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MONTICELLITE-CLINTONITE
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ABSTRACT. — Some lenses of marly dolomites are
localized in the contact zone between gabbroic
cumulates and the intermediate intrusions of the
Re di Castello Pluton at the southern border of the
Tertiary, calcalkaline Adamello Massif. The following
mineral assemblages formed in these lenses as a
result of a high temperature contact metamorphism:
monticellite-forsterite-clintonite (near the contact
with the gabbroic cumulates) and forsterite-diopside-
clintonite (away from the contact).

later intrusion of intermediate plutonic rocks
locally produced retrograde overprinting with the
formation of chlorite and serpentine, as well as the
breakdown of monticellite. Calculated phase dia-
grams show that the first contact metamorphism
took place under monticellite facies conditions and
a high value of Xco, in the fluid. The second phase,

on the contrary, took place at about 550°C and
a low value of Xco,.

In the case of coexistence of monticellite and
forsterite grains, the substitution of forsterite in the
structure of monticellite and vice versa has been
used as a geothermometer. Chemical profiles through
monticellite and forsterite grains show homogeneous
distribution patterns for a temperature around
850°C in cases where no retrograde overprinting
is obvious. Assemblages affected by retrograde over-
printing result in a division of the temperature
distribution pattern into the cores of the grains
with temperatures between 800 and 900°C and
into a border zone with = 550-650° C.

These two metamorphic events in the same car-
bonate rocks suggest that the gabbroic cumulates,
as well as the intermediate intrusions, have crystal-
lized in situ at a very shallow crustal level (max.
overburden 2 km).

RiassunTo, — Nella zona di contatto tra i cumu-
lati gabbrici e le intrusioni intermediarie del plutone
di Re di Castello al bordo meridionale dell’Adamello
appaiono lenti di dolomia argillosa. In queste ul-
time, come conseguenza del metamorfismo di con-
tatto di alto grado dovuto all'intrusione dei gabbri,
si formarono le seguenti paragenesi: monticellite-
forsterite-clintonite (xanthofillite) (vicino al contatto)
e forsterite-diopside-clintonite (lontano dal contatto).

Una seguente intrusione di rocce intermediarie

porta localmente ad una metamorfosi retrograda
sovrapposta con formazione di clorite e serpentino,
cosi come il « breakdown » della monticellite. Dia-
grammi di fase calcolati mostrano che la prima
metamorfosi di contatto si sia svolta ad un valore
di Xco, alto e ad alte temperature.

La seconda fase raggiunse invece circa 550°C
con un valore di Xco, basso.

Nel caso di coesistenza tra forsterite e monticel-
lite, si pud usare la sostituzione della forsterite
nella struttura della monticellite e viceversa, come
misura della temperatura. Profili di temperatura
misurati in grani di monticellite e forsterite nelle
paragenesi che non hanno subito una metamorfosi
retrograda, mostrano una distribuzione omogenea
con temperature che si aggirano tra gli 850 e i
900° C. Nelle paragenesi marcate da metamorfosi
retrograda le misurazioni diedero una divisione della
temperatura in due parti. Un settore centrale con
temperature di 800-900° C e un bordo di 550-650° C.

Questi due differenti metamorfismi negli stessi
carbonati dimostrano che sia i cumulati gabbrici
cosi come le intrusioni intermediarie cristallizzarono
in situ in un livello crostale molto alto (copertura
massima 2 km).

1. Introduction

In the Lago della Vacca area, at the
southern border of the Tertiary, southern
Alpine, calcalkaline Adamello intrusion (Alpi
Bresciane, Northern Italy) occur some lenses
of high temperature contact metamorphic,
siliceous, argillitic marbles. The area lies
within the Re di Castello Pluton, the
southernmost intrusion of the Adamello mas-
sif, which intruded the southern Alpine ba-
sement and the Permian and Lower to Middle
Triassic sedimentary pile 47 to 40 m.y. ago.

The igneous rocks in this area have been
studied and described by different authors
(e.g. G.B. DaL Piaz, A. Bianchi, E. CaL-
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Fig. 1. — Geological map of the Lago della Vacca area at the southern border of the Adamello massif
(Re di Castello Pluton).
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LEGARI, D. CoLBERTALDO, R. MALARODA).

In the western and northern part of the
studied area the rocks mainly consist of in-
termediate plutonic rocks with the local
name Re di Castello-Tonalite (fig. 1). The
tonalite corresponds to a fine- to medium-
grained biotite-hornblende tonalite with a
large number of femic, endogenic xenoliths.
The tonalites are internally heterogeneous and
show transitions to diorites along fluidally
oriented zones (e.g. near the Rifugio Ga-
briella Rosa). Lenses of gabbroic rocks
(cumulates) or clusters of hornblende and
plagioclase crystals with clear affinities to
the nearby cumulates of the Cornone di
Blumone are locally concentrated along more
or less straight zones.

The eastern part of. the area is composed
of gabbroic rocks of the Cornone di Blumone.
This complex mainly consists of coarse-
grained titanomagnetite-clinopyroxene-horn-
blende-plagioclase (An 80-90)-gabbros which
display cumulate structures. Olivine-chromi-
ferous spinel-cpx-opx-hbl-cumulates occur at
the base of this complex or isolated in the
tonalites. The whole complex has been af-
fected by a post-accumulation event of brec-
ciation and hornblenditisation which has
also produced pegmatitic dikes consisting
of enormous hornblende and plagioclase
crystals. The cumulates are clearly older
than the tonalites as indicated by stopping
phenomena at the contact as well as intrusion
into the cumulates from the side and below.
In addition, the tonalites cross-cut the mafic
complex in large dikes.

The sedimentary carbonate lenses are lo-
calized in the northeastern part near Passo
Blumone between the cumulates and the
tonalites. To the southwest, the more or less
straight zone of lenses intersects the tonalites
and are accompanied by cumulate lenses and
the so-called « diorite a tozze » containing
quadratic hornblende. These diorites contain
abundant hornblende and plagioclase crystals
coming from the cumulates. The southern
part of the sedimentary lenses seems to fol-
low the old contact with the cumulates.
However, these cumulates are broken up and
have been intruded by the tonalites, resulting
in « diorite a tozze » and some lenses of less
affected cumulates. The sedimentary carbo-
nate lenses have dimensions ranging from

a few dm to 300 m long at the Passo Blu-
mone.

In this large lens, an old sedimentary
layering can be observed. Layers consisting
of clinopyroxene and clintonite, partially
with boudinage structures, alternate with
forsterite-monticellite layers, each approxima-
tely 5 cm thick. This layering corresponds
to primary argillitic and dolomitic layers.
A 5 m thick layer of Predazzite (calcite-
brucite rock), corresponding to a dolomite,
is found at the Passo Blumone. D. CoLBER-
TALDO and R. MaLaroDA have placed these
rocks in the Lower Anisian (Formazione di
Angolo inferiore). However, in the author’s
opinion due to total overprinting of the
primary mineral assemblages and the lack of
fossils or direct contact to the sediments in
the Alta Valle del Caffaro (R. MALARODA,
1955; U. Roesr1 and P. ULMER, 1982) no
definite age can be determined. Based on
lithological aspects, both Lower Anisian and
Lower Ladinian (Form. di Livinalongolo) or
Upper Anisian to Lower Carnian (Form. di
Esino s.l.) ages can be postulated.

2. Some mineralogical aspects

The mineral determinations have been
made by thin section observations, XRD and
electron microprobe analyses of the mineral
species.

The following minerals have been found:

Fassaitic pyroxene (diopside series)
Olivine (forsterite content 92-95 %)
Calcite

Herzynitic spinel

Chlorite (clinochlore composition)
Andraditic garnet (always accompaing
monticellite as an inclusion)

7. Clintonite or xanthophyllite

D prheRiox B

Clintonite was discovered and has al-
ready been described from this area and
from nearby (Costone di Valbona) by
A. BiancHi, O. Hieke and E. SANERO (1940,
45, 46). Clintonite is a green, calcium brittle
mica with a phlogopite structure (triocta-
hedral) with the approximate formula
Ca(Mg,Al)a(Al,Si):010(OH).. Clintonite is a
relatively rare mineral. This is more the
consequence of the specific bulk composition
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of the rock which permits the formation of
this mica rather than thermodynamic con-
ditions, as clintonite has a large stability
field (J. Ricg, 1979, and this work). Clin-
tonite will only be formed if enough ma-
gnesium, calcium and alumina is available and
only a minimal amount of potassium is
present, otherwise the formation of phlogo-
pite would be preferred. These conditions
are fulfilled by an argillitic dolomite with
kaolinitic or montmorillonitic clay minerals
instead of illitic clay.

Hg.zSiCl‘
Forsterit

F¢25i0f_
Fayalit

Fig. 2. — Composition diagram of the olivines and
Ca-olivines in the system Mg.SiO,-Fe:Si0.-Ca:SiO..

8. Monticellite

As yet this mineral has not been described
from the Adamello aureole. Monticellite ap-
pears near the contact with the cumulates or
in the middle of the lenses isolated in the
tonalites. It forms only under high tempe-
rature, contact metamorphic conditions in
carbonate rocks. Monticellite is an orthosili-
cate which has the same space group (Pbnm)
as olivine and a similar structure to latter.
The difference with olivine lies in the dimen-
sions of the cation sites in the crystal lattice.
Olivine has two similar sites for Mg and
Fe(II"). Monticellite has a larger one for Ca
and a smaller one for Mg and Fe(II*). This
also explains why monticellite and olivine
show a large miscibility gap (fig. 2).

R. WarNer and W. LutH (1973) have
experimentally investigated this miscibility
gap. Their experiments were carried out from
1-10000 bar and 800-1400° C. Fig. 3 shows
the experimental solvus for 2 kbars which is
practically symmetric and attains a maximum
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Fig. 3. — Experimental solvus between forsterite
and monticellite at 2 kbars in a temperature versus
activity (of forsterite}-diagram. (From R. WarNER
and W. Lutn, 1972).

solubility of the components (forsterite and
monticellite) of about 18 % between 1300
and 1400° C according to the existing pres-
sure. In the constructed phase diagram (fig.
4), it can be seen that monticellite reacts to
merwinite (Ca,Mg[SiO:]s) and forsterite at
1320°C and 10 kbars. The solid solution
behaviour of coexisting forsterite and mon-
ticellite can be used as a geothermometer
(see chapter 4).

3. The parageneses

The mineral assemblages can be divided
into two groups. One group shows one high
temperature metamorphic event with a few
water bearing minerals and is found near the
contact with the gabbroic cumulates in the
P.so Blumone area. A second group shows
two different metamorphic events: an older
one which corresponds to group one and is
overprinted by HoO bearing minerals of a
second retrograde event. These rocks are
localized in the isolated lenses in the tonalites
and near the contact zone between tonalites
and sediments.
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Fig. 4. — Phaserelationships in the system mon-
ticellite-forsterite at 10 kbars in a temperature-
activity-diagram. (From R. Warner and W. Luth,
1972).

Grour 1

Monticellite, forsterite,
+ diopside, + spinel
Fig. 5 shows a thin section of this rock.

The spinel rims have been replaced by clin-

tonite suggesting-that the following reaction,

although incomplete, has taken place:
monticellite + spinel =
clintonite + forsterite -+ calcite .

In order for this interpretation to be cor-
rect the monticellite must have been formed
before the clintonite. This is confirmed by
the presence of monticellite inclusions in
the forsterite grains. More commonly the op-
posite situation is observed: inclusions of
forsterite and diopside and/or calcite are
found in monticellite grains as relicts of the
reaction:

forsterite + diopside + calcite =
monticellite

calcite, clintonite,

Fig. 5. — Micrograph of diopside free clintonite
bearing monticellite rock from Pso Blumone. -
Di = diopside, Mo = monticellite, Fo = forsterite,
Chl = chlorite, Ct = clintonite, Sp = spinel.

corresponding to the formation of monti-
cellite.

Diopside, forsterite, clintonite, calcite,
+ spinel

Away from the contact with the cumulates,
in the same lens, one finds coexisting diopsi-
de, forsterite and calcite rather than monti-
cellite. Fig. 6 shows another clintonite-
bearing reaction: :

spinel + diopside + calcite = clintonite.

In this rock no forsterite appears. Howe-
ver, in parageneses containing forsterite
exactly the same reaction took place. This
demonstrates, that neither forsterite nor
chlorite is involved in this reaction, as sug-
gested by J. Rice (1979). Forsterite and
spinel coexist only if diopside is absent in
the mineral assemblage.
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Fig. 6. — Micrograph from a monticellite-forsterite
free clintonite bearing diopside rock from Pso
Blumone.

Group 2

Chlorite, serpentine (on forsterite) and cal-
cite have mainly been formed as retrograde
assemblages.

Clintonite, diopside, forsterite, calcite, chlo-
rite, + spinel

This rock sample is taken from the same
lens as the those previously discussed along
the contact with the tonalitic rocks. Fig. 7
shows the formation of chlorite and calcite
by the breakdown of clintonite, forsterite
and diopside after the reaction:

clintonite + forsterite 4+ diopside =
chlorite + calcite .

In the lower right, relicts of the clintonite
forming reaction are preserved as inclusions
of consumed spinels and diopsides in clin-
tonite grains.

Monticellite, forsterite, clintonite, chlorite,
calcite, + spinel

Fig. 7. — Micrograph from a monticellite free
chlorite bearing rock from Pso Blumone.

This assemblage can be found in the iso-
lated lenses in the tonalites. Diopside is no
longer present after formation of monticel-
lite, and chlorite has been formed by the
breakdown of monticellite, forsterite and
clintonite after the reaction:

clintonite + forsterite + monticellite =

chlorite + calcite .
Monticellite, diopside, forsterite, calcite

Along veins in some monticellite rocks, at
the P.so Blumone, the breakdown of monti-
cellite to forsterite, diopside and calcite is
observed. All these are retrograde and fluid-
consuming reactions have not attained equi-
librium, as the fluid must have been con-
sumed before hand. Chlorite is not homo-
geneous under the microprobe and shows
strong chemical gradients towards the
bordering mineral species.

4. Geothermometry

When forsterite and monticellite coexist,
the substitution of the forsterite component
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20— 7T in the monticellite structure and vice versa
P(Kban) can be used as a measure of the temperature
i attained during the contact metamorphism.
B g The experimental results from R. WARNER
and W. LutH (1972) have shown (fig. 8)
- - that the activity of monticellite in the forste-
’ / rite solid solution at temperatures lower
5 4

g than 1100°C is practically independent of
ok 7 the existing pressure, thus within this tem-
g / perature field no assumption of the existing
- 0 pressure must be made. Fig. 9 depicts the
data points from experiments for 2000 bars
6 2 plotted in a — /nK (K = activity of one
I / species in the structure of the other species)
versus 1/T plot for both sides of the solvus.

2k The extremely good linearity in the first case
/20 is a further argument for the use of this
700 900 100 1%.(9 7500 solid solution series as a geothermometer,

Fig. 8. — P.T diagram with isopleths of monticel The equations of the straight lines trans-

lite activity in forsterite. (From R. WaRrNER and formed in terms of temperatures in centi-
W. Lutn, 1972). grade are:

5.0
= InK, -ll'lK_:
45

3.0¢

25 .
, , . o | 2.0l , . Yico
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Fig. 9. — (a) InK; versus 1/T plot for the experimental data at 2 kbars; [nK, = activity of monticel-
lite in forsterite. - (b) InK: versus 1/T plot for the experimental data at 2 kl;ars; InKs = activity of
forsterite in monticellite.
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(1) I(°C) =

(2) I(°C) =

2.4659 —Inaty

1.1791 —Ina ks,

5587.87

4429.16

Results

Some profiles have been made through
forsterite and monticellite grains using an

ARL-electron microprobe with wave- and
energy-dispersive detection systems are pre-

groups:

sented in fig. 10 in terms of temperatures.
They can be separated into two different
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Fig. 11. — SiO-MgO-AlLO, diagram projected from
calcite and fluid.

10 (a), (k) and (c) represent profiles from
rocks which have been affected by retrograde
overprinting. These profiles show a core with
temperatures between 800 and 900° C and
a border zone with temperatures ranging
from 550° to 650°C.

The profiles 10 (d) and (e) represent rocks
without any visible overprinting of the pri-
mary assemblage and show a homogeneous
temperature  distribution pattern around
850° C.

Geothermometry confirms the observa-
tions from thin sections that two different
metamorphic events have occurred, of which
the second one has not affected all the rocks.

Fig. 10 (f) shows the same forsterite as
10 (e) but analysed with a fine focussed
electron beam (1 pm). The homogeneous di-
stribution pattern is lost in the central part
of the grain. X-ray distribution patterns of
Ca-Ka rays show that the central part of the
forsterite has exolved calcium-rich lamellae.
However they are too fine to determine
exactly (monticellite?). Exolution is limited
to the central part of the grain and is pro-
bably the result of cooling after formation
at high temperatures, as it is known for
clinopyroxenes (Diallag).

5. Phase relationships

In the literature only two studies one from
J. Rice (1979) on the Boulder aureole and

BEARING ASSEMBLAGES ETC. 625

Clintonitegg

Sp
Fig. 12. — Solid solutions in clintonite and clino-
pvroxene according to electron microprobe analysis
in the system SiO-MgO-ALO,.
Di = diopside, Mo = monticellite, Fo = forsterite,
Chl = chlorite, Ct = clintonite, Sp = spinel.

one from K. BucHER (1976) on the Bergell
aureole, have been published concerning
clintonite-bearing marbles, however both
without any monticellite occurrence. There-
fore petrological studies on the phase rela-
tionships have been made here.

The following relevant phases have been
chosen:

Forsterite, diopside, clintonite, monticel-
lite, spinel, chlorite and calcite plus a
H>0-CO: fluid.

The best diagram for presentation is a
Si0:-AlsOs-MgO diagram projected from
calcite and fluid (Fig. 11). This is an idea-
lized diagram, showing only the magnesium
end members. The minerals are presented as
points neglecting tschermak exchange vectors
in the phases.

A more realistic diagram is presented in
fig. 12 based on electron microprobe analyses,
but without chlorite. Clinopyroxene and clin-
tonite show a strong dependence on the
coexisting assemblage and vary in the di-
rection of the tschermak exchange vector.

Magnesium endmembers have been used
for the calculation of the reactions:

forsterite Mg2SiO;4

diopside CaMgSiOg

monticellite ~ CaMgSiO4

spinel MgAlL:O4

chlorite MgsAlSizO1o( OH )«
(clinochlore)

and clintonite has been set on the tieline
diopside-spinel. According to electron micro-
probe analyses and thin section observations
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Fig. 13. — T-Xco, diagram at 500 bars for the system SiOrMgO-ALO:-CaO-H.0-CO, with the phases
forsterite, diopside, monticellite, clintonite, chlorite, spinel, calcite, H:O and CO..

(no forsterite or chlorite involved in the
formation of clintonite) the composition is:

clintonite
Ca(Mg2.33Al 66)(Als 66Si1.33)O010(OH )2

In this system (6 phases, 3 components)
with two degenerations, 11 reactions can be
calculated, Tab. 1). When available, thermo-
dynamic data from HELGESON et al. (1978)
have been used in the calculation of the
stable T-Xco, sections. A new enthalpy value
for chlorite was calculated from an expe-
riment of T. Wipmark (1980). Since no
data are available for clintonite, the entropy
and heat capacity terms have been estimated
and the enthalpy is calculated from an expe-
riment of G. HoscHek (1976). The pres-
sure was fixed at 500 bars according to
stratigraphic considerations (about 2 km of
overburder at the time of intrusion).

Fig. 13 shows the stable T-Xcw, section at

500 bars constructed after the method of
H.W. Day (1972) and checked in the tem-
perature range from 350-800° C.
6. Discussion of the results in the
T-Xu,0 diagram

The first high temperature contact meta-
morphism can be associated with certainty
with the formation of the cumulates (temp.
up to 900° C) which developed at extremely
high Xc,, as indicated by the formation of
monticellite before clintonite. This means that
reaction 1 occurred before reaction 2. During
this primary phase of metamorphism, an an-
nealing texture of monticellite formed to-
gether with spinel grains. In a second phase,
Xco, diminished. Large crystals of clintonite
formed by consumption of monticellite and
spinel. Clintonite was mainly formed by at-
taining ‘reaction 11 in a monticellite-bearing
assemblage. Diopside must have been con-
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TaBLE 1
Reactions and reactions parameters for the

system SiQ; - MgO - ALLO, - CaO - H,O -
CO. with the phases

Reactions:

1. €Ct,Sp,Chl) : Fo + DY + 2Cc = 3Mo + 2C0.

2

2. (Chl, Mo Fo) : 2Di + 55p + Cc + 3H20 =30t + co,

3. (Fo,bi) 3 2ChL + 3Ct + TCc = 75p + 10Mo + 11“20 + 7(’02

4. {Fo,Sp) ¢ 5ChL + 7 Di + 21Cc = 25Mo + 3Ct + 17“20 + 21l:02
5. (Fo,Ct) 2 Chl + Di + 4Cc = 5Mo + Sp + 4!’!20 * “02

6. (5p,Di) t S5CHL + 7Ce = TFo + 4Mo + 3Ct + I?Ilzﬂ + ?COZ

7. {5p,Mo) 1 15ChL + 13Cc = 25F0 + 4D + 9Ct + 51"20 + 13cc
8. (ce,pi) : Chl + 2Cc = Fo + 2Mo + Sp + iﬂzﬂ + ZCOZ

9. (Ct,Mo) : 3ChL + 2Cc = 5Fo + 35p + 20§ + 12"20 * Z!:il2
10.(0i Mo : 3ChL + 25p + 3Cc = 3Ct + 5Fo + 9"20 + 3(02

11.403,ChL) : 3Ct + 2Fo + 3Cc = 6Mo + 55p + ]HZO + Stnz

equilibrium constants of the reactions:
No. Lineare dependence

equil ib.constants np—cuﬂidenu

a b [ A B € [} E F
1 1 - - =11503 17.504 D0.15317 =1.523 -.00101 186633
2 = A - +13432  -15.132 -0.21967 -5.633 -.00456 171444
3 = = 1 -944BL 147.118 1.56700 -6.110 -.01326 705379
4 = 3.5 2.5 ~-189198 314.830 3.1487 -34.99 -.01718 2363502
5 = 0.5 0.5 ~40526 65.993 D0.67367 =5.871 =-.00870 438412
& =7 3.5 2.5 -10B677 192.308B 2.07647 =24.33 =-.01008 1057071
7 =25 10.5 7.5 =-2B0019 506.910 5.6167 =66.89 =-.02619 2424579
& -1 0.5 0.5 =29023 48.490 0.52050 =-4.348 =-.00333 251779
L =5 1.5 1.5  -64063 110,461 1.25515 -9.998 -.00797 382070
10 =5 2.5 1.5 -50631 95.330 1.03548 ~-15.63 -.00341 553514
1 2 -1 - -36438  50.139 0.52601 2.586 -.00659 201812

reactions 5 : (Fo,Ct) is metastable

Lngl:nzatugl1+hloq|{2+:Lugl:aa‘iea_n!l:n(ﬁﬂ
T T 7

gn.= nn- Eﬂ T+ Fn T"2

Fo = forsterite, Di = diopside, Mo = monticellite,
Ct = clintonite, Chl = chlorite, Sp = spinel, Cec =
calcite, H:O and CO..

sumed before forsterite and calcite during the
formation of monticellite (reaction 1) and so
reaction 2 could not take place. On the other
hand when diopside is present reaction 2
has taken place and all the spinel was con-
sumed or rimmed so that reaction 11 was
blocked.

The rocks further away from the contact
never attained reaction 1 and clintonite
formed only by reaction 2 during the second
phase. The change in the fluid composition
could be the result of the total consumption
of the carbonates so that the supply of CO.
from the carbonates was diminished, or a
H.O rich fluid was intruded from outside.

The second retrograde metamorphism took
place at a low X, value and lower tempe-
ratures (around 550° C), which is reasonable
for contact metamorphism initialized by an
intermediate plutonic rock. The reactions
were retrograde and fluid consuming, and
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stopped before equilibrium could be attained.
The equilibration of monticellite and forste-
rite at grain boundaries confirms the obser-
vations in the T-Xco, diagram, as far as mon-
ticellite is only stable at temperatures as low
as 550° C, if the Xco, is < 0.1. The low value
of the Xw, is on one hand the product
of H2O rich fluids coming from the tonalitic
rocks which carry much more volatile com-
ponents than gabbroic cumulates, and on the
other hand the result of the total consumption
of the carbonates during the first meta-
morphic event.

7. Conclusions

The sediments, originally consisting of
marly dolomites, show two different meta-
morphic events with clear age differences and
local and petrological association with the
different plutonic masses. The first metamor-
phism took place progressively towards the
contact with the gabbroic cumulates of the
Cornone di Blumone and attained tempera-
tures around 900° C at the contact, at a high
Xeo, value of the fluid involved.

The second metamorphism started from
the tonalite intrusion near the contact and
along veins, and resulted in a retrograde over-
printing. The fluid composition was on the
water-rich side and the temperature attained
about 550° C which is typical for this tona-
lite contact metamorphism and has been con-
firmed by carbonate geothermometry made
by U. Roesri (1982) in the same region.

As a consequence, the tonalites of the Re
di Castello, as well as the mafic-ultramafic
cumulates of the Cornone di Blumone have
crystallized in situ at a very shallow crustal
level. In other words, the cumulates have
not been dragged up from depth by the to-
nalite intrusion. The arguments are: the
maximum depth for marly dolomites of this
kind is 2 km at the time of intrusion (40 m.y.
ago). The carbonates clearly show two dif-
ferent metamorphic events related to the sur-
rounding plutonites. The cumulates had to-
tally cooled down when the tonalites were
intruded.
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