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I nt r oduction
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Cor ona textures are commonly described in mafi c and ultrillnBfi c rocks of

amphibolit i c and granuli tic t e rrai ns . The corona r epr esen t s the sub-solidus

reequilibrium between uns t abl e igneous phases and may comprise es sent i a l l y

anhydrous phases or invol ve hydrous phases (Gr i f f in & Heier , 1969; Grif fi n,

1971 ; Whitney & McLelland, 1973). The present paper describes t he dif ferent

types of coronas occurring in ol ivi ne gabbros from the Niquelandia complex, where

anhydrous ,and hydrous coronas ar e found , and analyses U1e possible corona-fonning

r eaction sequences.

Geological set t i ng and pet r ogr aphy - The Niquelandia complex i s a maf ic-

ultramaf i c I::ody of presumably Archaean or Proter ozoi c age , occurring wit hi n

met amorphic t erra i ns in central Ggias , Braz i l. Aocor'di.nq to Gira rdi et al.

(1986), the layered compl ex is composed of a Lower Seque nce , subdivided into a

Basal Gabbro zone , a Basal Per idotite zone, a Layered Ultr amafic zone and a

Layered Gabbro zone , and by an Upper Sequence t hat includes an Uppe r Gabbr o zone
- - - - ----- ---- --- - -

and an Upper Amphibolite zone.

The coronas treated in this st udy develoPed in ol i vine gabbros of t he Upper

S~ence of the complex. These r ock s display~eliet cumuli tic teA~uresi cumul us

minerals are olivine, plagioclase, clinopyroxene :and ilmenite .

- - -- ---~l- --
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Coronas

T ill ' uLivi ne-pl agioclase sub-solidus r eeguilibria r esul t ed in t hree UEin- - - -

I.YI x .- : ~ of corona assemblages :

Type ( 1) : 01 (opx + (cpx + sp ) 1) - plags ymp

Type (2 ) : 01 (opx + (par g + sp ) ) - plag
s ymp 1

Type (3) : 01 (opx + hbl + gar ) - pl ag

Abbreviations are as follows : o l=o l i vi ne ; opx=or t hopyroxene ;

cpx=c l i nopyroxe ne ; parg=pargasite ; hbl=horn bl ende ; sp= spin~l; gi.'l l~ .:::gu rnet ;

pl ag=pl agioclase; - qz=quart~--

The f i r s t corona t.ype is t he l eas t f requen t and 1 S made up or t wo shclLs ;

t he i nner one, in cont act wit.h ol ivi ne , i s f ormed by radiall y t llT ':-I II 'V:d [>r is lIlC1 t ic

aggregates of or thopyroxe ne , and t he out.o r s he l l ,

clinopyroxene and numer ous fi ne vc r mi.c u l .c s of gree n spine l , wh ich a rc or ra nqod

r adi a l l y outwards t owards plagi oclase i n su bconeentric sets . 'I'h i s co r o na i s

similar to those descr ibed by Cr i f f i n & He i er (1969, 1973) and \-'Jh i_tnl' )-' &

McLelland (1973).

'1'he second corona t.ype s hows an i nner shell , around ol i vi ne, formed by

orthopyroxene , and an outer she l l of symplect i t i c pa le gr een pa rgasite and green

spinel . Srral l grains of clinopyroxene sporadically occur i n svmpl ec t.i t;e . A

str i nger of sooll green spi nel grains ooy be observed bet ween t he orthopyroxene

shell and the symplectite. \~en ol i vi ne i s e~lausted , the inner part of the

corona i s composed of a granular aggregate of orthopyroxenes r inned by t he

prismatic or t hopyroxenes of the f irst shell.

i..funoen-Tj979T and Mcmgkol t i p & Asworth ( 1983)---;-

Si milar coronas are repor ted by

The t hi r d corona t.ype , comparable with those described by Griffin (1971) ,

snows an inner shel l of prismatic or thopyroxene, an i ntermedi at e shell of dark-
-

_-Er e_e n--=Jlor nbl ende and an outer she l Lvof-iqarne t-e- -- Some-cor onas --show a str inger of- --

garnet between prismatic orthopyroxene and hornblende, occupying the position

which cor responds to the spinel stringer of the second c_orona t yPe . Intermediate

stages between the first and second tyPes ,
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third t ypes, may be obse r ved . The latter t ransition is most frequently observed

where , a long wi t h hor nbl ende and ga r net , the pargas i t e-spi nel symplectite l ocally

occur s .

In al l these corona types , plagioclase is general ly clouded .by minute

i ncl us i ons of green spinel and minor c l i nopyroxene gr a i ns ; a nar row zone of

granoblastic clear plagioclase occurs nea r the corona bounda ry .

Mineral chemi s t r y

Anal ys i s of miner a l phases of t he var 10US t ypes of cor onas were carried out

~---- with an ARL elect ron microprobe--(~ena Uni versity , I taly ) .

avai labl e from the authors on r equest .

Anal yt-ica l- data-i·s--

Olivi ne - The ol i vi ne composi tion varies from Fo 67 t o Fo 75. No zoni ng has been

found . Pyr oxenes - The pyroxenes formed in t he t hr ee cor onas have a Mg/ Fe ra tio

t hat i s always dependent on the associ ated ol i vi ne compos i tion (Fi g . 1) . In

or t hopyroxenes , thi s rat i o var ies from 0 . 73 to 0 .78 , whereas i n cl i nopyroxenes

f r om 0 .80 t o 0 .87 . The A1203 content of t he or t hopyr oxenes varies in the thr ee

cor ona t ypes: the highest va l ues be i ng t hose of t he f i r s t corona type (up to 4. 9

wt %) and the l owes t , those of t he t hird one (up to 2.2 wt %). Spinel - Onl y a few

mi cr opr obe analys i s we r e obtained due to the very smal l grain Sl ze of the

ver micul ar spi nel. They a r e essent i ally aluminous , Cr-fr ee , and show l owe r Mg/Fe

ratio wi t h respect to olivi ne (Fi g . 1) . Amphi bol e - In t ype II coronas the

amphibol es ar e pargasites (nomencl at ur e accordi ng t o Leake, 1978), wi th

(Na + K) A about 1 and Al l V atout 2. I n t he t hi rd cor ona type , amphi tol es t end to

M h bl d .th .t t d i.n (Na I K)A and Al I V •g- or en e W1 co ncom1 an ecrease T Pargas i t es ,

coexist i ng willispi nel, show a lower Mg/Fe r at i o t han the hornbl endes coexi sti ng

with garne t (Fig . 1) . Pr i mary amphiboles eventually pr esent in some gabbros are

ferroan par gas i t es with hi gh Ti content . Garnet - Garnets show the lowest Mg/Fe

femi c reacti ng minerals . Garnet compositions vary between 33-38% pyr ope , 38-4 1%

almandine , 22-28% gr ossular (i n mol %) . In t he coronas , wher e two shells of

garnets occur~ the one nea r plagioclase i s r e l at i vely enr iched in Ca wi t h respect
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to the i nne r shell (see also Gri f f in , 1971) . Plagioclase - Pr imary plagioclase

is strongly zoned . The An conten t of crystal c or-es va r ies comronly bet ween An
6 5

to An 7 1 • The original zoning, preserved i n sorre c rys t a l s , shows a decrease in An

content towards the rim.

var i es from An 5 2 to An 6 6 .

Corona fo rmi ng react ions

The An content of recrys t alli zed plagioclase generally

The discuss i on concerning the !=Ossi ble cor ona formi ng reactions i s made in a

qualitative way, assumi ng a c l osed syst em , except Eor t he fl uid phase. A lTDre

extensive analys is of the syst em, and a quantitative treatment of the reactions

The development of type I cor onas can be represented by the reaction :

(1) 2 01 + 1-an = -1 opx + 1 cpx + (l-x) sp
- -

This reaction is-- similar to that of Kushiro & Yoder -'~~~nd __~reen &

Ringwood. (1 967) . In reaction ( 1) onl y anorthite is considered; the Ab lTDlecule

present in the react i ng feldspar (assumed about An
6 0

) can enter in the

clinopyroxene as Jadei t e mOl ecul e (Na20 in cpx about 0 .87 wt %) .
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1n Tschermakitic molecule in pyroxene (Al 2J 3 up to 4.9 wt %) justifies the (l - x )

coeffi c i ent in spinel, according t o Kushi ro & Yoder (1966).

The occurrence of relict grains of Al-rich c l i nopyr oxene (compar a ble with

that of t ype I coronas) and the format ion of pargasite-spinel ~1ases, suggest

that t ype II cor onas are formed from t he fi r s t ones by supply of H
2

0 i nto the

system. The lower Al content in orthopyroxene of type II cor onas with respect to

t he f i r st one is r elat ed to the fornat ion of pargasi te and addi tional spinel , the

l a s t occurr i ng as s tr i nge r s between the orthopyroxene shell and t he symplectite.

_ _ _ ---=Tc:...h=e pargasite developnent requires Ab- component as~eagent , therefore i t I S

r easonabl e-to assume that the plagioclase doe s not change notably its composition

during the devel opment of this cor ona (Na :Ca rat i o in pargasite i s about 1: 2,

simila r t o- the ratio in pl agi ocl a se - An 6 0 , see al so Canclia , 1983 ) . The following

coupl ed r eact i ons could expl a i n the type I I cor ona for ma t i on :

(1) 2 01 + 1 an = 1 opx + 1 cpx + sp

(2) 1. 5 opx + 1 cpx + 1 an + ., ab + 1 H20 1 parg + 4 qz

(3) 4 01 + 4 qz = 4 opx

The Sun1 of these r eactions gives:

(4) 6 01 + 2 an + 1 ab + 1 H20 = 3.5 opx + 1 parg + 1 sp

Reaction (4) could explain the format i on of type II coronas directly from

olivine-plagiocl ase reaction, or through t ype I coronas .

The deve l opnent of type III coronas led to the disapPearance of spine l

whils t fo r ming garnet , and the amphibole t ending to a Mg-hornblende, that

corr esponds t o an increase in the t remolitic molecule of the pargasite. The

partia1- s ympl -i--t-:red-reaetions that - coul d expl a i n thi s-corona-type ar ea :- - - -

(5) an + 1 sp + 2 opx = 2 gar

(6 ) 4 an + 7. 5- 0pX + -1 H20 = 1 t remolite + 4 gar + 3 qz

Reacti on (5:) forms garnet in the stringers, and r eaction __(6--:-) 1S r espons i bl e

for the garnet-amphibole forTIBtion in the outer shell . The tremolite formed in

reaction (6) displaces the cOTI1pos i t i on of amphibole from pargas i t e to Mg-

hornblende. In reactions - (5 )
-.

and (6) anorthitic plagioclase is: consumed,
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Lho r. ' 1'( 11 :1 ' , 111 -, r .c r ys t.a j.L i.zed plagioclase must be more sodic than the reagent.

:ji I i l .. 1 I i l xr.i t.ed f r om reacti on (6) r eact s with olivi ne gi ving or thopyroxene

i-]< :( ' ( )1 ( II I II I to r eac t i on DrAdd i ng reacti ons ( 5), ( 6 ) and ( 3), follows t hat :

n ) 5 an + 3 01 + 6.5 opx + 1 sp + 1 HP = 6 'gar + 1 tremol i t e

The react i on sequence repr oduces sa t is fact or i l y the mineralog i cal and

textural changes obse r ved from type I anhydrous coronas t o type I II , wi t h

anhydrous and hydrous phase cor onas . The transformation from t he f i r s t to t he

thi rd t ype coul d be produced by an i ncrease of PH2 0 in t he fluid phase .

P-T condi t i ons - An est i lTEt e of T was obtained through t he Gr aham & Powell

( 1984 ) geo t herrranet er i n hbl-gar associations present in amph i boli tic rocks whi.ch

occur int erl ayered wi t h t he olivine gabbr os in t he Upper Seque nce' o f t.he comp l.ex ,

The t emperatures obta i ned i n the mos t r ec rys t a ll i zed, gri.lnoblast ic amphibol i t e

rocks var i ed bet ween 557 CC and 629 'C. Pres s ure es timate , o f alxnrt; 5- 6 Kbar , was

obt a ined applyi ng Newton & Perki ns (1982) geobaromctcr 11 1 c px - p .laq- qa r vq z

assemblage , present i n gabbroi c recrystallized rocks f rom the Uppe r Seque nce of

t he complex .

Concl us ions

The occurrence of t he three corona t ypes practi cally associat ed implies t ha t

dif fusion between origina l dOlTE i ns was i ncomplete duri ng the re-equilibr i a

reactions , at the morrent they we r e submitted to t he sarre P-T condi tions . I n this

case , each

cont ent:

corona develops in presence of a f l uid

t he pyroxe ne- spinel assembl age forms

phase with di fferent PH a
2

unde r prat ical l y a nhydrous

conditions , whereas t he orthopyroxene-Mg-hornblende-garnet develops unde r hi gher

the f l uid_pbase Assuming t hat- P-T- va l ues

amphibol i t e represent the H20 saturated equ i librium condi tions , al l the cor onitic

assemblages coul d be rel ated to the sarre sub-solidus event . The pos s ibility of a

deuteric or igin for t~~ c~~onas gannot be proven or disproven (Dann i et a l . ,

1982; Gi rardi et a l ., 1986), however there i s a clear evidence o f ext ens i ve

growth of garnet-hornblende in t he coronas, in amphibolite rocks and al so i n

gabbroic r ocks , certainl y of sub- solidus origin and more compatible wi t h a hi9h -
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grade (amphi bol i t e) metamorphism.
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