note that the variations
of Mg/Fe ratios in lhe three masses cor
relate with those alreadv found for the co
existing hiolites in the sl;me rocks (DE PIERI
& )OllSTRAllUZER, [983). However, inside
each mass, variations in the Mg/Fe ratio of
the amphibolc, with respect 10 those of
biotite, turn out to be more sensitive 10

recording Jithological variations.

It is well known that lhe composition of
amphiboles may be influenced bolh by
chemislry and by the physical conditions
of Ihe magma in which they cryslallize. On
Ihe basis of the data in the literature re
garding amphiboles from different plutonic

complexes, it is nOI ellS}' to asccrt:lin whelher
the influence of Ihe various intensive para
meters (T, /I-LO, /O~, elc.) is grealer than
that of bulk chemistry or vice versa. Howe·
ver, the cases of non·correlation belween
3mphibole composition and lithology (DE AL·
nUQuERQUE, 1974) seem 10 be quite limited.

According 10 our data, a relation unde
niably exisls bel\veen Ihe crystal chemistry
of Ihe amphiboles and the composition of
Iheir host rocks: we refer to unpublished
analytical data and published analyses (CAL·
LEGARI, 1963; BIANCHI et al., 1970) on
similar rocks from the same localities.

On Ihis basis, we have observed that. along
Ihe sequence of gabbros, diorites and tona·
lites, both amphibole and host-rock show
antipathelic variations for Fe and Mn and
sympathetic ones for Si, AI. Mg. Ti. Na and
K and for mg values.

In particular. the close depende~

between lhe mg values of the amphibole
and the host·rock allow us to give petro
logical significance to the well-diversified
posilion assumed in fig. 2 by the amphiboles
of the three maSSC5. Various Authors have
discussed the relations belween Ihe mg of
Ihe amphibole and the apparent differen·
liation of the gabbro-granitc sequence
(LARSEN & DRAISIN, 1950; BEST & MERCY,
1967; KANISAWA, 1975; CAWTlIORN, 1976;
MURAKAMI. 1977; OBA et ill., 1977; KATO
et al., 1977). According to CAWTHORN
(l976), the mg value (Mg/Mg+Fe~') of
whole rock may be used as a tcmperature
indicator and «with differentiation both
temperature and mg value arc expected to
fall; hence the lower the mg value the lower
the likely temperature of crystallization >lo.

Following this, wc made a preliminary
investigation of fractionation factors between
llmphiboles and bulk rock compositions for
various oxides agllinst mg values of the whole
rock. In this way we observed:

a) the mg parameter of the rock discri
minates Ihe field of the M. Re Cllstello rocks
from that occupied by the Presanella rocks,
the latter being characterized by lower mg
values. The resulting discrimination conforms
10 that indicated by Ihe mg values of the
amphiboles in fig. 2;

b) the values of the fractionation factors
(X MeO Amph/X MeO rock) of MgO and
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FeO increase wilh decreasing mg (tempe.
rature), while those of TiO~ and Na~O tend
to fall.

All these data agree well with Ihe con·
clusions of CAWTlIORN (1976), and confirm
some syslematic variations be!\veen Ihe com·
position of ,he amphibole and the hO'it
rock.

It should be nOled, in any case, that the
mg variations of the amphibole are relatively
more marked in the tonaliles - bi*-tonalites
of the Presanella mass than in the more dif
ferentiated gabbro-granodioritic sequences of
M. Re Caslcllo. This suggCSts that additional
factors may influence mg values of amphi
boles: temperature, fO~, total pressure and
fluids.

As regards temperature, reference may be
made not only 10 the above-mentioned re·
lations between temperature and mg of the
whole rock, but also 10 the experimental
data of HELZ (1973), SPEAR (1976) and
many field observations (see TANAKA, 1980;
JAN & HOWIE, 1982).

Accordingly, the portions of AI"', Ti and
Na of the amphiboles decrease with tem·
perature.

On this basis, the data of figs. 2, J, and 7
suggesl higher crystallization lemperatures
for the amphiboles of Ihe gabbros wilh
respect 10 those of the tonalitcs, in particular
those of the bi*-tonaJites showing lhe lowesl
mg values.

On this respecl we must bear in mind
that, in the amphiboles studied, decreasing
AI'" is accompanied by a reduction in the
Mg/Fe~' ratio and thus in Iheir thermal
stability (see \'(lONES & GILBERT, 1982;
figs. 3-4).

The influencing role of thc oxygen fuga
city may be advisaged on the oxidation stalc
of the Presanella amphiboles. They have a
nearly constant iron content (Fe,,,, 2.2-2.4
alOms); however, Fe~' in amphiboles from
tonalites ranges between 1.6 and 1.8, while
that from bi*-tonalites is between 2.0 and
2.1. More reducing crystallization conditions
may Iherefore be deduced for the latter, in
agreement with the small oxidation ratios
both of the C<H:xisting biOlitcs (fig. 8)
and the host-rocks (Fe~04Fe~0:1 + FeO =
0.16-7-"0.06), which significantly are sub
stantially devoid of opaque minerals. This

is consistent also with the decreasing of
Fe~' compensaled by AI".

Since in the amphiboles AI" is believed
to be partially dependent also on T and P,
variations of the octahedral population must
be interpreted bearing in mind bolh the
influence of bulk chemistry and the control
exerted by the various intensive parameters.

An example of multiple control by envi
ronmental factors may be shown by the
behaviour of Al'-' and Fe=!', whose amounts
seem to be independent of AI,,,, and Fe,,,,
(fig. 2). Fig. 6 b shows the representative
points of the amphiboles of the gabbros
and bi*-tonalites side bv side: in the OIher
representations they oft~n appear opposed. If
high AI" due 10 proportionality with AI"
is to be expected in [he amphiboles of the
gabbros (HELz, 1973; LEAKE, 1965, 1971),
this reason certainly cannot be invoked for
those of the bi*-tonalites, in view of their
low AI'~ contents. Taking into accounl Ihe
competitive effect between AI" and Fe3

'

(6g. 2), it is immediately apparent that AI"
is high due to the scarcity of Fea· in Ihe
latter; but this explanation is nOI valid for
the amphiboles of tonalites P 1, P 19 and
P 21 which, with equal AI", llre umong the
richest in Fe-'·. Interestingly, these three
amphiboles come from rocks which, as bi*
tonalhes, are foliated (6g. I); instead, am
phiboles from corresponding massh'c IOna·
lites (P 2. P 3. P 20) show smaller quan
tities of Aln. Thus, a pressure-dependent ef
fect on Aln 5et:ms to come to the fore. Apart
from the fact that all the Presanella rocks
represent the deepesl part of Ihe Adamello
Massif, it should be remembered that some
Authors (FLEET & B.-'RNETT, 1978) believe
that relatively high AI'" vs. AI" may reflect
a pressure effect. As shown in fig. 9, all
and only, the above-mentioned amphiboles
show Al""jAl'" ratios less than 3.3, the vuluc
proposed by FLEET & BARNETT as an rip
proxim:ne limit for unaltered igneous G
amphiboles. \VIe may be dealing here with a
question of pressure linked 10 fluid circula
tion, since the latter is documented both by
recementing of C'ataclastic Structures and hy
the finding of accessory tourmaline in the
foliated facies of Presanella (B1ANCI-U et al..
1970). This conclusion also seems to agree
both with the excess of (OH +F) in their
amphiboles and particularly in the coexisting
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biolites (DE PIEIO & )OI3STRAlIlIZER, 1983)
and also with recrysl:illization phenomena
of K-feldspar with high triclinicity (joasTRAI
1l1ZER et al., 1983). The influx of fluids may
cause Ihe abrupt fall in the Fe'" of th-=
amphibole (and associated biotite), probably
linked to their reducing efTeCl.

At present, it is difficult IQ judge whether
this effect is subject to possible external
influences (carbonaceous schists of the
cover?) (I) or wheter it is mainly controlled
by the activity ralio /lH~Olal-l~ of the dis
solved fluids.
. In its turn, Ihe I:llter may be conditioned
by differemial losses of H~ 2nd H~O and by
interaction of these with lhe components of
the melt, particularly with the Si-O-Si bridges
whose number increases as differentiation
proceeds (MUELLER. 1971).

However, reducing effects may be noticed
in the relations between the oxidation ratio
(o.r.) of amphibole and parcnl rock. In cffecl,
if we plot the Fe~O:l/Fe~O"+ FeO value:.
of the rock against those of the respectiw
amphibole (and biotitc), we see qui le good
positive correlation up 10 values of 0.3; for
higher values (0.3-0.5) the o.r. of the am
phibole lends to decrease, while that of
biotite remains stationary and in any case
always remains under that of the amphibole
(see fig. 8). However, at the lower values
of .o.r. typical of the bi"'-Ionalites, the am
phlbole is in competition only with the
biotite and both show very similar values
between themselves and the host-rock, while
:11 values between 0.2 llOd 0.3 the amphibole
shows grealer O.r. than its host-rock, com
pensating for the lower values expressed bv
the biotite. rn the gabbros, where mica {s
lacking, the lowering of the Q.r. of the
amphibole wilh respect to its host-rock
~eflects strong competition with magnetite,
In accordance with petrographic observations
which show higher modal quantities of the
oxide. These facts suggest what the role of
IO~ could be in controlling the composition

f" ~ Presane:lIa rocks are: e:mbc:ddc:d in the:
schiSlS of the South.Alpine: basc:ment, while: the:
otner plutonic: massc:s u'e:re: uplifted to more:
sUpcTrKial levds, 5OfT\(timc:s e:rossing tne Pe:rmo
Mc:sowk C'Over.

of ferro-magnesian minerals both directly
and through precipitation of competitive
phases.

The overall data illuSlrated here lead IQ

the conclusion that the Adamello amphiboles
show compositional dependence on bulk
chemistry, lemperature, fluid pressure, oxygen
fugacity, and mineral assemblages. These
effects overlap; only comparotive analysis of
the hornblendes of the various igneous units
of the eruptive complex allows us to identify
the influence of the various parameters. Most
of them express a model of magmatic crystal
lization in which compositional factors linked
to modes of fractionation may cooperate with
physical parameters dependent on intrinsic
features (X, T of the original magma) and
occasional conditions (depth of emplacement,
interaction with non<agnate fluids). \VIe
believe a certain amoum of caution must be
used in interpreting the composition of the
hornblendes in petrological terms, especially
in magmatic sequences where the minerals
are zoned, as in our case, since the dif
ferent parts of the crystal may reflect very
different equilibrium conditions. Observa
tions on zoned cryslals are relevant here,
since they show the wide variation range
found in amphiboles from basic rocks anJ
their progressive reduclion as differentialion
proceeds.

It is easy to foresee that the fraclionation
on residual liquids is more efficaccous in basic
than in acidic rocks. In the NE Presanella
rocks, the compositional differences between
cores and rims, although dear under the
microscope, in reality turn out to be very
limited. An interpretation of the patchy
zoning in these amphibolcs would be of
particular interest, since they may be con
nected to subsolidus reequilibration.
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