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Garnets from granulite facies rocks of the Moldanubian Zone of Austria have been analyzed with the electron-mi-
croprobe. All garnets were found to be compositionally zoned. Zonation patterns vary and also differ from those known
from garnets in low grade metamorphic rocks. Ca and Fe always exhibit the known zonation patterns (Ca enriched in
garnet center, Fe enriched at edges). Mn is generally distributed evenly in most of the garnets and, if variable, exhibits
a ‘reverse’ zoning (enriched at edges as compared to cores). These Mn zonation patterns suggest either readjustment of
garnet surface compositions to lower temperature conditions or garnet growth falling temperature. Evenly distnbuted
elements within the central portion of garnets, the rather common even distribution of Mn throughout garnets, and
the low fractionation factors for Mn between garnets and rock systems suggest a rather high-temperature origin of the

Austrian Moldanubian granulites.

1. Introduction

Zonation is common in many metamorphic miner-
als. Since the electron-microprobe has become a wide-
\ly used tool in petrological investigations, many cases

"of compositional zoning have been discovered. Zona-

Iy structures in garnets have been described from me-
sozonal pelitic schists [1-6], Norwegian eclogites [7]
and eclogites from northern Spain [8]. A slightly zo-
ned garnet from a charnockite of the Varberg area,
Sweden, has also been mentioned [9].

Two kinds of zonation trends have been recogni-
zed [6]:(1) The zonary arrangement is regular, and
the variation in the content of an element may be des-
cribed by a single curve of a bell-shaped form. Such
patterns are typical of continuous growth during one
metamorphic event. (2) The zonary arrangement
irregular. At least two metamorphic events are neces-

sary for the development of such a pattern [10].
Generally in regular zonations Ca and Mn are con-
centrated in the core, whereas Mg and Fe show a re-
verse tendency. The interpretations of this type of
zoning are given in [3] and [5], and we will call such
purely descriptively ‘normal zoning’. Both Atherton
[3] and Hollister [5] explain the ‘normal” Mn enrich-
ment in the core of garnets by a Mn fractionation me-
chanism between the local rock system and the grow-
ing garnet. There exist, however, other interpretations
involving garnet growth during increasing grade of me-
tamorphism [2]. All these investigations have been
carried out on garnets which were taken from meso-
zonal pelitic schists, and therefore came from a lower

grade of metamorphism than the granulite facies gar-
nets described here. Deviations from this ‘normal zon-
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In summary the compositional zoning in BArNes

discussion on the Mn distribution,
facies rocks of L

The fractionation factors Kxpn found by s
Moldanubian granulite fug

Austria shogs:

ies rocks are shown in 1
(1) Ca0 and FeO in all cases exhibit “normal’ (Cag e ki

3. Ky varies somewhat ang lies between ISad7y
high in centers, FeO high at edges). The degree of zo- Thus, &y in our rocks 15 lower by far than (hoss r Sy
ning, however, varies, and the distribution of the ofe- ported from Dalradian rocks, where it uilrnh-.iﬂmf.j"fnn-;l--
MENts may be either continuously changing over he 81 in the low-grade mineral Z0M0s 1o 28 {n-.ﬂi_ﬁ'iﬁi!ﬁ'
entire grain or change more or Joss abruptly near the lite—kyanite zone [5].
edge of the grain, It can be concluded that lemperatures during the

(2) MgO usually shows 3 fa zoning which can he Moldanubian granulite facies metamorphism must
‘nomal’ or ‘reverse’. The most pronounced zoning clearly have been higher than those necessary for the
occurs in a garnet of high MgO content,

formation of amphibolite facies rocks. This view js
supporied by the observation that in some rocks the
zamets do not show any Mn-zoning at all, which im-
plies equilibration of Mn-distribution by thermal dif:
fusion whithin those garnets, :

Since Ky, is ahove unity, gamet growth under the
conditions metioned above should also reveal a ‘nor-
mal’ zoning, i. ¢., enrichment of Mn0) in garnet cen-
ters. Therefore, the observed ‘reverse’ Zoming of MnO
can only be explained by:

(1) falling temperature during or after gamet
growth;

(2) changing crystallization rates;

(3) late mineral reactions; and

(4) changing pressure.

The changing crystallization rate wis probably
effective in shortlived contact metamorphic events ERTEA
[10]. In regional metamorphism crystallization rates ot )

- AN B

may be apt to change, Dramatic :hﬁn_ﬁ:ﬁ;hﬁq{gﬁi{,@f- g
are not likely to occur in deep seated metamorphic.

{(3) MnO is gene rally very low and ig is distributed
evenly in most of the grains we investigated. Zoned
distributions are always “reverse’ (MnQ high at edge).

4. Discussion

Zonation in garnets from various metamorphic
rocks has been explained by a continuous fractiona-
tion between the local rock system and the growing
garnet |3, 5]. Provided that: (1) there is no diffusion
of the particular element in the growing garnet; (2)
the diffusion of this element in the local rack system
is rapid; and (3) the fractionation factor for that ele-
ment between the local rock system and the garnet is
constant over the growth period of the gamet, the
development of a regular elemental zoning can be des-
eribed by a physical phenomenon, known as Segrega-

tion. This principle, which is widely used in zone refi- . e do-not cbserre ayiForis ol cr SR
ning, leads to enrichment or depletion of a certain ele- rocks. lf'ﬂl":ﬁ' we ki a5 eraleie 1 dﬂﬁnﬂf 45

ment in the growing phase as compared to the system phases in our rocks, i
depending on whether the fractionation factor & be- o e
tween growing phase and rock system is larger or mlml- M50 conien nt sronl Mo s T
ler than unity. For the garnet-rock system the fractio- o

tion {in weight per cent) of the corresponding rocks ik
nation factor can be defined as with the fractionation fsctor kygy. Bulk MO content

:.-'.i_l -~

v
5y

unpublished analyses.

Ciamel cenfer

f.-}." ! MnO M}
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] DW 379 o8 05

where Cp is the concentration of element £ [5].

; DW 823/1 0.09
OfF all the elements varying regularly in metamor-

DW 82311 0.03

phic gamets, Mn has been chosen by many investiga- GS;;:;H g.:z
tors as that one which in its distribution most |:'n:ﬂb:|- P :
bly reflects the temperature and pressure conditions

PW 517 0.27

during growth [19]. We will therefore concentrate our
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