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ABSTRACT

Myrmekite is a common textural feature in many magmatic and metamorphic rock types. Nevertheless, there are several theories concerning
its genesis; myrmekite may form by igneous crystallization, solid state exsolution, progressive or retrograde metamorphism, metasomatism
or even as a result of complicated deformation mechanisms. In this paper a brief compilation of these models is given and classified by
myrmekite forming processes instead of rock types or minerals involved.
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INTRODUCTION

Similarly to most metamorphic complexes, the
crystalline basement of the Pannonian Basin consists
essentially of different varieties of gneiss and amphibolite.
Most of these gneisses are of medium metamorphic grade
and contain rather consistent mineralogy; quartz, two
feldspars and mica with some additional phases. This
reason makes obvious characterization of certain gneiss
types difficult, and spatial correlation among
neighbouring gneiss terrains almost impossible. In order
to be able to recognize gneiss types of different kinds of
protolith and/or metamorphic evolution, one has to
concentrate on accessory minerals and particular textural
information.

In this paper we focus on occurrences of myrmekite in
different metamorphic rocks. Mpyrmekite has been
reported from several places of different rock types all
around the world. Presence of myrmekite was published
from granites (Shelley 1964; Collins 1997a, 1998; Phillips
and Carr, 1973) basic igneous rocks (Shelley, 1967;
Dymek, Schiffries, 1987; Pavlov, Karskiy, 1949) and from
different metamorphic rocks (gneisses, mica schists,
mylonites) (Phillips, Ransom, 1970; Phillips and Carr,
1973; Shelley, 1967, 1973; Siddhanta, Akella, 1966;
Phillips et al., 1972; Nold, 1984; Simpson, Wintsch, 1989;
Hippertt, Valarelli, 1998). It can develop through diverse
processes;  subsolidus  exsolution,  metasomatism,
deformation, silica infiltration or even due to progressive
and retrograde metamorphism.

Several authors reported presence of myrmekite from
the metamorphic basement of the Pannonian Basin (e.g.
Szalay, 1977; Balazs et al., 1986) too. In order to be able
to better understand the origin of these myrmekitic
feldspars, in the first part of our two end-to-end papers we
briefly compile the diverse explanations one can find in
the literature concerning myrmekite definition and
genesis.

DEFINITION OF MYRMEKITE

A generally accepted, proper definition for myrmekite
is still missing; almost every author has his own definition
depending on the type of occurrence and related minerals.,

Phillips (1974) among others assigned myrmekite as
an intergrowth of quartz and plagioclase. He said the
presence of K-feldspar is implicit adjacent to the
intergrowth, while its absence is explained as the result of
cut of thin section. According to Shelley (1973),
myrmekite is a poikiloblastic intergrowth of quartz and
plagioclase,  Simpson, Wintsch  (1989)  defined
symplectitic intergrowth of oligoclase and quartz as
myrmekite. Augusthitis (1973) doesn’t put a premium on
the presence of K-feldspar and says myrmekitic quartz
may occur in micas and epidote too as they represent
intracrystalline solutions (Augusthitis, 1973, 1990).
Dymek, Schiffries (1987) define labradorite — bytownite
intergrowth as myrmekite too, while Koller, Kloetzli
(1995), in concert with Augusthitis (1973), determinate
symplectitic intergrowth of quartz and biotite as
myrmekite as well. ‘

Shelley (1993) gives a common definition of
myrmekite: “...myrmekite is an intergrowth of branching
rods of quartz set in a single crystal of plagioclase,
neighbouring quartz rods have the same lattice
orientation and extinguish together. It is almost
ubiquitous in granites and granitic gneisses and most
commonly occurs at grain boundaries of K-rich feldspar.
Myrmekites appear to have grown inwards from grain
boundaries, invading and replacing K-feldspar. The
quartz rods branch in that direction and the plagioclase
may be euhedral or bulbous representing a minimum
surface area to volume configuration for the plagioclase.”
As Shelley wrote this is the most common occurrence of
myrmekite and this is a widely accepted definition but it
cannot be generalized. In the highest sense of the word
myrmekite always is associated with feldspars and quartz,
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so intergrowths of other minerals are better to call
symplectites. Several models have been matured on
myrmekite genesis over more than a hundred years, but a
generally accepted model have not yet been published since
the first description of Michel-Lévy (1875). According to its
wide spread in different rock types beyond granites, Shelley
(1964), Phillips (1972), Phillips, Ransom, Vernon (1972)
agree that myrmekite may be polygenetic.

GENESIS OF MYRMEKITE

Here we give a short description of the most common
models on myrmekite formation. Although, most approaches
take into account effects of several processes, we classify the
models in order to facilitate reader to look over them. In
addition to the three classical ideas on myrmekite genesis
(igneous crystallization; solid state exsolution; metasomatic
replacement) also more up-to-date models, which appeared
in the last decades are presented.
1. Igneous crystallization models

The theory of myrmekite genesis by igneous
crystallization suggests that myrmekite forms as a result of a
late stage simultaneous crystallization of plagioclase and
quartz from a melt or solution. The textures, however, are
more indicative of simultaneous crystallization are graphic or
granophyric, which have no necessary relationship with
myrmekitic textures. According to Shul’Diner (1972)
myrmekitic plagioclase grain nucleates on the surface of
another plagioclase grain and advances toward the adjacent
K-feldspar. Myrmekitic plagioclase grows in optical
continuity with the original plagioclase grain. But the
available literature does not mention any suture in contact of
the old grain, which is common on overgrowth structures
(Hippertt, Valarelli, 1998). Hibbard (1987) regards
myrmekite in orthogneiss as recrystallization at a late stage
of deformation of an incompletely crystallized magma in the
presence of water saturated melt.
2. Solid state exsolulion models

In Schwantke’s (1909) solid-state exsolution model, the
presence of a “high silica” CaAl,SizO,¢ molecule in high
temperature K-feldspar is assumed. Through unmixing An
produces releasing four molecules of silica. The existence of
this “Schwantke molecule” has, however, not been proven yet.
3. Progressive metamorphic reaction models

“Progressive myrmekite” develops at the transition
between greenschist and amphibolite facies in pelitic schist
in quartz rich segregation layers, when albite changes to Ca-
oligoclase (Shelley, 1973) in the following reaction
(Ashworth, 1986):

(1+x)NaAlSi;Og + xCa®* = Na,., Ca,Aly4,Sis08 + 4xSi0; + 2xNa*

He suggests that it will be preserved only if it formed at the
thermal climax of metamorphism.

For biotite oligoclase gneisses of the Adirondack Massif,
Collins (1997b) showed that the rock gained K and Si and
lost Ca, Fe, Mg and Al during progressive thermal
metamorphism. Following Engel, Engel (1958) in such a
rock plagioclase is progressively replaced by microcline.
Carl (1988) suggests that K was originated from breakdown
of nearby biotite and muscovite. They all suppose myrmekite
formation in connection with formation of microcline.

4. Retrograde metamorphic reaction models

Siddhanta, Akella (1966) examined three types of
myrmekite in Pre-Cambrian sphene and epidote bearing
hornblende plagioclase gneisses. Type 1. is a myrmekite in
association with microcline or orthoclase without any contact
with non-myrmekitized plagioclase; type II. is a myrmekite
in association with plagioclase; and type III. is a myrmekite,
which forms between plagioclase and K-feldspar grains.
During the retrograde evolution, K-metasomatism took place
as it is inferred by presence of postkinematic biotite with no
pre-existing potassium phase in the rock. They found a tight
correlation between the amounts of sphene + epidote and
myrmekite, respectively. It was explained by a series of
consecutive reactions between hornblende, K-feldspar,
anorthite, sphene and ilmenite, which may result in
myrmekite formation of different occurrences. The main
myrmekite producing reactions are the followings:

3 Cax(Mg,Fe) 4 Al(Si7A102,)(OH); + 4 KAISi;0s + H,0 =
(common hornblende ) (potassium feldspar)
= 4 K(Mg,Fe)s(Si3A1040)(OH); + 3 CaAl,Si,0g + 3 CaO + 15 Si0,
(biotite) (anorthite) + (quartz)

3Cax(Mg,Fe) 4A1(Si;A1022)(0OH): + 4KAI1S1305 + 3TiO, + H20 =
(common hornblende) (potassiun feldspar) (rutile)
= 4 K(Mg,Fe)s(513A10,0)(OH), + 3 CaAl,S1,0s + 3 CaTiSiOs + 12 SiO,
(biotite) (anorthite) (sphene) (quartz)

A model for myrmekite formation during a retrogressive
metamorphic evolution was given by Phillips (1972) as well.
He proposed the following reaction:

3KAIS1305 + H,0 = KAL(AISi3)010(OH): + 6Si0; + K20
(potassium feldspar) (muscovite)

Phillips, Ransom, Vernon (1972) point out that
retrogressive metamorphism appears to be connected with
myrmekite formation and in these cases muscovite is an
important accompanying mineral. The reaction may take
place as follows:

3 KA]Sl30s . NaAlSi;Oxg + CaAlzsizos . NﬂAlSiJOg =
(alkali feldspar) (calcic plagioclase)
= CaAIZSi;Og .2 NaAlSnOg +06 SlOg + KAlelSIJOlo(OH)g + Kzo
(more sodic plagioclase) (quartz) (muscovite)

3 KAIS1;05 + H,O = KA]zA]ShOm(OH)z + 6 Si0y + Kzo
(orthoclase) (muscovite) (quartz)

5. Metasomatic replacement models

The idea of myrmekite as a result of metasomatic
replacement was first published by Becke (1908) whereof
myrmekite replaces K-feldspar by the following reaction
with Na and Ca bearing fluids:

1.25 KAISi;Os +0.75 Na® +0.25 Ca™ = NagsCagasAly 2587505 + 1.25 K* + 8i0,
(137 cc/mol) (100 cc/mol) (23 cc/mol)

Drescher-Kaden (1948) suggests that myrmekite forms
during a reaction in which K-feldspar metasomatically
replaces plagioclase. He showed that at some cases
myrmekite is older than K-feldspar. The origin of excess
silica, which is needed for this replacement reaction, was
explained by Bhattacharyya (1972) and Phillips (1972). In
their opinion silica can be introduced from solutions or by
dry ionic diffusion, and they stated there is no direct
relationship between the amount of myrmekitic quartz and
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the basicity of plagioclase. Pavlov, Karskiy (1949) made
investigations on the origin of myrmekite in basic rocks
where K-feldspar was absent. They recommend a reaction
between quartz and plagioclase as follows:

3(CaALSiOs . NaAlSizOg) + CaO =4 CaALSi,O5 . 1 NaAlSi;O; + 3Si0; + Na,SiO;
(plagioclase) (more basic plagioclase) (quartz)

Dymek, Schiffries (1987) examined myrmekite in
andesine anorthosites. They stated that non-myrmekitized
plagioclase is Angp;, while myrmekitic grains are Angg in
composition. In their model sodic plagioclase was replaced
by calcic plagioclase accompanied by precipitation of quartz.
They calculated the amount of quartz that would have
precipitated during the alteration of Ang to Ang, and the
result accords well with the observed amount of quartz in
thin section. In their opinion these calcic myrmekites are
products of interaction between plagioclase crystals and a
magmatically derived aqueous fluid.

In conception of Collins (1997b) myrmekite in deformed
granodiorites may form during progressive replacement of
fresh normal zoned plagioclase by inversely zoned
plagioclase. During the replacement process, deformed
plagioclase crystals have ample openings for fluids and
elements to move inside or outside. Primarily Ca and Al
subtract and Na is left over, while K infiltrates and begins to
grow inside the plagioclase grain. While K replaces Ca and
Al, the volume of the plagioclase grain increases inducing
pressure at the adjacent grains. Displaced Na atoms infiltrate
to less altered plagioclase grains to cause them recrystallize
as a more sodic plagioclase. According to the zoning of the
original plagioclase in the diorite the core is Ans7.39 while the
rim is Any7.5 in composition. The recrystallized plagioclase
is an Anj,,s oligoclase with albite twinning. Myrmekite
forms at places where Ca, Al, Na and Si remain in a wrong
proportion to recrystallize only as plagioclase. Replacement
of Na and Ca with K however is never perfect, relic islands
may remain that later separate to form albitic perthite
lamellae. The shape and thickness of quartz vermicules
depend on the composition of the original plagioclase.

Another hypothesis by Collins (1997a) is based on
processes he observed in clinopyroxene granites. Here Na* and
Ca® bearing fluids as follows metasomatize perthitic K-
feldspar:

KAISi;0z + Na* = NaAlSi;O + K*
2 KAISi;0g + Ca** = CaAL,Si;0; + 4 Si0, + 2K*
(myrmekite)

Collins (1997a) observed that the K-feldspar part of perthite
is replaced by Any plagioclase, while relic plagioclase
lamellae remain untouched and no ‘myrmekite forms. If
alteration took place by mass-to-mass mode, quartz
vermicules would appear in the plagioclase so the alteration
must happen by volume-to-volume way. Because of the
larger density of the secondary plagioclase, silica is
consumed in the process and no excess quartz appears.
Following Koller (1995 in Collins 1997c) myrmekite
formed by exsolution shows perthitic appearance with Ba-
zoning, while myrmekite formed by K-metasomatism
appears at the edges of perthitic microcline lacking Ba-
zonation. Ghost myrmekite is the characteristic of the later

too, which may appear strongly depending on thin section
orientation Passchier, Trouw (1996). '
6. Deformation models

The significant modification of the stability field of
minerals under high strain conditions was first suggested by
Harker (1932); Wintsch, Knipe (1983) showed that
deformation also might result in replacement reactions. In the
last decades the relationship between deformation and
myrmekite formation at grain boundaries came into
prominence. (e.g. Hanmer 1982, Tullis 1983, Simpson 1983,
Hibbard 1987, Simpson, Wintsch, 1989).

Shelley (1964, 1993) interprets myrmekite as a special kind
of poikiloblastic texture without any proportional relationship
between the amount of quartz in myrmekite and basicity of
plagioclase. In his model albite in solid-state exsolves from
high-T feldspar, which also encloses quartz inclusions.
Following a cataclastic event these quartz grains recrystallize
and form vermicules in myrmekite. However in many granites
with well developed myrmekite there is no evidence for
presence of strained quartz. Further this hypothesis does not
explain myrmekite around plagioclase inclusions in alkali
feldspar megacrysts (Hippertt, Valarelli, 1998).

Hanmer (1982) studied deformed granites from
Newfoundland and showed that myrmekite must be of post-
deformational origin, since the soft vermicular texture would
have been destroyed during deformation. Simpson (1985) has
observed progressive intergrowth of myrmekite in millimetre
scale shear zones in mylonitic granodiorites from East-
California that provides evidence for syn-deformation
myrmekite emplacement.

Simpson, Wintsch (1989) made examinations on
deformation-induced myrmekites in amphibolite facies
mylonites derived from granitoid protolith. The samples were
muscovite poor S-C mylonites and foliated mylonitic
gneisses. In that instance Simpson and Wintsch (1989)
defined symplectitic intergrowth of oligoclase and quartz as
myrmekite that developed on both edges facing the
incremental shortening direction of strained K-feldspar
grains. Myrmekite does not occur on the edges of the
incremental stretching direction. Replacement of K-feldspar
by plagioclase and quartz results in decreasing volume that
favours high strain surrounding the grain. Although P, T and
the chemical conditions govern the replacement reaction,
because of additive shear it concentrates along the edges
facing incremental shortening direction of the K-feldspar.
The role of stress and shear energy in replacement reactions
has not yet been clarified.

In the Collins (1997a) model existence of original high-
T ternary feldspar is assumed; a K-feldspar (orthoclase)

.containing dissolved Ca and Na. On lower T under stress

conditions orthoclase alters into microcline, Na and Ca in
turn dissolute from the K-feldspar to form myrmekite at the
edges of the grain. Plagioclase with more anorthite
component requires less amount of silica than K-feldspar or
Na-feldspar thus the amount of myrmekite is determined
by the composition (An component) of the plagioclase:

KAISi;Og

NAISi;04 =
Ca(AlSi303)2

H-T K-feldspar

KAlSlgOs + NaAlSi;OB + Slo;y_
CaAleizOs

K-feldspar, myrmekite
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Several myrmekite generating models among the
numerous deformation-induced approaches assume silica
infiltration following deformation, first of which was
suggested by Michel-Lévy (1875).

Hippertt, Valarelli (1998) examined K-feldspar
porphyroblast-bearing high grade (720-750 °C, 3-6 kbar)
mylonitic augen gneisses. They observed two types of
myrmekite occurences: 1. a lobe shaped myrmekite on the
edge of K-feldspar megacryst, 2. bulbous myrmekite
inclusion in K-feldspar megacryst. They found that K-
feldspar replaces myrmekite in both cases. Silica needed to
form myrmekite can be served by pressure solution of the
matrix quartz. This process also is necessary to compensate
the volume growth of the growing K-feldspar. The fact that
myrmekite is not present in rocks lacking quartz suggests
that silica necessary for myrmekite formation must originate
from internal sources. The brittle deformation structure of the
plagioclase grains may be the result of local stress, which is
caused by the volume increase during plagioclase
replacement by K-feldspar. Microcracks serve suitable
pathways for silica infiltration. K-feldspar apophyses grow
into the quartz vermicules indicate that K follows Si in
infiltration. Myrmekitic plagioclase usually is richer in Ca
than the recrystallized grains, but its Ab/An ratio is identical
to the non-recrystallized plagioclase relics in the matrix. This
observation suggests that myrmekitic plagioclase is the
original phase that hosted subsequently developirig quartz
vermicules. Si infiltration is evidenced by occurrence of
undeformed quartz vermicules or rods in deformed
plagioclase grains. The source of Si and the factors of
transportation are still not known.

CONCLUSIONS

Far the most frequent rock types in the metamorphic
basement of the Pannonian Basin are different kinds of
gneiss. As they are of close to identical chemical
composition and metamorphic evolution, their mineralogy
and textural features are rather similar as well. The aim of
this paper was to introduce how informative myrmekitic
feldspar grains of different origin may be in discriminating
and correlating gneiss localities in a terrane of complex
metamorphic evolution.

Abundant literature on myrmekite genesis shows that
myrmekite can form due to diverse igneous, metamorphic
and other processes. Despite, however, intensive
investigations, important questions concerning the origin of
this texture are still under debate. There regularly appear new
rock types with myrmekitic grains, which do not fit to any of
the models listed above. A cautious study of microscopic
features and mineral chemical data is needed to be able to
interpret myrmekitic texture correctly and so to utilize
myrmekite for characterization of certain gneiss types.

We aimed to collect mineral systems, reactions as well as
possible processes, which may develop myrmekite, just as to
offer a brief survey of dozens of theories about myrmekite
formation. There are several ways how to organize these
ideas to serve a well-arranged system. In this paper an
arbitrary classification scheme is presented, in which models
are listed by myrmekite forming processes instead of rock
types or minerals involved.

In the second part of our papers we attempt to interpret
origin of myrmekitic feldspar grains found in a small area of
the metamorphic basement of the Pannonian Basin
(Szeghalom dome, Fig. 2. in M Téth, Zachar, 2002). Here
myrmekite occurs in intensely deformed polymetamorphic
gneiss samples. Granite-related fluids also metasomatically
altered the terrane.

ACKNOWLEDGEMENT

Lelkes-Felvari Gy. is thanked for her comments on the early
version of the manuscript. The project was financially
supported by the Hungarian Research Found (grant no.
OTKA F32792), the Hungarian Ministry of Culture (grant
no. FKFP 0139/2001) and the J4anos Bolyai Research Grant.

REFERENCES

ASHWORTH, J. R. (1986): Myrmekite replacing albite in prograde
metamorphism. American Mineralogist, 71, 895-899.

AUGUSTITHIS, A. A. (1973): Atlas of the textural patterns of
granites, gneisses and associated rock types. Elsevier,
Amsterdam.

AUGUSTITHIS, S. S. (1990): Atlas Of Metamorphic-Metasomatic
Textures And Processes. Elsevier, Amsterdam.

BALAZS, E., CSEREPES-MESZENA, B., NUSSZER, A., SZILI-GYEMANT,
P. (1986): An attempt to correlate the metamorphic formations of
the Great Hungarian Plain and the Transylvanian Central
Mountains (Muntii Apuseni). Acta Geologica Hungarica 29/3-4,
317-320.

BECKE, F. (1908): Uber myrmekit. Mineralogie und Petrographie
Mitteilungen, 27, 377-390.

BHATTACHARYYA, C. (1972): Myrmekite from the charnockitic
rocks of the Eastern Ghats, India — a discussion. Geological
Magazine 109, 372.

CARrL, J. D. (1988): Popple Hill gneiss as dacite volcanics: a
geochemical study of leucosome and mesosome, Northwest
Adirondacks, New York. Geological Society of America
Bulletin, 100, 841-849.

CoLLiNs, L. G. (1997a): Origin of myrmekite and metasomatic
granite: Myrmekite, ISSN 1526- 5757, electronic Internet
publication, no. 1, http://www.csun.eduw/~vcgeo005/revised1.htm.

CoLLins, L. G. (1997b): Replacement of primary plagioclase by
secondary K-feldspar and myrmekite: Myrmekite, ISSN 1526-
5757, electronic Internet publication, no. 2,
http://www.csun.edw/~vcgeo005/revised2.htm.

CoLLins, L. G. (1997c): Myrmekite formed by exsolution?:
Myrmekite, ISSN 1526-5757, electronic Internet publication, no.
5, http://www.csun.edu/~vcgeo005/revisedS.htm.

DRESCHER-KADEN, F. (1948): Die Feldspar-Quartz-Reaktionsgefuege
der Granite und Gneise. Berlin-Springer, 259 p.

DyMEK, R. F., AND SCHIFFRIES, C. M. (1987): Calcic myrmekite:
possible evidence for the involvement of water during the
evolution of andesine anorthosite form St. Urbain, Quebec:
Canadian Mineralogist, 25, 291-319.

ENGEL, E. J., ENGEL, C. G. (1958): Progressive metamorphism and
granitization of the major paragneiss, Northwest Adirondack
Mountains, New York, Part 1, Total rock. Geological,Society of
American Bulletin, 69, 1369-1414.

HANMER, S. K. (1982): Microstructure and geochemistry of
plagioclase and microcline in naturally deformed granite. Journal
of Structural Geology, 4, 197-214.

HARKER, A. (1932): Metamorphism. Methuen, London.

HiBBARD, M. J. (1979): Myrmekite as a marker between preaqueous

and postaqueous phase saturation in granitic systems. Geological

Society of American Bulletin, 90, 1047-1062.


http://www.csun.edu/~vcgeo005/revisedl.htm
http://www.csun.edu/~vcgeo005/revised2.htm
http://www.csun.edu/~vcgeo005/revised5.htm

b

Myrmekite formation theories . 37

HiBBARD, M. J. (1987): Deformation of incompletely crystallized
magma systems, granitic gneisses and their tectonic implications.
Journal of Geology, 95, 543-561.

HIPPERTT, J. F., VALARELLL, J. V. (1998): Myrmekite constraints on
the available models and a new hypothesis for its formation:
European Journal of Mineralogy, 10, nr. 2, 317-331. ~

KOLLER, F. AND KLOETZLI, U. S. (1995): Remnants of lower crustal
mineral assemblages in granitoid rocks: Examples from the South
Bohemian pluton, Austria; in The Origin of Granites and Related
Rocks, III. Hutton Symposium, Abstracts, U.S. Geological
Survey Circular 1129, 82-83.

MICHEL-LEVY, A. M. (1875): Structure microscopique des roches
acides anciennes. Société Francaise de Mineralogie et de
Crystallographie, Bulletin, 3, 201-222.

NoLp, J. L. (1984): Myrmekite in Belt Supergroup metasedimentary
rocks — northeast border zone of the Idaho Batholith. American
Mineralogist, 69, 1050-1052.

PASSCHIER, C. W, TROUW, R. A. J. (1996): Microtectonics. Springer
PavLov, N. V., Karskry, B. E. (1949): Myrmekite in basic rocks:
Ivestiya Akademii Nauk SSSR Seriya Geologischeskaya, 5, 128.
PHILLIPS, E. R., AND RaNSOM, D. M. (1970): Myrmekitic and non-
myrmekitic plagioclase compositions in gneisses from Broken

Hill, New South Wales. Mineralogical Magazine, 37, 729-732.

PHiLLIPS, E. R., RansoMm, D. M., aND VERNON, R. H. (1972):
Myrmekite and muscovite developed by retrograde
metamorphism at Broken Hill, New South Wales. Mineralogical
Magazine, 38, 570-578.

PHILLIPS, E. R. (1972): Myrmekites of exsolution and replacement
origins: a discussion. Geological Magazine, 110, 74-77.

PuiLLips, E. R., CARR, G. R. (1973): Myrmekite associated with
alkali feldspar megacrysts in felsic rocks from New South Wales:
Lithos, 6, 245-260.

PHILLIPS, E. R. (1974): Myrmekite - one hundred years later: Lithos,
7, 181-194.

SCHWANTKE, A. (1909): Die Beimischung von Ca in Kalifeldspat
und die Myrmekitbildung. Zentralblatt fiir Mineralogie, 311-316.

SHELLEY, D. (1964): On myrmekite: American Mineralogist, 49,
41-52.

SHELLEY, D. (1967): Myrmekite and myrmekite-like mtergrowths
Mineralogical Magazine, 36, 491-503.

SHELLEY, D. (1973): Myrmekites from the Haast schists, New
Zealand: American Mineralogist, 58, 332-338.

SHELLEY, D. (1993): Igneous and Metamorphic Rocks under the
microscope, Chapman & Hall, London

SHULDWNER, V. I (1972): The problem of myrmekites:
International Geology Review, 14, 354-358. )

SIDDHANTA, S. K., AKELLA, J. (1966): The origin of myrmekites in
hornblende-plagioclase gneisses and in the associated pegmatites:
Acta Geologica Hungarica, 10, 31-52.

SmMPsON, C. (1983): Strain and shape fabric variations associated
with ductile shear zones. Journal of Structural Geology, 5, 61-72.

SMPSON; C. (1985): Deformation of granitic rocks across the
brittle-ductile transition. Journal of Structural Geology, 7, 503-
511.

SiMpsoN, C., WINTSCH, R. P. (1989): Evidence for deformation-
induced K-feldspar replacement by myrmekite: Journal of
Metamorphic Geology, 7, 261-275.

SzaLay, A. (1977): Metamorphic-granitogenic rocks of the
basement complex of the Great Hungarian Plain, Eastern
Hungary. Acta Mineralogica-Petrographica Szeged XXIII/1, 49-
69.

Turuis, J. A. (1983): Deformation of feldspars. In Feldspar
Mineralogy (ed.by Ribbe, P.H.), Mineralogical Society of
America short course notes, 2, 297-323.

WINTSCH, R. P., KNIPE, R. J. (1983): Growth of a zoned plagioclase
porphyroblast in a mylonite. Geology, 11, 360-363.

Received: December 4, 2001; accepted: July 3, 2002



