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TH E MAGNESIAN SCHISTS FROM THE
MORRETES - A NTONINA A REA, PARANA

VI CENT E A. V. GIRARDI' and PED RO SANTINI"

ABSTRACT T he magnesian sch ists from M orretes-An toni na area were derived fro m ult ramafic
rocks durin g two episodes of meta morphism . Amphiboli tic . schists, ma in ly tr em oli tic ones, were
the result of th e first tra nsformation. Durin g th e fina l transforma tion much CaD wa s lost a nd
conside ra ble wa ter added prod ucing ta lc, ch lorit e and serpe n tine bea rin g schists.

RESUMO a s xistos ma gn esia nos da re giao Morretes-Antonina der ivar am-sc d e ro chas ultr a­
maficas durante du as fases met amorfi cas q ue ocorreram na regiao. Xis tos anfiboliti cos, pri ncipal­
m ente tre moli ticos, forarn os prc d utos ini cia is. A fase final do proccsso , caracter izad a por um a
consideravel perda de CaD e adicao de agua, resultou em xistos r icos em talco , ocor re ndo accssori a­
ment e clarita e serpe n tin a .

INTRO DUCTION Cordani and Girard i (1967) present a global geological study of
the Morr etes-Antonina area, in whic h gneisses int erbedded with small bodies of amphi­
bolite, magnesian 'schists, magn etite q uartzit es, chlorite schists a nd gondites occ ur. The
general strike of the metamorphic rocks is N 10-20E. T he northw est part of the map exhibits
two granite ba tholiths named, respectively, Graciosa a nd Marumbi gra nite (Maack,
196 1; Cordani a nd Gira rdi, 1967; Girardi, 1969). Tectonic contac ts occur betw een these
bodies of a lkaline affinities and the reg iona l gneisses. M an y diabase di kes cut the meta­
morphic rocks and the granites, st riking generally N50W. T hey are freq uently 20 to
5Dm thick.

Two metamorp hic zones have been esta blished for the met am orphic rocks of the
a rea (Fig . 1). T he first zone is mainly com posed of oligoclase-andesine gneisses, in terbedded
with oligoclase-andesine amphibo lites and an desine- labradorite amphibolites. T he second
on e, which shows apparent retrograde effects (Girard i, 1969 ; 1971) comprises albite
gneisses, a lbite amphibolites, chlori te schists, magn etite quartzites and magn esian schists.
T he min er al assemblages of these zones are consistent with the amp hibolite and gree nschist
facies of metam orphism respectively. T he samples a na lysed in this paper, which belong
without exce ptions to the second zone, a re also incl ud ed in Fig. I .

A resume of geologica l events in the area is as , follows :

a) 600 m.y. : region al progressive metamorphism ;
b) 530 m .y. - grani tic intrusion s. T he batholithic intrusions probably ' ca used

synchronous deformation in the metamorphic rocks. T his region was infused with solutions.
Thus, a di aph oterit ic area was prod uced , which is now characterized by the pre sence ,
of hydrat ed low-tempera tu re assemblages of min erals, in the affected gneisses, amp hibolites
and schists (Girardi, 1969, 1971) ;

c) 117-147 m.y.: intrusion of diab ase dik es (Am aral et ol. ; 1966, Melfi, 1967).

M inera logy
-D. I I mm) . Ny

TA LC Talc is a very common mineral. The grains a re small (0.02­
varies from 1.589 to 1.593.
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Figure I - Distribution of the meta morph ic zo nes in the Morr etes-Antonin a a rea, a nd locati on
of the studied sa m ples. Recen t sed imenta ry la yers were not represented on th e map
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C HLO R ITE Chlor ites a re usually sma ll sized (0.06-0 .1 mm) , exce pt for por ph yroblasts
(0 .2-0.8 mm] . T he pleochroism is weak; X = pale green, Z = yellow. Ny varies from
1.588 to 1.603 (T ab . I). T he opti cal sign is positive. Tbe number of beavy a toms, wbicb
corresponds very closely to the numb er of iron atoms has been calculated by using Perruk 's
(1964) diagram (Fig. 2). By plo tting tb ese dat a a nd tbe indices of refraction in Fig. 3, tbe
atomic contents of Al and Si have been obtained. To determine the formula composition
(Tab. II) the atomic values of Si, Al and Fe have been calculated acco rding to general
formula (Mg, Fe, AI)fi(Si , AI).O, o(OH)R'

Table 1 - X-ray and op tica l data o f chloritcs

Samples

Mo-47/1

A-442

A-450{/

11 -404

11-352

11-444

A·444{j

diAl

14.24
7.12
4.74
3.56
2.85

14.28
7. 14
4.73
3.53
2.96

14.21
7.to
4.74
3.54
2.83

14.01
7.02
4.70
3.53
2.93

14.26
7.13
4.74
3.56
2.8 1

14.24
7.13
4.74
3.55
2.85

14.13
7.06
4.7 1
3.53

IIkl

001
mz
003
004
00 5
00 1
002
003
004
005
001
002
003
004
005
001
002
003
004
005
001
002
00 3
004
00 5
00 1
002
00 3
004
005
001
002
003
004

10 U2 +10 0 4

10 0 3

3.26

3.96

2.38

2.9 1

3. 16

2.66

2.82

Number of heavy atom s

1.00

1.43

0.30

0.72

0.92

0.53

0.65

N,

1.592

1.596

1.595

1.600

1.588

1.592

1.603

Opti cal signal

+

+

+

+

+

+

+

ANT IGOR ITE Serpentine minerals have been found in only two samples, associated
with talc in one and chlorite' in the other. Th ey are colorless, fine grained (0.05-0.13 mm)
and exhibit blue abnormal interference colors. Th ese minerals were identifield as antigorites,
using the X-ray d iffraction patterns for serpcntines minerals, as published by Whittaker
and Zussma nn (1956).

D. T . A. analyses were also carried out. Endothermic peaks ob tained at 760°C and
nwoc, arc consistent with the ant igorite pattern (Deer, How ie and Zussman, 1963).
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Figure 2 - Chlorites from magnesian
schists plotted in Petruk 's diagr am (1964)

Figure 3 - Chlorites from magn esian schists plotted
in Chidester 's di agr am , mod ified afte r H ey (1964)
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Table II - Calculated chemical form ulae of chlorites

A-44 2 (M g3. 77Fe . ,43A l o,~ o ) b (A lo,9 0S i 3,10)4° lo(O H )1l
Mo-47b (Mg3,</oFc . ,ooAI•. •o)h(AI1, lOSivlO )401O (O H )1l
A-352 (M g4,11FeO , ~ 2AI 0.97)h(AI0 . 9 7 Si 3.0 J)40 1 o(O H )1l
A-404 (M g 3,bIlFeO.n Al l. bo)b(AI. ,boSi2.40)40 Io(O Hlll
A·444a (M g 3.h3Fco.b3All .72)h(AI1.bllSi2.n )40 Io(OH)1l
A-444 (Mg 4,03Feo.33A1•.42)h(AII,.u SiUll)4°Io{O H )1l
A·4 50a (Mg 3,<)IlFe o.JOAI1.72)b(AI•.70Si2.30)40 . o(O H )1l

T REMO LI TE Tremolite is the predom inant amphibo le. T he gra ins (0.12-1.5 mm)
are colorless. The opt ical data, which are listed in T a b. III, indi cat e very small or nOIlC·
xistent amounts of Fe+ + replacing magnesium (Trogger, 1956).

Table III - Optical dat a of tremolites

Sam ple 2V. N, Z AC

A·4 5Oa 85" 1.625 11°
A·4 5t 79° 1.630 is-
A-404 82" 1.630 t 6°
A·450 78° 1.692 t 7°
A-4440 80° 1.628 t 6°
A-352 78° 1.622 t 7"
A-442 82" 1.627 17°

HORNBLENDE Hornblend e occurs in small amo unts, generally as relict grain s (0.2­
·0.5 mm) surrounded by tremolit e. The plecroism is weak: Z = pa le gre en, X = yellow.
According to the opt ica l data (N, = 1.654-2 V. = 80') the grains should conta in large
amou nts of magnesium (Deer, Howie a nd Zussman, 1963).
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Photomicroaraph 1 - Reli ct gra ins of horn blende surro u nded by tremolitc ( x 400)

Photom icrogr a ph 2 - Ant igorite a nd magnetite replacing pscudomorp hical ly olivine l x 200)
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Photomicrograph 3 Grai n of tremolit e partially repl aced hy ta lc and tre rnolite . TR, t rernol ite ;
Gl ., chlo rite; T, ta lc. ( x 300)

OT HER M INERALS Cummingto nite occ urs only in one sample. T he grains (0.18­
-0.72 mm) arc genera lly associa ted with tre molite. According to the measured optica l
data (N , = 1.659, Z 1\ C = 20" an d 2 V, = 77") it shou ld be a magne sium rich member
of the cumming tonite-grunerite series (Deer, Howie and Zussma n, 1963).

M agn etite is very common. Hema tite has been found in two samples. Small amounts
(0.2 % a nd traces) or relict grai ns of pyroXCIlC, probably diopside or diop sid ic aug ite, occur
in two samples. Biotite (2 = brown, X = yellow), apat ite, and ru tile are ra re ac essories.

Petrography and petrology T a lc, trcmolite and chlori te are the most a bundant
min era ls of the magnesian schists (T a b. IV). T hese rocks usua lly show lepidoblastic texture.
In some sam ples, microporphyroblasts of tre molite occur in a fine matrix. .

M INERALOGI CA L T R ANSFO R M AT IONS T he textural rela tionships among the
main min erals of the magn esian schists indica te their or igin and sequence of crystallization
(Fig. 5).

Fre sh olivine does not occur. It has been rep laced pseudomorp hic1y by antigorite
commonly associa ted with fine-grained by-produ ct magn etite. Hornblendcs occur as
relict gra ins pa rtially replaced by trem olite , a nt igori te or talc.

T he ext remely rare grai ns of relict pyroxene demonstr ate rep lacem ent of pyroxene
by tremo lite, talc and ant igorite . T here seem to be two generat ions of tremolites. Fig. 4
points out the position of the first on e. Some thin sections indi ca te the presence of second
genera tion, proba bly contemporary with the phyllosilicates.

Talc, chlorite and ant igorite a re the fina l prod ucts of the mineralogical breakdown .
T heir crystalliza tion relati onships could not be established in detail.



Table IV - Modal analyses of the magnesian schists

Hornblende Cummingtonite Chlorite Antigorite Opaques Pyroxene RutileTalc Tremolite

A-450 11.7 57.9
A-444a 1.4 89.0
A-404 - 86.3
A-451 41.1 58.7

A·442 35.4 51.0
A-352 52.8 25.7
A·444 87.5

A· 117 91.2 3.0

A-1I 6 92.2
Mo-45a 91.0 It .

Mo-4 5b 93.0
Mo -47b 72.8
A-450a 53.9 19.6
Mo-46b 42.0
A-462 43.2 2.2

4.7

5.1

It.

27.4 2.6

1.6 - 3.1
3.5 - 5.1

0.1
6.8 - 6.8

15.9 - 5.6

7.4 - 5.0

4.0 - 1.7
4.5 - 3.3
7.0 - 2.0
4.0 - 3.0

25.2 - 1.8
21.5 - 5.0

50.6 7.4
18.0 28.8 7.8

0.2
0.3
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Figur e 4 - Sequence of crystallization of the main min erals of the magnesian schists

T H E PARENTAL RO CKS-CHEM ICAL T RANSFOR MATION DU R ING STEAT1­
ZATION AND METAMORPH ISM Two genetic pa ths a rc recognized for magnesian
schists. Sillicification or decarbonatization of sedimentary rocks is one of them. Wright
(1950) and En gel (1949) descrihe two exemples. A Brazilian occ urrence of th is sort has

. been studied by Marini and Lep revost (1967). However, stea tiza tion of ultramafic rocks
is the main process that gives rise to magnesian schists. Talc is the main final product of
steatization, whereas minerals as chlorites, serpentines are acessories. In the classical paper
written by Hess (1933) the sequence olivine -+ hornblende -+ chlorite talc + carbonate
was recogni zed during the petrogenetic evolution. T he relationship between stea tiza tion
and SerpclltIllIZaUOn has been discussed by many authors. Hess (1933); Du Rietz (1935) ;
Haapala (1936) ; Chides ter (1962) point out that serpentiza tion procedes stcatiaa tion.
However, Versalo (1965) and Page (1967) describe stcatization com mencing prior to
serpent inization.

The source offluids responsible for stea tization is anot her debatable topic . In accordance
with He ss (1933) and Versa lo (1965) stea tiza tion in as a uta me ta morphic pro cess. Bowen
and Tuttle (1949) ascribe the phenomenon to externa l sources. In some instances the
solutions causing sreatiza tion are regarded as deriving from intrusive granites (Cech in
Versalo, 1965).

T here arc no clues of carbonate rocks or minerals in the examined samples. The
microscopic studies indicate ultramafic rocks as parental rocks. Nine whole rock chemical
analyses were made in order to study the transformations carried out during the steati­
za tion (T ab. V). T he MSC " modi fied standa rd cell", Chidester , 1962) was used to compare

Tab le V - Chemical analyses of the IT'u61,,.;sla n schists

A·444i1 A·404 A·4 50 A-116 A-442 A-444 M o-47f, A-450a Mo·46b

Si0 2 52.00 51.80 49.10 58.20 51.00 54.30 52.10 48.00 46.40
AI20 3 2.60 3.08 4.40 2,48 5.00 3.03 3.95 4.24 3.70
Fe20 3 2.15 3.87 6.72 6.00 7.02 6.83 2.02 6.70 5.38
FeO 6.80 5.83 3.34 2.08 1.89 2.9 1 5.43 2.57 2.68
CaO 12,40 11.90 9.65 t r. 5.25 0.20 Ir. 3.97 tr .
Ti0 2 0.44 0.35 1.55 0.16 0.15 0.37 0.24 0.40 0.30
MgO 2 1.80 20.90 21.50 26.30 24.50 26.50 30.70 27.40 33.00
MnO 0.56 0.34 0.20 0.06 0.17 0.17 0.08 0.1 1 0.16
Na20 0.37 0.16 0.40 0.10 0.10 0.06 0.12 0.09 0.Q3
K,o 0.24 0.08 0.14 0.11 0.06 0.04 0.04 0.04 0.05
P 20S om 0.04 0.03 0.01 0.02 0.06 0.02 om 0.03
H

2
O + 0.70 2.2 t 2.6 1 4.58 4.88 5.25 556 6.11 7.78

CO , 0.22 0.29 0.14 0.11 0.07 0.11 0.11 0. t 5 0.22

T otal 100.29 100.85 99.78 tOO.t 9 100.11 99.88 100.37 99.79 99.73
Densit y 3.0 t 2.94 2.94 2.75 2.66 2.82 2.80 2.90 2.54
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Table VI .- Number of atoms per M.S.C-

A·44 4t1 A·404 A·450 A·11 6 A·44 2 A444 Mo·47h A·450a M o-46h

Si 53.7 51.9 49.7 54.9 46 .7 52.8 49.9 48.0 40.7
AI 3.2 3.6 5.2 2.7 5.4 3.4 4.4 4.9 3.7
FeJ + 1.9 2.8 5.1 4.3 4.8 4.9 1.5 5.0 3.6
Fez + 5.8 4.9 2.8 1.6 1.4 2.4 4.3 2.2 2.0
Ti 0.3 0.2 1.2 0.1 0.1 0.3 0.2 0.3 0.2
C. 13.7 12.7 10.4 5.2 0.2 4.3
M g 33.8 31.5 32.7 37.2 33.6 38.6 44.2 39.5 43.4
M n 0.4 0.3 0.2 0.1 0.1 0.1
N. 0.7 0.2 0.8 0.2 0.2 0.2
K 0.2 0.2 0.2 0.1
P
H 4.8 14.8 17.6 28.2 29.7 31.0 35.6 40.7 45.4
C 0.2 0.3 0.2 0.1 0.2 0. 1 0.2 0.3

To tal Fe 7.7 7.7 7.9 5.9 6.2 7.3 5.8 7.2 5.6

the resulls gra phica lly (Tab. V I). T he M. S. C. is a mod ified version 01" Barth 's 1948
standard cell of 160 oxygen a toms. Ba rth poin ts out that for many different kinds of rocks
the volumes conta ining this number of oxigen ato ms are very similar, a nd also contain
close (Q 100 ca tions. Conseq uently, a na lyses reca lculated in terms of each kind of cation
associa ted with 160 oxygen a toms ca n be compared . According to Chidester (1962), in
certa in metasomat ic reactions, particula ry those involving a lte ra tion of ultram afic rocks,
if Barth's sta nda rd cell is employed the volumes of d ifferent rocks compared will be
different. So, Chideste r pro poses the mod ified sta nda rd cell (M . S. C. l. T his cell is defined
by a constant volume : 2064,8 x N - 1 ems , whe re N is Avogadro's number. By em ploying
Chidester's cell the ions contained by a consta nt volume of rocks a re compared . For the
majority of crustal rocks, one M . S. C. conta ins very nearly 100 cations and 160 oxygen
atoms.

The chemical da ta are compa red by plotting the number of a toms of each elemen t
in one M . S. C. of each sample aga inst the a mount of H. U nfor tunately, no ultra mafic
parental rock could be plotted. Fig. 5 shows the chemical transformati ons ca rried out
during the transforma tion of a mphibole schists in ta lc, chlori te a nd serpentine bearing
schists. Loss of ca lcium a nd addition of wat er are the remark able fea tures of the d iagram.
T he lines for Si a nd Mg seem to show, respecti vely, small decrease and increase in the
amo unt of these elements. However , the trends a re not remarka ble. T he lines for AI and
Fe are very nearly hor izontal , pro ving that the amounts of the se elements chan~ed very
litt le or did not change du ring the process.

T he first ph ase of altera tion of the ultr am afic rocks led to the format ion of a mphibole
bea ring schists. Talc, chlorite and rare serpentine were the main final resul ts of the process.

T he region comprising the ultra mafic rocks has been affected by two metam orphisms.
Firstly, by the regional di namothermal metamorphism and secondly by the retrogressive
metamorphism, clea ry shown by the diaphtoretic albite a mphibolitcs and gneisses (Girardi ,
1969, 1971). Post tectonic gra nites intruded the metamorphic rocks. T he possible contri­
bui tion from residua l granitic solutions in the retrometam orphic process is a very deba­
table topic.
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Figure .) - Va riation of che mica l com position during stea tiza tion
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