Chapter 3. Corona texturesin granulites - a review of formation mechanisms

and implicationsfor the metamor phic evolution of terranes

31 I ntroduction

In the last two decades, evidence has been mountimgh suggests that an
equilibrium model of metamorphism is not entirelypeopriate and that different
rates of intergranular diffusion for major and gammponents limit the capacity of
a rock to attain equilibrium on both micro- and mwascales (Carlson, 2002; White
et al., 2008). A more realistic model of partialgiprium, i.e., equilibrium for some

components and not for others, is likely to beia¢id in a rock. In a sense patrtial
equilibrium is fortuitous, since disequilibrium texes preserved in a rock reveal
basic physico-chemical reaction dynamics operatimmgng metamorphism that are
obscured if a rock equilibrates completely. Howevmartial disequilibrium also

compromises petrographic and geothermobarometrideree as records of the
metamorphic evolution of a terrane and can leadrtoneous interpretations. An
understanding of how partial equilibrium manifegétrographically and chemically

is, thus, critical in refining our appreciationmaktamorphic rocks.

The critical kinetic constraints determining whetlell or partial equilibration is
attained include: the rate of supply of matter tigio intergranular diffusion; the rate
of reactant dissolution and product nucleation myrrecrystallisation (interface
control); and the rate of supply or removal of h@asher, 1977; Joesten, 1977,
Brady, 1983; Tracey and McLellan, 1985; CarlsorQ20 Interface reaction rate, in
turn, depends on the affinity for reaction, i.@e difference between the chemical
potentials of diffusing components and their etpuilim values (Carlson, 2002). The
slower of these rate-limiting processes determthesnature and extent of reaction
and equilibration. During stages of reaction ahhgmperatures in the presence of a
melt or fluid phase, reaction rates are typicahlyeiface- rather than diffusion-
controlled since diffusion coefficients are largedathus, unlikely to be rate-
limiting. With cooling or loss of the melt or fluiphase, diffusion rates become
more important, as does heat flux out of the systamwer diffusion rates impede
chemical communication of requisite componentseiaction sites. The bulk rock
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composition is effectively partitioned into locabrapositional domains in local

equilibrium with gradients in chemical potentiablveen them.

The most obvious manifestation texturally of difuscontrolled reaction is the
spatial segregation of reaction products in laye@wna bands arranged in order of
increasing or decreasing chemical potential (Fisb@r7; Joesten, 1977). Changing
pressure and temperature induces reaction betwegigeous metastable reactants.
With incipient reaction, variable intergranular fdgivities of major components
manifest as different length-scales of diffusiongcls that the corona domain is
partitioned into a continuum of compositional sulméins, or incipient "effective
bulk compositions”, in which local equilibrium istt@ined, each with unique
chemical potentials. A layered corona assemblageloles, across which transient
chemical potential gradients exist, which drivefudifon through the layers. With
prolonged reaction or enhanced intergranular didffuscomponent flux through the
corona layers equalises chemical potentials atpaihts in the corona. Local
incipient bulk compositions of subdomains graduakpand with mass transfer
across layers and approach the final steady-stietiee bulk composition for the
corona as a whole. Equilibrium is attained whenchemical potential gradients

exist for any components, despite the spatial gdgian of corona phases in layers.

The interpretation of corona textures has trawaitlly been a primary diagnostic
tool for inferring metamorphicP-T-t paths and, hence, tectonics (Whitney and
McLelland, 1973; Grew, 1980; Joesten, 1986; Drab@B9; Clarke et al., 1989;
Ashworth et al., 1992; White and Clarke, 1997; Moder et al., 2002; White et al.,
2002; Kelsey et al., 2003b; Johnson et al., 20@4ndgae and Van Reenen, 2006;
Zulbati and Harley, 2007; Hollis et al., 2006). Eiitally constrained conditions
may arise on both the prograde and retrograde pathtypically, coronas are
thought to have formed during retrogression fromkg®T conditions as univariant,
or at least very low variance, equilibria are cemssThe topology of the inferred
univariants with respect to the peak assemblage doasmonly been used to
constrain a retrograde-T path (Harley, 1989). Retarded reaction progresseun
retrograde conditions owing to sluggish reactionekics manifests as incomplete
reaction between peak phases to produce layeradly ficrystalline, spatially
segregated reaction products, which armour the pkakes from further reaction.
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The inherent assumption of disequilibrium betweeactants and corona products
has been elegantly questioned recently in a studyhite et al. (2002) on
metapelites from the Musgrave Block in Australicha®e equilibria modelling
employing pseudosections in KFMASHTO demonstrakted torona textures could
realistically be developed in a peak, high variar@gsemblage that remains in
equilibrium but undergoes large changes in mineratles as th®-T path tracks
through the phase field. Thus, it may not be neugs$o invoke crossing of
univariants and disequilibrium to explain coronattees. Indeed, the amount of
decompression required to generate the equilibneaction texture described by
White et al. (2002) was comparatively minor and mayl have been overestimated

by earlier workers (Harley, 1989).

While there is a general understanding of processkeging corona formation (e.g.,
Harley, 1989; White et al., 2002; Johnson et a0Q4& White et al., 2008), the
mechanism for corona development is poorly knowrtesithe final steady-state
configuration of corona layers observed in a raafkects the complex evolution of
chemical potential relationships with changing temapure, pressure, and bulk
composition. These same complexities must alsorgoveetamorphic processes on
the prograde path at larger scales. However, greatlt or fluid volumes and
higher temperatures on the prograde path facilieq@alization of chemical
potentials through accelerated diffusion in theeagdage, such that only the spatial
sequestration of phases (for example, between noklteucosomes and melt-poor
mesosomes) attests to the compositional partitgproh the rock and attendant
chemical potential gradients that must have predaduring diffusion-controlled
reaction (White et al., 2004). In coronas, diseguum is frozen in the rock,
preserving incipient reaction textures. They alerdfore, the best petrographic
evidence available to us to allow the study of ¢welution of chemical potential
gradients governing the reorganization of compaenthin a rock with changing
P-T-X conditions (e.g., White et al., 2008). Furthermdiee small, manageable
volumes of coronas make them logistically easiestioly (reaction band thicknesses
vary from a few microns up to millimetres in thigss) and, since reactant minerals
are retained adjacent to the corona bands, thectiefe equilibrium bulk
compositions are also reasonably easy to constrain.
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Two distinct paradigms of corona growth have evilve the last four decades,
namely, synchronousjngle-stagesteady-state (e.g., Ashworth and Sheplev, 1997)
andsequentialJoesten 1986; White and Clarke, 1997) diffusiontcdled, growth

of multilayered coronas.

3.2  Single-stage, steady-state, diffusion-controlled corona growth (SSDC)

The single-stage, steady-state multilayer growth deho attributes corona
development to diffusion-controlled reaction mecgbars at constant pressure and
temperature, with local equilibrium and chemicatgmbial gradients across each
layer and the corona as a whole (Figure 3.1). Patia segregation of phases into
layers reflects relative mobility of components owito variable intergranular
diffusivities rather than distindP-T conditions. All layers in the reaction bands
coexist contemporaneously with infinitesimal thieks at the incipient stages of
reaction. Only layer thickness increases with ieaatluration and no change to the
internal structure of the corona occurs. Chemioatmtial gradients evolve toward a
steady-state and constant final configuration bakanthe rate of production and
consumption of each component within each layerrfKimskii, 1959; Joesten,
1977; Mongkoltip and Ashworth, 1983; Foster, 19&3ant, 1988; Johnson and
Carlson 1990; Carlson and Johnson, 1991; AshwarthBardi, 1990; Ashworth et
al., 1992; Ashworth and Sheplev, 1997; Markl etE98; Ashworth et al., 1998).

Figure 3.1 demonstrates incipient stages of SSDQoneo formation
chemographically and in chemical potential spaamdtler two phases (A and D)
initially at equilibrium underP; and T; with bulk composition indicated by the
orange circle (Figure 3.1a). New P and T conditihs T,) are kinetically inhibited
and reaction progress becomes diffusion-controll&elative differences in
intergranular diffusivities partition the originalilk composition (orange circle) into
two endmember, non-overlapping, local bulk compasg, typically an alumina-
poor bulk composition (blue square) contrastinghvah alumina-rich compaosition
(yellow triangle) intermediate between the reactamhpositions (Figure 3.1b). The
product mineral assemblage layers are spatiallyegated in local equilibrium and

comprise the mineral assemblage stabilised in ke effective bulk composition,
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Figure 3.1: Chemographic relationships and chemicabtential saturation surfaces for local
transient equilibria at corona boundaries during @ipient stages of SSDC corona growth
(modified after Joesten, 1977). (a) Original phas@sand D) initially at equilibrium under R and

T, with bulk composition indicated by the orange dic (b) New P and T conditions ¢PT,) are
kinetically inhibited and reaction progress becomdgfusion-controlled. The corona domain is
partitioned into a continuum of compositional subdwins, or incipient "effective bulk
compositions",in which local equilibrium is attained, each with nique chemical potentials. (c)
Ternary G-X surface, in which local equilibria areeparated by chemical potential differences. (d)
The chemical potential saturation surface for eadtf the local phase assemblages. (e) Projection
of the saturation surface on the gmpricompz Plane. Chemical potential gradients between local
equilibria drive diffusion of components from oneompositional domain to another until chemical
potentials are equalised and equilibrium is attathe
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i.e., the local bulk composition indicated by tHaebsquare stabilises assemblage
BCD and, similarly, the bulk composition indicatey the yellow triangle stabilises
assemblage ABC (Figure 3.1b). A tern&@yX surface indicates that the tangent
planes to the minimum free energy assemblages Hdferent orientations and,
accordingly, components have different chemicaleptéls in each assemblage
(Figure 3.1c). The coexistence of two local juxtsgmb equilibria buffers the
chemical potentials of diffusing components acrtes coronas (Joesten, 1977).
Figure 3.1d represents the associated, isothesuob&ric chemical potential
saturation surface for each of the local phasenasisges (modified after Joesten,
1977). Each local bulk composition, representedabiyree-phase assemblage, is
invariant in chemical potential space at constamisgure and temperature. The
invariant assemblage ABC (local bulk compositiotiope triangle) lies at a higher
chemical potential for component 3 and lower chaimpotentials for components 1
and 2, than does the invariant assemblage BCD septed by the blue square. A
projection of the saturation surface on thgmprHcomp2 Plane (Figure 3.1e) more
clearly indicates the difference between chemicatemtials for each local
equilibrium. Maintenance of these local equilibregjuires that chemical potential
gradients must exist across each layer and therayass a whole is in disequilibrium,
which drives diffusion of components from one cosiponal domain to another.
Chemical potential differences across each laygrsado steady-state values that
balance the rates of production and consumpti@aoch component within the layer
(Joesten, 1977). Chemical potential gradientsdprdly diffusing components may
be eliminated across the corona, whilst thoseherstowest moving components are
maintained, establishing partial equilibrium.

Continued corona evolution entails the growth t¢diyeer assemblage at the expense
of its neighbour by reaction with the diffusing gooments (Joesten, 1977). The
relative diffusive fluxes of components in adjactayers determine which mineral
phases are consumed and produced at each layeddrguas well as the reaction
stoichiometry (Joesten, 1977; Fisher, 1977). Alhenal layers grow at the same
time, by a set of diffusion-controlled reactionslater contacts which liberate and
consume components in the appropriate proportiorectount for mass balance in
the overall system (Joesten, 1977, 1986; Fishél7)19Ihe only layer that grows at

both contacts is the layer which initially containthe original reactant interface
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(Joesten, 1977; Joesten, 1986). Fisher (1973) demabed that diffusion will
automatically tend to shift potentials toward valseich that the flux differences at
every point in a structure balance local reactidmsteby establishing a steady-state
configuration. Growth of coronas will slow and euglly cease when diffusion
paths become too tortuous and long; chemical pategitadients approach values
too low to drive significant diffusion; and/or astergranular diffusivities are
reduced with cooling during retrogression (Joesi€)y,7; Fisher, 1977; Ashworth
and Sheplev, 1997).

Figure 3.2 demonstrates a natural example of tmglesstage, steady-state,
diffusion-controlled growth of corona layers at stamtP and T. The corona in
Figure 3.2 is a schematic reconstruction of thasscdbed by Johnson and Carlson
(1990) from metagabbros in the Adirondack Mountaing=igure 3.2a, the primary
igneous assemblage includes contiguous olivine plagjioclase. During later
granulite facies metamorphism, primary olivine @tagioclase are no longer stable,
and are replaced by a new stable assemblage ingludirthopyroxene,
clinopyroxene, plagioclase and garnet. RatesPef change exceed rates of
intergranular diffusion in the dry mafic bulk congiton and diffusion-controlled
reaction ensues. Variable relative rates of intarglar diffusion manifest as
spatially segregated product layers depending @n diffusion range of each
component. The corona domain is partitioned intcoatinuum of compositional
subdomains or incipient effective bulk compositionswvhich local equilibrium is
attained, each with unique chemical potentialsc&iAl is the slowest-diffusing
component, the most aluminous product phase adfbasnost aluminous reactant
and asymmetric composition profiles for slower-afihg species are established
across product bands, e.g., Al content in prodaadb increases toward the Al-rich
reactant. Fe, Mg and Si released from olivine ddgfudown chemical potential
gradients toward plagioclase, whereas Na, Ca, AlSinreleased from plagioclase
diffuse toward olivine. Reactions occur at layeumhdaries and layers expand as
diffusion progresses (Figure 3.2b). The width aadchposition of each corona layer
depend on the relative fluxes of the diffusing edaits. The product mineral
assemblage does not change as reaction proceeesicah potentials and fluxes
approach steady-state values. Mg, Ca, Na and Aingperted into the corona and

Fe and Si are exported from the corona. Minor $piteuding occurs in reactant
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plagioclase as Ca and Si diffuse preferentially ithie reaction band, creating a Si

deficiency that stabilises spinel in relict reattplagioclase (Johnson and Carlson,

1990).
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Figure 3.2: Open-system, single-stage, steady-stati#fusion-controlled growth of prograde

corona layers between olivine and plagioclase (nfiedi after Johnson and Carlson, 1990). (a)
With incipient reaction, different rates of intergmnular diffusion for major components manifest

as spatially segregated layers. The corona domaipartitioned into a continuum of compositional

subdomains or incipient effective bulk compositioirs which local equilibrium is attained, each

with unique chemical potentials. Fe, Mg and Si releed from olivine diffuse down chemical
potential gradients toward plagioclase, whereas Naa, Al and Si released from plagioclase
diffuse toward olivine. Layers comprising the slostediffusing species (Al) adjoin the most
aluminous reactant. (b) Reactions occur at layer alaries and layers expand as diffusion
progresses. The width and composition of each cadayer depend on the relative fluxes of the
diffusing elements. Minor spinel clouding occurs ireactant plagioclase as Ca and Si diffuse
preferentially into the reaction band, creating a 8eficiency in reactant plagioclase.
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3.3  Sequential diffusion-controlled corona growth (SEQ)

The sequential, diffusion-controlled corona layesvggh model involves successive,
step-wise growth of layers, overprinting and parterequilibration of younger
corona layers as new equilibria are encountereelitber the prograde or retrograde
path, typically with changing pressure and/or terapuge but also through changing
component fluxes through the corona as a functioevolving local effective bulk
compositions (hereafter referred to as EBC) (é€giffin, 1972; Griffin and Heier,
1973; Joesten, 1986; Droop, 1989; Indares, 199%stm et al., 2004; White et al.,
2002). In contrast to the SSDC model, the intelaygdr configuration of the corona
reaction band evolves with time as new layers agwvahd old layers are resorbed.
Relative diffusion fluxes and attendant chemicateptal differences shift and
evolve from one steady-state configuration to amotimder newP-T-X conditions.

Sequential corona development with changing presand temperature has been
demonstrated in prograde coronas in mafic rocksdxst olivine and plagioclase by
Griffin (1972). He derived a sequential model farana formation that involved
cooling from igneous temperatures at 8 - 11 kbadl arossing of univariant
equilibria (Figure 3.3a-e). A schemati®-T grid is included in Figure 3.3f to
elucidate reaction progress. Initially, olivine gudgioclase crystallized at point (A)
in the grid. As the rock cooled, it was buried &oltbwed the path delineated by the
red arrow. At point B (Figure 3.3a), igneous oleviand plagioclase reacted to
produce Tschermakitic clinopyroxene (Cpx 1) andr@hous orthopyroxene (Opx I).
As the rock tracked through-T space from B to C (Figure 3.3b), the clinopyroxene
(Cpx 1) exsolved spinel and anorthite to form asld@schermakitic clinopyroxene
(Cpx II). This clinopyroxene was partly consumedpaint C (Figure 3.3c) to
produce garnet and a jadeitic clinopyroxene (Cpx Further cooling into the
eclogite facies produced omphacitic clinopyroxend garnet with lesser quartz at
point D (Figure 3.3d). Finally, decompression ohw@xation induced the exsolution
of the jadeite component from omphacite to yielgpdide (Cpx 1V) and plagioclase
towards point E (Figure 3.3e). Mork (1986) alsoadked a sequential model for
corona formation between olivine and plagioclasav@stern Norway, however, he
proposed a clockwise metamorpfeT path rather than single-stage cooling from

igneous temperatures.
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Figure 3.3: Sequential layer development in a coeobhetween olivine and plagioclase after Griffin

(1972). During cooling from igneous temperatures 8t- 11 kbar, discrete layers developed in
response to changes in pressure and temperatureragariant equilibria were crossed on the P-T

path, and older layers were overprinted to prodigtable intervening layers. (a) The original stable
olivine and plagioclase assemblage reacts to formthopyroxene and clinopyroxene. (b)

Clinopyroxene breaks down to form a less Tschernt@kcomposition with plagioclase and spinel.

(c) With progressive cooling, this clinopyroxeneaas with orthopyroxene, spinel and plagioclase
to produce garnet. (d) Orthopyroxene reacts withiregd and plagioclase to produce omphacite,
garnet and quartz. () Omphacite decomposes tooglytoxene and plagioclase.

131



f)

20 |

Eclogite
Facies

P (kbar)

T | T | T I |
200 400 600 800 1000 1200 1400

T(2C)

Figure 3.3 continued: Sequential layer developmeénta corona between olivine and plagioclase
after Griffin (1972). (f) Schematic P-T grid indiding relevant univariant equilibria crossed along
the P-T path, inducing the sequence of reactiongu&ed for layer development.

Sequential corona development may occur at conptassure and temperature with
changing component fluxes across the corona bamaiulilayer corona may evolve
in a steady or quasi-stationary state controlleddiffusion (SSDC) and then
subsequently modify through back-reaction betweenddjacent layers at constant
pressure and temperature through changing compositf the effective
equilibration volume as the composition of a reattavolves with protracted
reaction. Brady (1977) and Vidale (1969) introdueethodification to the steady-
state model that was first used to explain coraraability by Johnson and Carlson
(1990). Vidale (1969) modelled the development at-silicate bands in a system
with waning availability of certain components. Acding to his model, rapidly
diffusing components in a reaction band will evatitu eliminate their chemical
potential gradients. The chemical potentials ofsthoapidly diffusing components
are then determined by equilibria outside of theowma band. As the number of

components exerting a diffusive control on the tieacis reduced by one, so one
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mineral phase is lost from the band (Vidale, 19&dy, 1977). This manifests as
‘cannibalisation’ of corona layers comprising tlagidly diffusing components. The
original steady state is modified as the systerarerd transient state that will evolve
through time toward a new steady state with comnsffa@mical potential gradients.

Johnson and Carlson (1990) demonstrated the seégudet/elopment of corona
layers with changing component fluxes through tbeoca (Figure 3.4). As the
reactant plagioclase is gradually exhausted in @@ &i, it is converted from
labradorite to andesine + spinel (Figure 3.4a). pheduct mineral assemblage
evolves into a new transient state in responsedaaed Ca and Si availability. The
chemical potentials of Ca and Si are determineédyilibria outside of the corona
band. Initially Ca, and then Si, chemical potestiaecome dictated by external
equilibria in which their availability wanes. Thisanifests as the destabilisation and
subsequent ‘cannibalisation’ of first the plagiegacorona layer and then
clinopyroxene (Figure 3.4a, b) as the system egolesvard a new steady-state
scenario with constant chemical potential gradiedthnson and Carlson (1990)
employed this model to explain variability in therana product assemblages
developed between plagioclase and olivine in theohdack Mountains. Initially,
all corona bands were plagioclase and clinopyrotesing, but evolved to
different final configurations with greater or lessannibalisation of these phases,
depending on the availability of Ca and Si in thereunding phases. Where the
olivine grain adjoins the spinel-poor plagioclasedinally less calcic, Ag), both
product plagioclase and clinopyroxene have beeswuoerd, and the orthopyroxene
Is in contact with garnet. In contrast, where olevis adjacent to spinel-rich reactant
plagioclase (originally more calcic, Ad), corona plagioclase and clinopyroxene are

retained (Figure 3.4c).

Sequential layer development in a corona througiatian of P, T and changing
bulk composition of the corona reaction volumengoked by Indares (1993) to
explain coronas between olivine and plagioclaseannolivine gabbro from the
Shabogamo Intrusive Suite, Eastern Grenville Piavinnitially, at highP andT,

under eclogite facies conditions, calcic plagioelasacts with olivine to form

orthopyroxene and garnet coronas (Figure 3.5a).r@laéve difference in
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Figure 3.4: Sequential model of corona layer grow#t constant P and T (modified after Johnson
and Carlson, 1990), accommodating waning boundatyxes of rapidly diffusing components
from the reactants into the corona in an open syste (a) Initial steady-state layer configuration
for an olivine-plagioclase corona. (b) Depletion dfa and Si in the reactants leads to the
consumption of plagioclase and then (c) clinopyrowe in transient states. The system will
gradually evolve toward a new steady state. Canhd#lagion of corona plagioclase and
clinopyroxene is more enhanced where the originahctant is Ca-poor (top-right, Ag).
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intergranular diffusivities of components manifesafs two distinct corona layers
over which chemical potential gradients exist, grgdfrom aluminous garnet
adjacent to plagioclase to Al-poor orthopyroxeng@eeht to olivine. Excess Al in
the plagioclase is accommodated by the formatiaccoodindum (Figure 3.5a). At the
same pressure and temperature, the garnet layess drp reaction between calcic
plagioclase and corona orthopyroxene in a loc&otiffe bulk composition different
from that which produced the initial corona orthapgene and garnet, which
included olivine (Figure 3.5b). Continued reactgemerates excess Si and Al in the
reactant plagioclase, which reacts with corundurfotm kyanite (Figure 3.5b). In
Figure 3.5c, the reactant plagioclase is relativatyiched in Na through the two
former reactions. Na now diffuses out of plagioelaand reacts with corona
orthopyroxene and garnet to form omphacite. Inoasp, more kyanite forms in the
plagioclase to accommodate excess residual Si and/ith subsequent exhumation
and decompression, corona garnet reacts with leyamt corundum in plagioclase
to form spinel and more calcic plagioclase (Fig8red). In addition, garnet reacts
with omphacite and some excess Si to produce ieéng plagioclase.
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Figure 3.5: Sequential model of corona layer growthetween plagioclase and olivine through
varying component fluxes across the corona bandsldater due to decompression (modified after
Indares, 1993). Corona layer growth in (a)-(c) oasuunder constant high P and T, from discrete
reactions between reactants initially and then sebsently between individual corona layers as
component fluxes vary across the corona. The forinatof the plagioclase layer in (d) is ascribed
to decompression. Detailed reaction mechanismsdisgussed in the text.
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34  Determining a sequential or single-stage model of corona growth?

Determining which model of corona formation is apgible in a specific context is
commonly difficult but very important if informatio on theP-T path is to be
gleaned correctly from the corona (White and Clark897). This is critically
evident in contrasting interpretations of the ca®rormed between olivine and
plagioclase in metagabbros from Risor, Norway (teoes1986; Ashworth, 1986).
Two elegant arguments are crafted by these authartgport of the sequential layer
growth model and single-stage, steady-state, diiffusontrolled layer growth

model, respectively.

Joesten (1986) cites textural evidence and theisidhal instability of any closed
system steady-state diffusion model for the coromassupport of a primary
magmatic origin for the coronas followed by secaogdannealing. Joesten (1986)
suggested that cuspate olivine-orthopyroxene ctsjtdtckening of orthopyroxene
layers at narrow terminations of olivine grainsyegular contacts between
orthopyroxene-spinel and amphibole-spinel layemnst sectoral heterogeneity in the
corona assemblage depending on the adjacent magrphtise (i.e., either
plagioclase, amphibole or clinopyroxene), are ationsistent with a diffusion-
controlled origin. He suggested these features weoee likely a result of olivine
dissolution in a melt, followed by the sequentiabwgth of corona layers with
cooling at magmatic temperatures above the olipiagioclase stability field.
Joesten (1986) proposed that these primary magroatmnas were diffusionally
unstable and that they were spontaneously partiallicompletely annealed on

cooling.

In contrast, Ashworth (1986) suggested the Risagorwas formed by the single-
stage, steady-state, diffusion-controlled replagenoé plagioclase and olivine with
an open-system modification to mass-balance mamledtraints. Textural evidence
apparently inconsistent with a diffusion model watibuted to locally variable
kinetic controls on reaction mechanism, e.g., emtagrowth of tabular amphibole
on magmatic grains vs. heterogeneous nucleatioreadtant contacts. Ashworth
(1986) did not address the sectoral heterogendityne coronas nor the irregular
contacts between amphibole-spinel and orthopyroseieel layers; however, it is
conceivable that variation in the bulk compositafrthe equilibration volume - both

137



spatially and temporally as reaction proceededy ataount for such heterogeneity

(e.g., Johnson and Carlson 1990).

Alternative sequential models of corona formatiamvoking varying pressure,
temperature and/or boundary fluxes may similarlyehamportant implications for
reconstruction ofP-T paths. For the same corona textures between eligimd
plagioclase, three differef-T paths were constructed by Griffin (1972), Johnson
and Carlson (1990) and Indares (1993), reflectmge disparate mechanisms for
sequential corona formation, namely, changing piresand temperature (Griffin,
1972; Joesten, 1986), changing component fluxds&im and Carlson, 1990), or a
combination of all three parameters (Indares, 198Bjss-balance constraints and
compositional zonation within each corona assengblagre cited in each case in

support of the adopted model.

Criteria for the identification of single-stage eatly-state layer growth include:
mineral zonation and a marked spatial organizabioproduct reaction bands such
that each layer represents a ‘non-overlapping velum compositional space’
(Joesten, 1977; Fisher, 1977), all arranged inrderty sequence of increasing or
decreasing chemical potential (Fisher, 1977). & ttorona has not attained
equilibrium, asymmetric composition profiles in rarmals within a corona layer and
the corona as a whole are consistent with chenpiotgntial gradients induced by
relative differences in intergranular diffusionaatof components at approximately
constantP-T conditions (Indares, 1993, White and Clarke, 199§mmetric, radial
zoning of phases with respect to grain boundasgesonsistent with a sequential
corona formation model. Mass balance constrainteingonly preclude the
formation of an intervening layer by reaction begwdwo initially contiguous layers
and this evidence most convincingly negates theiesgeal layer growth model or
provides resolution as to a mechanism of sequdaial growth. Even so, evidence
may be equivocal and it may not be possible tousketly establish single-stage,
diffusion-controlled multilayer corona growth frostep-wise, sequential growth in
response to changing-T conditions or component fluxes. In these casesone
context and structural data might provide indepahdmnstraints favouring one

model over the other.
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3.5  Controlson corona development in pelitic and mafic granulites

A comprehensive review of coronas described inliteeature from metamafic and
metapelitic rocks is included in Tables 3.1 and 3a&ble 3.1 details coronas formed
on the prograde path, and Table 3.2 lists a selectf the more numerous
occurrences of coronas formed during retrogradeqrelibration. Selected coronas
from mafic and pelitic rocks are schematically stiated in Figures 3.6 and 3.7,
respectively. Corona assemblages and microstrudaturdoth metapelites and
metamafic rocks vary considerably depending om{@lamorphic conditiondP( T

andaH,0), (b) formation mechanism through either steadyesor sequential layer
development, (c) reactant compositions, (d) diffaskinetics, and (e) the amount of

deformation or strain intensity on either the peaty or retrograde path.

3.5.1 Pressure, temperature and aH,0

Pressure, temperature araH,O conditions determine which mineral phases
manifest in the corona. In olivine gabbros or totitds from the Adirondacks, New
York, coronal assemblages vary fr@h| Opx+Cpx| Grt| Pl (reactants in italics) in
the Adirondack Highlands (Johnson and Carlson, 199CFigure 3.6a) to
Ol | Opx | Cpx+Spl| Pl in the southwest (Whitney and McLelland, 1973 guFe
3.6b). The presence of garnet in the former casatigouted to higher pressures
compared to the southwest. In the Newer Basic $idru of NE Scotland, the
coronal assemblag®l | Opx | Hbl+Spl| Pl is observed (Mongkoltip and Ashworth,
1983 - Figure 3.6¢). In this case, Hbl is favoumaer Cpx under higheaH,O
conditions. Similarly, the dominance of hornblentte the corona assemblage
between garnet and clinopyroxene in Carlson anastoh(1991) (Figure 3.6d) vs.
the restriction of pargasite to the layer closetgéwnet in Baldwin et al. (2004)
(Figure 3.6e), is attributed to highaH,O in the former corona compositional
domain. In metapelites, coronas after sapphiriree qrartz comprise the sequence
Spr| Sil | Opx| Qtz at higher pressures, buspr| Sil | Opx+Crd| Qtz at lower
pressures and temperatures and/or high&0O conditions (e.g., Lal et al., 1987).
Coronas after gedrite and kyanite from the ThornCdome in British Columbia

comprise the sequeneed| Crd| Crd+Spl symp| Crd+Crn symp| Ky (Norlander
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et al., 2002 - Figure 3.7a). The lower-temperategeivalent corona (assuming
minimal bulk compositional differences) iy | St| Crd| Ged in metapelites from
Errabiddy granulites in Western Australia (Bakealet1987).

a) (Johnson and Carlson, 1990)

[ ] plagioclase (reactant) [ clinopyroxene layer 2 (product)
- garnet layer 4 (product) . orthopyroxene layer 1 (reactant)
[ nplagioclase layer 3 (product) B olivine (reactant)

Figure 3.6: Common corona textures developed in mafranulites. (a) Common prograde

complex coronas between olivine and plagioclasenfrthe Adirondack Highlands (after Johnson

and Carlson, 1990) demonstrating the range of coeomayer configurations observed, which

reflects progressive Si and Ca depletion in the atat plagioclase: (i) Incipient corona with both

plagioclase and clinopyroxene stable. (ii) WaningaGnd Si fluxes from reactant Pl induce

cannibalisation of first (ii) plagioclase then (iji clinopyroxene. (iv) The most evolved corona
configuration is where garnet encroaches upon orfhaoxene. Spinel clouding in plagioclase
reflects progressive Si depletion in the reactaiihere is no variation in the product phase
compositions across the corona, implying complegeli@bration.
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b) (Whitney and Mclelland, 1973)

plagioclase + spinel (reactant)

N [

clinopyroxene + spinel layer 2 (product)

orthopyroxene layer 1 (reactant)

olivine (reactant)

C) (Mongkoltip and Ashworth,1983)

olivine (reactant)
orthopyroxene layer 1 (reactant)
hornblende layer 2 (product)

clinopyroxene + spinel layer 2 (product)

NEEN

plagioclase (reactant)

N

Figure 3.6 continued: Common corona textures dev@bal in mafic granulites. (b) Prograde
corona developed between olivine and plagioclasarduburial following shallow intrusion in the
southwestern Adirondacks, New York (after WhitnegdaMcLelland, 1973). Garnet is not present
in this corona owing to low inferred pressures daog corona reaction. There is no variation inyg

of pyroxenes. (c) A retrograde corona developedwssn olivine and plagioclase in an olivine
metagabbro from northeast Scotland (after Mongkepltend Ashworth, 1983). The presence of
amphibole suggests higher g than in more anhydrous domainal compositions wheonly
clinopyroxene is stable. Al content and-Xof Opx and Hbl increase toward PI reactaridetails in
Tables 3.1 and 3.2.
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d) (Carlson and Johnson, 1991)
omphacite (reactant)

magnesio-hornblende layer 3 (product)
oligoclase layer 3 product)
orthopyroxene layer 3 (product)
magnesio-hornblende layer 2 (product)
plagioclase layer 2 (product)

pargasite layer 1 (product)

labradorite layer 1 (product)

(B BN BEEE BN EEEE BN

garnet (reactant)

e) (Baldwin et al., 2004)

clinopyroxene (reactant)
orthopyroxene layer 2 (product)
plagioclase layer 1 + 2 (product)

pargasite layer 1 (product)

BR[O NN

garnet (reactant)

Figure 3.6 continued: Common corona textures devada in mafic granulites. d) Retrograde
corona developed between garnet and clinopyroxengind) a static thermal event with the
intrusion of numerous granite plutons in the LlandJplift, Texas (after Carlson and Johnson,
1991). The presence of hornblende implies relatwhlgh aH,O during reaction. Both hornblende
and plagioclase are asymmetrically zoned across¢beona band. Plagioclase becomes less calcic
(Anssto Angg) and amphibole Fe/Mg and Al/Si ratios decrease tod omphacite. (e) Retrograde
corona developed between garnet and clinopyroxemenf the Snowbird Tectonic Zone, Western
Canadian Shield (after Baldwin et al., 2004). Thestricted distribution of hornblende in this
corona compared to that in (d), suggests a lessrbyd bulk corona composition. Marked zonation
in plagioclase occurs from A} adjacent garnet to Agy at clinopyroxene margin. Details in Tables
3.1 and 3.2.
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3.5.2 Reaction mechanism: single-stage vs. sequential development

Corona assemblages are also governed by the mephdny which they formed,
i.e., either in a single-stage, steady-state ewgrds sequential layers in response to
varying pressure, temperature or component fluxege the reaction volume.
Johnson and Carlson (1990) characterised a rangmafia textures between olivine
and plagioclase in the Adirondacks, New York (FeguB.4 and 3.6a) and attributed
different corona configurations to varying exteatsnternal corona cannibalisation
with waning Ca and Si fluxes across the corona nidipg on the original
composition of the plagioclase reactant. Alterrgltiy intervening layers may
develop with cooling as length-scales of diffusi@tome more constrained and the
corona compositional domain partitions into smallelume local equilibria in
which a secondary corona assemblage may developedgtion between two
contiguous layers at ne® and T conditions (e.g., Griffin, 1972; Brandt et al.,
2003).

3.5.3 Reactant compositions

The compositions of local reactants principally edetine the effective bulk
composition of the corona, with a minor degree pérosystem communication with
matrix beyond the immediate reactants. The mostoolsvmanifestation of local
compositional control on corona configuration isndastrated by the three main
types of coronas observed in mafic rocks, whereagoehatic exchange with the
enclosing rock is minimal and the corona bulk cosifpan is principally determined
by the reactants. Local corona bulk compositionsnmising orthopyroxene,
clinopyroxene, plagioclase and garnet form afteivimé and plagioclase
(Ol | Opx| Cpx| PI| Grt| PI - Figure 3.6a). More aluminous, hydrous corong bul
compositions stabilise amphibole, plagioclase amthopyroxene after garnet,
clinopyroxene and externally derived®trich fluid (Grt | Prg| Pl| Cpx/Opx| Cpx-
Figure 3.6d, e). Commonly, orthopyroxene reactshwilagioclase to yield
clinopyroxene, quartz and garnet coron&px| Cpx/Opx| Qtz| Grt|PI - Figure
3.6f, g).
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f) (White and Clarke, 1997)

plagioclase (reactant)
garnet layer 1 (product)

clinopyroxene layer 2 (product)

HEE O

orthopyroxene (reactant)

g) (Ashworth et al., 1998)

plagioclase (reactant)

garnet layer 1 (product)

garnet layer 2 (product)

quartz layer 2 (product)
clinopyroxene layer 2 (product)

clinopyroxene - exsolution (reactant)

ERECOENENMO

orthopyroxene (reactant)

Figure 3.6 continued: Common corona textures devadol in mafic granulites. (f) Prograde
corona developed between plagioclase and orthopgrexduring deformation-enhanced reaction
in a dolerite towards a shear zone (after White a@idarke, 1997). Garnet exhibits asymmetric
zonation as Xim, Xprp @and Xgs increase toward Pl. Garnet zoning diminishes toweashear zone.
(g) Prograde corona developed between plagioclase arthopyroxene in a mafic granulite from
Yenisey Ridge, Siberia (after Ashworth et al., 1998ayer 1 garnet is zoned: Fe increases and Ca
decreases (s 0.24 - 0.21; Xm: 0.54 - 0.60) toward layer 2. A slight compositarperturbation
four-fifths of the distance across layer 1 is tholigto mark the initial PI/Opx boundary. In layers 3
and 4, Ca in garnet is almost constant, with highee and lower Mg than in layer 1. No systematic
zonation is observed in pyroxene. Non-equilibriunhermobarometric estimates for corona
formation are 740 + 20 °C and 9.5 + 0.7 kbar (Ashitloet al., 2001). Details in Tables 3.1 and 3.2.
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Markl et al. (1998) described coronas after fagaéihd K-feldspar or plagioclase
(Fa| Opx| Grt+Opx| PI/Kfs), in which the layer thicknesses, product propoxi
and their compositions vary systematically depegdin whether plagioclase or K-
feldspar is the reactant. Carlson and Johnson J1@&cribed a corona after garnet
and quartz comprising the layer sequer@e | Pl+Mgt| Opx+Aug|Qtz in a
metagabbro from the Llano Uplift in Texas. In meliges, coronas after garnet and
quartz typically yield a coronal assemblage ®ft|Crd+Opx|+Pl|Opx| Qtz
(Hollis et al., 2006 - Figure 3.7b). The presentaugite, plagioclase and magnetite
in the metagabbro may be attributed to signifigamtiore calcic garnet (~8 wt%
CaO) with a higherXg. than typical pelitic garnets. Van Lamoen (19795 an
Nishiyama (1983) reviewed reported coronas aftevind and plagioclase in
metamafic rocks and conclusively demonstrated areladion between the

composition of reactant olivine and product orthrogne.

Sectoral development in complex coronas is perbi@sost obvious manifestation
of reactant compostional control on corona mingnaland morphology. Kelsey et
al. (2003b) described sectoral development of @soaround garnet in pelitic
granulites from Mather paragneiss in the Rauer @réuntarctica (Figure 3.7c). In
these granulites, garnet is enclosed by a complesona which comprises
Grt | Crd+Opx symg Opx | Qtz where garnet was initially adjacent to quartz and
Grt | Crd+Opx symg PI| Bt, where initially adjacent to biotite. These corona
sectors appear to define unique effective bulk amsitjpns. The sharp changes in
mineral proportions between sectors attests to lihéed degree of chemical
communication between the Grt-Bt and Grt-Qtz contmrgl domains. Bruno et al.
(2001) described coronas after biotite and quartZetdspar, in which corona
mineralogy varies around a single biotite grairm‘nBt| Grt| Qtzwhere biotite abuts
quartz, toBt| Grt| Grt+Qtz| Phg+QtZ Kfs where biotite is adjacent to K-feldspar
andBt| Grt| Grt+Jd| Pl where plagioclase encloses biotite (Figure 3.7d).
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a) (Norlander et al.,1996)
D gedrite (reactant)
- cordierite layer 3 (reactant)
- ilmenite (product)
. rutile (product)
A f cordierite + spinel layer 2 (product)
% - cordierite + corrundum symplectite
y after kyanite) layer 1 (product)
R QAN |
AR \4‘:
(Hollis et al., 2006)
b)

garnet (reactant)

cordierite + orthopyroxene
symplectite layer 1 (product)

orthopyroxene layer 2 (product)

A B BN

quartz (reactant)

Figure 3.7: Common corona textures developed inipelgranulites. (a) Complex corona between
kyanite and gedrite (after Norlander et al., 199®o compositional variation in any corona phases
was observed. Conditions of formation constrainetl a5 kbar and ~ 750 °C with TWQ and
conventional thermobarometers. (b) Common complexana developed after garnet and quartz
(after Hollis et al., 2006). No systematic variatids described in corona products. Details in
Tables 3.1 and 3.2.
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(Kelsey et al., 2003b)

garnet (reactant)

cordierite + orthopyroxene
symplectite layer 1 (product)

orthopyroxene layer 2
(product - adjacent Qtz)

plagioclase layer 2
(product - adjacent Bt)

biotite (reactant)

quartz (reactant)

d) (Bruno et al., 2001)

igneous biotite (reactant)

garnet layerl (product)

I
L
L]

quartz layer 2 and 3 (product)

phlogopite layer 3 (product)

igneous K-feldspar (reactant)

O § N

quartz (reactant)

Figure 3.7 continued: Common corona textures devwdal in pelitic granulites. (c) Complex
sectoral corona between garnet, biotite and quaftzonomineralic plagioclase is constrained to
the corona immediately adjacent to biotite. Similar blocky orthopyroxene occurs only in the
corona sectors where garnet reacts with quartz €afkelsey et al., 2003b). CordieriteyXvaries
across symplectite increasing toward orthopyroxeinegeneral. No variation in orthopyroxene
composition is observed. (d) Symplectite-dominatamtona developed between biotite and K-
feldspar (after Bruno et al., 2001). Where biotiteeacts with quartz, monomineralic garnet
comprises the corona. Elsewhere, a complex, syntjledominated corona comprising garnet,
quartz and phlogopite occurs where biotite and fgbér react. Corona garnet is weakly zoned.
Details in Tables 3.1 and 3.2.
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3.5.4 Diffusion kinetics

The spatial array of corona product bands and tesepce or absence of associated
symplectite is a function of diffusion kineticsg.i. relative intergranular diffusivities
of major system components. Typically, Al and & eelatively immobile compared
to more rapidly diffusing components such as Fe, afid, to a lesser extent, Ca
(e.g., Johnson and Carlson, 1990; Carlson and dahi991; Ashworth and Birdi,
1990; Ashworth et al., 1992; Ashworth and Shepl887). In natural coronas that
have formed in a single-stage, steady-state, diffusontrolled scenario, typically
limited Al diffusion manifests as both modal andapé compositional zonation in
the corona, i.e., Al-rich minerals occur in layetesest to the aluminous reactant
and, within these layers, the corona minerals ekrasymmetric zonation in
compositional profiles, e.gy(Opx) increases toward the Al-rich reactant. SiRee
and Mg typically diffuse more rapidly than Al, femagnesian minerals tend to
segregate into layers farthest from the aluminaectant.Xge varies across the
corona depending on relative intergranular diffuisags of Fe and Mg. Coronas after
sapphirine and quartz (Ellis et al., 1980 - FigBrée) and between sillimanite and
orthopyroxene (Kriegsman et al., 1999 - Figure)3démonstrate spatial segregation
of aluminous corona layers (sillimanite and sapphirrespectively) from more Fe-
and Mg-rich corona products (orthopyroxene and ieoitd, respectively) in
metapelites. Coronas after garnet and clinopyroxéme more mafic bulk
compositions  segregate  into  pargasite  adjacent taarney and
orthopyroxene+plagioclase adjacent to clinopyrox@adwin et al., 2004 - Figure
3.6e).

Kinetically-constrained reaction rates arise mashmonly on the retrograde-T
path (Table 3.2) in melt-depleted, restitic bulkkacompositions. In metapelites,
coronal reaction textures are frequently attributedisothermal decompression
following peak conditions on a clockwige T path (e.g., coronas after garnet and
guartz; Kelsey et al., 2003b - Figure 3.7c) orsmbaric cooling (e.g., coronas after
sapphirine and quartz; Grew, 1980 - Figure 3.7d)it&\et al. (2002), however, urge
caution in inferring large amounts of decompressamd cooling along the
retrograde path to produce corona textures; phgsgitgia modelling of spinel-
bearing symplectites after garnet from an Fe-riehtip granulite in the Musgrave
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Block, Australia, suggests coronas might develomoy number of retrograde-T
path trajectories through a high-variance fieldwhich the mode of garnet is
decreasing while that of the corona products isemsing (Figure 3.7g). Large
amounts of decompression are, thus, not requiregraduce symplectites after
garnet and estimates of decompression from othreantes may well have been
overestimated (e.g., Harley, 1989).

(schematic after Ellis et al., 1980; Grew, 1980)

e)

sapphirine (reactant)

sillimanite layer 1 (product)

orthopyroxene layer 2 (product)

O 05 n

quartz (reactant)

f) (Kriegsman et al., 1999)

sillimanite (reactant)

sapphirine + cordierite
symplectite layer 1 (product)

cordierite layer 2 (product)

HERB [

orthopyroxene (reactant)

Figure 3.7 continued: Common corona textures devad in pelitic granulites. (e) Monomineralic

sillimanite and orthopyroxene developed after sappite and quartz (after Ellis et al., 1980 and

Grew, 1980). (f) Retrograde sapphirine-cordieritgnsplectite and monomineralic cordierite moat
developed after orthopyroxene and sillimanite on @&vothermal decompressive P-T path (after
Kriegsman et al., 1999). Details in Tables 3.1 a3@.
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Coronas developed on the prograde path are factesmon than coronas that form
after peak phases during retrogression (Table 8dl3a2), owing largely to more
prolonged reaction duration; the presence of a meltluid and, hence, greater
length-scales of diffusion; and associated defaonabn the prograde path. Thus,
the kinetically-constrained conditions on the pear path suitable for corona
growth occur in unique tectonic circumstances whéag¢ deformation is absent
(e.g., White and Clarke, 1997 - Figure 3.6f); (Ib)lav aH,O in mafic rocks
(Ashworth et al., 1998 - Figure 3.6g; Johnson aad€0on 1990 - Figure 3.6a) or in
melt-depleted pelitic restites and (c) the ratelwnge of pressure and temperature
occurs anomalously quickly such that diffusion satee exceeded. Typically, the
latter scenario arises in rapidly cooling contasteales (Johnson et al., 2004 -
Figure 3.7h; Mcfarlane et al., 2003; Ings and Ow&0()2; Barboza and Bergantz,
2000; Wheeler et al., 2004; Daczko et al., 200X%dbata et al., 1997; Joesten and
Fisher, 1988) but will also be demonstrated forghktic granulites in the Vredefort
Dome (Chapter 4).

3.5.5 Deformation and strain

High strain intensities have been shown to enhawpdlibration (Holyoke and
Tullis, 2006). White and Clarke (1997) describedrooas developed after
orthopyroxene and plagioclase in a dolerite adjat®@a shear zone in the Western
Musgrave Block, Australia (Figure 3.6f). As the aheone is approached, coronas
diminish in complexity until complete equilibrati@nd recrystallisation is attained
in highest strain domains within the shear zoneornéoet al. (1987) documented
similar findings in a quartz diorite from the SeZiane, Western Alps. Equilibrium
domains progressively approach that of the bullk mmmposition with increasing
deformation without any change in pressure and ésatpre. White and Clarke
(1997) attributed enhanced equilibration in higlaist domains to a combination of
reduction in grain size with attendant increaseniergranular area, accelerated

intracrystalline diffusion and nucleation, incredgermeability an@H,O.
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) (White et al., 2002)

& |:| quartz layer 1 and 2 (product)
spinel enclosed by garnet layer 1 (product)
- garnet (reactant)

h) (Johnson et al., 2004)
. biotite fringe (reactant)
. K-feldspar (reactant)
l:l feldspar (Kfs  Pl) layer 3 (product)
. biotite layer 3 (product)
. cordierite layer 2 (product)
cordierite + spinel symplectite layer 1 (product)
El andalusite (reactant)

Figure 3.7 continued: Common corona textures deveda in pelitic granulites. (g) Retrograde
spinel-garnet symplectite replacing peak garnet ohgr post-peak decompression (after White et al.,
2002). This corona develops in response to changmgdes in a high variance equilibrium
assemblage. No univariant reaction is crossed. frpgrade complex corona comprising spinel-
cordierite symplectite and leucocratic biotite, Klfispar and plagioclase after andalusite (after
Johnson et al., 2004). y; of cordierite decreases toward biotite (0.55 -10.%ith no variation in
spinel composition. Cordierite moat formation ocaurduring an andalusite melting reaction
consuming quartz and biotite, followed by continubdeakdown of andalusite to cordierite-spinel
symplectite in Si@deficient domains. Details in Tables 3.1 and 3.2.
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Table3.1: Summary of prograde corona occurrencesin theliterature

Tag Bulk comp : Location Reactants : Corona product assemblage Corona Thickness, Vermicule size, Equilibration P, T of corona formation : Inferred Layer Diffusion model : Comments
Vermicule spacing P-T path growth
model
JCAC Olivine Adirondack § Ol - Pl Ol | Opx| Cpx| Grt| PI Corona thicknes250 un Complete- no variation ir Assuming pressure of 8 kbi IBC, SSDC Open: L ratios nc Formation at igh pressure and loaH;O.
metagabbro Mountains, ol Opx+Cpx| F'|| Grt| Pl Vermicule size4 - 50 um composition of corona Grt-Cpx (Ellis and Green, 197%) anticlockwise : - gradual constrained tightly i As Ca is depleted in reactant plagioclase, product
New York Vermicule spacingd pm (measured from BSE images) i product phases. thermometer: exhaustion of plagioclase and clinopyroxene are ‘cannibalised’.
Vermicule ShapeColumnar Opx and Grt (cannibalised PI Northern Adirondacks: 881 °C Plasa Geochronological evidence negates a magmatic
and Cpx - vermicular) Southern Adirondacks: 708 °C reactant origin and cooling from igneous temperatures abhig
Orientation:Columnar grains oriented perpendicular to pressures as a cause of reaction and, insteadeinvo
grain boundaries a much younger superimposed metamorphic event
(cf. Whitney and McLelland, 1973).
N82 Olivine Mt Ikoma, Ol-PI ol | Opx| Hbl+Spl symd Pl Coronathickness 50 - 300 pn Disequilibrium- no Amphibolite facie - no Not specifier | SSDC Closed Li/Lssi>1
metagabbro Osaka, Japat Opx: <30 um systematic variation is quantitative thermobarometry andLi/Lsisi >
Hbl+Spl: < 60 um observed. Lani/Lsisi
Vermicule size: --
Vermicule spacing:
Vermicule Shapetibl - fibrous rods and needles,
Spl - vermicular
Orientation:Vermicules and rods perpendicular to layer
boundaries
Jo< Metapelitt Phepant And - Anc| Crd+Sjl symp| Crd| Kfs+PI+Bt i Corona thickness<Crd+Spl symp 1 mm; Crd: < 0.5 mn Disequilibrium 70C - 72£°C, 3 kba Clockwise SECQ None Crd moat formation during And Bt melting
Dome, Bt+matrix Ieucosom¢ 35mol% fringe Vermicule size0.01 - 0.25 mm Xwg of Crd decreases toward (P-T-Xrelationships from reaction consuming quartz, followed by continued
Bushveld Bt+15mol% matrix Crd, Kfs, Qtz, Bt ; Vermicule spacing:-- Bt (0.55 - 0.51); no variation; pseudosection) breakdown of And to Crd+Spl symplectite in $iO
Complex Vermicule Shape: in spinel composition. deficient domains.
Aureole Crd - granoblastic-polygonal, Spl - vermicular; weicules
perpendicular to layer boundaries
WC97 Dolerite Westerr Corona 1 Corona 1 Corona thicknes No systmatic variation ir T~75(°Cand 1 - 14 kbar - Hybrid SSDC | None Equilibration is enhanced in high strain domaires
Musgrave Opx - PI Opx| Cpx| :PI2| Gn| Pl Corona 1: 0.25 mm composition of Hbl, Pl (core and rim compositions used a reduction in grain size leading to an increase in
Block, Corona 2: <0.5 mm (Anz.29 and Cpx. in averageP-T mode in intergranular area, enhanced intracrystalline
Australia Corona 2: Corona 2: Corona 3: <0.2 mm Garnet asymmetric zoning: { THERMOCALC based on two diffusion and nucleation, increased permeabilitgt an
Cpx - PI Cpx | Cpxe| Grt| PI Vermicule sizex 10 - 125 pm Xum, Xerp andXers increase assemblages: Grt, Pl, Cpx, Qtz fluid access (White and Clarke, 1997).
Vermicule spacing:-- toward Pl Kes= 0.18 - 0.24 | and Grt, PI, Hbl, Qtz
Corona 3: Corona 3: Vermicule ShapeColumnar Opx and subhedral, elongate to grossular peaks of up to
Cpx - Pl Cpx| Cp)@| Hbl | Pl Grt and Hbl oriented perpendicular to layer bounigar Xes= 0.4). Grt zoning
diminishes toward shear
Corona 4: Corona 4: zone.
lim - PI lim | Bt | Grt+Bt symp| Grt| PI
193 Olivine gabbr i Shabogam: i Corona 1 Corona 1 Corona thicknes Asymmetrical zonation i T~70C-800°C and 16 kbe Clockwise SECQ - -
Intrusive ol -Pl Ol | Opx+Cpx| PI| Grt| PI Corona 1: <1 mm Grt (Xam: 0.4 - 0.58 antes | (core and rim compositions | with steep
Suite, Corona 2: <4 mm 0.17 - 0.24) from Pl toward | used) by Grt-Cpx-PI-Qtz ITD
Eastern Corona 2: Corona 2: Vermicule size: -- Opx. Layers more calcic in ;| thermobarometry
Grenville Opx - PI Op><| Cp><| Grt| Pl Vermicule spacing:-- cores. No systematic zoning
Province Vermicule ShapeGranoblastic-polygonal with no in Cpx. Opx homogenous.
preferred orientation
JF8¢ Chert/cal- Christmas Cal- Qtz Cal | Wo | Qtz No compositional variatio No pressure estimate. Thern | - SSDC Closed: LcacdLsisi= Numerical modelling of diffusion controlled mine
silicate nodulesi Mountains, (102 - 125m from gabbro) in corona products possible.; gradient (from numerical 42 and Leacdlcoz> 1 | growth in the aureole, yielded kinetic coefficiefus
in marble Texas models of cooling pluton) non-isothermal processes.
(aureole Cal| Tilleyite | Wo| Qtz ranges from 600 °C (115m froi
enclosing (23 - 15m from gabbro) contact) to 1030 °C (at contact
alkali
gabbro) Cal| Spurrite| Wo | Qtz

(13 - Om from gabbro)
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Table 3.1 continued: Summary of prograde corona occurrencesin theliterature

Tag Bulk comp : Location Reactants : Corona product Corona Thickness, Vermicule size, Equilibration P, T of corona formation : Inferred Layer Diffusion model : Comments
assemblage Vermicule spacing P-T path growth
model
ABE92 Basic Jotun Nappr Ol-PI Ol | Opx/Tic| Hbl | Corona thicknes«< 160 pn Disequilibrium Epidote-amphibolite facies. N § ITD SSDC Open St+Ky andKy+Hbl stable in F,0-undersaturate
orthogneiss Complex, Hbl+Spl symp{ Vermicule sizeNot resolvable Hbl Al/Si ratios decrease | quantitative thermobarometry Lrezalmg > Lreas > conditions
Norway Ep+ Hbl +Spl sym;} Vermicule spacing:-- toward olivine. No Lea>Lai>Lsi
Ep+Ts+St+Spl symb Vermicule ShapeGranoblastic-polygonal/interlobate epidote, i systematic variation in
Ep+Ts+Ky symd Pl spinel + hornblende needles/rods Fe/Mg ratio of Spl and Hbl
Orientation:Needles weakly oriented perpendicular layer (AAI=3.13-3.74 ap.fy;
boundaries AMg = 2.17 - 2.97 a.p.f.u).
K87 Quartz Dioritt | Sesia Zone Bt - Matrix B1| Ms| Grt| Matrix Corona thicknes 100 pn Disequilibrium Eclogite facie Clockwise SSDC - Domainal equilibration (extent of which
Western Alps (Jd+Qtz+Zo) Vermicule sizex< 50 um Xam andXepincrease and determined by the amount of deformation) and wide
Vermicule spacing:-- Xarsdecreases in garnet variation in composition of peak phases precludes
Vermicule ShapeGranoblastic-polygonal toward biotite Kam: 0.6 - application of thermobarometry
0.73;
Xerp: 0.10 - 0.17Xers 0.30 -
0.10).
WM83 Metagabbro Adirondack lim - PI lim | £Bt | £Hbl | +Grt | PI Corona thickness«< 100 pn No systematic zonin 700- 800°C and + 1 kbar from: No P-T path SEC - Open system invoked for mi balance
metatroctolite | Mountains, New: Garnet vermicule sizes 50 pm observed. equilibrium assemblages in hostsuggested Polymetamorphic history, with a high pressure event
York. Vermicule spacing:-- rocks following low pressure metamorphism.
Vermicule ShapeColumnar Opx and Bt oriented perpendiculal
layer boundaries
BO1 Granodiorite Dorz-Maira Corona 1: Corona 1 Corona thicknes Disequilibrium Eclogite facie. Clockwise SSDC - Sectoral corona development around bic
Massif, Western; Bt - Qtz Bt| Grt | Qtz Corona 1: 5-40 pm Corona 1:Garnet weakly Minimum conditions of: 650 °C: depending on immediately adjacent phase. Each
Alps Corona 2: Layer 1: 10 - 120 um; Layer 2: 60 pm; &ag: 100 zoned (no more detail and 24 kbar, based on corona type represents differé™T conditions at
Corona 2: Corona 2: pm provided). comparison between measurex which that corona-forming reaction is overstepped.
Bt - Kfs Corona 3: Layer 1: -; Layer 2: <100 pm Corona 2:Garnet weakly and modelled equilibrium
Bt| Grt| Grt+Qtz| Phg+Qtg Kfs | Garnet vermicule siz& - 50 pm zoned (no more detail compositions of garnet
Corona 3: Vermicule spacing:-- provided).
Bt- Pl Corona 3: Vermicule ShapeVermicular garnet to rod-like Phg Corona 3:Garnet
Bt| Grt| Gn+Jd| Pl Orientation:Perpendicular layer boundaries asymmetrically zoned with
Ca increasing and Fe+Mg
decreasing toward PI.
A98 Metabasic Yenisey Ridge : PI-Pgt Pl| Grt| Grt+Qtz| Cpx+Qtz+Gr | Corona thicknes Disequilibrium. Layer 4 Gr-Opx and Gr-Opx Clockwise SSDC Open The geobarometry is compromised by cherr
granulite Siberia (now | Pgt (Opx+Cpx exsolution) Layer 1: 440 pm Layer 1 Grt is zoned: Fe pairs yield 614 - 635 °C at 6 - Lre~ Lug= Lca> La= | potential gradients between phases in layer 4 &nd P
Opx+Cpx) Layer 2: 150 pm increases and Ca decreasesl0 kbar (retrograde diffusional Lsi reactant.
Layer 3: 300 pm (Xors 0.24 - 0.21Xam: 0.54 | resetting). Al content in Opx,
Vermicule size10 - 300 pm - 0.60). yields poorly constrained,
Vermicule spacing:-- Inlayers 3 and 4, GXssis | slightly higher temperatures.
Vermicule ShapeGranoblastic-polygonal/interlobate and locally constant, whiléX.is higher i Layer 4 Grt, Opx and Pl
needle/rod-like pyroxenes. than in layer 1. No reactant yields a pressure
Orientation:None systematic zonation in estimate of 5.8 - 7.5 kbar (Grt-
pyroxene observed. Opx-PI-Qtz; Bhattacharya et al:
1991).
WM73 Metagabbr Adirondacks Ol -PI Southwestern Adirondacl Corona thickness< 0.25 mr No variation inXug of Southwestern Adirondack Clockwise SsDC’ - -
New York ol | Opx| Cpx+Spl symd Pl Vermicule size0.01 - 0.25 mm pyroxenes. marginally > 8 kbar and 800°C:

Vermicule spacing:--
Vermicule ShapeVermicular symplectite and columnar Opx lat}
Orientation:Strongly oriented perpendicular to layer boundarie:

?
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Table 3.1 continued: Summary of prograde corona occurrencesin theliterature

Tag Bulk comp i Location Reactants : Corona product assemblage Corona Thickness, Vermicule size, Equilibration P, Tof corona formation : Inferred Layer Diffusion model : Comments
Vermicule spacing P-T path growth
model
A0L Hornblendite Ivrea zone Hornblendite- | Hbl+Grt+Cpx | Cpx| Grt+Cpx| Corona thicknes Disequilibrium. 700- 900 °C and - 10 kbar - SSDC Open. A number ¢ Abart et al. (2001) relaxed the constant volum
xenoliths in Northern Marble Scp+Cp>4 Cal Layer1:1-4cm Xug (0.8 - 0.55) and (independent estimates of peal mass balance closure to certain components constraints to etalua
marble Italy Layer 2:3-12cm Tschermak’s content in Cpx: conditions from pelites) scenarios proposed | the overall reaction. Rather, they constrainechgea
Layer 3: <2cm decreases toward Cal. No based on qualitative ;| of mass balance scenarios for which major element
Vermicule sizex~ 1 mm variation in Grt composition evidence to constrair} fluxes across boundaries were solved.
Vermicule spacing:-- boundary fluxes.
Vermicule ShapeGranoblastic-interlobate except at layer: Lss/Lcaca> 2.5 and
boundaries where vermicular symplectite occurs Lami/Lcaca< 10 and
Preferred OrientatiorWermicular symplectite strongly Lugug/Lcaca> 1
oriented perpendicular to layer boundaries, othesvhone
BB8E Metapelite ant | Hogga- Corona 1 Corona 1 Corona thicknes Corona 1 55C- 650 °C and 4.- 5.7 kbar i Clockwise SEC - The first stage of corona growth involves breakn
Norite Iforas Grt - Sil Gn| Crd| Crd+SpI| Sil Corona 1: < 500pm No zoning in Crd or Spl. (thermobarometry using the isothermal of Grt to form Crd + Spl symplectites in the
granulite St and younger euhedral Grt appeat 8orona 2: < 700 um GarnetXe. decreases assemblage Grt-Spl-Crd-Bt-PI metapelites and Opx + Pl symplectites in the nsrite
unit, Mali Corona 2: replace Crd in a younger post-coron®ermicule size5 - 50 pm rimward. Replacement of Crd + Spl by younger Grt and Sil, as
Grt - Qtz event. Vermicule spacing:-- Corona 2: well as the replacement of Opx and Pl symplectjte b
Vermicule ShapeVermicular symplectite and granoblasti¢-No systematic zonation. Grt + Qtz - suggests renewed burial.
Corona 2: polygonal/interlobate monomineralic layers Opx: Xee= 0.65 - 0.70, Thermobarometry yieldB-T conditions of the latter
Gn| Opx+Pl symd Gm+Qtz| Qtz Preferred Orientatiorermicular symplectite weakly Xug=0.29 - 0.32 andkc— event.P-T path reflects Eburnean decompression,
oriented perpendicular to layer boundaries, othesvhone | 0.01 - 0.02. followed by Pan African burial.
COE Metapelite Huangtuling i Corona 1 Corona 1 Corona thicknes Coronas 1 and ¢ Coronas 1 and 2 Clockwise SSDC - Coronas formed at uniqiP-T conditions unde
granulite, Bt - Pl Bt| Grt+Qtz| Pl 100 - 200 pm Xars increases toward Pl 690 - 790 °C and 7.7 - 9.0 kbal steady-state conditions during multi-stage
Northern Vermicule size: (from2-3mol % to3-4 metamorphic history.
Dabie Corona 2: Corona 2: 5-50 pm mol%). Coronas 3: Coronas 1 and 2decompressive cooling on
Orogen, Opx - PI Op><| Grt+Qtz+B&+Plz| Pl Vermicule spacing:-- Opx: A= 0.05 - 0.07 900 - 920 °C and 4.3 - 4.7 kbal clockwise path (2000 Ma)
Eastern Vermicule Shape: a.p.f.u. andyy= 0.59 - 0.63 Coronas 3 and 4renewed burial of granulites (220
China Corona 3: Corona 3: Vermicular symplectite Garnet: Corona 4: Ma) on a second clockwise prograde path. Corona
Grt - Qtz+liq Gn| Crd+Opx+Bt+Pl+Spl Preferred Orientation: Ti=0.24-0.28 a.p.f.u.and; 860 - 880 °C and 4.0 - 4.4 kbar phase compositions broadly determined by
symp| Qtz+Melt Vermicular symplectite weakly oriented perpendictia AY'=0.12-0.17ap.fu. (AveragePT, THERMOCALC) composition of local reactants.
Corona 4: layer boundaries Corona 3:
Bt - PI+Qtz Corona 4: Opx: A" =0.08 - 0.12
Bt | Crd+Opx+Qtg PI a.p.f.u. andug= 0.63 - 0.65
Biotite: Xwg=0.71-0.76
No indication of symmetry i
zonation.
107 Ultramafic Sefuri Ol -PI Corona 1 Corona thicknes Al cation total decreast 60C - 700 °C, 5 kbar (HI-Opx Not describec | SSDC - Open system removal of MgO from the local cor
Mountains, ol | Op><| Pl Corona 1: < 70 pm (1.21-0.48; 23 O's) andyg | thermometry on mineral pairs volume, stabilises Opx in the corona
NW Kyushu, Corona 2: < 400um increases (0.88 - 0.91) in HEl from layer 2 - employing Gibbs
Japan Corona 2: Vermicule size: -- toward Ol in layer 1X, in method for Fe-Mg exchange

Ol | Hbl+Opx| Hbl+Spl symp| Pl

Vermicule spacing:--
Vermicule Shape:
Corona 1: Columnar Opx

Corona 2: Granoblastic-polygonal layer 1. Layer 2
comprises vermicular symplectite weakly oriented
perpendicular to layer boundaries

Opx increases toward Pl
(0.06 - 0.11) in layer 1.

between Hbl and Opx)
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Table 3.1 continued: Summary of prograde corona occurrencesin theliterature

Tag

Bulk comp

Location

Reactants

Corona product assemblage

Corona Thickness, Vermiculesize,
Vermicule spacing

Equilibration

P, T of corona formation

Inferred
P-T path

Layer
growth
model

Diffusion model

Comments

MCCoz

Metapelite

Makhavinekt
Lake Pluton

Grt- Qtz+Fs)

Grt | Crd+Opx| PI| Opx| Qtz+Fsg

Corona thicknest

<50 um (6 km from pluton) to > 1000 pm (adjacent t
pluton)

Vermicule size:

<10 pum (6 km from pluton) to 250 um (adjacentltaqn)
Vermicule spacing:--

Vermicule ShapeElongate and vermicular furthest from
contact becoming more equant toward pluton
Orientation:Rods strongly aligned perpendicular to garne:
substrate

Al0s Wt % andXug of Opx
increases toward reactant
garnet. Magnitude of
difference dependent on
distance to pluton. MaxAl
Wt% = 0.8 Wt%; MaxAXuq-
0.05.

Overall Opx more Fe-rich
and Al-rich toward pluton.
Intracrystalline zonation
toward lower Al wt% and
Xug values at margins of
vermicules.

Grt-Opx

Al-solubility thermometry:
Contact: 785 - 875 °C at 5 kba
At 6km: 650 - 750 °C

Contacl
aureole

SSDC

Progressive replacement of garnet toward pl
contact

1002

Pelitic anc
mafic
granulites

Taylor Brook
Gabbro
Complex

Corona 1
Sil - Grt - Qtz

Corona 2:
Grt-Quz

Corona 1
Grt| Spl+ Crd| Qtz+Sil +Grt

Corona 2:
Grt| PI |Opx | Qtz

Corona thicknes

Corona 1: <500 pm

Corona 2: < 100um

Vermicule size:

Corona 1: < 300 pm

Corona 2: < 50 um

Vermicule spacing:--

Vermicule Shape:

Corona 1: Tortuous, contorted lamellar symplectite
Corona 2: Granoblastic-polygonal
Orientation:Lamellae weakly aligned perpendicular to
garnet substrate

No zonation describr.

Grt-Opx-Pl-Qtz
thermobarometry on corona
phases in metabasite

yields aP-T estimate of 4.4 kba
at 615°C.

Coronas in tonalitic gneiss
yield a slightly higheP andT

of 4.7 kbar at 645°C.

Contacl
aureole

SSDC

BBOO

Metapelite

Mafic
Complex
Contact
Aureole

Crd-Kfs

Crd| Bt+Sil+Qtz | Kfs

Corona thicknes

<200pm

Vermicule size:

<30 pum

Vermicule spacing: > 5 um

Vermicule ShapeVermicular symplectite

No zonation describr.

Contacl
aureole

WMF04

Metapelite

Ross of Mull
Contact
Metamorphic
Aureole,
Scotland

Corona 1
Ky - Bt - Qtz

Corona 2:
Grt-Qtz - Ms

Corona 1
Ky | Crd + Ms| Qtz+Bt

Corona 2:
Grt | Crd + Bt| Qtz+Ms

Corona thicknes

Corona 1: <350 um

Corona 2: < 1000um

Vermicule size:

Corona 1:-

Corona 2: < 20 um

Vermicule spacing:--

Vermicule Shape:

Corona 1: Fibrous intergrowth

Corona 2: Elongate, anhedral biotite laths in candie
Orientation:Vermicules weakly aligned perpendicular to
reactant substrate

Zonation not describer
Apparently in equilibrium.

P-T estimates based on relat
stability of phases oR, T grids

Contacl
aureole

L04

Metatroctolit¢

Buck Creek
Ultramafic
body, North
Carolina
Blue Ridge

Ol-PI

(o]
(o]
ol

Cpx+Spl symy Pl
Cpx+Hbl symp PI
Cpx+Spr symp Pl

Opx
Opx
Opx

Corona thicknes:0.5 - 0.75 mr

Vermicule size: --

Vermicule spacing:--

Vermicule ShapeVermicular symplectite and elongate or
columnar Opx laths

Orientation:Strongly oriented perpendicular to layer
boundaries

Equilibrium. No variation ir
composition.

700-900 °C an > 9 kba

SSDC

Closed. No diffusior
modelling performed.
SVD analysis
concludes Hbl of
primary metamorphic
origin - not
retrograde after Cpx.

Overall corona reaction modelled by SVD (Singt
Value Decomposition) matrix technique. Possible
mass balance reactions are generated by SVD
technique. A successful model is one that repragluce
a sensible overall reaction with residuals thatomat
expected analytical errors (Lang et al., 20@4psed
system approximation possibly invalid.
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Table 3.1 continued: Summary of prograde corona occurrencesin theliterature

Tag Bulk comp i Location Reactants : Corona product assemblage Corona Thickness, Vermicule size, Equilibration P, Tof corona formation : Inferred Layer Diffusion model : Comments
Vermicule spacing P-T path growth
model
DOZ Mafic granofel: | Arthur River | Hbl - Czc Hbl | Cpx + Ky + Qtz + P| Czc Corona thicknes No zonatior- equilibrium The assemblar Contact - - -
Complex at <500 pm garnet, kyanite, plagioclase andaureole
Mt Daniel, Vermicule size: quartz yielded pressure
Fiordland, <60 um estimates of 13.2 kbar and
New Zealand Vermicule spacing:-- temperature estimates of 700 C
Vermicule Shape: using conventional
Irregular, elongate, euhedral laths of Ky embedite@px thermobarometer of
and Qtz Newton and Perkins, 1982.
Orientation:No preferred orientation
D97 Metapelite Chimakurth: { Spl- Crd Corona 1 Corona thicknes No zonation describt. P-T grid constraints on pressu | Contacl - - -
mafic- Spl | Grt + Sil + Crd| Crd Corona 1: <75 pum; Corona 2: < 230um 5 - 6 kbar with cooling from aureole
ultramafic Vermicule size: 1000 °C.
complex Corona 2: Corona 1: < 15 pm; Corona 2: < 10 um
aureole, Gn| Opx + Sil + Spl Vermicule spacing: --
Eastern Vermicule Shape:
Ghats Belt, Corona 1: Irregular, lenticular sillimanite needl@s
India cordierite intergrown with ‘spongy’ garnet.

Corona 2:Rod-like intergrowth of Opx, Sil and Spl
Orientation:Orthopyroxene vermicules aligned
perpendicular to layer boundaries

JC90: Johnson and Carlson, (1990); N83: Nishiyd&®83); J04: Johnson et al., (2004); WC97: White @larke, (1997); 193: Indares, (1993); JF88: Jmesind Fisher, (1988); ABE92: Ashworth et al.,

(1992); K87: Koons et al., (1987); WM83: WhitneydavcLelland, (1983); A98: Ashworth et al., (199801: Bruno et al., (2001); WM73: Whitney and Mcéelt, (1973); A01: Abart et al., (2001);
BB88: Boullier and Barbey, (1988); C06: Chen et@006); 107: Ikeda et al., (2007); MCCO03: Mcfamtget al., (2003); 1002: Ings and Owen, (2002); BBBarboza and Bergantz, (2000);WMP04:
Wheeler et al., (2004); LO4: Lang et al., 2004; DDaczko et al., (2002); D97: Dasgupta et al., )99
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Table3.2: Summary of retrograde corona occurrencesin theliterature

Tag Bulk comp : Location Reactants Corona product assemblage Corona Thickness, Vermicule size, Equilibration P, T of corona formation : Inferred Layer Diffusion model i Comments
Vermicule spacing P-T path growth
model
CJ91 Metagabbr Llano Uplift, Corona 1 Corona 1 Corona 1 Disequilibrium - ITD SSDC Oper
Central Texas i Grt - Qtz Grt | P|+Mgt| Op><+Aug| Qtz Corona thicknes®l = 60 pm; Opx+Hbl =20 um Pl less calcic and amphibol€ Grt-Qtz: Lee> Lug>
Vermicule sizex 5 - 10 pm Fe/Mg and Al/Si ratios Lea> La> Lsi
Corona 2: Corona 2: Vermicule spacing:-- decrease toward Grt-Omp: Lna= Lee>
Grt - Omp Grt | Pl+Prg symd Mg-Hbl | Pl+Mg- Vermicule Shape: Pl+Mgtgranoblastic-polygonal; quartz/omphacite (An- Lwg> Lsi > Lea> La
Hbl+Opx symp| Omp Opx+Aug - columnar Angg).
Orientation:Columnar Opx+Aug perpendicular layer
boundaries
Corona 2:
Corona thicknes200 pm
Vermicule size< 2 pm - 40 pm
Vermicule ShapeGranoblastic-polygonal PI;
vermicular/rod-like Hbl and Opx
Orientation:Weakly perpendicular to layer boundaries
CPG8¢ Metapelitt MacRobertsor ; Corona 1 Corona 1 Corona thicknes - - IBC following ;| SSDC - -
Land, crd - Spl Spl | Mgt| sil| crd Corona 1: 200 um ITD
Antarctica Corona 2: <120 um
Corona 2: Corona 2: Corona 3: 30 - 120 um
Spl - Matrix Sp|| Grt+SiI+Crd| Grt+Sil+Qtz+Kfs Grain sizex< layer thickness
(Grt+Sil+Qtz+Kfs) Grain shapeGranoblastic-polygonal
Corona 3: Orientation:None
Corona 3: lim | Sil | Grt
lim - Grt
K03 Metapelite Mather Corona 1 Corona 1 Corona thicknes Disequilibrium 750 - 800 °C and - 8 kbar Decompressiv ;| SSDC - -
Paragneiss, Grt - Qtz Grt | Crd+Opx symd Opx| Qtz < 0.5mm CrdXwgvaries across (modalP-T-Xrelationships cooling on
Rauer Group, Grain sizex- symplectite - generally not i from pseudosections) clockwise path
Antarctica Corona 2: Corona 2: Grain shape:- systematically, buXu, may
Grt - Bt Grt | Crd+Opx symd F'|| Bt Orientation:Symplectite phases perpendicular to layer increase toward Opx.
boundaries No variation in Opx
Corona 3: Corona 3: composition.
Sil - Opx sil| crd| Opx
WPCO: Fe-rich Musgrave Grt - Matrix (Sil, Grt | Spl+Qtz+Gr | Matrix Corona thicknes Equilibrium. 80C - 850 °C and 5.- 6.0 kbar i Clockwise patt i SEC - Coronas develop in response to changing mode
metapelites Block, Central i Qtz, Kfs, Bt) Grt encloses Spl in corona <0.5mm (P-T-Xrelationships from with minor high variance equilibrium assemblage. No univariant
Australia Grain size0.05 - 0.2 mm pseudosections) decompression: reaction is crossed. Garnet is still stable. Inspifet
Grain shapeGranoblastic-polygonal/interlobate dominated by decompression implied by this texture may have
Orientation:None cooling been over-estimated in other terranes (Harley, 1989
KS9¢ Mg-rich Highland Corona 1 Corona 1 Corona Thicknes Disequilibrium 810 °C and 7.5 kbz Clockwisepath ;| SSDC -
metapelites Complex, Grt - Qtz Grt | Opx+Sil symd Opx| Qtz Corona 1: < 0.5mm Corona 1: TWQ P-T estimate on Grt, Qtz,; with ITD
Hakurutale, Grain Size: Opx: Xug = 0.76 - 0.84; Opx, Crd assemblage. Assumed
Sri Lanka Corona 2: Corona 2: Corona 1: Xu=0.09-0.15 Grt + Qtz in equilibrium with
Grt - Qtz Grt | Opx+Crd+Spr symd)Opx| Qtz Coarse granoblastic-polygonal grains < 0.2mm; syeatite i Corona 2: products.
vermicules: 10 - 50 pm Opx: Xug = 0.76 - 0.83;
Corona 3: Corona 3: Grain shape: Xa=0.12-0.17
Grt - Bt Grt | Opx+Pl+Crd sym# Bt Symplectite: vermicular No systematic variation
Monomineralic layers: granoblastic-polygonal noted.
Corona 4: Corona 4: Orientation:
Sil - Opx/Grt Sil | Crd+Spr sym;j Crd| Opx/Grt Symplectite vermicules weakly aligned perpendictdar
(Si0; Deficient layer boundaries
EBC)
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Table 3.2 continued.: Summary of retrograde corona occurrencesin theliterature

Tag Bulk comp i Location Reactants : Corona product assemblage Corona Thickness, Vermicule size, Equilibration P, Tof corona formation : Inferred Layer Diffusion model i Comments
Vermicule spacing P-T path growth
model
NO2 Mafic, Thor-Odin Gec - Ky Gec| Crd| Crd+Spl symp| Crd+Crn Corona thicknes Equilibrium. No variation ir i P <5 kbar ancT ~ 750 °C. Rapid SSDC -
aluminous Dome, syrnpl| Ky Layer 1: <350 um any phases noted. Equilibria constrained with isothermal
pelites Shuswap Layer 2: <900 pm TWQ and conventional decompressior:
metamorphic Layer 3: pseudomorphs kyanite thermobarometers. on a clockwise:
core Vermicule size25 - 350 pm path
complex, Vermicule spacing20 pm
British Vermicule Shapevermicular symplectite; granoblastic-
Columbia polygonal/interlobate in Crd moat
Orientation:Vermicular symplectite weakly oriented
perpendicular to layer boundaries, otherwise none
HO6 Metapelite Leverburgh | Grt- Qtz Grt | Crd+Opx symg Opx| Qtz Corona thicknes Disequilibrium. Nc P~ 9 kbar ancT ~ 870 °C Isothermal SSDC -
Belt, South Layer 1: <200 um systematic variation decompression
Harris, Layer 3:< 50 pm described. on anti-
Scotland Vermicule size: 1050 pm Opx:y(Opx) = 0.02 - 0.08 clockwise path;
Vermicule spacing25 pm Xug =0.71-0.78
Vermicule ShapeRod-like symplectite; columnar Opx in i Cordierite:Xy, = 0.89 - 0.92
layer 2.
Orientation:Vermicular symplectite weakly oriented
perpendicular to layer boundaries
G8C Metapelite Enderbyland { Spi- Qtz Sp|| Sil | Opx| Qtz Corona Thicknes:«< 0.5mn - 7 +1 kbar; 901+ 30 °C Isobaric SSDC - -
Antarctica cooling on
anticlockwise
path
BO4 Troctolitic Snowbird Grt- Cpx Gn| Opx+Pl symd Spl+Cpx+Opx Corona thicknes Disequilibrium. Marked 85(-855°Cat1-12 kbar Isothermal SsDC’ - Corona mineralogy depends on availability ;O
gabbro Tectonic symp| Omp Layer 1: <70 pm zonation in Pl (Ae, adjacent | (two pyroxene thermometry) | decompressior; to form amphibole. The use of corona plagioclase
Zone, Gn| Prg+PI| P|| Op><+PI| Omp Layer 2: 20 pm Grt to Any, at corona 810 °C and 12 kbar (Grt-Opx- ; on clockwise composition in TWQ thermobarometry may not be
Western Layer 3: 50 pm margin). No variation in PI-Qtz equilibria - TWQ; Grt path valid.
Canadian Vermicule sizex< 50 pm amphibole, orthopyroxene or rim and symplectite
Shield Vermicule spacing: clinopyroxene compositions; compositions)
Vermicule Shape: documented.
Elongate Prg laths; euhedral Opx rhombs
Orientation: Giented perpendicular to layer boundaries
ACKO07 Metapelite NVP Grt - Matrix Grt | Spl+Crd+Kk+Melt Corona thicknes Equilibrium. No systemati i 820 450 °C, 4.!+ 0.6 kbar Rapid SSDC/SE( - Plagioclase rind between cordierite and spin
(Neocene (Bt+Sil+Pl) (glass)| Matrix <150 pm variation in spinel or (ternary feldspar thermometry,; decompressior; attributed to isobaric cooling post-eruption.
Volcanic Pl rinds separate Spl from Crd. Vermicule sizex 50 um cordierite composition. Grt-Crd thermobarometry, during
Province), El Vermicule spacing: GASP barometry) eruption
Hoyazo, Vermicule ShapeEuhedral Spl and granoblastic- followed by
Spain interlobate Crd isobaric
Orientation:No preferred orientation cooling
TOE Metapelite Mather 1) Grt 1) Grt|Spr+Opx+(rd symg Corona 5: No variation in coron Two groups of po-peakP-T Clockwise 1-4) SSDC -
Paragneiss, | 2) Grt-Melt { 2) Grt|Bt+Crd symd Melt Corona thickness: cordierite observed. estimates: 980 - 1010 °C (Grt-{ path with neari{ 5) SEQ
Rauer Group; 3) Sil-Opx | 3) Si|| Spr+Crd symﬁOpx Layer 1: <2 mm Symplectitic Opx thermobarometry) and ~10 isothermal
4) Grt-Qtz | 4) Grt|Crd+Opx symd Op><| Qtz Layer2: 1 mm Orthopyroxene: kbar; decompressiorn
5) Grt- 5) Grt|Opx+Pl | Op><2+PI+Mgt| Cp | Grain size< 0.5 mm Xug= 0.71-0.72; ~ 800 °C and ~ 7 kbar (Grt-Bt | under
Cpx+Hbl x+Hbl Grain shapeOpx is vermicular, Opxis euhedral and 4.1 - 4.2 AJO; Wt.%. thermometry). ultrahighT
columnar Symplectitic Spr: followed by
Orientation: Si=1.36-1.39a.p.fu. decompression
Symplectite vermicules strongly aligned perpendictd cooling

layer boundaries
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Table 3.2 continued: Summary of retrograde corona occurrencesin theliterature

Tag Bulk L ocation Reactants : Corona product assemblage Corona Thickness, Vermicule size, Equilibration P, T of corona Inferred Layer Diffusion model : Comments
comp Vermicule spacing formation P-T path growth
model
G7z Olivine pod i Sognefjord ani i Ol - Pl Type 1 Corona Thicknes Disequilibriur. 1000 °C and 12 kb Cooling from § SEC - Coronas - 4 are considered to represent transi
in Bergen, Norway ol | Op><| Cp><| Grt| Cpx+Sp|| Pl Type 2: Type 2 corona: (Grt-Cpx thermometry): peak igneous increasingly more evolved stages of corona
anorthosite Type 2: Opx: 6 - 15 mm; Cpx: 4 - 6 mm; Grt: 7 - 15 mm; Bergen: Opx strongly zoned - Al Cooling to 500 °C T at high development on the-T path.
Ol | Opx| Cpx| Grt+Cpx+Spl| Pl Type 3: content ance. increase from olivine pressure
Type 3: Opx: 1 cm; Cpx: 5 mm; Grt: 5 - 8 mm; toward PI. Garnet strongly zoned - Ca
Ol | Cpx| Grt+Cpx+Spl PI Type 4: decreases and Mg+Fe increases
Type 4: Opx: 3 mm; Cpx: 1 mm; Grt: 2 mm; towards Cpx.
ol | cpx| PI| Grt| PI Grain size: -- Sognefjord: All phases
Grain shape: -- homogeneous.
Orientation: -- Type 3 corona:
All phases homogeneous, except
garnet where Ca decreases toward
Cpx.
Type 4 corona:
Mg and Ca increase in Cpx toward
plagioclase layer. Ca decreases inithe
garnet layer toward plagioclase layér.
MA83 Olivine NE, Scotlan ol -Pl Ol | Opx| Hbl | Hbl+Spl/An symd Pl Corona thicknes Disequilibrium Amphibolite facies. Nii Cooling from | SSDC Oper:
metagabbro Opx: 70 pm; Hbl: 30 pm; Hbl+Spl: 100 pm Al content andXe. of Opx and Hbl quantitative peak igneous Lee> Lwg> Lca> Lai>
Spinel vermicule size: increase toward Pl reactant. thermobarometry T Lsi
0.5-5 pm (max 30 um) Opx:
Vermicule spacing:-- Alca= 0.03 - 0.07Xe= 0.26 - 0.28
Vermicule ShapeSubhedral, columnar Hbl+Opx; Hbl:
vermicular spinel Alca= 2.72 - 2.77Xre= 0.28 - 0.26
Preferred OrientatiorPerpendicular layer boundaries
G8¢E Metagabbr i CentralGneiss Ol -PI ol | Opx| Cp><| +Amph | Gn| Pl Corona thicknes Disequilibrium 8- 10 kbar and 70- Cooling from { SSDC- with Closed: Cros The closed system assumption forced Gra
Belt, Western Overall 250 - 500 pm Opx and Cpx zoned w.r.t. Al - 750 °C from peak igneous | back reaction i coefficient terms assume a ‘fictive’ non-stoichiometric plagioclase
Grenville Vermicule/Grain sizelNot resolvable increases from 1.4 - 1.8 wt% toward equilibrium T at high and re- Lcamg@ndLeare composition to accommodate excess Ca required to
Province, Vermicule spacingNot resolvable Pl assemblages is in hosti pressure equilibration. i introduced to stabilise Cpx-bearing coronas. The garnet layer was
Ontario. Vermicule ShapeGranoblastic-polygonal Grt, columnar | Variable Si and Al in amphibole (+ Z gneisses stabilise garnet in not included in the SSDC model since it was betieve
Cpx and Opx wt%). Al/Si ratio decreases in the symplectite. Semi- : to post-date the main corona.
Preferred OrientatiorOpx and Cpx oriented perpendiculasymplectite toward olivine. Garnet quantitative results
to layer boundaries compositions are homogeneous. only with Lrez= Lug
> La>Lsiand
Lwg/Lna< 6 - 8.
Ledla<1.5-20.
Lug/Lca< 4 -6
J8e Troctolitic Risor, Norwa Ol -PI ol | Opx| Opx+Spl symd Hbl+Spl Corona thicknes Equilibrium - no variation describe § - Primary SEC Closed: none stak Diffusional instability of pimary coronas drive
gabbro symp| Pl Opx layer: 72 - 105 pm; Opx+Spl: 10 - 20 pm; coronas secondary annealing to produce stable secondary
Ol | Opx| Hbl | Hbl+Spl symg PI HbI+Spl: 110 - 205 pm magmatic in solid-state coronas. Remodelled successfully by
Vermicule size: origin, Ashworth (1986), consistent with emplacement into
Splil-2um followed by regional metamorphic terranes and cooling from
Vermicule spacing:-- secondary igneous temperatures.
Vermicule Shape: solid-state
Opx and Hbl: columnar; Spl: needles/rods annealing
Orientation:
Spl rods perpendicular layer boundaries
WM73 Metagabbr ;i Adirondacks Ol -PI Adirondack Highland: Corona thicknes Jd/Ts in Cpx decreases from Adirondack Highlands i Cooling from | SEC - Close association of metagabbros with anorth:
New York ol | Op><| Cp><| Pl | Grt(thxtHbI)| Pl i Overall 500 - 700 pm toward PI (ascribed to formation ~8 kbar and 800°C peak igneous argues against depression of relatively buoyarstcru
Vermicule/Grain sizenot resolvable under differenP-T conditions in temperatures to depths sufficient to explain prograde formatén

Vermicule spacingnot resolvable

Vermicule ShapeGranoblastic-polygonal Grt; columnar
Cpx and Opx

Preferred OrientatiorOpx and Cpx oriented perpendicul
to layer boundaries

sequential model).
No variation inXyg of pyroxenes.

ar

coronas.

Garnet-bearing coronas in the Northern Adirondacks
reflect higher pressures during corona formation.
Absence of garnet locally in coronas is attributed
kinetic nucleation constraints.
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Table 3.2 continued: Summary of retrograde corona occurrencesin theliterature

Tag Bulk L ocation Reactants : Corona product assemblage Corona Thickness, Vermicule size, Equilibration P, T of corona Inferred Layer Diffusion model | Comments
comp Vermicule spacing formation P-T path growth
model
D89 Metapelite Central Zone Corona 1 Corona 1 Corona thicknes Equilibrium: No variatior 70C-800°C; 3..-5 Isothermal SECQ - -
Limpopo Belt, Grt - Krn Grt | Ged+Sp| Ged+Sp¢| Spr+Crd| Krn Corona 1: described in any phases. kbar (MASH decompression
Zimbabwe Layer 1: < 200pum; Layer 2: ~ 250 um; Layer 3: < 20t equilibria: Grt-Spr-
Corona 2: Corona 2: Corona 2: < 750 pm Spl-Crd
Crn - Krn Crn| Spl| Spr+Crd| Krn Corona 3: Layer 1: < 1000 um; Layer 2: 500 um; eay thermobarometry)
3:<700 pm
Corona 3: Corona 3: Grain sizex< maximum layer thickness
Crn - Ged Crn| Spl| Spr+Crd| Crd| Ged Grain shape:
Symplectite: vermicular
Monomineralic layers : granoblastic-polygonal
Orientation:
Symplectite vermicules radially aligned in sectomst
always perpendicular to layer boundaries)
LAL87 Metapelite Paderu Corona 1 Corona 1 - No systematic variation record { 90C + 60 °C and 6.5: | Decompressivi ; SSDC - Variation in corona mineralogy dependent on topgp!
Southern India | Spr - Qtz Spr| Sil | Opx/Crd| Qtz for any corona phases. 0.7 kbar to 760 + 50°C; cooling on of petrogenetic grid and local variation in bulk
and 5.0 + 0.6 kbar clockwise path. composition (keo, Meezozand o).
Corona 2: Corona 2: (Grt-Opx
Spl - Qtz Spl| Spr| Sil | Qtz thermobarometry) and
Spl| Spr Op><| Qtz relationships on the
Corona 3: Spl| Sil | Opx| Qtz FMASH petrogenetic
Spr - Sil Spl| Spr| sil | Gr/Opx| Qtz grid
Corona 4: Corona 3:
Opx - Melt Spr| Opx| il
Corona 4:
Opx| Bt+Qtz symp| Melt
004 Metapelite Kontum Massif | Grt- Qtz Grt | +Prp+Spl symd Corona thicknes Disequilibrium. Zonation note Cooling from 9 kbar ITD on SEC - Assumed preserved metastable equilibria in co
Central Vietham Crd+Opx symd Opx| +PI+Kfs | Qtz Symp layer: < 400 um; Mono Opx: < 100 pm; but not described. 1000 °C to 6.5 kbar, : clockwise path represent discrefe-T conditions.
Vermicule size20 - 100 pm Symplectite Opx: 800 °C from FMASH
Vermicule spacingl0 - 30 pm Xuwg=0.62 - 0.70; 5.8 - 7.6 AD; i petrogenetic gridXa
Vermicule Shape: Wt% andXwg contours.
Symplectite: vermicular Crd: Xwg= 0.82 - 0.84
Monomineralic Opx: Columnar/blocky; Spl: needlesso : Spl: Xw,= 0.67 - 0.71
Orientation: Mono Opx:
Weakly oriented perpendicular to layer boundaries Xug=0.67 - 0.71; 4.7 - 5.3 ADs
wt%
TO4 Metapelite Ganguvarpatti Corona 1 Corona 1 Corona Thicknes Near equilibrium. Minol Crd+Opx symp Steep SSDC - -
Southern India  Grt - Matrix Grt | Opx:SprtSp' Matrix Corona 1: <300 um asymmetrical zonation in 950 - 990 °C, > 8kbar i decompressive
(composite symplectite) Corona 2: Layer 1: <1000 um cordierite described with highest Crd+Spr+Spl symp: cooling on
Corona 2: Grain size: 50 - 100m Xuqg values adjacent to garnet 850 - 900 °C, 8 kbar ; clockwise path
Grt - Qtz Corona 2: Grain shape: (Xwg: 0.85 - 0.89). (Xug andXu Opx

Grt | Opx+Crd| Qtz

Symplectite: needle-like Spr rods

Monomineralic layers: granoblastic-polygonal
Orientation:

Symplectite Spr vermicules strongly aligned ragliatlr.t
layer boundaries Opx vermicules perpendicular teta
boundaries

SprXwg: 0.73 - 0.75

SplXug: 0.41 - 0.44

Opx in corona 1: AD; contents
7.6-8.2wt %.

Opx in corona 2: AD; contents
6.9 -7.5wt %.

thermobarometry,
Hensen and Harley,
1990)
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Table 3.2 continued: Summary of

retrograde corona occurrencesin theliterature

Tag Bulk comp L ocation Reactants : Corona product Corona Thickness, Vermicule size, Equilibration P, Tof corona Inferred Layer Diffusion Comments
assemblage Vermicule spacing formation P-T path growth model
model
ZHO7 Metapelite Vestfold Hills, i Corona 1 Corona 1 Corona Thicknes Grt.azoned radially w.r.t. Ca, F { 60C- 680 °C, (-8 Isobaric coolini i SSDC - -
East PI - Opx Pl; | Pl | +Kfs | Grta+Qtz| Opx | Corona 1: and Mg. Alms.Grsio 1sPrps. kbar (Garnet-Opx
Antarctica Layer 1: ? 21SPS-2, With Xug 0f 0.21 - 0.24. i thermometry, GAFS
Corona 2: Corona 2: Layer 2: <30 pm barometry)
Grt- Pl Grt | Grees+Qtz| Pl Layer 3: <170 um
Corona 2:
Layer 1: < 100 um
Grain size: 5 - 10im
Grain shape:
Symplectite: granoblastic
Monomineralic layers: granoblastic-polygonal
Orientation:
Symplectite vermicules weakly aligned perpendictdar
layer boundaries
M98 Fayalite granite i Lofoten Corona 1 Corona 1 Corona Thicknes Disequilibrium. Garnet onl 78C-84(°C and «- 10 i Cooling fron SSDC Open system mod ;| Markl et a. (1998) is first study to constrain relati
Islands, Fa/Mgt - PI Fa| Op><| Grt+0p><| PI/Kfs Corona 1: exhibits zonation, becoming kbar (Grt-Cpx-Opx-Pl ; peak igneous with constant diffusion coefficients of major components in gréieu
Norway Layer 1: <50 ym more calcic Xors 0.09 - 0.15) thermobarometry). temperatures volume constraint:  facies granitic rocks.
Corona 2: Corona 2: Layer 2: <20 ym and magnesiarX: 0.95 - 0.97): Large variation in Le>Ls>Lug>Li>Lna
Fa/Mgt - Kfs Fa| Op><| Amph| PI/Kfs Grain size: 2 20 pm toward feldspar. pressure is due to >> Le>lwn>la
(Opx+Grt layers thinner and Grain shape: variation in garnet
Opx:Grt in Opx+Grt layer is Symplectite: granoblastic composition across the
higher adjacent to Kfs than PI) Monomineralic layers : polygonal granoblastic corona.
Orientation:
Mgt| Gn+Opx| Fsp Symplectite vermicules aligned perpendicular tetay
boundaries
Mgt| Amph| Fsp
BPS8’ Metapelite Errabiddy, Corona 1 Corona 1 Corona thicknes Corona 1: 60C - 650°C, « - 6 kbar | Clockwise SSDC - Variations in the proportions of cordierite andustdite are
Western Grt - Ged Gn| Crd+Ged | Ged <100 pm Xeein Crd decreases from 0.17 i (P-T-Xphase reheating of directly related to th&e. and Ca composition of gedrite
Australia Grain size20 pm near Grt to 0.1 - 0.13 adjacent tb equilibria) originally high- reactant.
Corona 2: Corona 2: Grain shape: Ged. grade rocks,
Ky - Ged Ky| st| crd| Ged Symplectite: granoblastic GedXe0.37 - 0.47; AY 1.3 - followed by
Monomineralic layers : granoblastic-polygonal 2.2. isothermal uplift
Orientation:Symplectite vermicules aligned perpendicularCorona 2:
to layer boundaries Xeein Crd increases toward Gec
from 0.10 to 0.16.
GedXee 0.26 - 0.36
BKOO03 Metapelite Epupa Grt-Qtz Gn| Crd+0px| PI| Opx| Qtz Corona thicknes Opx Xa increases toward G Stage 1 coron Post peal SECQ - Increase in Al content in Opx toward Qtz inconsisteith
Complex, NW Layer 1: < 250um (Al 0.12 - 0.25)Xug of Opx formation: decompression, diffusion controlled growth, i.e., Al diffusion iste-
Namibia Layer 2: <70 pm and Crd decrease toward Qtz i 940 + 30 °C and 8 + 2 followed by near; limiting. Either Al diffused anomalously quickly iis
Grain size20 - 250 pm (0.66 - 0.52 in OpxXre 0.87 - kbar (Grt-Opx isobaric cooling instance or the Crd+Opx symplectites formed at fowe
Grain shape: Syplectite - lamellar 0.81in Crd) No zonation in Pl. i thermometry and Grt- ; -clockwise temperature. Thermobarometry potentially applied to
Orientation:Symplectite vermicules aligned perpendicular Opx-PI-Qtz barometry ; retrograde path disequilibrium compositions.
to layer boundaries on Grtrim, layer 2 Pl
and layer 3 Opx)
Stage 2 corona growth:
800+60°Cand6+2
kbar (Grt-Opx
thermometry and Grt-
Opx-PI-Qtz barometry)
TM85 Emerie: Cortland Spr- Qtz Spi| Opx| Sil | Qtz Corona thicknes«< 60 pn Disequilibrium - - SECQ - Partial equilibrium attaineby Fe+Mg, i.e, inferred tobe
Complex, Grain size< 60 um Homogeneous Fe+Mg in Opx. A the most rapidly diffusing components such thatbal
New York Grain shapeGranoblastic-polygonal content in Opx increases towar potential gradients were eliminated

No preferred orientation

Spr.
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Table 3.2 continued: Summary of retrograde corona occurrencesin theliterature

Tag Bulk comp i Location Reactants : Corona product assemblage Corona Thickness, Vermicule size, Equilibration P, Tof corona Inferred Layer Diffusion Comments
Vermicule spacing formation P-T path growth model
model
TVROE Metapelite Central Zone: Sil - Gec Sil| SpreSpl+Crd Crd| Gec Corona Thicknes Equilibrium. Negligible 500-570 °C, 4-6 Clockwise SSDC - -
Limpopo Corona 1: compositional variation kbar (X in Opx; Grt- i decompressive
Belt, Layer 1: <100 pm described. Crd thermobarometry): cooling
Zimbabwe Layer 2: <200 pm
Grain size: < 10um
Grain shape:
Symplectite: needle-like Spr rods
Monomineralic layers : granoblastic-polygonal/inieibate
Orientation:
Symplectite Spr vermicules strongly aligned ragfialir.t.
layer boundaries
HM96 Metepelite Central Zone: Corona 1 Corona 1 Corona thicknes No systematic variation record ; ~800 °C and 6 kbar i Isothermauplift { SSDC - -
Limpopo Sil - Opx Sil | Spr+Crd sym;ﬁcrd | Opx Corona 1: Layer 1: < 80 um; Layer 2: < 400 pm for any phases. (Grt-Opx thermometry; followed by
Belt, Corona 2: <500 pm Corona 2: FMASH P, T grid) isobaric cooling
Botswana Corona 2: Corona 2: Vermicule size: Symplectite OpxXug= 0.68 -
Grt- Qtz Grt| Opx+Crd symy Qtz Corona 1: not resolvable 0.75; 4 - 9.0 AlOs W%

Corona 2: 50 - 200 um

Vermicule spacing:

Corona2: ~ 20 um.

Vermicule Shape:

Symplectite phases: vermicular

Monomineralic layers: granoblastic-polygonal
Orientation:

Spr rods radially oriented w.r.t. layer boundaries
Opx vermicules perpendicular to layer boundaries

Crd: Xug= 0.85 - 0.89

CJ91: Carlson and Johnson, (1991); CPG89: Clarké,€1989); KO3: Kelsey et al., (2003b); WPCO2hiW et al., (2002); KS99: Kriegsman et al., (1999)2: Norlander et al., (2002); HO6: Hollis et

al., (2006); G80: Grew, (1980); BO4: Baldwin et §004); ACKO7: Alvarez-Valero et al., (2007); TOng and Wilson, (2006); G72: Griffin, (1972); N88: Mongkoltip and Ashworth, (1983); G(88):

Grant, (1988); J86: Joesten, (1986); WM73: Whitaegt Mclelland, (1973); D89: Droop, (1989); LAL87allet al., (1987); O04: Osanai et al., (2004); TDdmashiro et al., (2004); ZHO7: Zulbati and
Harley, (2007); M98: Markl et al., (1998); BPS97ker et al., (1987); BKOO03: Brandt et al., (200@))85: Tracey and McLellan, (1985); TVR06: Tsunogael Van Reenen, (2006); HM96: Hisada
and Miyano, (1996).
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3.6 Conditions of corona for mation

Pressure and temperature conditions for coronadtom in pelites and mafic rocks
are summarized in Figure 3.8. In general, thernubatric estimates for the
averageP-T conditions of corona formation in mafic and pelitocks are above the
wet solidus for their respective bulk rock compiosis. The few exceptions plotting
below the solidus may be attributed to retrogradenfositional resetting with

cooling. Although the actual solidus for each ueigurona bulk composition is not
available, Figure 3.8 suggests that corona formatio both the retrograde and
prograde paths is likely a suprasolidus process.fiffal corona layer configuration
is that preserved immediately above the solidus dach local corona bulk
composition. This is in agreement with phase d@gual modelling of White and

Powell (2002), which demonstrated that melt los®ired for the preservation of
granulite assemblages and that subsequent reastisappressed until the new

solidus is crossed at higher temperatures duringger metamorphic events.

Retrograde corona development is constrained to itheediate post-peak,
suprasolidus-T path. Since most melt is lost at or near peak itiongd (White and
Powell, 2002), only a fraction of melt is retainéa the restitic post-peak
assemblage. Reduced melt volumes with cooling liemgth-scales of diffusion to
the extent that diffusion-controlled corona growtiturs. On the prograde path, the
low melt volumes required for kinetically-constrath corona growth are only
commonly realised in mafic rocks, owing to theirtrimsic anhydrous bulk
composition, and in dry, restitic pelitic compasits that have lost melt in an earlier
metamorphic event. White and Powell (2009) distisigubetween two types of
coronas formed either on the prograde or retrogpadies, i.e., progressive or non-
progressive. Progressive coronas develop on the Baimpath as the assemblage
that they replace, in response to a smooth chanBeTi conditions from those that
produced the peak assemblage (e.g., Johnson 20@dl; Hollis et al., 2006; Kelsey
et al., 2003b). Non-progressive coronas develapsaparat®-T event to those that
generate the peak assemblage (e.g., Johnson alsbrCar990; McFarlane et al.,
2003).
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Figure 3.8: Summary of P-T conditions of formatiofor coronas reviewed in this study. (a) P-T
conditions for prograde coronas. (b) P-T conditiofer retrograde coronas. In general, conditions
of corona formation occur above the wet solidus feach respective bulk composition. The few
coronas that plot at lower temperatures than thetwelidi may be subject to retrograde diffusional
resetting of the thermometers and, in reality, mdyave formed at higher suprasolidus
temperatures. Error bars are for the range of eaektimate. BWS = wet basalt solidus; GWS = wet
granite solidus; GDS = dry granite solidus and BDSDry basalt solidus. Solidi were digitised in
P-T space from geosciences resource database dlaila at
http://www.geosci.usyd.edu.au/users/prey/Granited@ite.html
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3.7  Coronamicrostructure and compositional zonation

Corona microstructure in prograde and retrogradenas reviewed in this study is
summarized in Figure 3.9. The average maximum eotayer thickness in mafic
prograde coronas is 475 um (range: 70 - 1000 um,18) and average maximum
vermicule size is 118 um (range: 50 - 300 um, @) Relitic prograde coronas are
characterized by an average maximum corona thiskoie496 pum (range: 75 - 1500
pum; n = 13) and an average maximum vermicule sizEL6 um (range: 10 - 300
um, n = 13). Mafic and pelitic prograde coronasmid differ significantly with
respect to maximum corona layer thickness and \etdmisize. However, pelitic
prograde coronas developed in contact metamorpieokes appear to exhibit
greater maximum corona layer thicknesses compare@gional pelitic prograde
coronas (Figure 3.9a).

Most retrograde coronas reviewed in the literatwecur in pelitic bulk

compositions. Pelitic retrograde coronas are charaed by an average maximum
corona thickness of 571 um (range: 100 - 3000 unx 88) and an average
maximum vermicule size of 147 um (range: 20 - 500, m = 28). The average
maximum corona layer thickness in mafic retrogredi®nas is 262 um (range: 80 -
500 um, n = 5) and average maximum vermicule si2Z¥ium (range: 10 - 40 um, n
= 5). Reduced maximum corona thickness and smaléetimum vermicule size in

retrograde mafic coronas compared to retrogradeicpebronas attests to more
restricted length-scales of diffusion in melt-po@nhydrous, mafic bulk rock
compositions. Increased maximum layer thickness\athicule size in prograde
mafic coronas compared to retrograde mafic cordhagire 3.9) is due to greater
length-scales of diffusion in more melt-rich bullngpositions with protracted
reaction along the prograde path. Prograde pelitronas do not differ significantly

from retrograde pelitic coronas with respect tonestructure (Figure 3.9).
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Figure 3.9: Variation in corona microstructure in rafic and pelitic bulk rock compositions. (a)
Variation in maximum corona thickness in progradeomnas. (b) Variation in maximum
vermicule size in prograde coronas. Hatched bars @rograde coronas from contact aureoles.
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Figure 3.9 continued: Variation in corona microstreture in mafic and pelitic bulk rock
compositions. (c) Variation in maximum corona thiokss in retrograde coronas. (d) Variation in
maximum vermicule size in retrograde coronas.
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Complex compositional zonation is commonly obserire@oronas (Figure 3.10).
Fully equilibrated coronas, where no compositiam@ahation or chemical potential
gradients exist, are rare. In the population oboas studied, only 30% were fully
equilibrated, of which 60% were in pelitic bulk cpasitions. Commonly, coronas
exhibit asymmetric zonation across the band as @eyieflecting variable length-
scales of diffusion for major components duringgherstage, steady-state growth
(e.g., Ashworth et al.,, 1998 - A98; Johnson et 2004 - J04). Less commonly,
radial zonation occurs within a product layer ormmeule from the core to the rim
indicative of sequential corona growth (e.g., Ztil al., 2007 - ZHO7, Figure
3.10). The maximum magnitude of zonation Xfpg of orthopyroxene across a
corona band in the coronas reviewed is 0.08 (Knmegset al., 1999 - K99; Osanai
et al., 2004 - O04; Figure 3.10) and 0.07 in carcigBaker et al., 1987 - BKS87;
Figure 3.10). Unfortunately, Al content in orthopyene is expressed 8Opx),
Al"Y and Al wt% in the literature commonly without aogpanying raw analyses, so
that they cannot be recomputed to a single fornaraif Al in orthopyroxene to aid
comparison. Maximum asymmetric zonation magnitudié nespect toy(Opx) is
0.08 in Hollis et al. (2006) - HO6; 0.13 with respéo AlY (a.p.f.u.) (Brandt et al.,
2003 - BKOO03) and 0.05 with respect to recalculatedecular proportion (Hisada
and Miyano, (1996) - H96). Maximum magnitude of abon in garnet is 0.22 for
Xars (White and Clarke, 1997 - WC97), 0.18 %4, (Indares, 1993 - 193) and 0.17
for Xprp (Koons et al., 1987 - K87). Maximum magnitude lagioclase zonation
(AXan = 0.42) across a corona was observed by Baldwah ¢€2004 - B04).

Product phase zonation makes the application ohtgdative thermobarometry
exceptionally difficult. Asymmetric compositionalozation is consistent with
steady-state, diffusion-controlled layer growth aimd this case, local equilibria
between mineral pairs in corona layers do not ceftkscreteP-T conditions but,
rather, compositional partitioning of the coronamdan during steady-state growth
at constantP and T. Symmetric, radial zoning of phases with respectgtain
boundaries is more consistent with a sequentiabr@rformation model, where
initially corona layers may develop by steady-s@ifeusion at P1,T;), equilibrate
given sufficient time and then, with subsequentngeain P and T, partially re-
equilibrate under new-T conditions P,, T,) reflected in the rim compositions (e.g.,
White and Clarke, 1997).
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In some instances, corona product phases in logalilerium adjacent to a reactant
possess low enough variance to apply a conventidmatmobarometer. For
example, Baldwin et al. (2004) obtainBdT conditions of corona formation from
Grt-Opx-PIl-Qtz equilibria using garnet rim and aplyroxene-plagioclase
symplectite compositions in direct contact. Somihars have applied conventional
thermobarometers to spatially segregated phasascwrona that are not in direct
contact (e.g., Brandt et al., 2003). This appraaanly valid if there is no variation
in phase composition across the corona band andichepotentials gradients do

not exist.

Ashworth et al. (1998) derived a non-equilibriumtession to conventional
thermobarometry based on open-system, steadyeitateion modelling of coronas
that has been successfully employed to estirRale conditions of formation of
asymmetrically-zoned coronas (Ashworth et al., 2000he principles of non-
equilibrium thermobarometry are outlined in Chapter and Appendix A.
Unfortunately, non-equilibrium thermobarometry, dik conventional
thermobarometry, is very sensitive to uncertaintiesompositional data and prone
to underestimating peak temperatures of formati@tause of retrograde resetting
upon cooling. The preferred thermobarometric teginaifor coronas entails phase
equilibria modelling in THERMOCALC (e.g., Johnsonat., 2004), where modes
and phase compositions are used to jointly comst&rdield of equilibration ifP-T-X

space. Information regarding local bulk compostiocontrols on corona evolution

may be gleaned fronT-X pseudosections. This technique is however, also

constrained by the requirement that the coronaesyss in equilibrium. New
functionality in THERMOCALC allows the modelling o€orona textures in
chemical potential space (White et al., 2008). @&k phase zonation across a
corona may now be compared directly with prediatechpositions at a range of
temperatures and pressures for a corona acros$ whamical potential gradients

prevail.
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Figure 3.10: Magnitude of compositional zonation iproduct corona bands. Hatched fields
indicate pelitic bulk rock compositions; unhatcheate mafic. (a) X variation in product phases.
(b) Variation in Al content in orthopyroxene acrossach corona (c) Garnet zonation across each
corona. (d) Plagioclase zonation across coronas vehit is documented.
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3.8  Quantitative modelling of coronas

Diffusion modeling of metamorphic reactions begaearnest with the foundational
work of J.B. Thompson (1959) and Korzhinskii (195B)ese workers demonstrated
that infinitesimally small regions of rock can attéocal equilibrium in the presence
of chemical potential gradients for all or some poments. This meant that even if
the system is in disequilibrium as a whole withdigats in chemical potentials of
components in the intergranular medium, it is nénedess possible to relate the
mineral assemblage at any point to the chemicariais at that point. Korzhinskii
(1959) devised a graphical method for plotting #ursdion surface in chemical
potential space that allowed determination of reéathemical potential differences
across a series of layers. This method facilitatedunderstanding of how layer
sequences would evolve as components diffuse déwmical potential gradients.
The limitation of Korzhinskii's technique is thatamy diffusion paths from one
reactant to another are possible in the chemictnpial diagram, such that more
than one possible layer sequence evolves for &pkatP-T condition (Nishiyama,
1983).

A decade later, the irreversible or, rather, nofldgiium thermodynamics necessary
to rigorously model reaction bands was formulatgdrtsher (1973, 1975, 1977).
Fisher demonstrated that, in layered reaction misgdumineral layers grown by
reaction at their contacts and the stoichiometryhef layer contact reactions are
determined by the relative diffusion fluxes of campnts within the layer.
Furthermore, component fluxes and chemical potedifizrences across each layer
attain steady-state values as a function of theeabproduction and consumption of
phases in the layer (Fisher, 1975).

Joesten (1977) combined the approaches of FisteerKarzhinskii into a hybrid
methodology that allowed the prediction of a unigeguence of mineral layers
produced by steady-state diffusion for a given chobf phenomenological
coefficients in an isochemical system. Joesten’sdehois based on three
fundamental assumptions: first, diffusing composearie in local equilibrium with
contiguous minerals at every point in a coronapieshe fact that the corona as a
whole is in disequilibrium; second, component flsixand chemical potential
gradients remain constant at each point in thenaono a steady-state throughout its
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evolution; and third, all components are considet@doe conserved within the
reaction band, i.e., there is no communication &itystem beyond the boundaries

of the reaction bands; the system is closed.

Joesten’s model required the simultaneous solutibrthree sets of equations
independently relating component fluxes to chempzaEntial gradients in a layer,
chemical potential gradients to each other in thesgnce of a mineral with a
particular composition, and the flux change betwlagars to reaction coefficients at
layer boundaries (Ashworth and Sheplev, 1997).sltpossible to evaluate the
stability of a multilayer reaction band for a pdatad set of intergranular diffusion
coefficients if the compositions of the phases asheband are known. The model
predicts the relative widths of layers in the reactband, modal proportions of
phases within each layer, component fluxes acegsd and reaction stoichiometry

at layer boundaries.

Early attempts to model corona textures using &oéstformalism focussed on
corona reaction bands formed between olivine aadiptlase in metagabbros (e.qg.,
Nishiyama, 1983; Joesten, 1986; Grant, 1988). &aity work was hindered by the
closed system constraint in Joesten’s model. Famgke, Grant (1988) was unable
to produce enough Ca from the observed reactagiogglase to accommodate all
the Ca in the corona reaction band. Furthermoee falure of Joesten’s model to
account for hydrous corona products, such as hendel from anhydrous

plagioclase and olivine reactants, led workers tobmace an open-system,
metasomatic, modification to Joesten’s model. Aempystem modification was

introduced by Johnson and Carlson (1990) and Astmaord Birdi (1990). Material

balance calculations allowed them to determine ekternal component fluxes

across the outer boundaries of the corona, theeglspmmodating open-system
communication with the enclosing matrix. Johnsod &arlson (1990) and Carlson
and Johnson (1991) introduced external boundary éguations to model open-
system behaviour. Ashworth and Birdi (1990) treatestasomatic fluxes at corona
boundaries as theoretical ‘phases’ with ‘negate@npositions where components
were lost from the system and ‘positive’ composisiavhere they entered into the
corona system. The open system studies of Johmeb&arlson (1990) and Carlson
and Johnson (1991) also indicated that corona ¢reomay not occur as a ‘single-
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stage, steady-state process’, but rather througturaber of ‘transient states’,
reflecting gradual changes in the composition & teactants and external fluxes
throughout corona evolution, thus manifesting asialée product assemblages
(Figure 3.6a).

Open-system diffusion models for coronas had muohensuccess in explaining
corona development in a variety of different butknpositions, from mafic rocks to
metapelites, than the earlier isochemical modetshrSon and Carlson, 1990;
Carlson and Johnson, 1991; Ashworth and Birdi, 19%¢hworth et al., 1992;

Ashworth, 1993; Ashworth and Sheplev, 1997; Ashivat al., 1998). Ashworth

(1993) noted that, although the overall extenteaiction was constrained by highly
mobile components with large diffusive fluxes, thetual spatial arrangement of
minerals in coronas appears to be strongly coettolly those components with
lower diffusivities, particularly Al and Si. He reat that, in all cases, an Al-rich
layer (commonly symplectitic) was located adjadenthe most aluminous reactant,
grading into an Al-poor layer adjacent to the ledsminous reactant, and both
separated by a ‘transitional’ layer of intermediatntents of Al. A schematic

corona demonstrating his observations is includdeigure 3.11.

Ashworth and Birdi (1990) compared the Al/Si raticaluminous reactants and the
adjacent symplectite for a number of coronas uamgsocon diagram (Figure 3.12;
Grant, 1986). The isocon plot suggested that tAtahnd Si (strictly A1Q); and
SiO,, since the components used are oxides followishd¥i 1973) included within
the phases in the symplectite appear to be ‘irgeergtoichiometrically’ from the
adjacent reactant. Any mismatch between Al/Si rafithe reactant and individual
phases comprising the symplectite is accommodategrbportional growth of
symplectite phases in the appropriate ratio suah ¢imulatively the Al/Si ratio is
retained. Ashworth and Birdi (1990) proposed tlng tvas a consequence of low
diffusivities of Al and Si relative to, inter ali&e, Mg and Ca. According to them,
any disagreement between the Al/Si ratio of the @gatite and reactant implies
open-system behaviour for these components. Theneméber scenario involving
near-complete open-system behaviour for Al and Siuld; thus, be a
monomineralic reaction band in which mismatch in/SAlratio is greatest.

Mongkoltip and Ashworth (1983) ventured still fugththat the occurrence of two
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immobile diffusing components is a necessary camditor symplectite formation.
This assertion agreed with the metasomatic eqiuhirtheory of Korzhinskii
(1965), which states that any divariant equilibrinaasemblage of phases contains
at leasi inert or immobile components. Assessing opendasetl-sytem behaviour
for Al and Si is critical in deciding which assungpts are realistic when
determining the overall reaction. If Al and Si gmeserved in the symplectite, then
closure to Al and Si can be used to constrain tysem such that it is not
underdetermined. If this assumption is not valioihstant volume may have to be

assumed (Carlson and Johnson, 1991).

hornblende
+
plagioclase spinel hornblende  orthopyroxene olivine

Al-rich layer transition layer lAI-poor layer

hornblende

Al transport channeled
along grain boundary

.t nsition layer thickness as reaction proceeds

Figure 3.11: Sketch of a typical corona developeetleen plagioclase and olivine in metagabbros
(after Ashworth, 1993). As reaction proceeds, laygrow by diffusion along grain boundaries of
requisite components down concentration gradieraslayer boundaries where they are consumed
in the production of product phases. Al is consigdrto be the most immobile diffusing species,
since Al concentration gradients are most marked.eXerts the greatest control on segregation of
corona products in bands, from the most Al-rich spiactite adjacent to plagioclase to Al-poor
orthopyroxene adjacent to olivine.
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Figure 3.12: Isocon plot of Al/Si ratios in symplétes and the adjacent reactant plagioclase. The
isocon line represents Al/Si ratios that are preged exactly between reactant and products. Any
deviation from this line indicates a degree of opsystem behaviour. In general, analysed
symplectites from the literature plot above thedsao line, suggesting that the Al/Si ratio is lowar
the product symplectite than it is in the reactaplagioclase, i.e., the corona system is losing @l t
the external system relative to Si or gaining Slatve to Al with prolonged reaction.

The first thermodynamic treatment of conservatidnvolume during diffusion
metasomatism was undertaken by Carmichael (1983@)miChael challenged the
assumption that pressure remains constant duringveirsible diffusion
metasomatism. During reaction, there is a tenddéocyhe boundary between two
juxtaposed reactants to be displaced perpendi¢olahe interface between the
reactants at a magnitude corresponding to the ehahgolume of solid phases of

the reaction. If there is any mechanical resistaiocéhis displacement, constant
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volume replacement is approached. Carmichael (1888)able to model a field of
nonhydrostatic stress induced by migration of tharalary between reactants. The
stress field is oriented in a manner which oppadbes displacement and strain
accompanying the migration of the boundary. Thesstfield may be dissipated by
either rock deformation or secondary mass transtdrof the reacting volume.
According to Carmichael’'s model, the secondary niesssfer may be so efficient
as to eliminate the induced stress caused by boyndagration, such that the
original interface between reactants remains uihatsd. This realization allows us
to make reasonable approximations for the origioaindary between reactants (and
the relative proportions of reactants involved @aation) such that an overall

reaction may be derived.

The spacing of lamellae or vermicules in symplestiteflects a balance between
diffusive energy dissipation and grain boundaryrgneAshworth and Chambers
(2000) derived a theory quantifying this relatiopshemploying both non-
equilibrium thermodynamics and the principle of mmaxm rate of energy
dissipation. Accordingly, the spacing of lamellaea symplectite for a particular
reaction is a function of the reaction rate (ireaction front velocity), diffusion

coefficient of the slowest-diffusing components démel width of the reaction front:

/]:SL_J
\'%

A =lamellae spacing; = Onsager diffusion coefficient

O = reaction front widthy = reaction rate

The finest symplectitic intergrowths are predictied occur when reaction rates
greatly exceed diffusion coefficients for the sl®ivdiffusing species for a particular

reaction front width.

Despite advances in diffusion metasomatic modelhhgoronas in the early 1990'’s,
success was still limited in that commonly morentlbae stable layer sequence was
computable for the same inputs. Sheplev et al.}[12992a, b) presented a criterion
to determine which non-unique solution is moreri@atynamically stable compared

to others and, thus, is the correct solution. Titergon was formalized by Ashworth
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and Sheplev (1997), and extended so as to obtaireasure of the affinity of
reaction or, rather, departure from equilibriumegarved in the corona. A final
refinement to the open-system diffusion model fmooas was derived by Ashworth
et al. (2001), in which ratios of the affinity aidependent endmember reactions
modelled for a corona are compared to ratios cafledl from an internally-
consistent thermodynamic database (Holland and Ral@98; upgrade November
2003). The pressure and temperature where the ohtitodel endmember reaction
affinities and real endmember reaction affinitiggpr@ach the same value is
considered to represent the closure pressure angktature below which the corona
remained inert to reaction. For the first time, mpitative estimates of pressure and
temperature of formation of minerals in disequilion is facilitated through this
method.

Advances in phase equilibria modelling allow gedatally realistic corona
compositional systems to be modelledPHT-X (Johnson et al., 2004) and chemical
potential space (White et al., 2008; White and Rowa©09). It is possible to
predictively model corona evolution with changinffeetive bulk composition
through progressive metasomatic exchange of conmpewath the external matrix
in a rock and/or partitioning of the corona effeetbulk composition with reduced
length-scales of component diffusion on cooling.(eJohnson et al., 2004; White et
al., 2008). White et al. (2008) demonstrated hoangjtative modelling of chemical
potential gradients in a corona allows the measgmedpositions to be related to
modelled chemical potential relationships and thmant of each component that
has to be transported in or out of a particulauna of rock to equalise chemical
potentials. These authors stress that the concépa éstatic’ effective bulk
composition may be suitable for modelling the pestamorphism of a rock, but
potentially misleading when modelling the evolutimincomplex corona textures in
which the bulk composition of the corona changethwime, either owing to
external flux into the corona or varying lengthissaof diffusion. Cogniscance of
this fact must be taken when modelling coronas witbnventional P-T
pseudosections in which effective bulk compositians assumed constant during
reaction (e.g., Johnson et al., 2004; White e808; White and Powell, 2009).
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39 Discussion

In this chapter, mechanisms of corona formationehlbeen reviewed, i.e., single-
stage, steady-state, diffusion-controlled vs. setjale corona development. It is
critical to determine which model of corona forrmoatiis applicable if the correct
information from a corona is to be derived whenstarcting theP-T path for a
terrane. Asymmetric zonation in phase compositmoss a corona band is the most

rigorous indication of single-stage, steady-stdi#,sion-controlled corona growth.

A comprehensive review of prograde and retrogramter@as for mafic and pelitic
bulk rock compositions from both regional and cohtaureole terranes has been
undertaken in this study. Major controls on coromaeralogy includeP, T and
aH,O during formation (Section 3.5.1); mechanism afrrfation (Section 3.5.2);
reactant bulk compositions and extent of metasamatkchange with the
surrounding rock (Section 3.5.3); relative diffusioates for major components
(Section 3.5.4) and associated deformation andnsf&ection 3.5.5). In general,
corona formation appears to be a suprasolidus gso(®ection 3.6), requiring the
presence of melt or fluid for reaction to occurg{ffie 3.8). With respect to corona
microstructure, prograde coronas developed in comatamorphic aureoles exhibit
greater maximum corona thickness (Figure 3.9a) tharagional coronas for pelitic
rocks. Mafic and pelitic prograde coronas do nffedisignificantly with respect to
maximum corona layer thickness and vermicule skeduced maximum corona
thickness and smaller maximum vermicule size (dgBc, d) in retrograde mafic
coronas compared to retrograde pelitic coronasstattt® more restricted length-
scales of diffusion in melt-poor, anhydrous, méfitk rock compositions. Increased
maximum layer thickness and vermicule size in padgrmafic coronas compared to
retrograde mafic coronas (Figure 3.9) is due t@tgrelength-scales of diffusion in
potentially more melt-rich bulk compositions withiopracted reaction along the
prograde path. Prograde pelitic coronas do noedsfgnificantly from retrograde
pelitic coronas with respect to microstructure (Fe&3.9).

High variance local equilibria in a corona and digBbrium across the corona as a
whole, preclude the application of conventionakrtmagbarometry when determining
P, T conditions of corona formation. Although temptitige asymmetric zonation in
phase composition across a corona, indicativengfisistage, steady-state, diffusion
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controlled formation, should not be interpretecascord of discretB-T conditions
during successive layer growth along tRel path. Rather, the local equilibria
between mineral pairs in corona layers reflect aositpnal partitioning of the
corona domain during steady-state growth at cohfandT. A non-equilibrium
extension of conventional thermobarometry derivgd Ashworth et al. (2001)
should be used with phase equilibria modelling HERMOCALC to constrairiP-T

evolution of coronas.

Open-system, metasomatic diffusion modelling ofbcas that form during single-
stage, steady-state, diffusion-controlled reactadlows the affinity of corona

reaction to be determined and the degree of dikequmn to be quantitatively

assessed (Section 3.8). This information couplegd phase equilibria modelling of
the corona domain (e.g., Johnson et al., 2004)afevi@formation about corona
reaction mechanisms and controls on equilibratioterd. In Chapter 4, the
Vredefort coronas are described petrographicalty@mpared with those reviewed
in Chapter 3, to establish both their uniquenesispartential to preserve information
related to controls on corona growth and equilibrain general, typically obscured
in coronas from more common settings. Diffusion eitilg on the Vredefort

coronas is then undertaken in Chapter 5 and conguited with phase equilibria

modelling of corona domains in Chapter 6.
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