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Replacement of cordierite by basic plagioclase

ABSTRACT: The process is described of the replacement of cordierite by basic
plagioclase associated with subordinate chlorite and sporadical biotite. It took place
during regressive metamorphism of the metamorphic Krynki series (Precambrian
substrate of NE Poland) developed in the hornfels facies, with calcium and alkalies
supplied probably under a low pressure and temperatures ranging from 330 to 580° C.
The recognized plagioclase has been analysed on a universal stage for its compo-
sition, facial development and orientation in relation to the cordierite being replaced.

INTRODUCTION

The formation of cordierite at the expense of plagioclase by a meta-
somatic supply of magnesium (Bugge 1943) is a commonly known fact.
The present writer has, however, observed an opposite phenomenon, i.e.
the development at the expenses of cordierite, by the introduction of cal-
cium and alkalies, of a strongly basic plagioclase, belonging mostly to
bytownite, associated with relatively scarce chlorite and sporadical biotite.
A small-scale process of this kind occurred locally during regressive me-
tamorphism of a rock assemblage developed in the amphibole-hornfels
and pyroxene-hornfels facies (Krynki series, cf. Ryka 1964) pierced near
the village Plebanowo, E of Biatystok (NE Poland).

The regressive metamorphism of this rock complex is expressed by
the replacement of: cordierite by anorthite, chlorite, pinite; of plagioclase
by calcite, muscovite, quartz, sericite, epidote; of potash felspars by seri-
cite; of amphibole by biotite, chlorite, talc; of garnet by biotite and chlo-
rite; of biotite by chlorite; of sillimanite and andalusite by chlorite and
colourless fine-grained mica. The banded arrangement of the particular
products of regressive metamorphism is observable in the rock complex
investigated. The replacement of cordierite by basic plagioclase has ta-
ken place exclusively in the bottom parts of the rock complex, at a depth
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between 684 and 725 m, within the cordierite-biotite-plagioclase gneisses
(cf. Pls 1—2). Most probably it represents the highest temperature phase
of cordierite in the regressive metamorphism of the above rock complex.

TRANSFORMATION OF CORDIERITE

Various stages of the replacement of cordierite by basic plagioclase
have been observed in the rock complex under consideration. This process
starts at the rim of cordierite grains and consists in the development, at
the expenses of cordierite, of a narrow fine-aggregate plagioclase zone
intercalated by thin plates of chlorite and sporadic biotite and invading
cordierite by an uneven inter-toothed surface (Pl. 1, Fig. 1). This zone
widens (Pl. 1, Fig. 2) and, here and there, it closes up isolated cordierite
relics (PL. 1, Fig. 3). Finally, the cordierite is fully replaced by a fine-
-grained aggregate of heterogenic plagioclases with delicate chlorite in-
tercalations (Pl. 1, Fig. 4). The irregular intricate boundaries of the pla-
gioclase grains reasonably suggest that the aggregates have not attained
their state of equilibrium. Here and there the occurrence is observed of
plagioclase aggregates, more coarse-grained and with more regular grain
boundaries (Text-fig. 1 and Pl. 2).

Chlorite accompanying plagioclases belong to clinochlore or prochlo-
rite. It occurs as extremely thin plates, undeformed and enclosed in pla-
gioclases, also as thicker plates, often polisynthetically twinned, isolated,
sometimes with a fan-like arragement. The sporadic biotite formed in
place of cordierite displays minute undeformed plates pleochroic in
brown.

CHARACTER OF PLAGIOCLASES

The plagioclases formed at the expenses of cordierite are anhedral
and heterogenic. They have been studied under strong (X 32) magnifica-
tion on the universal stage, with dual marking of the position of the
crystallographic and optical directions. The composition of plagioclases
has been determined on the o/010 angle in section _L [100] and verified
.on the basis of full optical orientation using the Burri, Parker & Wenk
(1967) diagrams. The composition of some grains has also been determined
on the position of the rhombic section. These investigations show that the
composition of the plagioclases here considered ranges from Angg to Anjg
[<C a’/010 = 47°] in most cases belonging to the Ang-gy bytownite. The
majority are untwinned and form incidental jointing, less often they are
with rare albite and pericline twins. The albite twins consist of rare
lamellae, varying in thickness, often fairly irregular, often not traversing
the whole grain and ending blindly without thinningout. It is doubtless
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Table 1
Composition of plagioclases presented in Texi-figs 1—3 and Pl 2

Anorthite content in plagioclase grains

Grain} minimal most ‘common maximal
Aggregate - ™
00- | « /010 | An | €«'/010 | An-| <a’/010 | &n°
Liog % Lfoq % 1 hog %
1 36.8° {67 | 40.5° [77 | 43.6° |e7
2 33.3% le1.5] 39.8° {75 41.8° ls0.5
1 3 33.8° le2 38.2° |71 40.0° |{75.5
/PL.2, fig.1/
’ 30.7° i57.51 34.5° 163 34.6° {63
4
- s = - - - 96* |

5 35° 63.51 37.5° 167.51 39° 73

43.5 - -

112 - -1 23.3
I - -1 40.8° |78 -
/712, tig.2/ 3.4 4 36° 65 | 29.0° |73 39° B
3 i N T

* Determined on the position of rhombic section which meets plane 001 at an angle of —i17°.
** Determined on the ‘position of rhombic section.which meets plane 001 at an angle of —8°,

that the albite twins are primary in character, i.e. they formed during
the growth of plagioclase. The pericline lamellae are thinner than those
of albite, in some spots of the grain fairly numerous and often thinning
out. The jointings of plagioclases. are illustrated by the example of two
aggregates marked I and II in PL. 2, while the orientation of the c'rystalfo-
graphic and optical directions is given on stereographic projections (Figs
1 and 2) oriented identic¢ally as in the photographs. Parts of aggregates
differing in orientation are marked on the photographs with numbers cor-
responding to the numbers on projections referring to the crystallograp-
hic and optical directions of those parts. The composition of plagioclases
in the aggregates here considered is shown in Table 1.

In aggregate I (Text-fig, 1; PL 2, Fig. 1) the parts marked 1, 2, 3 form inci-
dental jointings. Their 010 planes meet at angles of 5—14°, the 001 planes at angles
of 12—14° and the {100] directions at angles of 6—13°, Fields 2 and 4, also 3 and 5
form albite twins umited by well developed 010 planes (plotted onto the projection)
and by other less well developed planes (not plotted onto the projection), situated
approximately within the [100] zone. Within parts 4 and 5 there are very thin pericline
lamellae. In section oblique to the composition plane these occur as blurred streaks.
Hence in aggregate I there are three parts with haphazard but similar orientation,
reasonably suggesting that the aggregate developed out of three nuclei having a
similar orientation. ' .

Aggregate II (Text-fig. 2; Pl 2, Fig. 2) consists of homogenic andesine with
Manebach twins (I and 2) which occurred in association with cordierite, and of a
younger non-homogenic aggregated bytowmite (3—5) with albite and pericline twins
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formed at the expense of cordierite, Under the microscope this aggregate might
possibly suggest that bytownite encasing the-older andesine used it as a nucleus.
A more detailed analysis shows, however, that andesine had no strong bearing or
the orientation of bytownite. The mutual position of the various parts of byftownite
is shown in diagram (Fig. 3). As microscopically seen the aggregate might suggest
that parts 4 and 5 of the bytownite grow on part 1 of andesine. The 001 planes of
parts 1 and 5 are concordant, while the orientation of the optical vectors reveals that
part 5 occupies a position which may be obtained from part 1 by a rotation of 180°
round the [100] direction. Within part 5 there is a thin pericline lamella. Part 4 turns
at an angle of c. 15° from part 5 round a direction approaching [100]. Part 3 is in the
position of albite twinning in relation to part 4. In some places they are united by
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Fig. 1

Stereographie projection of the basic plagioclase aggregate I (presented in Pl 2,
Fig. 1; orientation of the projection identical as that in the photograph)

1 optical vectors of the plagioclase parts with composition predominant within the given grain
(Angg-77), 2 optical vectors of plagioclase parts poorest in anorthite (Anzg-g;) within the given
grain, '3 optical vectors of plagioclase parts richest in anorthite (Angs-g;) within the given
grain, 4 axes of albite twins, 5 mormals of 010 /planes, 6 normals of 001 planes, 7 mormals
of the planes of pericline lamellae (thombic section), 8 — [100] directions, 9 composition pla-
nes of albite lamellae, 10 numbering of the various plagioclase parts identical as in Pl 2, Fig.1



REPLACEMENT OF CORDIERITE BY BASIC PLAGIOCLASE 513

well developed 010 planes, in others by less well developed planes lying approxima-
tely in belt [[100]. Part 3 is slightly turned from part 3, so that their 010 planes meet
at an angle of c. 2°, and their 001 planes at an angle of c. 7°. Part 3 of bytownite is
slightly turned from part 2 of the andesine, so that their 010 planes meet at an
angle of c. 9°, and the 001 planes at an angle of c. 13°. Parts 3’ of the bytownite and
2 of the andesine are so mutually placed that their 010 planes meet at an angle of
c. 8° and the 001 planes at an angle of c. 7°. B

Thus, the plagioclase here described consists of three parts of bytownite
haphazardly but similarly oriented in disconformity with the orientation of older
andesine. This may suggest that the aggregate developed from three bytownite nuclei
formed within cordierite, while andesine associated with cordierite had not been

o] o7 «3 @4 ®F +§ X7 X§ —-—-- 9 (1-5)w
Fig. 2

Stereographic projection of the plagioclase aggregate II (presented in Pl. 2, Fig. 2;
orientation of projection identical as that in photograph)

1 optical vectors of primary andesine, 2 optical vectors of bytownite formed at the expense of

cordierite, 3 optic axis, 4 axis of the Manebach twinning of andesine, 5 axis of albite twinning

of bytownite, § normals of 010 planes, 7 normals of 001 planes, 8§ normals of the composition

plane of the pericline lamellae of bytownite (rhombic section), 9 — [100] directiomns, 10 compo-

sition planes of twins, 11 numbering of various parts of plagioclase identical.as thet inh PL 2;
© 'Fig. 2

\
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used as a nucleus. Hence, it may be concluded that during a certain phase of regres-
sive metamorphmm of the rock association tunder investigation, there was a tendency
for the formation of bytownite nuclei within cordierite. -

Of special interest is the fact that in both the above cases, the bytowmte nu-
clei, produced mde{pendently of each other within the cordierite, are similarly orient-
ed. This might suggest that the bytownite nuclei used for bhelr development certain
la‘tblce elements of cordierite.

A large mon-ocrystallme cordierite grain, the varlous parts of whmh repre-
sent Particular phases of replacement (Pl 1, Figs 1—3) was selected for investigat-
ing the interdependence of the -orientation of cordierite and that of plagioclase.
The orientation of the 010 and 001 planes of plagioclases (Ang—Anyg) replacing
cordierite, to the principal optical vectors of cordierite, was determinéd on the uni-
versal stage. The results are shown in the stereographic projection (Fig. 4), onto
which — on data from the literature (Dana 1904) have also been plotted the cordie-
rite planes. In - this proaectmn, the (010), (001) and {100] directions of plagioclases
are grouped within fields the angular centres.of which coincide with the mormals
of the potential cordierite planes. The (001) .directions of plagioclases are grouped
around the (342) direction of cordierite, the distance between them being up to c.
30°. The (010) plagioclase directions are concentrated around the (1104) cordierite
direction, never being deviated by more than c. 22 degrees.

The above data reliably indicate a connection between the orienta-
tion of cordierite and that of plagioclase, i.e. that the determined crystal-
lographic directions of plagioclases coincide -with the determined, relati-
vely big cluster of the crystallographic directions of cordierite.

PR

THE SUPPOSED DEVELOPMENTAL CONDITIONS

-

The development of the bytownite + chlorite association at the ex-
pense of cordierite was made possible in a hydrated environment by the
introduction of Ca and Na and the expulsion of SiO,. This is illustrated
by the reaction of the metamorphic changes of cordierite (having a theore-

PLATE 1

1 — Narrow zone of small aggregates, built of basic plagioclase, scarce klinochlore
and sporadic biotite, formed at the expense of cordierite. To the right: fragment
of a large cordierite grain, to the left — quartz. .Cordierite-biotite-plagioclase
gneiss; X 103, nicols crossed.

2 — Wide zone consisting of basic plagioclase, chlorite and sporadic biotite, formed
at the expense of cordierite: fragment of a strongly altered part of a cordierite
grain presented in the preceding photo; X 103, nicols crossed.

3 — Relic cordierite (bottom of photo) embedded among finely aggregated association
of basic . plagioclase associated with chloribe: fragment of a very strongly
altered part of ‘the cordierite grain presented in photos 1—2 of this plate;
X 175, nicols crossed.

4 — Assemblage of fine-grained basic plagioclase with delicate chlorite ingrowths,
fiormed at the expense of cordierite; X 103, nicols crossed.
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Diagram. shompg the mutual orientation :of varmus parts of the plag‘mcﬂase aggre-
gate II (cf.-PL 2, Fig. 2 and pro:ectmon in Text-fig. 2j -

1 planes, 2 composition planes of twins, 3 axes of twins, 4 numbering of the particular parts
of plagioclase identical as in Text-fig. 2 and Pl, 2, Fig. 2, 5 primary andesine, 6 secondary
bytownite formed at the expense ‘of cordlemte .

tical composﬂ:lon) into the bytownite (c. Ansg) + chlorlte + quartz asso-
ciation
10 MgpAlSiz0g + 9 CaO + NayO-+ 20 H,0 —

cordierite
— 9 CaAlgSiyOg + 2 NaAlSigOg + 10 Mgy,ALSiOs(OH); + 16 SiO,
bytownite (c. Angs) septochlorite quartz

(amesite)

If the composition of the plagioclase replacing cordierite was c.
Angs, an analogous reaction would produce a quartz-less association made
up exclusively of plagioclase and chlorite. The formation of a more basic
plagioclase leads to excess of SiO,. The absence of quartz in the bytow-
nite + chlorite association here described suggests the removal of excess
of silica during the transformation of cordierite.

PLATE 2 .

1 — Aggregate I of basic plagioclase, formed at the expense of cordierite, with
delicate chlorite ingrowths (hardly detectable in the photo): parts 2 and 4, also
3 and 5 are with albite twinning, within parts 4 and 5 occur thin pericline
lamellae, hardly detectable in the photo as blurred streaks; parts 1, 2 and 3
are haphazardly united; X 103, nicols crossed.

2 — Aggregate II of basic plagioclase (3—b5), formed at the expense of cordierite,
coating a grain of older andesine (I—2) with Manebach twinning; parts 3 and 4
of the-bytownite form albite twins, a thin pericline lamella is visible in part 5;
parts 3, 3’ and 5 are haphazardly united; X 582, nicols crossed.
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The question now arises under what physical conditions the above
reaction could take place.

022/
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Orientation of basic replacement plagioclase in relation to cordierite

1 crystallographic axes of cordierite, 2 chief crystallographic planes of cordierite, 3 planes of

cordierite (after Dana 1904), 4 — [100] directions of plagioclases, 5 normals of 010 planes of

plagioclases, 6 normals of 001 planes of plagioclases, 7 line delimiting the occurrence field of

a given crystallographic direction of plagioclase, 8 direction of cordierite coinciding with the

angular centre of the area delimiting the occurrence field of a given crystallographic direction
of plagioclases, 9 plagioclases

During the progressive metamorphism of the rock sequence under
consideration one of the associations then formed was sillimanite + an-
dalusite + potash felspar, while the muscovite + quartz association was
unstable. According to Hess (1969) the above stable association should
have formed under a temperature > 675° C and pressures << 4.1 kb.

In the stage of the replacement of cordierite by basic plagioclase
and chlorite during the regressive metamorphism of that rock association
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there occur no signs of deformation to indicate the static character of
the prevalent -pressure. It seems reasonable to suppose that this pressure
was not’ higher, but more likely lower than that prevalent during the
progressive metamorph1sm of the rock sequence; Fig. 5 showing the lower
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Figs

Supposed field with the stable anorthute+'chlor1te association, and unstable
cordierite under a pressure of < 4.1 kb

1 zoisite, 2 AlySiOy, 3 pyrophyllite, ¢4 anorthite, 5 cordierite, 6 quartz, 7 staurolite, 8 biotite,

9 line delimiting the fields of the associations: chlorite + andalusite, and cordierite + stau-

rolite, also biotite + cordierite + andalusite and chlorite (after Hess 1969), 10 line delimiting

the stability fields of anorthite + HyO and zoisite + pyrophyllite + AlySiOj (after Nitsch 1971),
11 supposed stability field of the anorthite + chlorite association

boundaries of the stability fields of anorthite (Nitsch 1971) and cordierite
(Hess 1969) suggests that under a pressure of <<4.1 kb, the temperature
of the formation of the basic plagioclase - chlorite association ranges
from 330 to 580°C.
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ZASTEPOWANIE KORDIERYTU PRZEZ ZASADOWY PLAGIOKLAZ

(Streszczeme)

Dotychczas znany byt fakt rozwom kordierytu kosztem p]Jagmkllazru na dro-
dze metasomatycznego doprowadzenia magnezu (Bugge 1943). Aufor zaobserwowal
zijawisko odwrotne, a mianowicie zastegpowanie kordierytu przez zasadowy plagioklaz
(Ang—Anyg) nalezgcy przewaznie do bytownitu, a stowarzyszony ze stosunkowo
nielicznym chlorytem i sporadycznym biotytem (por. pl. 1—2). Proces ten rozwingt
sie na niewielks skale w toku regresywnych przemian krynkowskiej serii metamor-
ficznej przewierconej w Plebanowie k. Bialegostoku; przebiegal on przypuszczalnie
pod niskim ciénieniem (< 4,1 kbar) w temperaturach mieszczgcych sie w zakresie
330—580°C (fig. 5), w warunkach. doprowadzenia wapnia i alkalibw. Zasadowy pla-
gioklaz powstajagcy kosztem kordierytu ma tutaj budowe agregatowsg. Dwa agregaty
plagioklazowe (por. pl. 2) zbadano na stoliku uniwersalnym, charakteryzujge ich
sklad (tab. 1), orientacje (fig. 1—38) i wyksztalcenie, oraz stwierdzajgc, ze istnieje
zwigzek miedzy oriemntacjg kordierytu i zastepujgcego go plagioklazu (por. fig. 4).
Zwré6cono tez uwage, Ze panujgce w czasie omawianych przemian warunki fizyko-
chemiczne szczegblnie sprzyjaly tworzeniu sie zarodkéw zasadowego plagioklazu
w kordierycie, podczas gdy kwasniejsze plagioklazy kontakiujgce z ziarnami kordie-
rytu, nie byly wykorzystywane jako tego typu zarodki.

Instytut Geochemii, Mineralogii i Petrografii
Uniwersytetu Warszawskwgo
02-089 Warszawa 22, Al. Zwirki i Wigury 93
Warszawa, w styczniu 1973 r. ] ;
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