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Chemical composition of the actinolite-hornblende assemblage
as indicator for the P-T metamorphic conditions

_in chlorite-amphibole schists and metadiabases,

VrteSka, Plackovica Mt., Eastern Macedonia

Yojo Mircovski', Blazo Boeyv', Gose Petrov!, Orce Spasovski

Faculty of Mining and Geology, Stip, Republic of Macedonia
i(s_ubmiaed: 7. 08. 2001; accepted j'or publication: 11. 06. 2002; revised version received: November:2002)

B. Mupyoscku, ba: Boes,'I! ITempos, 0. Cnacoscku —
Xumuteckan cocnaa axmuHOAUMO80-p0O208000MAHKO-
$oi accoyuatun kak unouxamop P-T ycaosuld mema-
MOpPHUIMA XAOpUM-AMPUBOAOEHIX EAGHY L U Memadu:
ubazos (Bpmevuixa, 20pa Ilaauxosuya, Bocmoyran Ma-

~ Kédouun). MHEKDOCKONHYCCKHMHE ¥ DNEKTPOH-MUEDO-
. CKONHYCCKHMH MCCACNOBEHHAMH B XJIOPHTOBO-aMpubo-

TOBAIX CIAHOAX ¥ METAAMEGA3AX OKPECTHOCTEH NEPEBHH
Bprelika BuidsNiena acconpdanusa CIeNyIOmHX MUHepa-
joB: akTanoMAT, Mg-porosas obmanka, GEOTHT, 30KAOT,
XJIOPUT, AMLOKT, KANBIMAT, KBAPIL H WILMERAT. T2 4CCO-

. DHANHA B COYCTAHKH € TEKCTYPHO-CTPYKTYPHOH XapakTe-

PHCTAXOH JIOPOJ yKa36IBAIOT H2 MX obpazoranue npx pe-
THQHANLHOM AEHAMOTEPMANEHOM METaMOphHIME B yc-

" oBrAX (alny, NpHHAANEKAMEH K cepuaM Tuna Bappoy.

Ilo ¢renenn meraMopduaMa 37a panus CoQTBETCTRYET
nepexony MexXay XBapu-anbORT-3nuN0T-OHOTATORON. A
ANp0OHT-ANRA0T-anbMasEROBOH GyGdanuamu, Xumu-
GecKkuM COCTaB AXTHHO/IETE M POrOROM 06 MAHKH NOXA3H-
BACT; YTO HCCEAOBAHNLIE OPOME DOPAIOBANHCE B YCIIO-
BHEX NOBRIMAYMEroca’ MeTaMopduama opu T= 400-

500°Ci P="2—3 kbar.

Abstract. Microscopic and elggtronic microprobe studies
carried out on ‘the chlorite-amphibole schists and. the
metadiabases from (he vicinity of Vrietka determined an
actinolite, Mg-hornblende; biotite, epidote, choritp; al-
bite, calcite, quariz, and ilmenite assemblage: The:meta-
morphic mtineral assémblage .afid ‘stiuctural-textural
characteristics indicate that these rocks metamorph sed
in conditions of regional dynamothermal mefamorphism
in a Barovian type series of facies which, according to the
degree of ‘metamorphism, corfesponds to-the: transition
from quartz-albite-epidote-biotite to guartz-albitesepi-

dote-almnadine subfacies. The:chemical compositidn of
actinolite and hornblende indicate that the itodks itider

investigation metamorphosed in condifions of pmpnde
metamorphism at ‘T'=:400-500°C and P = 25 kbar.

.

Wéq§sh, V., Boey, B., Pctrov., G., Spasovski, O. 2003, Chemical composition of the actinolite-
hornblende assemblage as indicator for the P-T metamorphic conditions in chlorite-amphib-
ole schists and metadiabases, Vrteska, Platkovica Mt., Eastern Macedonia, — Geologica Balc.,

33,34; 23-31.

o Key: words: _Actihbﬁtc, Mg-hornblende, chiorite, regional prograde metamorphism,.

Introduction re—
The village of Vrteska is situated in the central

‘western slopes of Plackovica Mt.; 25 km east of

the Yown of Stip (Fig. 1). Plagkovica Mt., is built

‘up of a complex of Precambrian-Early Paleo-
zoic.metamorphic rocks. The complex of the

Early Paleozoic schists also contains elon:

gated stripés of chlorite-amphibole schists .

hosting also small masses of metadiabases.

Chlorite-amphibole schists and metadidbases &
made it possible to determine the degres of |

metamorphism,

"Data about the geological strugtire of the ' &
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Fig. 1. Location of the area: and regxonal tectonic setting of the Republxc of Macedonia (Arsovskl. 1997) ‘Dec(dmu
" units; CKZ — Cukali Krasta zone; ZMZ — westerii Macedonian zone; PM — Pelagonian 'massif; VZ — Vardar
zone; SMM — Serbo-Macedohian massif; KZ — Kraishtide zone

terrain and ‘the dcgree of metamorphism. may
be fourd in the geological map and explana-
tions of the sheet Stip (Rakicevic et al,, 1976).

| Geological setting

The wider vicinity gf Vrtetka, with: regard to its
tcctomcs, belongs to two. large geotectonic
unifs: the Vardar zone (which embraces most
of ithe terrain including the Radovié-Teranci-
Nivianski graben afnd the Bugim block) and
the Serbo-Macedonian mass (which embraces
the :most north-eakterly part or parts of the
Zrnovci anticline) (Fig. l)

The: v1c1mty of Vrteska is built' up-of Precam-
‘brian high-grade metamorphic rocks Riphe-
an-Cambrian albite- quartz-muscowte-chlor1~

te schxsts Early Paleozoic $chists and Jurassic

rocks (Paanennq, 1976).
‘The Precambrian mctamorphxc rocks in the
south-western part of the terrain are the oldest

24

‘block. In the north-edst théy are tectqnmaﬂ_y 7

rocks’ and ‘tectonically belong to the Buim,

related to Early Paleozoic schists, Micaschists, = |
leptinolites and muscoviteé gneisses of a.gen< =
eral north-west — south-east trend can be dis-
tinguished based on the mineralogical-strug- & =
tural charagcteristics of the complex. L RS

The Riphean-Cambrian is present in'the =5
northeasternmost: secfor, The expasures {‘beat o
long to the Serbo-Macedonian, miss and"‘ih@&w
Zrnovei anticline. In the south- v%tm“p - s
Cambriati is tectonically related to th b g
Paleozoi¢ schists. The Riphean-Cambrian'is 85"
present as albite-quartz-muscovite-cl ﬁ;g-'. 4 2
schists of north-west — south-east strike. 0

Early Paleozoic metamorphlc schists com= &
prise a graben structure (Radovi§ — Teranci—
Nivi¢anski graben).in the north-easternisector « ©
of the Vardar zone at the contact with the
Serbo-Macedonian irigss. Chlorite-guiactzeser-’
icite schists; marbles, graphite schists and phys
Jlnes ‘metasandstones and marbles*, marblesf i

-
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and narbonatc schists, chlorite- amphlbohte
’?Bc’hxsts and metadiabases hdve been distin-
“puishied based on the lithological comiposition
6pf‘ fhe Harly Paleozoic complex. The complex
x&est;ma.tcd to be about 2900 meters thick.

" “The Jurassic is represented by serpentinites
-,w]ndh /s a 800 meters long and 100-150 me-
gers w;de lens-like body, are tectonically em-
~ fat:ed along the fault structure that separates
“the Precambrian metamorphic rocks and the
farly Paleozoic schists.

'n‘

;;%?é'tfographic features
54 -
.&':Eﬁloﬁte—amphibolc schists

Chlonte-amphxbole schists occur as an elon-
Ly ated stripe in the top most parls within the
ly. Paleozoic complex, The schists are 500
n:m:tf.:rs thick (Fig. 2). They are light to dark
. green fine-grained rocks. Their structure is
- granoblastic, lepidoblastic and nematoblastic.
~Their texture is schistose. They are composed
“of amphibole, chlorite, epidote, albite, quartz
and ilmenite.
Amphiboles occur as individual elongated
rod-like to fibre-like crystals up to 0,5-1 ‘mm

long and 0.1 mm thick. It is clear that crystals-

‘are always paralelly oriented. They comprise
20-30 % of the mass.

Chlorite cccurs as small leaf-like aggregates
of the same orientation as the amphibole,
Leaves are 0.1 to 0.3 min long. It amounts to
10 % of'the rock mass. '

- Epidote: occurs as rounded xcnomorplnci

grains regularly dlstnbutcd in the . mass.
* Grains are 0.1 to 0.5 'mm in size. Epidote com-
prises 10to 15 % of the rock mass:

Albite accurs ‘a$ small xénomorphic grains
regularly distributed: in the rock. The grains
;amfrom 0 1 to 0. 3 ;mm in size. It amounts to

: "03 min Iarely of 0.5 mm in size. It'sometxmes

occiirs” ‘as ‘millimetre’ size thin vemlets. It

_ amounts ta 25% of the rock mass.
'~ Timenite is often found as xenomérphlc sha-
' pes,. seldom . as. hypxdxomorp]tuc grains. It is
: wcqu dxsmbu;ed in:the rock mass, The grain
‘8ize is within 0.8 am. _

Metadiabases -

‘Metadiabase occur as lens: hkc bodxes in the
lower Jevel of the series of graphlte schists and
phylites. They can be found as 200 to 300
nieters Jong and maximum 100 meters thick

4.Geologica Balcaniu, 3-4/2003

~this assemblage It amounts to 35% of thq: i

Z occm:s in xcnomorphxc grains of 0 1to

grains .occur individually or as “clusters ol

*  Ilmenite is present as individual xenbmox;phxc’ '

bodies (Fig. 2). They are dark gréen 1o light
green in colour Their texture is fagsive 16
slightly schistose. The stfucture is nema-
toblastic, lepidoblastic and granoblastic and
relicts of blastoophitic structure can. also be
found. Metadiabases are composed of am-
phibole, biotite, chlorite, albite, calcite, quartz
and ilmenite.

Amphiboles ocour as elongated, rodslike 0.3 fo
0.8 mm and rarely 1 to 5 mm long.and 0.1 to
0.2 mm thick crystals. Crystals are not always
clearly oriented in ‘one-direction. They amount
to 20% of the-rock mass.

Biotite commonly oceurts in individual xgno-
morphic elongated leaves reaching 18 mm in
length and. rarely in association: with ofher
leaves. The leaves are of the same orientation
as amphiboles. In some cases they do not &x-
hibit any orientation ~Biotite amoutits 1o 10%
of the mass.

Epidote occurs as xenomorphic grains distrib- i
uted in albite, and also in coarser individual £
xenomorphic grains of 0.5 mm in size. Its.mass :
amounts to 15 %.

Albite fills the space between the coloured

minerals. It occiirs as xenomorphic to hypi-
diomoprhic rod-like crystals, The crystals are

0.5 to 0.8 mm, rarely 1 mm, long and 0.3 to

0.5’ mm wide. ‘A large number of S €n-

close fine epidote grains and, zoisite ‘with.

xenomorphic clacite grains along theperiph~
ery. This is probably due to the saussu-
ritization’ process of basic plagioclases: from

basic diabases that transformed to albite; epi~
dote, -zoisite and calcite. Relicts of primary
plagioclases ‘have mnot been found 'in the:
samples: studied, In individual albite gxams“
amphxbole, epidote and, calcite fine amphib«t =
ol¢ grains can be noticed as-enclosuresindi~ = = ©
cating that albite is the final mineral fomed in '

rock mass.

Calcite is & gommon miteral in: memd.\ab’L £
but rare in chlorite-amphibolite schists.
metadiabases it occurs as alotnomorphi :
grains ranging from 0.1 to.0.2 mm in isize. The

grains with regual distribution in the ;oé.lg | f
cité also occurs in small grains as pxq&ug;ng 0
saussiritized plagioclases. | .
Quartz pccurs as fine ‘individual xcnomoprhm
grains of 0.1 to 0.3 mm in size. -

and hypxdmmorpluc shapes of 031008 mm ot
size, h;

Chemical composition of the minerals
The chemical composition of the mineral

‘25
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1. Serpeniinites; 2, —chlorite-aniphibolesschists, 3 — phyllites, metasandstones and. marbles, 4 —marblestand, . o

cdrbonate schists, 5. nietadiabases, .Gs'gfﬂphi'_te'q@ﬁﬂ;(énd phyllites, 7 —imarbles, 8 — chlorite-quartz-sericite

31 .J'\-.' ‘;
schists, 9 —albite-Juartz-gericite-chlorite schists; 10 = muscovite gnéisses, 11 — micashists and leptinolite, 12~ -~ = *

‘boundary between the Vardar zone and the Serbo-Macedonitn massif, #1-2. simpling/sites
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Table 1

h:
? crqanalyses of amphiboles of chlorite-amphibole sg:hi'srs

! mple. Pl . Pl-2
m Act Mg-Hbl Mg-Hbl Mg-Hbl ‘Mg-Hbl _Act Par-Hb|
TPoint core — nm rim ; core  — 1nim . core _— rim
BSI0, 52.53 45.92 4726 50320 485N 15557 43,89
TN . 0.25 0.28 0.12 0.04 0.02 3
* [0 1251 9.35 '8.04 1907 11.56 343 Ja52%5
CPEeG 17.13 21.74 20.75 6.77 727 | 495 832s *
[ "MnO- 0.30 0.20 0.40 0.09 0.12 1006 013
. M0 12.81 8.29 9,19 1 17.57 1.16.08 1.20:26. 14.82
- [ a0 11.56 9.68 9.03 | 1229 12.37 1253 1”73 ]
- 'Na0. 0.77 227 2.69 1.69 1.83 094 229
K0 0.08 0.37 0.38 0.21 1 028 - 0.29
" [ Toal 97.69 98.07 9822 98.33 97.70 97.76 91.62
7.659 6.797 6.937 7.045 6.808 7.684 6.276
0.341 1203 1.063 0.955 1.192 0316 1.724
8.000 8.000 8.000 8.000 | 8.000 '8.000 8000
0.090 _ 0.427 0.361 0.535 0,733 1 0.242 0.839°
5 0.028 | 0.031 0.013 ' 0.004 D.002 0:000
1.682 1.762 1.584 0.561 10.708 0,467 10.689
0.407 0.929 0.963 '0.228 0.151 0.105 0297
0.037 0.025 0.050 0,011 0.014 1 0.007 | 0.016
2.784 1 1.829 2011 3,653 3.389 4176 3.159
5.000 5.000 15000 5.000 5.000 1 5.000 5.000
1.806 ‘| 1.535 1.420 1.836 1.874 1.856 1.950.
0.194 0.465 0.580 0.164 '0.126 1 0144 0.050
2.000 2.000 2.000 12.000 2,000 | 2.000 2,000
"0.024 0.187 0.186 170293 0376 _ | 0.108 1 0,638
0.015 | 0.070 0.071 0.037 1 0.051 0.000 0,053
T .0.038 0257 0.257 170331 . 0.426 0.108 . 0.638
| Sum'eae 115.038 15.257 15.257 15.331 15.426 15.108 15.638

“Fe** is:the value calculated,

phases was analyzed in order to. find out the
degree of metamorphism and carry out a pre-
cise determination of minerals. This was per-
formed in the IGEM Institute (Russian Acad-
emy of Sciences, Moscow, Russia).

Amphiboles el 4

The chemical coniposition of amphiboles was
_ analyzed with 13 samples (Tables 1 and 2), The
. determination of the .homogeneity of amphib-
__oles was ‘carried -out for the periphery and the
* middle pasts of the crystals, Analyses indi-
- cafed that - amphiboles are homogenous in
. composition or® show prograde zonation. Ac-
cording “to ‘Leakes’s ‘classification (1978) ‘the
.\ middie patts of some of the amiphiboles ana-
. lyzed in chlorite’ amphibole schists indicate
 actinolite composition-and the periphery con+
_mists of magnesite’ horrblende except for one
~ analysis’ which' indicated pargasite hornblen-

‘de. In metadiabases all amphiboles: ahlayzed

are actinolite both in the middle past and in

the periphery (Fig. 8). ,
Homogenous ampbibioles -are actinolite or

magnesite hornblende in composition.

Chlorites

The chemical composition of the chlorites is
shown in Table 3. Chlorites, like amphibolites,
show a nonhomogenous composition from one
to another leafi” = ol A
The difference in the chemical composition.
is probably due to the prograde metamor-
phism that metamorphosed-the schists and
also due to the chemical composition of the:
primary rocks. According “to: Hey's classifica~
tion {1954) (Fig. 4) the ¢hlorite of sample PLAI
was determined as ripidolite, samples PI-2 and
Pl-4 indicated ripidolite- *pycnochlorite “come:
positions and’ sample PI-3, sheridanite-cli-
nochlore. = - .
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Table 2 |
Microanalyses of chlorite, biatite and alblite

Samplqs: PI-1 and PI-2 — chlorite-amphibole schists; Pl-3 and Pl-4- metadiabases

Albite, biotite and ilmenite :
Minerals found in: the schists and_analyzed ini-
cluded -albite (0.70-0.80 An), biotite and il-
menité, The results obtained 'are shown ‘in
Tablé 3.

Metamorphism

The: metamorphici mineral assemblage of acti-
nolite, magresium hornblende, chlorite, epi-

dote .and albite as well as structural-textural

characteristics of rocks investigated indicate

 that they mefamorphosed in conditiops of re-

w series of facies, L
. Many . authors use the variations of the
cheniical composition as an ‘indicator for- the

gional dynamo-thermal metamorphism | in

detérmination of the pressure and température.

of. metamorphism -(Miyashiro, ; 1961;. . Leake,
1965; ‘Rasse, 1974; Holland and, Richardson,

_ 1979; Brown, 1977; Laird and Albee, 1981a).

Thé Laird and Albee’s diagrams for. the
28

¢+ 4 "Mingral iGhl L% Iim Fapta Ab )
{ Sample Pl-1 Pi2 P13 P14 PI-1 PI-3 Pl-1 PL3
Si0; 26.27 29.40 27.54 2734 0,10 3835 68.14 68:02:
TiO; - - 0.07 0.04 4895 (134 - e
ALO; 19.95 23,07 21.09 19.66 = 15.36 1955 . |.19.868
‘FeO' 30.05 918 2108 [ 2326 |- . 17,99 - -
© | MO 032 0.16 0.17 ] 0.23 1245 IR - =
L | MEOr 12.45 26.73 19.06 18.03 026 11373 = |~
4 [cab 0.14 0.16 0.16 0.32 1 001 = 0.15 0i16-
I Na;O 0.26 = = - - 0.16 11.73. 1158
| K;0 - - - 0.05 = 9:15 0.08 —f
Total 89.44 88.70 89.17 99.93 99.79 96.19 99.65. 99.41
0=36 : 0=24 O=8
Si 5.565 5,584 5.554 5.612 5.981 11.952 11.947
Al 2.435 2.416 2.446 2.388 2.019 4.038 |74.065
AV 2542 - 2.744 2.563 2365 ' 0.802 - TG
Ti = = 0.011 0.06 0.157 i —
Fe™ 5.323 1.458 3.555 3.993 2346 | - =
Mn 0.057 0.026 0.029 0,040 0.015 = -
| Mg 3.932 7.568 5.730 5.515 3.192 = =
"Ca 0.032 0.033 . | 0.035 0.070 =5 = 0.028 0.030
Na 0.107 - ~ - 0.048 3.990 3944
K = - = 0.013 1.821 0,018’ =
‘Cations 19.993 19.829 19.923 20.004 116381 20.026 19.986
Fe/Fe + Mg~ 0.58 0.16 0.38 0.42 0,42 "
‘Ab 98.90 99.20
An 0.0 080 |
Or YT —
*FeO calculated as Fe?t | ) 1

chemical compasition of amphibolestavere
used to determinate the degree of mietamors
phism (Laird and Albee, 1981a). I diagrams%
A, B and C (Fig. §) most of the data projectiin = &
the field of biotite zore or-close to it, whereas =
some data (magnesite hornblende only) fall in /8
the field of garnet zone or close to it, Diagram &
B does not provide pood -data because ofithe & =
very low NaM4 values. These data lead'tothe =
conclusion. that metamorphism occurred din &+
prograde gonditions, ' il

The mineral .assemblage of low aluriinjum & &
actinolite, ‘biotite, chilorite, epidote, and‘albite =

is a. characteristic facies of greenschists, = f"?g y
The occurrence of magnesite chlorifegnd &
albite- containing 7% anortitic component "{é
and.magnesite hornblende in individual vrys- =
tals in the periphery of actinolite are indica~ & =
tors that metamorphism was-prograde and i
the degree -of metamorphism. correspondsito
the transition from quartz»—albxweg g‘te;hxu. :

otite to. quartz-albite-¢pidote-almandine subfa- -

cies (Winckler, 1969).
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Fig.4. Classification of chilorite after Hey (1954) .

Estimatmn of P and T

‘The chemical composition of amplnboles and
plagioclases were used for the estimation of P
and T, P for magnesium hornblende was: de-
térmified with the Raase geobarometer (1974).
Data project below or-above the line denoting
approximately 'S kbar and yield the peak of
metamorphism. The Brown geobarometer

(1977) yields P for magnesium .hornblende -

from 4 to''S kbars, whereas data obtained for
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Fig. 5. Projéction of the (:h:micgl composition of amx

phiboles from the chlorite-amphibole schi&tl und -

metadiabases of the diagrams after Laird, Albee

(1981a)

actinolite indicate 2 kbar.
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Estimation of P and T was carried out-“wi;h o

the -Plyusnina hornblende
geothermobarometer (1982). Pressures of 5:6

—

kbars - were. obtained for magnesium hom—i{ t 3
blende and P below 2 kbars for actinolite. T ==

was-found to be around 450°C.

Based on experimental data of Plyisning
(1986) the greenschist facies starts-with ‘the -

occurrence of actinolite-epidote assemblage

29
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%’fi}rﬂana!yses of ampluboles of metadzabases

smple P13 Pl:d
Mineral Act Act Act Adl Act Act
?dlhf.f core - rim core = fim " corc. — rimg
ANSi0y 5536 55.68 54.28 55.03 53,62 5220
| Tify -~ 0.01 - 0.11 0,03 o001 .
y Aljos 1.60 1.24 1.88 1.91 2:50 357
| FeO, 11.00 12.62 12.45 12.02 15;19 15.81
MO 0.21 0.16 10.19 0.27 - 0.28: 0.27.
[MgO 16.59 1637 16.12 16.52 1244 13.51
| £a0 12.22 11.77 12.05 11.72 11074 1 10.75
f Na D 0.74 0.38 050 0.41 1.35 138
TKQ - - 0.07 0.04 021 0.13
[ Total 97.72 98.23 97.54 98.03. 98.36: | 97.63
0:=23 7
Si 7.746 7.753 7.878 7.847 7.655 7,540
Al 0.254 0.247 0.122 | 0.153. 0345 0.460
T - site 8.000 8.000 £.000 '8.000 $:000 8.000
AV 0,062 0.070 0.146 0.053 0.076 0,147
T s TSy { 0.012 = .| 0.001 0.003 0,001
Fer* 1.130 0.920 1.264 1.048 1.249 1336
{1 Fe™* 0.356 1 0.496 0.045 0.439 0.565 0,573
S 0.023 0.032 0.025 _ 0.019 0.034 0033
§ Mg, 3429 3.470 3.519 3,439 3.073 2909
C - site 5.000 5.000 5.000 | 5.000 5.000 5.000
Ca 1842 1.769 1.863 1,777 1,643 1.664
1 Na 1.0.138 To.n2 1.137 0.104 0.357 0336
/| B site 2.000 2.000, 2:000 2.000 2,000 2,000
Na T = "0.067 = 0.038 0.024
R 0.013 -0,007 |- = 0.038 0.024
A- site 0.013 0.007 0.067 = 0.038 0,024
Sum cat '14.993 14.888 15.067 14.881 15.055 15.074
- Fel* ig'the value caloulated,
at T from 350 to 430°C at XCO,= 0.1 and

P s =2 kbar. Anincrease of fluid | pressure Te-
sulted in the incredses the temperature limit to
520°C at fluid pressyre of 6 kbar.

Based on data obtained it can be inferred
that these rocks metamorphosed in conditions
of prograde metamorphism at T = 400-500°C
and P = 2-5 kbar.

Conclusion

Investigations carried out. madé¢ it possible to
draw the the conclusions as follows:

— Chlorite-amphibole schists are composed.

- of agtinglite, Mg-hornblende, epidote, chlorite,
albite, quartz and ilmetite. The metadiabases
‘are ‘composed of actinolite, biofite, epidote,
‘ehlorite, albitg, calcite, quartz and ilmenite:

— The rocks mctamorphosed in regional

‘metamorphism in Barovian series of facies
that, due to their degree of metamorphism,
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correspond to the transition, from quartz-a'[—»
bite-¢pidote-biotite ‘to qnartz-albite- epldom
almandine subfacies.

— Geothermometers. and geothermobare-

‘meters used in the study of the chemical ¢om-

position of actinolite and hornblende revealéd.
that the rocks metamorphosed at T = 400
500°C.and P = 2-5 kbar. ;

— The zonal composition of actinolite from
the centre to the periphery and the occurrénce
of Mg-hornbletide and that of Mg-hornblende
in iridividual crystals indicate prograde 'meta+
morphism.
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