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The granite pegmatite at the Golconda mine in Minas Gerais, Brazil, is a zoned, sheet-
like mass in schist. Most of the estimated 1,000 metric tons of mine-crude muscovite mined
since 1908 has been recovered from a mica shoot in the upper border zone. Detailed de-
scriptions are given for garnet, cookeite, beryl, cassiterite, manganotantalite, and micro-
lite-al] of which minerals occur in tJre central zone.

IxrnooucrroN AND AcxNowrBncMENTs

The Golconda pegmatite mine, one of the oldest mica producers in
Brazil, was examined and mapped in detail in 1943-45 by Pecora and
Barbosa in conjunction with a general program of the United States and
Brazilian Governments aimed at increasing mica production and mica
reserves in Brazil during World War II. The mineral collections made
at that time were recently studied by Pecora, Switzer, and Myers in the
Iaboratories of the U. S. Geological Survey and the U. S. National Mu-
seum.

The authors are grateful to a number of persons for aid during the
field and laboratory investigations. Mr. Jos6 Nogueira, of Santos-No-
gueira Company, operators of the Golconda mine, supplied production
data; C. D. Foster and J. T. Cook, engineers of the U. S. Commercial
Company, extended many courtesies in the field. The authors are grate-
ful to Michael Fleischer, Earl Ingerson and K. J. Murata for critical
reading of the manuscript and to S. B. Levin for calculation of the
components of a garnet specimen.

Loc,q,rrox AND HrsroRY

The Golconda pegmatite mine is located in the Rio Doce Valley'
Braztl,34 km by road northwest from the town of Governador Valadares
(formerly Figueira)-a well-known mica center in eastern Minas Gerais
that has rail, road, and airplane routes to Rio de Janeiro, Victoria, and
Belo Horizonte.

Since the discovery of the Golconda pegmatite in 1908, the property
has yielded muscovite mica, gem tourmaline, and gem beryl having an
estimated total value of $100,000. In 1944 about 400 tons of mine-crude

x Published by permission of the Director, U. S. Geological Survey, and the Secretary,
Smithsonian Institution.

1 U. S. Geological Survey,2 U. S. National Museum,3 School of Mines, Ouro Preto,
Minas Gerais.
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mica were recovered from open-pit operations (Fig. 1) by use of heavy,
mechanical earth-moving equipment. In 1945 new underground workings
were driven in the mica shoot along the hanging wall of the pegmatite.

Frc. 1. View of the Golconda open pit in 19t[4 showing the area

stripped by heavy mechanical equipment.

Rpcrower Gpolocv

The region near Governador Valadares is underlain essentially by
metamorphic rocks into which have been emplaced a great number of
granitic pegmatites. The metamorphic rocks, principally schist and gneiss
are considered by Brazilian geologists to be Archean in age. Although
the age of the pegmatites is not known with certainty, a late pre-
Cambrian or early Paleozoic age is in general accord with geologic evi-
dence and age determinations based on analyses of radioactive minerals.
The regional relations of the mica-bearing pegmatites in Minas Gerais
are discussed by Pecora and others (1950).

DBscnrprroN oF TrrE PncuerrrB

Form, Size, anil Structure

The Golconda pegmatite, one of several sheetlike pegmatites in the
Rio Doce Valley, ranges in thickness from 3 to 11 meters and is nearly
horizontal (Fig. 2). In the western part, the pegmatite has a well-defined
arch or ((vsll"-4 characteristic feature of many sheetlike pegmatites
in this region. The crest of the roll pitches about 10oN. and has been
exposed by mining for about 100 meters. fn an east-west direction the
pegmatite is exposed for about 300 meters.
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The country rock containing the pegmatite is mica schist. In the west-
ern part of the open pit the schist is rich in hornblende, and in the eastern
part it is essentially a quartz-biotite-garnet schist. The hanging-wall
contact of the pegmatite locally conforms to the schistosity of the roof
rock, but the footwall contact is clearly discordant to the schistosity
of the floor rock. The schist above the pegmatite is intimately folded
into a series of asymmetrical drag folds whose axial planes strike about
N. 25oW. and dips northeast. The roof block of schist, now evident as a
small anticlinorium overturned to the west, was probably sheared from
the floor block, by deformational stresses, thus providing a locus for im-
placement of the granitic fluid. The roll of the pegmatite is believed to be
an original implacement form and not one caused by later deformation.
The shearing of the country rock and the subsequent introduction of
granitic fluid were probabiy related to the same general diastrophism.

Zoning

The grain size of the minerals in the pegmatite increases inward from
both its upper and its lower contact and is coarsest where the pegmatite
is thickest. On the basis of differences in texture and mineral composi-
tion this pegmatite can be divided into several internal units.

In the eastern, thinner, part of the pegmatite sheet and in the larger
appendages extending into the floor rock a central zone separates an
upper and lower border zone. The central zone is composed essentially of
qttartz and weathered potash feldspar with accessory white mica, green
tourmaline, and blue-green beryl. The border zone contains quartz, pot-
ash feldspar, and "ruby" mica as essential minerals with accessory black
tourmaline, garnet, and biotite.

fn the western part of the pegmatite the central zone is separated from
the upper border zone by a lens of quartz-perthite rock that is locally
graphic in texture. At this place the central zone is thickest and is com-
posed of a great assortment of complex minerals.

The maximum thickness and the mineral composition of the pegma-
tite units are shown in Table 1, and the structural relations of the dif-
ferent units are illustrated in Fig. 2. The occurrence of a quartz-perthite
unit, locally graphic textured, separating a hanging-wall mica-rich zone
and inner complex mineral zones, has also been reported for several
granitic pegmatites in the United States (Cameron and others, 1949).

The hanging-wall border zone where best developed is about 1.5 meters
thick. In its upper part, against the schist, mica books composed of
"ruby" muscovite and intercrystallized biotite are arranged edgewise
to the contact. fn the lower oart of the zone is a concentration of nests
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of randomly oriented "rubyt' muscovite books and qrartz, free of biotite,
imbedded in potash feldspar. Quartz, tourmaline, and garnet are much

more abundant in the upper part of the zone. The mica-rich part of the
zone is called a "mica shoot."

The quartz-perthite unit has a maximum thickness of 4 meters. Per-
thitic feldspar makes up about 80 per cent of the rock and quartz and
white muscovite the rest. Locally, particularly near the apex of the roll,
or minor arches, the rock is graphic in texture. The largest individual
cleavage surfaces in the feldspar are 1.5 meters across.

frregular cavities are numerous in the central zone, particularly in the
western, thicker part of the pegmatite. In addition to quartz and micro-
cline, the mineral assemblage includes albite, tourmaline, beryl, cassiter-
ite, tantalite, microlite, spodumene, cookeite, garnet, and muscovite.
Altered spodumene "logs" up to 80 cm. long and albite "logs" up to
25 cm. long occur in the zone, and both minerals show effects of deuteric
alteration and intense weathering.

The footwall border zone has the same essential mineral composition
as the hanging-wall zone but difiers in being thinner, in having less
muscovite and black tourmaline, in lacking the conspicuous edgewise
growth pattern of mica books at the contact, and in being relatively free
of biotite.

The Mica Shoot

The mica shoot in the hanging-wall zone provides the principal source
of commercial muscovite in the pegmatite. In the western part of the
pegmatite, east of the "roll" (Fig. 3), the concentration of mica in the
shoot approaches an average of 20 to 25 per cent by volume not all of
which is commercial. The average thickness of the miea shoot in 1945 was
0.5 meter, and the calculated recovery of the commercial mica in the
mica shoot was about 400 kilograms per cubic meter, or approximately 12
per cent by weight. Elsewhere in the hanging-wall zone the reCovery of
mine-crude mica ranges from 50 to 100 kilograms per cubic meter. The
sheet mica trimmed from the Golconda mine-crude mica averages be-
tween 10 and 15 per cent by weight. Based on prices paid for sheet mica
in 1943-45, the mine-crude mica at the Golconda mine was evaluated at
approximately $tSO per metric ton and the mica shoot itself between
$20 and $30 per ton. This mica shoot thus has a higher value per ton
of rock than the ore of most gold mines in BraziI, although its re-
serves, unfortunately, are much less. The economic features of the mica
mines in Minas Gerais have been fully discussed (Pecora and others,
1950).



w. T. PECORA, G. SWITZER, A. L. BARBOSA, A. T. MYERS

a

bo

a

o

. t

o

bo

B
o

o

bo

F

bo
o

cr)

. / n

t-

F
|!

E.
o
tr-
o
:tr
C)
t=
UJ
:<
a

+ q )

- 9 * :  e )
. c o i - ^ C
3 ?-  i  3L - g

( \ \  0
, * ,  \

r)
o

o

o

' - 0

\
ul

E
o

o
|o

o
(D

U)

o o
o o
o o

I
- - >
\ -

s

s q .
$ q
$ q )
,s a.
f . o,?

/

s

.a
\

$ N

(D

-/

/ / --\) -/
' /  

_ ^ ^  a
- - 2 U v

\ 
.4,

V-\
-7--'1

4 9 5
c
o ( )
6 S
a A
o -
. o >
o ?
co

< o
> o

- O o(u
o o -
o .
> F

9 i
a

d.

o



STRUCTURE AND MINERAIOGY OF THE GOLCONDA PEGMATITE 895

Teerr 1. GuNrner, DrscnrprroN ol rnn fNrrnrer, Uxrrs ol rnr Golcoxn,r
PncuAtrrr, Govrnr'ranoa Var-elenrs, Mrnn s Gnners, B n-azu,

I unit

Ilanging-wall
border zone

Quartz-
perthite zone

Central zone

Maxi-
mum
tbick-
ness

(meters)

Potash feldspar,
quartz, and ruby"
muscovite

Accessory minerals

Biotite, garnet, and black
tourmaline in upper part
of zone

General comments

Muscovite books, with inter-
crystallized biotite, are ar-
ranged edgewise to contact in
upper part o{ zone. Commer-
cial sheet mica obtained only
from lower part of zone

Quartz and microperthite are
locally graphic, especially near
the crest oI rolls

Cavities lined with accessory
minerals are most common in
the western part of the pegma-
tite

Footwall bor-
zo\e

Perthite and quartz

Potash feldspar, al-
bite, and quartz

Potash feldspar,
quartz, and "ruby"

muscovite

Wbite muscovite

Beryl (morganite and
aquamarine), tourmaline
(green and blue), garnet
(spessartite), cassiterite,
tantalite, microlite, spodu-
mene, cookeite, and mus-
covite

Black tourmaline, garnet Muscovite books too small
sized to be commercial

Dnscnrprrvo Mrnpn.q.rocy

Essent'ial Minerals

Quartz and feldspar make up more than 95 per cent of the bulk of the
pegmatite. Microcline perthite is the principal feldspar in the border
zone and in the quartz-perthite zone. Because of the advanced state of
weathering, the relative abundance of the different feldspars in the sep-
arate zones cannot be established with any assurance. In the central
zone, nevertheless, albite is common and the microcline lacks any visible
perthitic texture. The quartz-perthite rock is locally graphic and in the
thickest part of the zone cleavage faces of the perthite measure up to 1.5
meters across.

Qrartz is scattered throughout the border zone, but is much less abund-
ant in the mica shoot andquartz-perthite zone thar' in either tbe border
or central zones. Quartz lenses, ramiform quartz masses inter-grown with
microcline, and cavities lined with clear or smoky qrartz crystals are
scattered throughout the central zone and are best developed in the
thicker, western part of the pegmatite. The crystals range in size from a
few centimeters to one-half meter, are commonly in parallel growths, and
show steplike development of the prism and rhombohedron faces.
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The term "ruby muscovite" is widely used in the mica industry for
commercial muscovite that is yellow-brown or red-brown in color. In
the Golconda pegmatite, ruby mica is distributed only in the border
zone, whereas the white, green, and yellow varieties are scattered in the
inner part of the pegmatite. Only the ruby muscovite occurs in large
enough size and of quality to be of commercial vai:ue. Books of commer-
mercial ruby muscovite are imperfect and rarely exceed 30 centimeters
in breadth and 5 centimeters in thickness. Size and quality of the knife-
trimmed sheet mica produced from the crude books is reported according
to the India Standard, and a breakdown of about 25 tons of sheet
mica recovered in 1944 from the mine is given below:

Size

6
s+

4

3 and larger

Quality

Good-Stained and better
Stained-A and worse

Area
(sq. i.n.)

I
n l
L t

3
o

10+

Total

Total

Kilograms

12,282
3 ,3 r r

2 , 5 0 4
1,493

25,1r3

Kilograms

12,986
1 2 , 1 2 7

25,rr3

In the thick western part of the central zone, rounded.-masses of con-
centrically grown brown muscovite are embedded in the weathered
feldspar. The curved planar surfaces are marked by bumps so that
the Brazilian name of "mica de tatu" (armadillo mica) is not inap;
propriate.

Biotite is locally intergrown with the ruby muscovite,in-llrp,,lpp"e"f
border zone, but it is rare or absent in the commercially,significant lmlc"a
shoot.

Accessory Minerals

Garnet (spessartite)

Red-brown garnet is abundant as crystals less than 1 centimeter in
size in the outer part of the border zone and in the schist of the country
rock. In the central zone, however, irregular masses of dark brown garnet
up to 15 centimeters across are embedded in weathered feldspar. Owing
to the extent of alteration, the garnet masses now consist of clear brown
fragments up to 5 millimeters in diameter in a matrix of black fine-grained
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oxide of manganese. The dark brown garnet was determined to be spes-
sartite on the basis of the following properties: index of refraction:1.808
+0.005;  speci f ic  grav i ty :4.18+0.05;  uni t  ce l l  s ize (a) :11,57 *0.01A;
MnO: I4.t67o.

These data were furnished to S. B. Levin of the Squier Signal Corps
Laboratory, Fort Monmouth, N. J., and using the method he devised
(Levin, 1949) he calculated the following components of the Golconda
spessartite:

Components
Almandite
Spessartite
Pyrope
Grossularite
Andradite

Cookeite

Pure masses of cookeite are intergrown with other rare minerals or
have formed on surfaces of crystals in the cavities. Some logs of spodu-
mene up to 40 centimeters long are completely replaced by very fine
grained cookeite. Individual aggregates in other associations are up to
2 millimeters in size. The colors of the mineral include rose, lavender,
and pale lilac, and the material is composed of hexagonal plates and
sections.

A mass of pale lavender dense material was purified for special study.
The optical properties of the mineral are:

Per cent
54
J L

8
6
0

"  a :1 .578 ]
B :1  .  s81 f  +0 .002
z :1  . 598 ]

Biaxial (*)

2Y :45" , calculated

A partial spectrochemical analysis of this material by A. T. Myers gave
the following results: LizO:2.7/6; KrO:0.0X; Na2Q:g.g;q; and
Cs2O:9.91. Semiquantitative chemical analyses indicate that some
Golconda cookeite may have up to 4 per cent LizO.

fn habit, optical properties, and f-ray powder pattern the Golconda
material resembles cookeite examined by the authors from other mineral
localities, and its chemical composition is like that of cookeite reported
by Brammall and others (1937). Quensel (1937) has described cookeite
that has formed by replacement of spodumene in a pegmatite from
Sweden.

Beryl (Morganite and Aquamarine)

PaIe pink beryl (morganite) was found associated with quartz, albite,
and cookeite in the central zone. A number of specimens up to 20 centi-
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meters in diameter were recovered. The beryl occurs in irregular crystal-
Iine aggregates of many deeply etched parallel and sub-parallel individual
crystals. Many crystal faces are represented, but no complete individual
crystals were found and the crystals are highly malformed. Individual
crystals are up to about 5 centimeters in size. Much of the beryl is free
from flaws and inclusions, but it is too pale in color to be classed as good
gem material.

The pink beryl has the following properties:

Uniaxial (-)

S p .  g r . : 2 . 7 8 + 0 . 0 1

These values indicate a beryl very high in alkalies, according to unpub-
Iished data of W. T. Schaller.

The pink beryl crystals have an unusual crystal habit in that they are
tabular parallel to [ 101 1 ] .

Bluish-green beryl (aquamarine), in part of gem quality, was also
found as a rare constituent of the central zone.

Cassiterite

Coarsely crystalline masses of cassiterite were encountered in the cen-
tral zone, associated with other rare minerals. The well developed crys-
tals are as much as 4 centimeters in diameter. They are usually subhedral
but a few rough euhedral crystals were found showing only faces of the
unit dipyramid.

The color of the cassiterite in some zoned crystals ranges from black to
greenish yellow. Spectrochemcial analyses by A. T. Myers of each of
these zones in a single crystal are given in the table below.

The oresence of columbium and tantalum in Golconda cassiterite is

1I1 :i3i)*' *,

Black

Cassiterite
Greenish yellow

Cassiterite

MnO
FerO3 (total)
SnOz
CbzOs
'IazOs

Si
AI
Mg
Ca
Cu
Ti

0.6s%
0 . 2 9

x 0 . 0
0 .46
1 . 0
0 . x
0 .0x
0 .0x
0.00x
0.000x
0.000x

0.1470
0 .06

x 0 . 0
0 . 1 8
0 . 1
0 .x
0.00x
0.00x
0.000x
0.0000x
0.00x

Not found: Ag, Au, Be, Bi, Co, Cr, Ga, Ge, In, La, Li, Mo, Na, Pb, Sb, Th, Tl, V, Y,
Zn, Zr,
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noteworthy. Edwards (1940) likewise reports solid solution of columbium
and tantalum in cassiterite from Australia, and other localities showing
similar relationship are listed in Dana's System oJ Mineralogy (7th ed.,
p. 576). Borovick and Gotman (1939) demonstrate Irom a compilation
of spectrochemical data of numerous cassiterite samples that cassiterite
from pegmatites generally contains more columbium than cassiterite
from veins.

Manganotantalite

Manganotantalite occurs as small, well formed, prismatic crystals
associated with microlite in cavities of cassiterite. The crystals are as
much as 1 centimeter in length by 2 millimeters in diameter. In color
they range {rom black to reddish brown.

Unit cell dimensionsa determined on one brown crvstals bv the Weis-
senberg method are as follows:

The specific gravity as determined by the average of several crystals
measured on the Berman balance is 7.34+0.05.

The Golconda manganotantalite crystals are elongated parallel to

[001] and are prismatic to acicular in habit (Fig. a). The prism zone is
usually striated, and the terminations are simple, usually consisting only
of a basal pinacoid. Termination of some crystals by a single face of the

Frc. 4. Crystal drawings of manganotantalite from the Golconda pegmatite.

a Unit cell dimensions are given here in the same orientation used in Dana's System oJ
Mineratrogy, Tth ed., rather than in the conventionallorm c1a{b. The same orientation is
followed in the following section on morphology.

d :  5 . 1 4  A l
b :14 .M A l t0 .0 l
c  :  5 .78  AJ
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dome /{032} causes them at first glance to appear monoclinic. The
forms observed by measurement of several crystals were: [001], {010},
{ 1 6 0 } ,  { 1 3 0 } ,  { 1 1 0 } ,  { 0 3 2 } ,  a n d  { 1 3 1 } .

A spectrochemical analysis of the Golconda manganotantalite by A. T.
Myers gave the following results:

MnO

FeO (total)

SnOz
CbzOo
TazOs

Ti 0.X; Si, Mg 0.0X; Ca 0.00X; Al, Cu 0.000X.

14.0 7o
0 . 5 2
0 . 9 6

14.0
7 r . 0

Not found: Ag, As, Au, Be, Ge, La, Li, Th, Tl, U,Zn,Y.

fn Dana's System oJ Mineralogy (7th ed., pp. 782-785) the usage of
manganoan and ferroan as adjectival modifiers for tantalite and colum-
bite is not completely in accord with the original suggestions of Schalier
(1930). The term manganoan tantalite should be used for a tantalite in
which the iron content is in excess of the manganese and not, as used in
the Dana volume, for a manganese-rich tantalite. The iron end member is
implied in the single name of tantalite or columbite, whereas the manga-
nese end member is implied in the name manganotantalite or mangano-
columbite.

Microlite

Microlite was found in small amounts as honey-yellow crystals asso-
ciated with cassiterite and manganotantalite in the complex mineral
zone. The crystals show rough octahedral form, and their maximum
size is about 3 millimeters.

Some of the physical properties of the microlite are as follows: index
of refraction:2.055+0.005 (selenium melts); specific gravity:6.12
+ 0.05 ; unit cell (a) : I0.422 A + 0.001 .

The Golconda microlite is very near the pure tantalum end member of
the microlite-pyrochlore series as indicated by its index of refraction,
specific gravity, and the spectrochemical analysis (by A. T. Myers)
given below:

MnO 0.42Vo
FeO (total) 0.22
SnO 1 .9
CbrOs | .9
TazOs X0.0
CaO X.0

Na, Si, Ti 0.X; Mg 0.0X; A1, Bi, Pb 0.00X; Ag trace.
Not found: As, Au, Be, Co, Cr, Ge, Ga, La, Li, Mo, Th, T1, L;, Y,Y, andZn.
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