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DISTRIBUTION OF ELEMENTS BETWEEN
COEXISTING PHENGITE AND CHLORITE FROM LOW
GRADE ROCKS FROM SKYROS ISLAND, GREECE

E. BALTATZIS*

Abstract.

Distribution of Fez+ and Mg between coexisting phengite and chlori-
te shows a linear trend. The distribution coefficient KD(Fe) is influenced
in part by XFe of phengite. The tie lines for the smineral rairs on the
triangular diagram show a subparallel trend. The Mg/Mg +Fe2+ of chlorite
varies sympathetically with the Mg/Mg+Fe2+of the rock.

Introduction

No prior determination of partition coefficient among coexisting pha-
ses for low grade metamorphic rocks from Greece is known to the writer,
hence the reason for the present study. This study was undertaken in Tow
grade rocks from Skiros island. Details on the geology of the island of.
Skiros, may be found in Melentis (1973) and Jacobshagen and Skala (1976),

The mineral assemblages observed in the rocks studied include the
following:
albite +white mica = epidote
albite +white mica + chlorite * epidote
albite +epidote
A1l the above assemblages + quartz, * calcite * Fe-oxides.

This paper discusses the distribution of element between coexisting
phases in rocks of greenschist facies metamorphism from Skiros island,

Greece (Fig. 1).
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Fig. 2. Major element fractionation of Fe2+versus Mg in coexistina
chlorite + white mica pairs.
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Mineral and rock chemistry.

XRF major element analyses of representative samples, computed on a
volatile free basis, are given in Table 1, together with their mineral
assemblages.

Mineral analyses (Table 2 )}, were performed at the University of Man-
chester, using a Gambridge Instrument Geoscan fitted with a Link Systems
model 290-2KX energy-dispersive spectrometer and ZAF-4/FLS quantitative
analysis scftware system.Operating conditions were 15 kV accelerating
voltage and 3nA speciment current on cobalt metals. Accuracy, precision
and detection limits of energy-dispersive electron-microprobe analyses of
silicate used are gijven by Dunham and Wilkinson (1978).

Chlorite

According to Hey’s (1954} classification scheme,the chlorites from»
the quartzfeldspathic rocks (samples 205,511, Table 2) fall into the ri-
_pidolite field, whereas the chlorite from metabasic rocks (samples 30,35,
Table 2) 1je within the pycnoch]orfte field. Chlorites from samples 205,
511 tend towards relatively more Al- and Fe- rich compositions, whereas
metavolcanic chlorites (samples 30,35) are more magnesian. Similar ranges
in compositions are reported by Ernst (1983). The analysed chlorites show
replacement of silica by aluminjum within the range i§i3‘02 A]0.98§ to

{512.67 A]1.33 § which is close to that observed in chlorites from other
areas -of similar or 1ittle higher metamorphic grade {Kawachi, 1975; Balta-
tzis and Katagas,1934).The small variable amounts of K, Ma and Ca, obser-
ved which are consistent within a single thin section, suggest the pos-
sibility that some of the analysed chlorites may be represent regular
submicroscopic intergrowth with phengite paragonite and margarite (Ernst,
1983).

Muscovite

Atomic proportions for 0=22 per formula unit, computed as if all
Fe is present as Fe2+ are listed in Table 2 . A1l are clearly phengitic
with Si/A1 in their tetrahedral sites much higher than 3:1. Thus, the
white micas analysed are comparable with phengites from low temperature
metamorphic terrains (Brown, 1967 ; Coombs et al; 1976; Ra0O, 1977;
Katagas and Panagos; 1979; Baltatzis and Katagas, 1984).Furthermore, in
the metabasic rocks (samples 30,35), the white micas are richer in cela-
domitic molecule (~32-33% ), whereas in the quartzfeldspathic rocks
(samples 205,511), the celadonitic molecule in the white micas are lo-
wer (~12-17%). This relationship reflects the difference in the bulk
rock composition (Tablel ) and is reported by Liou et al, {1981), Bal-
tatzjs and Katagas (1984).
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7able 1. XRF Bulk Rock analyses of representative samples and their mineral

assemblages

205 .51} 30 35
510, 68.49 68.86 47.67 48.73
A1203 15.37 14.81 16.46 13.60
Fe203 4.32 5.64 g.18 11.06
Mg0 1.90 4.13 10.87 11.96
Ca0 4.26 0.91 6.80 9.46
Na,0 2.81 3.22 2.96 3.18
K0 2.03 1.68 2.50 0.13
Ti0, 0.64 .  0.67 2.45 1.45
MnO 0.02 0.02 0.19 0.20
P205 0.16 0.23 0.57 0.20
Total 100.00 100.17 99.65 99.97
Quartz X X X X
Albite X X X X
Chlorite x X X X
Muscovite x X X X
Epidote X
C1px{relics) X

Table 3. Relationship between XMq for muscovite (phenaite)
and the distribution coefficient (KD) for the coe-
xisting mineral pairs.

musc-chl musc
Sample KD(Mg) XMg
205 0.099 0.052
511 0.121 0.075
30 0.188 0.202
35 0.234 0.217
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Table 2. Analyses of coexisting chlorite = phutigite,

Chlorite ‘Phengi te
si,  25.37 47.05
Tio, - 0.48
R0y 22.49 33.49
Fe0 26.01 2.39
Mgo 13.23 1.06
Mn0 0.26 -
Cal - -
Na,0 0.53 0.43
K,0 0.14 9.82
Total  88.07 94.72

14(0) 22(0)
si 2.67 6.30
atv 1.33 1.70
avi 1.46 3.50
T - 0.05
Fe'? 2.20 0.27
Mn 0.02 -
g 2.08 0.21
Ca - -
Ka 0.11 0.11
K 0.02 1.68
cely 11.65
Fe'lfy,  1.101 1.286
KD=(re/Mg)C_h1'I 0.856

(Fe/Mg)

phen.

511
Chlorite Phengite
25.77 47.16

- 0.37
21.78 30.57
24.03 3.33
15.10 1.50

- 0.78

- 9.24
87.10 92.95
14(0) 22(0)

2.1 6.46
1.29 1.54
1.42 3.40
- 0.04
2.12 0.38
2.3 0.31
- 0.21
- 1.62
16.71
0.895 1.226

0.730

30

Chlorite Paengite

29.12
18.24
16.83
22.5%
0.43

2.36

87.49
14(0)
2.94
1.06

1.1

0.419
0.652

50.86

0.34
0.07
1.79
33.17

0.643

35
Chlorite

.30.08
17.68
18.66
21.17
.0.30
0.17
0.34
£2.39
-14(0)
3.02
0.98
1.11

Wnoiakni BiBAI0BKn "OedppacTog” - TuRua Mewloyiag. A.MN.O.

Przngite

23.2
3.73
4.43

11.10
94.36
22(0)
6.98
1.02
2.81
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Partiticning of elements among coexisting phases.

In recent years considerable attention.hasbeen devoted to the de-
velopment of geothermometers based on temperature - dep¢ndent Fe- Mg
partionioning between coexisting ferromagnesian phases. The general
phenomenon of element fractionation between coexistng mimerals was sy-
stematically treated firstbyRambery and de Vore (1951). Subsequently,
the partitioning of cations between coexisting minerals ... . been inve-
stigated by numerous authors; an up to date summary of the theory and
some natural examples were providel by Saxena (1973). Partinioning
is a function of temperature, to a minor extent, pressure and for non-
ideal solutions, the compositions of the participating phases. For
major element distribution fhvo]ving exchange of the type:

+ Mg +Mgbiotite , an equilibrium constént

/

Febiotite chlorite = Fech]orite
may be defined for fixed variables (P,T) as KD=(Fe/Mg)

(Fe/Mg)biotite‘

chlaorite

No prior determination of partition coefficient among coexi-
sting phasés for low- grade metamorphic rocks from Greece .is known to
the writer, hence the reason for the present study. In addition, simi-
lar studies on low-grade metamorphic rocks are very few (Ernst, 1964;
McMNamara, 1965; Brown, 1967; Ra0, 1977; Ernst, 1983),
Although a moderately number of microprobe analyses of minerals was obtai-
ned in the present study, few data were determined from any specific rock.
Thus, the number of analysed coexisting phases is not large, Gonclusions
must be regarded as tentative. Table 2 gives the values of Fe2+/Mg for
phengite and chlorite and the distribution coefficient for the 4 coexi-
Sting mineral pairs from the Skiros island rocks. The partitioning of
ferrous iron and magnesium between coexisting pairs chlorite white mica
are illustated in Fig.2 , on which the best fit straight line is shown.
The equation of the straight line in Fig.2 is Y=0,7536x+0.043. The avera-
ge KD(ﬁe/Mg) value of this study (KD=O.82) is higher than those of Ra0
(1977} and lower than those of Ernst (1983). This suggests that the rocks
of this study have formed at temperatures higher than those of RaQ (1@77)
and lower than those of Ernst (1983).
musc-chl
In the analysed minerals, KD(Mg) values (Table 3) shows a
systematic variation with the content of tetrahedral Al or octahedral Al
of either chlorite or phengite (Tables 2 and 3). On the contrary, Ra0
(1977) has been observed no systematic variation between. these parame-
ters. In addition, Table 3 gives the values of KE?;;§Ch] and XE;SC for
coexisting phengite and chlorite from Skiros island récks, vihere the
expression X, stands for Mg/Y, where Y is the octahedral catjon total.
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The KDT;;;%'““ ranges from 0.009 - 0.234 with an average of 0.161. Fig.3
is 2 plot of KE?SSSCh] versus XMEUSC. The plot shows a generally sympathe-
tic variation between the two parameters. Similar variations though not

highly regular, has been reported by Ra0 (1977)

Approach to equilibrium

Inspection of the S- A -F diagram (Fig 4 ), where the three coor-
dinates represented are S$=Si, A=Al and F=Fez++Mg, shows that the tie lines
between coexisting chlorite -phengite of this study do not cross each
other suggesting attainement of cquilibrium(Greenwood, 1967; Saxena, 1969).
The generally subparallel nature of the tie lines between the coexisting
phengite and chlorite (Fig 4 ) suggests that the variations in the compo-
sition of the minerals are governed by the change in bulk composition of
the rocks (Table 1). McNamara (1965) found two families of the lines bet-
veen potassium.micaand chlorite from greenschist facies rocks of the Scot-
tish Highlands and attributed this to coarse and fine grain size of the

mineral vairs. Ra0 (1977) studying coexisfing phengite and chlorite pairs
from the greenschist facies of the Tennant Creek area, Central Australia,
observed a suboarallel trend. He suggests that the variation in the mine-
ral composition is governed either by the bulk composition of the rocks
or by the variation in P and T in the Tennant Creek area.

P- T conditions of metamophism

In the rocks studied some of the metamorphic mineral assembla-
ges encountered in this island such as quartz-albite- chlorite-whi-
te mica £ epidote are not considered diagnostic of P - T conditions
being common in both ﬁegionalgreenschistfacies and the albite ho-
rnfels. In the absence of mineralogic geothermometers/geobarometers,
the assignment of specific conditions of metamorphism is difficult
indeed. In spite of, Velde (1964) has given a temperature of 300°¢C
with PH
ge ofqd%rtz-potassiumnﬁca and chlorite, while a higher temperature
( 400°C) 1is favoured by Winkler (1979) as the lower limits for the
greenschist facies. Judging from other well studied, similar para-

0 =2Kb for the first appearance of the greenschist assembla-

geneses, a provisional estimation for the rocks studied would involve
temperature of 320 &+ IOOC, with lithostatic pressure on the order
of 3kbar. This estimate takes into account the absence of biotite

and garnet “fyrom the rocks studied.
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Fig. 3. Plot of xﬁ;“ and Kg‘(‘f’g;c’” from Skiros island.
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Fig. 4. S.A.F. diagram of the analysed coexisting chlorites and
phengites.
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