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Introduction

This report describes the preliminary phases of research on
cordierite-bearing metapelitic rocks.at the southern end of the
Serra de Jacobina'(Jacobina Range) in the state of Bahia, Brazil.
The geology of the area has been described in detail (Leo, Cox and
de Carvalho, 1964)and summarized in tnglish (Cox, 1967); the
cordierite relationships are briefly described elsewhere (Leo,
1962). Work on this project was suspended in 1967 due to the
pressure of other commitments. The present report is open-filed
in the hope that the accumulated data including chemical analyses
of a number of rocks and minerals, and a map otherwise available
only in a Portuguesé-language publication (Leo and others, 1964)
may be useful to geologists interested in the region and/or in the
unusual cordierité-bearing assemblages. No attempt has been made"

to update any of the contents since 1967.

Geologic Setting

The area of this study is situated between the town of
Jacobina and Miguel Calmon, a distance of about 30 km (Fig. 1).
In this area, the Jacobina range is about 10 km. wide, and consists
of north trending ridges of quartzite, conglomerate and metapelitic
rocks (Jacobina Series), with intervening longitudinal valleys
erocou into ultramafic rocks. The metasedimentary rocks are in fault
contact on both sidés of the range with granitic rocks of the
Brazilian shield. All of the rocks in the area are of Precambrian

age.



Metapelitic rocks constitute the bottom (Bananeira Formation)
and the top (Cruz das Almas Formation) of the Jacobina Series. The
Bananeira Formation is exposed predohinantly near the village of
Bananeira in the §outhernmost part of the range; the Cruz das Almas
Formation is intermittently exposed along the eastern side of the
range. The rocks considered in the bresent study are from 1) the
Cruz das Almas Formation at several points along the range southward
from the latitude of Jacobina, notably exposures on Rio ltaitu where
cordierite-bearing assemblages are developed, and 2) the Bananeira -
Formation in its exposures north of Bananeira village along Rio da
Horta and its tributaries.

The metamorphié grade of the Jacobina Series in the area near
Jacobina generally corresponds to the amphibolite facies, with local
exposures of upper greenschist fécies. Near the latitude of Itaitu,
there is a rather abrupt increase in metamorphic grade to upper
amphibdlite and/or hornblende hornfels facies, which appears to reflect
an episode of thermal metamorphism superimposed on regionally
metamorphosed rocks. This change could be related to aemonstrated
deeper burial of the southern part of the metasedimentary sequence
prior to transverse faulting (Leo and others, 1964, p. 75). Local
subjacent intrusions may also have been involved, although there is

little direct evidence for such intrusions.



Field Work

Field work, doné in December 1962 and January 1963, .involved
mapping by pace and compass traverse'of several sections along streams
where dense, cordiérite-bearing rocks had previously been found. The
principal traverse was along Rio ltaitu on-the eastern side of the
Jacobina Range, where there are inte}mittent exposures of pelitic
rocks, including thin beds of iron-rich metasediments, for a distance
of about 1,700 feet across strike. It was found that cordierite-,
bearing granofelses comprise only 400 stratigraphic feet at the
bottom of the section; above this horizon the rocks are quartz-biotite
schists with or without andalusite. Siﬁilar rocks occur in the
nearest available exbosures northward along strike, about 2 miles
from Rio [taitu. .These facts strengthen the impression that the
granofelses represent the contact aureole of a small intrusion.

Rocks of the Bananeira Formation along Rio da Horta are generally
similar to the Cruz das Almas metapelites near Itaitu, except that
di;tinctly iron-rich rocks are not represented. The metapelitic
rocks near Bananeira are mostly coarse and granoblastic, characterized
by large andalusite porphyroblasts. Rocks of the highest grade
contain sillimanite in addition to andalusite.

Samples were collected at sufficient localities to provide an
adequate picture of distribution and compositional variations in the

metapelitic rocks.



Petrography

Rocks north of Rio Itaitu. The most striking feature of the

pelitic rocks, which initially prompted this study, is the difference
in petrographic aspect between metapelitic rocks of Jacobina, and
those near ltaitu and southward. East of Jacobina and as far south
as 2 miles north of Rio ltaitu, rocks of the Cruz das Almas Formation
are typically fine-grained schists with abundant biotite, muscovite,
spongy and skeletal andalusite porphyréblasts, and local garnet-rich
layers. Some rocks contain muscovite and prograde chlorite; hence
they belong to the greens;hist facies. Variations in metamorphic
grade are not progressive from norfh to south as was the impression
gained during original mapping; rather, such changes appear to
be random.

Staurolite is present in isolated layers, always accompanied
by garnet and biotite. -jt forms small euhedral prisms which show no
sign of reaction to cordierite, as staurolite invariably does in
rocks from Rio ltaitu and Rio da Horta.

In summary, the pelitic rocks north of Rio lta}tu are schists
of amphibolite facies and upper greenschist facies, with mineral
assemblages and textures indicative of simple isochemical
recrystallization during a single metamorphic episode. Analyses of

selected rocks from this area are listed in Table 1.



Rocks from Rio ltaitu. 1In the 400-foot stratigraphic section

referred to above, metapelitic rocks are grénofelses instead of
schists, i.e., they have granoblastic textures which have largely
obliterated original schistosity. A pronounced compositional layering
is nevertheless retained (e.g., analyses 8 and 9, Table 1). The
most common mineral assemblage is quartz-biotite-garnet-cordierite;
anthophyllite is locally abundant. Andalusite is compératively
rare, and staurolite very rare. Isolated thin beds consist.;f
garnet, anthopyliite, and'cummingtpnite (Table 1, analysis 10).
Such rocks correspond to the silicate facies of iron formation. No
other iron formation (e.g., itabirite) was found in the area.
Consistent mineral reactions (based on visual inspection) in the
Rio Itaitu granofelses include replaceﬁent OT biotite and stauroiite
by cordierite, and replacement of biotite (and cordierite?) by
anthophyllite. The relative abundance and evident étability of garnet
“in most of the rocks suggest late growth of garnet, although this is
not evident from textural relafions as are the other reactions.
Trains of tiny subhedral biotite flakes in cordierite mayvrepresent
a second generation of biotite distinct from the biotite which has
reacted to form cordierite.. |
An empirical and approximately balanced equation expressing the
apparent reactions can be written as follows:

Staurolite + 2 biotite;=»cordierite + anthophyllite + biotite|; + K20



Rocks in the Bananeira area. Metapelitic rocks of the Bananeira

Formation are generally higher in Si and Al, and lower in Fe and
Mg, than Cruz das Almas rocks (Tgble 1). Mineral assemblages and
textures, however, as well as key mineral transformations, are
generally comparable to those in the rocks along Rio itaitu, and
reflect a similar metamorphié history.

Rocks of the Bananeira Formation are typically coarse, méssive,
dark gray granofelses with conspicuous andalusite porphyroblasts up
to 1 inch long, sheaves of sillimanite needles, and coarse biotite.
Schistosity is virtually aBsent, but an indistinct alignment of
andalusite crystals is apparent. Relict bedding is preserved in
some places.

Microscoplic feztures give clear evidence of a second episode of
metamorphism superimposed on an originally schistose fabric.
Andalusite porphyroblasts have obviously increased in size, crowding
asi&e formerly aligned trains of mica flakes and engulfing mineral
grains along their margins. Biotite.flakes show similar enlargement
to shapeless patches, but muscovite shows no evidence of such
growth. As K-feldspar is absent, some muscovite must nevertheless
have formed late to accommodate K* released by breakdown of biotite.
A finely granoblastic mesostasis of quartz, with or without
plagioclase, charaéterizes all the roéks. Graphite is an a[most

universal accessory.



New Minerals are sillimanite and cordierite. Sillimanite forms
fibrolitic aggregates that have developed from both biotite and
andalusite, and also individual prisms intergrown with andalusite.
The two minerals are apparently in stable equilibrium. Cordierite
forms spongy, inclusion-filled patches in about half of the rocks.
Its replacement relationship to both staurolite and biotite has
already been noted. The textural evidence for this is most striking
in the case of staurolite, which appears as intricately emba&ed
~grains and highly irregulaf relics completely surrounded by cordierite.
The relationship between cordierite and biotite is similar in some
instances, but cordierite may also form lobate patches in biotite,
with inclusion-filled cores and clear margins, indicating two
stages of coraierite growth.

Local relics of staurolite are surrounded by andalusite with
fringes of pale chlorite, without any trace of cordierite.

An empirical, approximately balanced equation based on the
various mineral reactions obsefved in rocks from the Bananeira area
may be expressed as follows:

3 staurolite + biotite + 4 quartz + 2 watera cordierite + almandine +

7 andalusite'+ muscovite + chlorite

Refinements of these preliminary equations should be possible

after calculations of rocks and mineral analyses and determinations

of modes.



Rock Analyses

Analyses of lhnmetapelitic rocks from the area of investigation
are listed in Table 1. (Nine additional analyses of related rocks
were obtained, but do not bear directly on the central problem).

The analyzed rocks were chosen to reflect as completely as possible
the compositional range or originally argillaceous rocks of the
Cruz daé Almas and Bananeira Formations.

The purpose of the analyses is two-fold: (1) to show differences
or similarities between cordierite~free and cordierite~bearing rocks,
especially within the Cruz das Almas Formation; and (2) to relate
bulk rock composition to compositional variations of constituent
minerals, especially where various rep}acement (e.g., staurolite »»
cordiertfi'e) are evident.

Regarding (1), overall similarities in bulk éomposition between
some cordierite-free and cqrdierite-bearing rocks are evident
(analses 1 and 4, 6; 3 and 12; possibly 2 and 5), and suggest that
development of cordierite could have taken place in initially
cordierite-free rocks by a change in metamorphic environment, and
did not require a significantly different bulk composition. Other
cordierite-bearing rocks obviously are not closely comparable to the
analyzed cordierite-free samples. More critical evaluation of the
rock analyses, and bossibly additional analyses of cordierite-free

rocks, will be required to establish this point.



- Compositions of rocks in different parts of the Cruz das Almas
Formation as revealed by the analyses are not notably similar. A
range of composition is obviously reﬁresented, and exposures are
inadequate to allo@ detailed stratigraphic correlation between
different areas. Some general differences that do emerge are higher
average Mg0 and lower K,0 in rocks néar Itaitu as compared to those
near Jacobina, as well as the appearance of highly ferruginous
(garnet-amphibole) rocks in the Itaitu section. These are regarded
on the basis of field evidence as facies changes in the sedimentary-
section; there is no reason to suspect metasomatic introduction and
removal of the substances in question. |

Analyses of Bananeira rocks show generally higher A1203 and
Na,0, and lower Fe0 and Mg0, than Cruz das Almas rocks. The difference
in iron and mangnesium are reflected at least par;ially by the
common presence of anthophyllite in Cruz das Almas rocks near ltaitu
and its absence in Bananeira rocks.

Quantitative and graphic evaluation of the chemical data,

especially in relation to mineral analyses, remains to be done.



Separations and Analyses of Minerals

Six garnets, 6 biotites, 3 staurolites, 3 cordierités, and
1 anthophyllite were separated from 6 metapelitic rocks, as shown
below:
| LJ-4-1: garnet, anthophyllite, cordierite, biotite
LJ-7-12: garnet, cordierite, biotite
LJ-65-1-2: garnet, staurolite, cordierite, biotite
LJ-65B: staurolite, biotite
LJ-79-3: garnet, staurolite, biotite
LJ-88~1: garnet, biotite
Separation and purification of minerals was accomplished by
standard methods and required about 3 months. Purification was
tedious parciy because of the fine grinaing and prutonged centrifuging
required to remove microscopic inclusions, and partly (notably in
the case of cordierite) because of the difficulty in getting rid of
minerals of similar density. Disappointinély, cordierite proved so
difficult to purify that only three concentrapes (from rocks without
plagioclase) were obtained. Even these are contaminated by quartz,
which however can be calculated out. The cordierite analyses are
not listed for this reason.
Analyses of garnets, biotites, staurolites and anthophyllite

are listed in Tables 2 to 4.
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Preliminary inspection of the mineral analyses shows that, in
general, they are relatively high in Fe0 and low in Mg0 and Fe203.]/
The anthophyllite especially shows an unusually high Fe0/Mg0 ratio .
The relationships are in agreement with the generally high Fe0/Mg0
ratios in the host rocks,'énd also indicate that reducing conditions
prevailed during metamorphism; the latter observation is supported by

the presence of accessory graphite in nearly all of the rocks

examined.

1/ The total absence of Fe,03 in at least 3 of the biotites may reflect
possible contamination (by organic matter?) although the Fe0 values

as such are not unduly high.
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Deta on Soroles in Teobla 1

A, Cruz das Almas Formation
Y 1. LJ-88-1, qua_tz—b*ctite-anaalusite—garret-°taurolite schist,
3¢3 =i, E of Jacobina

2. L3I-79-3, cquirbz-biotite-g arnet-gtaurolite schist, app. 6km.
SCE of ..T‘.r‘oblna

3. LJ-78-1, cuirtz-bictite-andalusite schist, opp. 8 km. SSE of

. Jacobina :

4, IJ-6-5, quartz-garnet-biotite-cordierite granofels,nItaitu
~Creek- 1.9 kn, WNH of Jtaitu village

5. LJ-6-3, quartz-gsrnet-bictite-cordierite-anthepnyllite gréno—
fels, same location as (4) .

6. LJ-7-3. quartz-biotite-cordierite-garnet-andalusite-staurolite
granofels, same general location as (&)

7. IJ-T7-12, quartz-biotite-garnet-cordierite-staurolite granofels,
same general lecation as (&)

8. 1J3-k-1b, quaitz—anthophyllite-cmrdieriteubiotite granofels,
garnet-free portion of layered granofels LJ-W-1; ssme general
location as (&)

9. LJ-k-la, garnet-cordierite-anthophyllite-quartz~biotite grano-
fels, garnetiferous portion of layered granofels LJ-L-1

10. 1J3-7-5, garnet-anthophyllite-cummingtonite granofels, same
general location as (4)

B, Bananeira Formation

11, LJ-56-2, quartz-andalusite-sillimonite-biotite-mmscovite-cordie-
. rite-plagioclase granefels, Rio da Horta 1.9 km. NNE of Bana-
neira village

12, LJ-85-63, quartz-staurolite-biotite-cordierite-plagioclase
granofels, Rio da Horta 3 km, NNE of Bananeira village

13. LJ-65-3, Quartz-staucolite-cordierite-~-plagioclase-biotite-
sillimanite-granofels, same location as (12)

14, 1LJ-65-3-2, quartz-garnet-andalugite-staurolite-cordierite-biotite-
sillimanite granofels, same location as (12)



Tablke 2. Gamets fem metapelihe rocks,

Q) @ @) @ (s) ®
. Si0a, 37.06 3686 37.35 37.09 37.15 . %Q9
o, 0.0 0.01 0.6% 0.07 0.67 o. 10
Aoz 2018 s 2.4 2013 21.30 21.01
te.0; .51 123 0.35 0.4S O el 0.S5
Cr 02 - O0+ 0.03 . 0.0 0.04 0.67 0.07
Feo 36 .1 3a7.19 . 24.83 37. 76 75 =) A
fgo 248 2.20 3.42 2.58 267. ° 2.8
Mn 0 .02 0.68 0.9 - 0.67 245 2.40
Cao .61 0.8l 2.04 aal I 48 1. Sl
Ne.o 0.03 0.01 002 0.04 0.03 0.0t
t,0 o.ol 6.c; Qo2 0.6 0.02 0.0l
H.ot 6.02, 60 nl nil nit mil
Hy0™ 0.02 0.0t 0.06 0.0l 0.03 0.0
© Total 100. (¢4 100.29 99.99 . 1002 10636 99,25

D) LT #E8-, Guartz= bickte = an daduzde - cadM- Yeurclile . 2diist, Cruz dac Sdmae
"F_Ormaﬂ\‘e-m, 2.3 tm. E of Jaccbina.
2) LT 79-3, quartz- biokie - aumet - ghaslste wlist, CGruz das Ahmas Tormabion,
Qﬁ» 6 bm. SS€ of Jaccbina.
5) L4-i, qu.a.«-{-z- 60”.»\9} ~ cpvtierite - hichte- anﬂ-opkyai{c %-ra.nofe\c, Guz dos
Altmas Tormakon, Daukd Ot’!'et., 1.9 Fm NNW o Tiaohkl U:»uA%e.
4) LI 7-12, tz - net - Cordiente - bivkite - olaolle T‘nmo*asl';, Lame.
enoal locabion as (3). (C das A. Fn) :
‘3 LJ6s -i-2, ci,:.,..m-h- and.avus te - ﬁcxrne’\—— Hatvohite- covdiente - biokhite ~
- Wlimanite am,,wfe\s, ’—Banamim_"{’—?ommiﬂbn, Riv da Hovta. 3 Em. NUE
of Bananeima_ Village. ‘
(:) LT65'I‘3, Same specimen as LIES-1-2 | bur ﬁw/nd less 'Q\GZ'] und
Gnd Subjeded o les indensive aud Freadment o Save as Caudnr® ?’:(@

FPrstyces by Uerbie C Smik, U.Q Geeechul gcvmecl, Denver, Colorads .



Table 3, Shwurolites emd Omiteophy llite fom
melapetihie meks. '

0 @ & @ ®

S04, 27.%9 a7l o a1.23% 52738
Tox 0.2s 0.5l 0.53 0.6
Aoy 5330 sy, sG CETTS 2.5,
R0, 16l @ 174 0.24
Cry0; 0.0 0.8 a3 7n.d.
Feo 132 (32 29 26.09
Mgo I 34 (39 137 16,08
Mno nit Qo 0.03 0.0%
CQ.O nil mit mi : 0.06

Nazo nl o3 il 0.1
L0 it ool nil ' 0.02
Haot I.62 1.S6 .43 246
Hao™ 0.0 0.02. 0.02 0.8

Total 99.35 %82 977 - AT

) Stosolite, LT 79-3, Guackz - bickke~ garne - daurdiiie sdust, Cruz
das Alvnas ‘E’rrna-)-e—n, app. 6 bm. SSE 0“: Jacohbina . Alte Q0% Li,
O.pz% Ni, 0.0trbV, 0.07% Zn (Smlqgani. Spec.)

2) Stauvdite, LI 697172, Quartz - gprnet - andaus dte- Haurolite- covdtierite -
bookde - gillimanite ca«rvmo{ds, Ronaneva Formakion, Lo da foctx 3 kEm.
NRE of FRonaneirma un‘CLa.?e,. Plsg 0.03%Li, 0:01% M, 0.0S%V, 0-1%Zn (gm\q,g‘me;

2) Stouvelite, BLTE5-68, Guartz- shurlie~ blohte - cordierite~ plagiodes=

nofele, Came gtreral Lecakion as (2). Al 0.03% L, 0.03% NI, 0.02%V,

) 0.07% Zn (Qen;c;uo.n%. &?ec) .

4) Antrophyllite, LI 4-1, Quurtr— garmet - cordiedde - bokie- anttophyliite
ﬁmno@e\.s, Ceuz das Rlmas Srma»b'o—n, Tragtee Greeb, 1@ Em. WRw of

Tiadd village . Plso 007% G, C-OS% Ni, ©-807%V, 0.607 % Zr (%ml;.s,m/.)

Anatyses by Verke C. Qmitn, V.S Geslopicat Surveq, Donver, Glrmdo,



Toble 4 Biotites fem metapelile  rocks .

(1 @ (z) “) ) (¢)
Sioz 35 07 .62 38 .40 34.83 35.60 3.2
Ti02 t.40 1.08 2.4 (23 125 .22,
Rl1204 22.85 22.92 \8.10 2083"" 434 22,16
Fe, 03 nil n l te 54 €.%q aLst™ nil
feo . 18.57 19.79 (6.7)" (G.5% (16.¢)" 207
M%,o q.01 ?.09¢ L .25 — T3
M0 0.0 0.02 — 0.03 0.57 0. 10
Cao el nil mil nil nil nil
Na, o : 0.20 0.25 — 0.22 — 0. 34k
|<¥2) %.93 3. R 7.49 79 47 7.79
Hot 39z 397 - 4.04 — .46
0" 0.2 0. 1 -~ 0.08 - — 0.06
Pog 0,01 0.02 — — — -
Ci o.04 6. 0} — o.ol - nil
t 0. 12 o1 - ©.09 - 0.20
Sab i 100, 26 977 99 .06 99. o+
Less 0 0.06 0.65 _po4 .08
Total ico a0 99,72 99 oy 93.96

) LT 88 -1, qw«h- behite~ @oduisasie - Grrnet - dauaslde shust, Gruz das Almac
Erermobiow 1w Vate de Ciyg , 33 Em. gast of Jarcbna., Rlso 0.1% Ba, 0.4 G, o.osﬂzﬁ‘:‘,;‘.ml"é\;‘.)
2 LT 79 -5, Quarts - blekde - darnet - slourelde scust | Gruz das Almas @«’m&#e—n’, "
amp. & Lm, SSE of Jaccbina. Mso 0.0% Ba, 0.1 70, 0.05% H:, 0.029%V (emiguind . spuc) -
?’9 Partial &naﬂadiA b/ X‘m\/ {tucrescence. LT -14-1, quaffz-fa'afnd*-cvrdlefik~bt‘oﬁ’le~
datbophy lute qrancfels, Thoitet (reek, 119 Km WAW of THoué village. (C dos A.Fn)
4) LT 712, ?Wﬁrﬂ‘lfﬂt“"cafd ree ife- biohide - staursl e 3,»@0‘?:“5, SGme ﬁen&d Creatism.
as (3. Atso 003%B, 0.1 7 Ba, 0. l%Cr' 0.07% N1, SeaTeV [semlcfue,,t,spec) (C dasA )
5) L.Tég‘l*Z, quanrta- andlalasite - garnd - staurol ite- cordiecte - biohite — sillimacite
gravofels, Riodo. Kota. 2 Km NNE of Fasaneira vage (Banarera W‘”")'
Tartiod ama_aég,a by X oy Fluorescence.
6) LI~ 65-68, crua,r‘\'l— ot ibe ~ biokite~ cordiecte- p\cca,'c olase M&sl Same.
gmeml location as @>, Barancua Formation. Also O.S%Bq,, 0-3% Ce, ©:1S% He, ©.02%830,
0.05% v (semat;uewﬁf spec.) _
= Tolol irem as Fe203; -frﬁwrc for Feo based on 070 Fe203, ¥m jyofeies ‘FL05.
gaymetne  amalyses by Uenhe €. Smite. UKGS, Denver; X-roy Rm-ocsceac&by Robena. . froom



