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Metabasite dikes in the southeastern part of the Chortiatis series
(Northern Greece): petrology and P-T conditions of metamorphism

by A. Kassoli-Fournaraki’

Abstract

Metabasite dikes belonging to the southeastern parts of the Chortiatis series (Chalkidiki peninsula, Northern Greece)
arc cxamined in terms of petrology, geotectonic setting and P-T conditions of metamorphism. They contain the
assemblage amphibole + plagioclase + quartz + epidote group minerals + biotite £ sphene * opaques. According to
their bulk chemistry they display a tholciitic nature with calc-alkaline affinities corresponding to destructive plate
margin settings connected with subduction conditions. Application of cations' relations of amphiboles and biotite in
discriminant diagrams assign the examined rocks to the biotite zone up to lower garnet zone of the lower amphibolite
facies. Rough estimation of pressure and temperature conditions gives a range of 2—4 kb for P and 550-560 °C for T.
Optical and chemical data of the minerals reveal retrograde processes in the range of the biotite zone.

Keywords: Amphibole, biotite, metabasite, tholeiite, low-pressure conditions, Chalkidiki peninsula, Greece.

Introduction

The area of the examined metabasites belongs to
the southeastern parts of the Chortiatis series
(Chalkidiki peninsula), within the Circum Rhodo-
pe belt, at the west border of the Serbomacedonian
massif, and is surrounded by the Middle Eocene
Sithonia granite (Fig. 1). The ~5 km thick Chortiatis
series, referred as “Chortiatis magmatic suite" by
KockeL and MoLrat (1977), was emplaced during
the earliest upper Jurassic (MussaLLaM and JUNG,
1986). It is in tectonic contact with its surroundings,
having the Thessaloniki ophiolites at its western
border and the Triassic-Middle Jurassic Svoula
flysch in the east. Lithologically it is composed
mainly of quartz-dioritic to dioritic rocks; a region-
al metamorphism of the upper greenschist to am-
phibolite facies has been determined in many parts
of the suite (SCHUNEMANN, 1985; MussaLLaM and
Jung, 1986).

This paper concerns a small rare spacing com-
plex of metabasite dikes ranging in width between
~ 0.50 and 0.80 m and alternating with the previ-
ously mentioned salic rocks at the southeastern
part of the Chortiatis series (Fig. 1). Preliminary

petrological results have been reported by KassoLi-
Fournaraki et al. (1989). In this study the metaba-
sites are examined in terms of their tectonic setting
and P-T conditions of metamorphism.

Petrography

Texturally the examined metabasites are mainly-
massive, medium- to fine-grained, unfoliated with
mostly unoriented aggregates of minerals (mainly
amphiboles) in a fine-grained mass. The mineral-
ogical composition is: amphibole, plagioclase,
quartz, epidote, clinozoisite and zoisite as main
constituents; biotite (sometimes chloritized),
sphene and pyrite participate as minor accessories.
Traces of chalkopyrite and gold are also present.

Amphibole is the dominant mineral with a light
greenish or pale blue-green to green pleochroism.
It appears mostly in aggregrates of hypidiomorphic
to xenomorphic crystals as well as in individual
grains with a size of 0.1 to 0.8 mm.

Plagioclase (basic oligoclase to sodic andesine)
appears xenomorphic to hypidiomorphic in shape,
with a varying size up to 1 mm. Some very small

' Department of Mineralogy-Petrology-Economic Geology, School of Geology, University of Thessaloniki, Thes-
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Fig. I Geological sketch map of the southwestern part of the Sithonia peninsula (after JunG and MussaLLaMm, 1985).
1 = basic voleanic rocks, 2 = sheeted dike complex, 3 = metadiorite to metaquartz-diorite (Chortiatis magmatic suite),
4 = intermediate to acidic dikes, 5 = Sithonia granite (50 Ma), 6 = Svoula flysch (middle Jurassic), 7 = metabasites (this

study).

grains of primary igneous plagioclase (basic ande-
sine to bytownite) are preserved. In some cases an
albitization at the rims of some metamorphic pla-
gioclase grains was noticed.

Quartz appears xenomorphic, very often recrys-
tallized and sometimes slightly deformed. Recrys-
tallized grains may enclose amphibole or zoisite.

Amphibole and plagioclase participate also in
the fine-grained matrix together with epidote
group minerals. Epidote sometimes forms from
amphibole. Biotite has a brownish pleochroism and
is not present in all the examined samples .

Chemistry
ANALYTICAL TECHNIQUES

Chemical analyses on selected rock samples were
performed in the Analytical Laboratory of the
Swedish Geological Co., Lulea, Sweden, by the in-
ductively coupled plasma method. Mineral analy-
ses (amphibole and biotite) were made on a
C.AM.E.C.A. CAMEBAX probe, using an energy
dispersive spectrometer, at the Department of Geo-
logy, University of Manchester, England. Oper-
ating conditions were 15 kV accelerating potential
and 3 nA beam current. All analyses were made
using 100 second counting times. Natural minerals

or pure metals were used as standards. Element
concentrations have been calculated with a ZAF-4/
FLS software.

Amphibole Fe’* values were determined by
normalizing cations (Ca + Na + K) to 13 and (Na +
K) to 15 and by getting the mean formula. Site
occupancies were assigned according to the system
of LEakE (1978) on the basis of 23 oxygens assum-
ing the general formula: Ay, (M,){M,;,;)"}(T1),-
(T2)YO,(OH,F,Cl),.

Biotite was normalized as follows: Total cat-
ions-less (K + Na + Ca) = 14, Al = 8-Si, AlV! =
Al ~AlY, Fe** = AIY-1-Al"'-2 Ti and Fe** =
Fe,,.~Fe* so as to maintain charge balance.

CHEMICAL FEATURES

Rocks

Representative whole rock chemical analyses of
the examined metabasites are given in Tab. 1 (for
more chemical data see KassoLl-FOURNARAKI et al.,
1989). All samples are quartz normative. Accord-
ing to their normative composition they plot in
the fields of gabbros (Fig. 2a) after O'ConNOR
(1965) as well as in the fields of tonalites-trondje-
mites and diorites (Fig. 2b) or the equivalent field
of andesites/basalts after STRECKEISEN (1976). Field,
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Tab. 1 Chemical composition (wt% for major oxides,
Fe,0; as total iron, ppm for trace clements) of the meta-
basites.

SY, SY, SY,
Si0, 54.40 53.90 53.90
TiO, 0.36 0.34 0.32
Al,0, 14.60 14.90 14.20
Fe,0, 9.30 8.80 9.20
MnO 0.13 0.13 0.14
MgO 8.60 8.30 8.70
CaO 10.70 10.30 11.60
Na,O 1.50 2.80 1.20
K,0 0.34 0.37 0.37
P,O, 0.12 0.12 0.10
LOI1 0.60 0.60 0.80
Total 100.65 100.56 100.53
Ba 18 110 126
Co 60 53 56
Cr 330 234 406
Cu 88 110 © 36
Ni 83 64 102
Pb <10 <10 35
Se 39 40 40
Sr 178 211 172
A 239 245 240
Y 10 10 10
Zn 62 49 110
Zr 12 14 10
Th <62 <60 <63

* More chemical data are avatlable one request from the
author.

macroscopic as well as microscopic observations
could not offer any help for the type of igneous
mafic protolith (plutonic or volcanic). A chemical
distinction based on comparison with literature
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trandhjemite granite
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Fig. 2 Normative composition of the examined meta-
basites. a) after O'Connor (1965); b) after STRECKEISEN
(1976).

data revealed affinities more with plutonic than
volcanic rocks. MgO/FeO,, vs. Si0, and ALO, vs.
Ti0, relations show the examined rocks plotting in
the fields characterized by Coromsr (1988) and
PrEIFER et al. (1989) as clinopyroxene-plagioclase
gabbros, well outside the field of basalts, after
PeARrCcE (1984), (Fig. 3 a, b). Similar affinities result
from the Cr, Ni, vs. Zr relations (Fig. 4), where
again the examined rocks plot outside the field of
the Mesozoic meta-basalts of the West-Central
Alps (Pretfrer et al., 1989). According to their SiO,
vs. Z1/Ti0O, and (Na,0 + K,0) vs. Si0O, in the Win-
cHESTER and FLoyD (1977} and LE Bas et al. (1986)
classification diagrams, they show compositions
corresponding to andesites or basaltic andesites,
respectively.

A tholeiitic nature for the examined metaba-
sites is deduced according to their AL O, values as
well as according to the relation Al,O, vs. norma-
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Fig. 3 MgO/FeO, vs. 5i0,, and AL, O, vs. TiO, diagrams discriminating between basalts and gabbros, a) 1: olivine-
gabbros + troctolites, 2: clinopyroxene-plagioclase gabbros, 3: basalts, 4: ferrogabbros + norites (fields correspond to

literature data compiled by CoLomsl, 1988). b) 1: basalt

liquids, after PEarce (1984), 2: clinopyroxene-plagioclase

gabbros, 3: olivine gabbros, troctolites (2 and 3 = literature data compiled by CoLowmg, 1988).
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Fig. 4 Crand Nivs. Zr variation of the examined meta-

basites. Closcd-line area = meta-basalts after PFEIFER et
al. (1989).

o

A. KASSOLI-FOURNARAKI

tive plagioclase composition (Fig. 5a, after IRvINE
and BARAGAR, 1971). The same tholeiitic nature is
also supported by the alkalies vs. Si0, and AFM
diagrams (Kassou-Fournaraki et al., 1989). Con-
cerning their K,O vs. SiO, relation they correspond
to the low-K tholeiites (according to PECCERILLO
and TAyLor, 1976) in the field of andesites. An
abyssal tholeiitic character results according to V
vs. Cr (Fig. 5b) relation (after MiyasHIro and SHI-
DO, 1975). On the other hand SiO, vs. Cr relation
(Fig. 6) according to Mivasuiro and SHIno (1975)
yields a calc-alkaline character, due to high SiO,
content.

ScHUNEMANN (1985) accepts a mainly calc-alka-
line character for the majority of the Chortiatis
series at Central Chalkidiki with some tholeiitic
affinities. MussaLLAM and JUNG (1986) agree for a
dominant calc-alcaline trend but they accept also a
contribution of a tholeiitic melt. The investigated
metabasites (occurring in the southeastern part of
the Chortiatis series) indicate a tholeiitic nature
with calc-alkaline affinities probably due to con-
tamination.
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Fig.5 Plotting of the metabasites in the a} ALO, vs. normative plagioclase (after IRvinG and BARAGAR, 1971) and b)
V vs. Cr (after Mivasuiro and Snipo, 1973) discriminant diagrams.

70F
0\0 -
o 601 ch
e L R
u‘, M”/

504 __,”

{ S i e i L 1

055 —3 S

g3 8 g .

a = Cr spm

Fig. 6 Plotting of the metabasites in the SiO, vs. Cr
discriminant diagram (after MivasuRo and SHIDO,
1975).

A MORB as well as a within-plate and back-arc
origin is excluded for the examined metabasites
(Fig. 7 a, b). On the contrary an island arc tholeiitic
affinity seems more probable. The same affinity is
also expressed by the Nivs. FeO/MgO and Crvs. Y
relations according to MivasHiro and SHipo (1975)
not shown in the figures. Si0O,, ALO,, FeO,, K,O
oxide values as well as the amounts of the incom-
patible elements Ba, Sr, Pb and Th favour an island
arc tholeiitic affinity compared to calc-alkaline se-
ries of island arcs and continental margins. La/Yb
ratios also support an IAT affinity, and a rock/
MORB normalization of trace elements (Fig. 8)
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Fig. 7 Plotting of the metabasites in the a) Ti-Zr-Y (after PEarcL and Canx, 1973), and b) V vs. Ti (after SHERVALS,

1982), discriminant ditagrams.

resembles the trend of basalts related to sub-
ductions (CAB/IAT), (PEARCE, 1982).

Minerals

Representative amphibole analyses are presented
in Tab. 2. For their classification the nomen-
clature of Leake (1978) was used (Fig. 9). All the
analyzed amphiboles belong to the group of "calcic
amphiboles" and plot in the field of magnesio-
hornblende (except one sample which is actinolitic
hornblende) displaying a slight range of composi-
tion mainly according to Si values. Two groups of
amphiboles were distinguished according to their
chemical and optical features: group A (samples
SY,-SY, of Tab. 2) which are richer in the actino-
litic member, and display a pleochroism of pale
blue-green to green colours, and group B (samples
SY.-SY,) which display an olive-green to green

rock/MORB

01ill!|l[|l||llll
S K RbBa Th Ta NbCe P Zr Hf SmTl Y Yb ScCr

Fig. 8 Rock/MORB normalization of trace elements
for the examined metabasites.

pleochroism. Patchy compositional domains were
not observed optically. The amphiboles of group B
coexist with biotite while the last is absent from the
samples of group A.

Table 3 presents biotite analyses coexisting with
the amphiboles of group B. All biotite grains ana-
lyzed have Mg : Fe < 2 : 1 and plot between annite
and phlogopite enriched in Mg (Fig. 10).

P-T conditions of metamorphism

The mineralogical assemblage of the examined
metabasites assign the rocks to the lower amphibo-
lite facies of the medium grade range in terms of
the Barrovian zones.

Many investigations have been made regarding
the relation of metamorphic grade to the chemical
composition of the minerals and the host rock.
Much emphasis has been given to the amphibole
as well as biotite compositions including their
change in Al"Y, AV}, Ti, Mg/(Mg + Fe**) and alka-
lies with rising temperature and pressure (e.g. SHi-
po and MivasHiro, 1959; ENGEL and ENGEL, 1960;
Binns, 1965a, 1969: LEAKE, 1965; BARrD, 1979:
Rawmsay, 1973 and Raasg, 1974).

StepHENSON (1977) accepts that metamorphic
grade appears to influence the Ti, Mn and Fe*
contents of amphiboles and biotites and that the
Mg/(Mg + Fe?) ratio of the amphibole shows a
close relationship to the host rock MgO/(MgO +
FeQ) but seems to be independent of the metamor-
phic grade and mineral paragenesis. On the other
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Tab. 2 Representative amphibole microprobe analyses and structural formulae.

Group A Group B

SY, SY, SY, SY, SY; SY, SY, SY,
Sio, 48.88 49.18 48.54 48.55 47.72 47.18 47.08 47.46
TiO, 0.46 0.49 0.34 0.40 0.61 0.51 0.55 0.45
Cr,0, n.d. n.d. n.d. n.d. 0.18 0.36 0.21 0.14
ALO, 7.70 7.12 7.70 8.05 8.47 8.61 9.37 8.52
FeO,, 13.15 12.80 12.56 1291 14.34 13.63 13.24 14.25
MnO 0.12 0.45 0.15 0.28 0.24 0.19 0.09 0.25
MgO 14.56 14.80 13.50 13.88 14.13 13.89 13.96 13.76
NiO n.d. n.d. n.d. n.d. 0.17 0.21 0.00 0.00
CaO 1177 11.58 12.12 12.00 10,07 10.28 11.07 10.77
Na,O 0.79 1.00 1.00 0.85 1.36 1.21 1.48 0.88
K,0 0.22 032 0.28 0.17 0.17 0.37 0.22 0.28
Total 97.65 97.74 96.19 97.09 97.46 97.44 97.27 96.76

Cations on the basis of 23 (0)

Si 7.020 7077 7.146 7.042 6.873 6.882 6.820 6.890
AlV 0.980 0.923 0.854 0.958 1.127 1.118 1.180 1.110
T 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
AV 0.324 0.285 0.484 0.419 0.311 0.362 0.419 0.348
Ti 0.050 0.054 0.037 0.043 0.066 0.056 0.059 0.049
Fe?* 0.483 0.437 0.069 0.322 0.722 0.606 0.460 0.690
Fe> 1.114 1.117 1479 1.256 1.034 1.078 1.160 1.066
Cr - - - - 0.020 0.042 0.024 0.016
Ni - - - - 0.020 0.024 0.000 0.000
Mn 0.015 0.055 0.019 0.034 0.029 0.023 0.011 0.031
Mg 3.014 3.052 2912 2.926 2.798 2.809 2.867 2.800
M, 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000
Mg 0.102 0.122 0.050 0.076 0.235 0.212 0.147 0.178
Ca 1.812 1.785 1.911 1.865 1.554 1.607 1.719 1.675
Na 0.086 0.093 0.039 0.059 0.211 0.181 0.134 0.147
M, 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
Na 0.133 0.182 0.246 0.180 0.168 0.161 0.282 0.102
K 0.041 0.059 0.051 0.031 0.031 0.068 0.042 0.051
A 0.174 0.241 0.297 0.211 0.199 0.229 0.324 0.153

* More chemical analyses are available on request from the author.

hand, according to Hynes (1982), the variation in
the rock Mg/Fe does not appear to have a consider-
able influence on the amphibole chemistry though
it effects the temperature at which reactions occur.
Al substitution in amphiboles takes place at higher
temperatures for rocks with lower Mg/Fe (HARTE
and GraHAM, 1975).

Ti content of the amphiboles changes also inde-
pendently of the TiO, content in the host rock,
though it is generally accepted that the first in-
creases with increasing metamorphic grade. The
amphibole Ti content of the examined metabasites
correlates with the lower-grade amphibolite facies
according to the Ti values given by Raase (1974). It
is commonly accepted that the Ti content of the
amphiboles is combined also with the colour varia-

tion along the Z axis of the mineral and conse-
quently with the metamorphic grade (ENGEL and
EnceL, 1962; Binns, 1965b). This variation was
verified in the amphiboles of the examined metaba-
sites. The amphiboles of group B display stronger
olive-green to green colour and higher Ti values
compared to the green to pale green colours and
lower Ti values of group A amphiboles.

According to LalrRD and ALBEE (1981), am-
phiboles with the "common" assemblage (i.e. am-
phibole + chlorite + epidote + plagioclase + quartz
+ Ti-phase £ carbonate + mica + Fe’*-oxides) range
in composition from actinolite in the biotite zone to
hornblende in the garnet zone. In the diagrams of
Fig. 11 (after LAirD and ALBEE, 1981) the exam-
ined amphiboles plot in the field of the biotite zone
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Tab.3 Representative biotite microprobe analyses and
structural formulae.

SY; SY, SY, SY, S8Y, S8Y,

Si0, 37.77 3782 3779 3767 3691 3631
TiO, 207 228 198 188 225 183
Cr,0, 000 010 000 012 018 0.00
Al,O, 1693 16.69 17.08 17.53 1765 17.64
FeO,, 1411 1399 1405 1360 1405 14.33
MnO 000 006 025 000 004 014
MgO 1343 1321 1314 1357 1404 14.03
NiO 001 020 0.00 008 016 005
CaO 007 000 008 023 017 0.19
Na,O 023 035 000 018 030 043
K,O 965 974 967 912 885 836
Total 9427 9444 9404 9398 94.60 93.51

Ions on the basis of 22 (0)

Si 5804 5826 5816 5763 5593 5554
AV 2196 2174 2.184 2237 2407 2446
8.000 8.000 8.000 8000 8000 8.000

AM 0.86% 0856 0914 0925 0746 0.735
Ti 0239 0263 0230 0216 025 0211
Cr 0.000 0.012 0000 0015 0022 0.000
Ni 0002 0025 0000 0.009 0019 0.006
Fe* 0236 0213 0192 0237 039 0484
Fe* 1.578 1589 1616 1504 1383 1.348
Mn ¢.000 0.008 0.032 0.000 0007 0.017
Mg 3076 3.034 3016 3094 3171 3199
6.000 6.000 6.000 6.000 6.000 6.000

Ca 0011 0000 0013 0038 0027 0030
Na 0.069 0.103 0000 0053 0087 0.129
K 1.893 1914 1899 1780 1.712 1.670

revealing again a distinction between group B am-
phiboles which plot near to the boundary of the
garnet zone, and group A amphiboles which plot
lower in the biotite zone. Plotting in Fig. 11a is
independent of the normalization scheme.
Diagrams 100 Na/(Ca + Na) vs. 100 Al/(Si + Al)
and NaM, vs. Na* + K (Fig. 12 a, b) reflect mainly
medium pressure conditions, though there is a sig-

443

nificant overlapping of the low and medium pres-
sure fields making very-difficult to distinguish be-
tween low- and medium-pressure amphiboles in
the upper greenschist and lower amphibolite facies
on the basis of their Na or Al contents,

BrowN (1977) and Larp and ALBee (1981)
found higher values of NaM, in Ca-amphiboles
from high pressure areas than in those form lower
pressure conditions, proving that Na and Na™*
content could be a useful indicator for low to medi-
um grade metamorphic rocks. On the other hand
according to Hynes (1982), the amount of glauco-
phane substitution in amphiboles of medium pres-
sures is so small that it does not permit a clear
distinction between medium- and low-pressure
metabasites. What HynEs (1982) accepts as indica-
tive of the low-pressure metabasites is the generally
higher Ti content of the amphiboles compared to
medium-pressure. Ti values of the metabasites of
this study justify rather medium pressures accord-
ing to Hynes' (1982) distinction, though even this
author refers some cases with low Ti values in low-
pressure metabasites. BRown (1977) gave a relative
estimation of pressure of metamorphism according
to NaM* and Al relationship. Correlation of the
above parameters in the examined amphiboles
gives a rough estimation of pressure about 3 kb for
group B and 2 kb for group A.

Biotite can also be used to some extent as an
indicator of metamorphic grade. Biotite in meta-
morphic rocks is formed under a wide range of P-T
conditions and its presence in metabasites is nearly
not connected with the major reactions that occur
as a function of grade. It is usual to attribute its
existence to the small amount of KAIO, present in
metabasites in the low and medium pressures or to
the reaction of calcic amphiboles with muscovite at
higher metamorphic grades (MivasHiRO, 1973;
LAIrD, 1982).

The biotites examined in this study have AlY
values ranging between 0.735 and 0.925 and Mg/
(Mg + Fe,) between 0.625 and (.640, that is in the
limits of 0-1 for AI* and 0.3-1 for Mg/(Mg + Fe,)

1‘0(;/- 50 7.25 7.00 6.75 6.50
T |
tr hn
090 mg hn
Mg ac hn & A . 3
A F. b/
; Mg+Fe? YN o et e
[
0.50 Si

Fig. 9 Compositional field of the analyzed Ca-amphiboles (after LEAkg, 1978), tr hn = tremolitic hornblende, ac hn

= actinolitic hornblende, mg hn = magnesio-hornblende.
A = Group A amphiboles, @ = Group B amphiboles
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Fig. 10 Plotting of the analyzed biotites according to
AV vs. Mg/Mg + Fe (after GuipotTi, 1984). SID = si-
derophyllite, ANN = annite, PHL = phlogopite, EAST =
eastonite.

given for amphibolite-grade biotites. Plotting of the
examined biotites according to their AI¥' and Ti vs.
A1V in the discriminant diagrams of LAIRD and
ALBEE (1981) reveal garnet zone conditions (Fig.
13).

In the examined metabasites an association of
biotite with the magnesio-hornblende of group B
was defined, while it is absent from the samples of
group A amphiboles which are more enriched in
the actinolitic member. Combining this observa-
tion with the indications of the diagrams (Figs 11-
13) as well as with the pleochroism of the amphi-
bole grains in groups A and B it is concluded that
the data for the samples of group B reflect upper
biotite to low garnet-zone conditions while the
samples of group A display a little lower P-T con-
ditions in the biotite zone, most possibly due to
retrograde metamorphism. The chloritization of
biotite as well as the albitization of plagioclases
support the above explanation.

Plagioclase composition, as mentioned in the
petrography chapter, ranges from basic oligoclase
to sodic andesine thus defining a pressure of 3-4 kb
if combined with the Al content of amphiboles,
according to PLYUSNINA's (1982) thermobarometer.
On the basis of the An content of plagioclase (~ 30—
35%) the temperature is estimated at about 550-
560 °C according to the variation diagram of the
same author.

Conclusions
1. The metabasite dikes of the southeastern part of

the Chortiatis series display a tholeiitic nature with
calc-alkaline affinities and features corresponding
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Japan. Symbols as Fig. 9.
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Fig. 13 Formula proportion diagrams of the biotites ac-
cording to LaIrp and ALBEE (1981).

to destructive plate margin settings connected wlth
subduction conditions.

2. According to its chemistry, amphibole ap-
pears in the range of magnesio-hornblende while
biotite is enriched in Mg.

3. The mineralogical assemblage combined with
the amphiboles' and biotite's chemistry place the
examined metabasites in the lower amphibolite
facies in terms of the Barrovian zones. Relations
of the different cations in the amphibole and bio-
tite structural formulae reveal conditions in the
range of biotite to lower garnet zone. A rough
estimation of P-T conditions gives values in the
range of 24 kb (P) and 550-560 °C (T).

4. Retrogration phenomena are traced as fol-
lows:

a) Variation in the amphibole chemistry and
pleochroism.

b) Coexistence of biotite with the magnesio-
hornblende grains which correspond to relatively
higher P-T conditions while absence of biotite from
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the samples where the magnesiohornblende grains
are enriched in the actionolitic member.

¢) Chloritization of biotite and albitization of
some plagioclase grains.
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