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Questions about myrmekite in deformed rocks

R H VERNON

School of Earth Sciences, Macquarie University, Sydney, NS W 2109, Austraha

(Recerved 28 Marcl 1990, accepted i revised form |8 April 1991)

Abstraci—Several questiuns about the development ol myrmekite in delormed felsic and metapeline rocks
remain unanswered  Although a general relationship between delormation and myrmekite appears (o be well
eslabhished, the fact that myrmekite grows nto relatively non deformed K leldspar, while being simultaneously
delormed and recrystallized al the rear ol the growing lobes, suggests (hal sirain encrgy may not be a major
contnbutor 1o (he advance of the growlh imterdace ol the myrmekite colony Furthermore, because myrmekite
typically nucleates on existing plagioclase, rather than in K leldspar, stram energy may not contnbute directly to
nucleation of myrmekite enher, at least in many instances However, stramn energy probably contrbutes
indirectly by tacihitating access ot luids (o growth sites, thereby altenng the local chemical environment and so
promoling development of myrmekine Because mymmekite recrystallizes readily in delormed lelsic tocks, 1t s

one of the main contnibutors (o the development of loha

INTRODUCTION

THis NOTE asks some questions about processes respon
sible for the development of myrmekite in deformed
felsic and metapelitic rocks This 1s o long standing,
complex problem, reviewed by Simpson & Wintsch
(1989), and definitive answers to many of the questions
are not available Though confident interpretations are
unwarranted at this stage, judicious questions, even 1
somewhal speculative, may help (o guide luture re
search The main questions are concerned with (1)
whether myrmekite grows in the sohid state, rather than
by crystallization from a melt, and (2) whether strain
energy 1s a dominanlt contnbuting lactor to either the
growth or the nucleation of myrmekite, or whether
deformation contributes indirectly by promoling access
of fluids.

Myrmekite is best known in mesoscopically non
delormed granitoids, for which Simpson & Wintsch
(1989, p. 273) suggested that myrmekite may form in
response (o local stress diterences on K feldspar grain
boundanes during subsohdus cooling. Myrmekitic inter
growths in several deformed graniloids have also been
described (e g. Binns 1966, Phillips et al. 1972, Vernon er
al. 1983, Simpson 1985, Simpson & Wintsch 1989 and
references therein), and my observations suggest that it
15 very common 1n such rocks. This note is concerned
mainly with these occurrences, though some reference 1s
also made to mesoscopically non deformed granitoids
Myrmekite also occurs in metapelitic gneisses (e.g. Ver
non 1978, 1979, Nold 1984, Vemnon ef al. 1990).

Most commonly, the myrmekite occurs as lobes or
colonies projecting into porphyroclasts of K feldspar
(typically microchine) from the margins of the clast,
which may show marginal internal recrystallization and
neocrystallization to fine-grained aggregates (Fig. 1). In
places, myrmekite also occurs as tninges along tormer
fractures in K-feldspar (Figs. 2a & b). Generally the
development of myrmekite in these rocks 1s attributed (o

solid state replacement processes accompanying delor
mation, and many people have postulated that myrmek
ile grows at sites of locally high stress, see Simpson &
Wintsch (1989, p 261) for relerences However, Hib
bard (1987) suggested that myrmekite crystallizes from
melt during deformation of incompletely crystallized
granite. This proposition will be examined first, atter
which vanious questions about solid state growth of
myrmekite will be discussed

DOES MYRMEKITE CRYSTALLIZE FROM A
MELT?

Hibbard (1979) interred that myrmekite in mesosco-
pically non delormed granitoids 1s due to crystallization
from a water saturated, pressure quenched melt, as
oppused to more conventional hypotheses involving
replacement of K feldspar in the solid state (e.g. Phillipy
1974, 1980) Hibbard (1987) also suggested thal myr
mekite in deformed granitoid rocks 1s due to crystalliz
ation of small amounts ot water saturated magma in a
largely crystallized rock, 1n response to ‘micro pressure
quenching’ duning delormation. Hibbard's hypothesis is
based on his observation of crystal taces and zoning 1n
the plagioclase of some myrmekitic aggregates (Hibbard
1979, fig %), as well as on his general model ot late
magmalic crystallization in granitoids (Hibbard 1979)
Referring to Jahns & Burnham (1969), he suggested that
K is partitioned strongly into an aqueous phase, which
ends coprecipttation of K leldspar with plagioclase and
quartz, allows crystallizaton of myrmekite trom the
remaining melt during pressure quenching, and eventu
ally promotes precipitation around the myrmekite ol K
feldspar trom the K-nich aqueous phase However, more
recent experimental work has shown that the K/Na ratio
in the aqueous phase 18 never greater than in the coexist
ing silicate melt, unless the melt 18 also 1n equilibrium
with a K-poor, Na rich mineral, such as homblende or
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tourmaline (Burnhum 1982, Burnham & Nekvasil
1986) Evenif condilions are suitable for partitioning ot
K into the melt, how can the agueous phase precipitale
late K feldspar after it 1s lost from the system dunng
pressure  quenching? Furthermore, the partitoning
probably would not be strong enough to prevent K.
feldspar trom precipitating from the silicate melt (Burn-
ham [982) Theretore, some K teldspar should crystal-
lize, along with quartz and sodic plagioclase, night (o the
sohdus, rather than K leldspar following plagiociase and
quarlz, as tn Hibbard’s model.

In support ol his hypothesis, Hibbard (1979) stated
that myrmekite 1s abundant in aphtes, which he con
lended are tormed by crystallization of pressure
quenched, walter saturated magma This interpretation
of the ongin of aplites may well be correct, but myrmek
ite 18 not especially common in undeformed aplites, as
indicated by extensive reviews of 1gneous petrography
(e g. Johannsen 1932, pp. 91-93), implying that this 1s
not an eltective argument. Myrmekite in aplites may stll
be interpreted as being replacive, on the available evi-
dence

Many myrmekitic aggregates are lobate, without ob-
vious crystal faces (Figs 1b & ¢) However, the obser
vations of Hibbard (1979) and Simpson (1985) that the
plagioclase component ol some myrmekitic aggregates
locally has straight boundaries that may be crystal faces
(Fig. 1b) can be explained by the presence of Auid along
the advancing interface between the myrmekite and K-
leldspar, and need not imply crystallization from a melt.
In tact, Auid films generally may be involved in the
development of crystal faces in minerals in metamorphic
rocks, although this is sull speculative (¢ g. Vernon
1976). The complex diffusion of componenls necessary
for the aggregate lo grow (Mongkoltip & Ashworth
1983) may necessilate the presence of fluid along the
boundary between myrmekite and K leldspar, the
access of such a flmd being favoured by an approxi-
mately 10% reduction in volume accompanying the
replacement ol K leldspar by myrmekite (Simpson
& Wintsch 1989, p. 271) Furthermore, 1f myrmekite
crystallizes from a melt, why doesn’t its plagioclase
component always develop crystal faces, as feldspar
invariably does duning free growth in a melt?

With regard (o partly molten granitoids undergoing
delormation, Hibbard (1987, p. 1059) suggested that
this deformation would enhance ‘micro pressure-
quenching’, so that myrmekite could precipitate from
the remaining melt. This idea is opposed by the argu
ments against Hibbard's general hypothesis presented
above, as well as by the occurrence ol myrmekite as
replacive fringes along former fractures in K teldspar
(Figs. 2a & b). In any event, whether or not pressure
quenching would occur in deforming granitoids rela
tively deep in the crust is arguable. Moreover, as pointed
out by Simpson & Wintsch (1989), the presence ot melt
is out of the question for granitoids undergoing subsoli
dus deformation millions of years atter they have crystal-
lized For example, in retrograde zones at Broken Hill,
Australia, myrmekite was formed in telsic rocks at lower
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amphibolite lacies conditions, lollowing peak granuhie
tacies metamorphism (Phithips eral 1972) Myrmekite s
also common in lelsic gneisses and mylonites produced
in shear zones in the Anmatjyira Range, central Austra
lia, during the mid Palacozoic *Alice Springs Orogeny’
(Collins & Teyssier 1989). The mylonitic rocks were
formed by the deformation of granitoids that had been
metamorphosed at granulite facies condihions some 1400
Ma previously, and the temperatures dunng the myloni-
tic deformation were 100 low to permit remelting

With regard to deforming gramitoids, Hibbard (1987,
pp 546-547) stated that myrmekite occurs mainly in
‘pressure-shadow’ (strain shadow?) areas, rather than
in zones normal to the local direction ol maximum
shortening, suggesting migration of magma to low-strain
or low-pressure zones. However, observations of Ver
non ef al (1983, tig 6), Simpson (1985) and La Tour
(1987) indicate that, on the contrary, myrmekite vccurs
most commonly in zones parallel to the fohation, normal
to local zones of maximum shortening Moreover, In
delormed granitoids from the Papoose Flat pluton,
Calilornia, which was used as a pnme example by
Hibbard (1987), myrmekite occurs very commonly as
replacive lobes concentrated along zones perpendicular
to the inferred local direction of maximum shortening or
even completely surrounds K teldspar porphyroclasts
(Fig. 1¢).

Therefore, a replacive, rather than a magmatic, origin
for myrmekite 1s preferable, judging trom the available
evidence

WHAT ARE THE ROLES OF STRESS, STRAIN
AND FLUID COMPOSITION?

Simpson & Wintsch (1989) inlerred that local in
creases 1n both stress and strain localize the develop-
ment of myrmekite. They suggested that temperature,
pressure and chemical activities control the occurrence
of myrmekite, but that strain energy localizes the reac
tion at sites of high normal stress These sites occur along
boundanes of K feldspar porphyroclasts that are paral-
lel to tolia in the detorming rock This interpretation 1s
particularly strong where K feldspar boundares tringed
with myrmekite are parallel to § surfaces at 45° to the
plane of shear in S-C gneisses, as these surfaces develop
normal (o the direction of maximum local compressive
stress (¢ g. Simpson 1985, Simpson & Wintsch 1989)
However, myrmekite may also occur in sites where the
inference of former high compressive siresses cannot be
defended (Fig. la). Moreover, with advancing growth,
myrmekile may completely fringe K feldspar porphyro
clasts (Fig lc), although this myrmekite growth could
be fostered by locally high normal compressive stress
that changes its onentation with progressive defor
mation. However, 1t would be difficult to exclude the
possible effects of shear stress in all these situations.
Furthermore, myrmekite also occurs along tractures
(Figs. 2a & b), not only those oriented in such a way that
high compressive stress could occur across them, bul
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Fig | (a) Aupengneiss from the Lake Maggiore area Ttaly, showing microchine microperthite porphyroclast that has been
locally replaced by lobes ol myrmekite Crossed poldrs, base of photograph 4 4 mm  (b) Myrmekite lobes (ninging, o
porphyroclast of K feldspar in the Papoose Flat pluton, Cahlormia The myrmekite has shamp penerally rounded
boundarnies against the K leldspar, but locally the boundanes are sirmght and possibly crystallographic: The myrmekate
passes into hne gramed, recrystallized aggregates of quartz and plagioclase (some with residual quartz blebs trom the
lormer myvrmekite) in the matnix Crossed polars, base of photograph [V mm () Small rehe of K leldspar completely
surrounded by lobate myrmekite Papoose Flat pluton Calitormia € rossed polars base of photopraph 2 7 mm
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Fip ) ta) Replaaive tninge of myrmekite along a former fracture in microcine Papoose Flat pluton, Calilornia Some
muscovie also occurs along the racture, and so the local myvemekite forming reaction may have involved the producton ol
museovite (Ashworth 1972 Phillips er ol 1972) Crossed polars, base of photograph > 7mme (b) Small jobes ol mvimek e
fringing 4 zone of recrystatizaton along a tormer (racture m microperthite Koleldspar, late Jurassie pluton, Foothilly
terrane, Calilornia Exsolved lamellae of albite in the K teldspar continue night up 1o the myrmekite, suggesting that the
myrmekite 1 not ol simple exsolution onpim However, muscovite s absent The central part of the ven s occupred by
tormer myrmekite that has been recrystalhized to granoblasne plagioclase and quariz in response (o movement along the
vewn Crossed polars, base of photograph |8 mm- () Very small rehie of K teldspar innged by myimekite, Papoose Flat
pluton, Calitornia Fine prained foha ol recrystallized and partly reerystallized myrmekite lead away to the matrix
Crowsed polars base of photograph | 4 mm
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Myrmekite in detormed rocks

also 1n situations where high compressive stress would
be unlikely Therefore, a question may be asked as to
whether strain and consequent recrystallization may
prove 1o be more important than compressive stress in
promoting the development of myrmekite If the pub
hshed evidence indicating a connection between defor
malion and the development of myrmekite is accepted,
the following three questions are relevant

IS STRAIN ENERGY A DIRECT, MAJOR CAUSE
OF MYRMEKITE GROWTH?

Is strain energy 1n the form ot high concentrations of
tangled dislocations (Simpson & Wintsch 1989, p 271)
the main, direct contributing tactor 1o the development
of myrmekite or 18 chemical environment the more
direct cause, deformation assisting by promoting access
of fluids? Simpson & Wintsch (1989, pp. 269-271)
suggested that local increases in strain energy would
cause replacement of K feldspar by plagioclase and
quartz, via components in a fluid. However, Hanmer
(1982) suggested that delicate vermicular intergrowths
could not survive much strain, and consequently in-
[erred that myrmekite 1s post-detormational For myr
mekite tnnging K teldspar porphyroclasts, microstruc
tural evidence shows that progressive deformauon and
neocrystallization destroys myrmekitic intergrowths,
converting them to polygonal aggregates of quartz and
plagioclase n fine grained ftohia (Vernon er al. 1983,
Simpson 1985, Moore 1987), as shown in Figs. 1(b) & (¢)
and 2(b) & (¢) This, combined with other evidence (e.g
Vernon efal 1983, Simpson & Wintsch 1989), suggests
that myrmekite in deformed rocks is a product of reac
tions accompanying deformation and so is syndeforma
tional, not post deformational. However, it also indi-
cates that myrmekite lobes cannot exist (and hence
cannot grow) in the high strain environments that occur
at the margins of K feldspar porphyroclasts. Instead,
they appear (o grow by replacement of K teldspar in an
environment protected from deformation, the growth
occurring al the front ol the lobes, where the strain
should be mimimal, and away from the deforming,
recrystallizing edge of the porphyroclast (Figs. 1b & ¢).
In other words, the growth front moves ushead ol an
advancing front ot deformation and recrystallization-
neocrystallization that simultaneously destroys the myr
mekite behind (the advancing lobe, so that the pro
portion ol myrmekite to residual K fteldspar tends Lo
increase with progressive deformation (Figs. lc and 2¢)
In extreme examples, myrmekite fringes advancing
trom opposite sides ot a K-teldspar porphyroclast may
meel, resulting 1n an aggregate of myrmekite enclosed
by matnix folia.

This implies that strain energy is not a direct cause of
the growth of myrmekite, unless strain energy associated
with translormation twins in microchne and/or lamellae
of exsolved albite 18 etfective, which possibility 1s dis
cussed in the next section Regardless ol the toregoing
uncertainties, deformation may well be a major indirect
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contnbuting tuctor to the growth ot myrmekite, by
factlitating access ol Auids 10 the growth front, thereby
altening the local chemical environment and promoting
development ol the myrmekite (¢ g Simpson & Wintsch
1989, p 271), with or without a notable contribution
trom strain energy At this stage, the nature of the
chemical changes, as well as sources and sinks for
chemical components, are matters lor modelling (¢.g
Simpson & Wintsch 1989), clear evidence being difficult
to obtain

Similar reasoning applies to myrmekite occurnng as
fringes replacing K feldspar along tormer [ractures in K
leldspar (Phullips eral 1972, Vernonetal. 1983, pp. 134~
135, fig. 6D), as shown in Figs. 2(a) & (b). Some of the
myrmekitic lobes are curved, suggesting growth and
possible ductile detormation of the aggregates duning
movement along the fracture Continued movement
along the fracture or tormer fracture induces detor-
mation and recrystallization ol the myrmekite closest 1o
the site of the ftracture, the recrystallized aggregates
being partly fnnged with myrmekite advancing into the
undeformed K teldspar (Fig 2b) Therefore, as tor
myrmekite fninging porphyroclasts, the growth face ol
the colony progresses away from the tracture nto rela
tively weakly detormed K feldspar Indeed, concen
tration ol tangled dislocations in K leldspar adjacent loa
fracture 1s less likely than in K leldspar adjacent (o an
actuive lohum involving plastic detormation ol the mar
gin ol the K feldspar in a mylonite or augen gneiss
Again, the interence is that the growth of the myrmekite
15 not controlled directly by strain energy in K {eldspar,
though the fracture presumably provided access for
Auids that supphed nutrient components for the myr
mekite and removed excess components

The oregoing discussion relers to growth of myrmek
e The question of the possible contribution of stran
energy to nucleanton of myrmekite 1s discussed in the
next sechion,

DOES STRAIN ENERGY ASSIST NUCLEATION
OF MYRMEKITE OR DOES HETEROGENEOUS
NUCLEATION PREDOMINATE?

Concervably, strain energy could assist nucleation ol
the myrmekite, in as much as the aggregates tend to be
concentrated adjacent to high-strain zones in lelsic
mylonitic rocks, as discussed previously For example,
Simpson & Wintsch (1989, p 271) suggested that high
concentrations ol tangled dislocations in K-teldspar
along boundanes subjected to high normal stress destroy
the K -leldspar-plagioclase—quartz equilibrium that per
tains elsewhere n the rock and so induce replacement
Though no evidence of the dislocations 1s available, ths
mechanism may apply to some or all myrmekite bearing
rocks. However, in most myrmekite beanng, mesosco
pically non-deformed granitoids, the plagioclase of myr
mekitic aggregates is optically continuous with pnmary
plagioclase, implying that the plagioclase component
nucleated heterogeneously on existing plagioclase This
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also applies to deformed lelsic and metapehtic rocks in
which myrmekite is in contact with plagioclase How
ever, cun 1t apply 1o myrmekite on K leldspar-K
leldspar grain boundaries or along itragranular frac
tures in K leldspar” Sodic plagioclase (locally myrmeki
tic) in ‘swapped nms’ along K feldspar-K feldspar
boundaries, with the sume crystallographic onentation
as exsolved albile lamellae in the vppuosite K feldspar
gram, imphes thal heterogeneous nucleation on plagio
clase (in this instance exsolved plagioclase, rather than
primary plagioclase) imtiated growth ol the nm plagioc
lase  This mechanism could also apply (o myrmekite
occurning along Iractures in microperthitic K feldspar
(e g Vernon eral 1983), although recrystallization and
growth of muscovite commonly obscure the relation
ships In fact, microstructural evidence of the nucleation
substrate for myrmekite in deformed rocks 1s commonly
obscured by increasing deformation-recrystathization
and/or replacement, and so the question of the contn
bution of strain energy to nucleation of myrmekite
remains unanswered. QObservations of optical continuily
between myrmekitic and pnmary quartz in some rocks
(Stel & Breedveld 1990) suggest that nucleation on
quartz may initiale the growth of some myrmekitic
colonies.

In myrmekite beanng, mesoscopically non detormed
granitoids, the K feldspar commonly has strain energy
at the boundanes of (1) deformation twins caused by the
transformation of orthoclase to microcline and (2) semi
coherent lamellae of exsolved albite. However, this
strain energy in the K leldspar s inadequate to promote
nucleation ot myrmekite, because it nucleates at grain or
tracture boundarnies, rather than inside microperthitic
microcline grains,

In summary, a contribution from strain energy may
nol be necessary lor the nucleation of myrmekite n
many rocks, in which helerogeneous nucleation on exist
ing primary plagioclase (less commonly quartz) or
exsolved plagioclase may be eftective

HOW DOES MYRMEKITE DEFORM AND
CONTRIBUTE TO FOLIATION DEVELOPMENT?

In deformed granitoids, myrmekite lobes commonly
pass continuously into areas ol polygonal (recrystal
hzed) plagroclase and quartz (Fig. 2¢), via intermediate
stages in which some of the quartz remains as blebs
(Vernon et al. 1983), owing o progressive recrystalliza
tion of myrmekite (Vernon ef al. 1983, Simpson 1985,
Moore [1987) The aggregates pass laterally nto fine
grained loha (shear bands) in augen gneisses and mylo
mitic rocks (Vernon eral. 1983, p. 135), as shown in Fig.
2(¢) In places, the aggregates curve into the (oha,
suggesting displacement along the folia dunng the re-
crystallization and continued growth ol myrmekite
(Vernon er al 1983, p. 135, Stmpson 1985, Simpson &
Wintsch 1989, p 264). In some rocks, the myrmekite
recrystallizes more readily than most of the other miner
als and 1s one of the main contnbutors (o the develop
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ment of folia (Vernon etal 1983). The questions may be
asked. is this ability connected with its fine grain size,
and, il so, does the large interfacial area of the myrmeki
tic intergrowth allow Auids to penetrate and promole
boundary movement during recrystallization”

CONCLUSIONS

Several somewhal controversial questions relevant (o
the development of myrmekite in deformed telsic and
metapeltic rocks remain unanswered. Though a re
lationship between myrmekite and deformation has
been established and an ingenious model relating strain
and chemical reaction has been proposed (Simpson &
Wintsch 1989), 1t 1s not yet clear that these relationships
exlend to myrmekite in mesoscopically non-delormed
granitoids, although 1t is a possibiity. In addition, the
exacl nature and degree of the contribution of lattice
strain energy to the nucleation and growth of myrmekite
remains to be clanfied. The fact that myrmekite grows
into relatively non deformed K-leldspar, while being
simultaneously detormed and recrystallized at the rear
of the growing lobes, suggests the possibility that strain
energy may not be a major contributor to the advance of
the growth intertace of the myrmekite colony. Further
more, the tact that myrmekite typically nucleates on
existing plagioclase (pnmary or exsolved), rather than
inside K feldspar—even in microperthitic microcline,
which should have some internal strain energy, owing to
the presence ol deformation twins and exsolution
lamellae—suggests that strain energy may not contrib
ute directly to nucleation ot myrmekite either, at least in
many instances. However, deformation appears to con
(ribute indirectly, by facilitating access of fluids (o
growth sites, thereby allering the local chemical en
vironment and promoting the development ol myrmek
ite. Myrmekite appears to recrystallize relatively readily
in deformed felsic rocks, and so 15 one of Lthe main
contributors (o the development of lolia. Myrmekite 1s
being increasingly recognized 1n deformed felsic and
melapelitic rocks; perhaps some ol them will reveal
answers o Lhe questons posed in this paper
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