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Abstract Mineral species in alkaline-carbonatite complexes and pegmatites which are observed
in the Brazilian shield in the region of the states of Santa Catarina (SC), Sao Paulo (SP), Minas
Gerais (MG), Goias (GO), Tocantins (TO) and Para (PA) are identified based upon the data obtained
by means of X-ray diffraction (XRD) and energy dispersive scanning electron microscopy (SEM-
EDS). The rock and mineral samples are those which were collected in the years of 1987-1990 by
support of the International Scientific Research Program of the Ministry of Education (Project Chief:
Professor M. Tokonami, University of Tokyo) and they are now preserved in the National Museum
of Nature and Science (Tsukuba). The listed minerals include mainly carbonates, sulphates, phos-

phates, oxides and silicates containing rare-metals such as rare-earth elements.
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Introduction

Many localities of carbonatite intrusions
related to alkaline rocks are reported in Brazil.
Most of them are due to igneous activities of the
Mesozoic age. Brazilian carbonatites contain
resources such as ores of Nb, Ti, rare earth ele-
ments (REEs) and phosphate rock. Their deposits
are ordinarily found in thick, weathered, and lay-
ered soil. There are many reports on the Brazilian
and world-wide alkaline-carbonatite complexes
(e.g. Berbert, 1984; ITIT Projects No. 8316,
1987; Martin, 2008).

Despite the economic importance of these
bodies, the origin of these carbonatites is still
controversial although it has been widely investi-
gated. The studies on paragenesis of igneous
rock types associated with carbonatites from the
worldwide localities have been reported (Wool-
ley and Kjarsgaard, 2008). Ruberit et al. (2008)
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studied the mineralogical and chemical behaviors
of REEs in carbonatites from southern Brazil
with many related references.

Mineralogical and petrologic surveys of alka-
line-carbonatite complexes related to this report
were performed in the years of 1987-1990 by the
support of the International Scientific Research
Program of the Ministry of Education (Project
Chief: Professor M. Tokonami, University of
Tokyo) and by collaborating on this project with
Professor Kenkichi Fujimori of the Instituto de
Astronomico ¢ Geofisico, Universidade de Sao
Paulo, Brazil. The surveys were classified by two
interest groups: the first was the survey of the
samples associated with radioactive minerals,
and the second was that of rock and mineral sam-
ples related to alkaline-carbonatite complexes
with rare-earth minerals. The collected samples
by the first group were provided to the Geologi-
cal Museum, National Institute of Advanced



28 H. Horiuchi et al.

Industrial Science and Technology (AIST), and
the second ones, to the Department of Geology
and Paleontology, National Museum of Nature
and Science (NMNS).

In this paper, main constituent minerals of the
samples preserved in the NMNS are listed based
on the results of powder X-ray diffraction (XRD)
and energy dispersive scanning electron micros-
copy (SEM-EDS) as the useful data for detailed
mineralogical studies in future. The XRD data

RINT2000 and SmartLab. The analyses of min-
eral assemblages were performed with aid of
software QUALX2.0 (Altomare et al., 2015).
The names of mine companies and localities are
those at that time when field surveys were per-
formed in 1987-1990.

Geological background and collecting sites

Alkaline-carbonatite complexes in Brazil gen-

were collected at NMNS wusing Rigaku- erally intrude into Precambrian rocks and they
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Fig. 1. Main localities of alkaline and carbonatite intrusions in Brazil. The larger symbols show the points of

investigations. Square symbols are not the points of alkaline and carbonatite intrusions but the places collected

mineral samples at the area of Precambrian schist.
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are mainly spotted along the lines from south to
north as shown in Fig. 1. The ages of intrusive
activities at the collecting sites except Peixe
alkaline complex are approximately estimated in
the range of 60—140Ma. The minerals in those
complexes are characterized to be rich in REEs,
Nb, Ti, and P, etc., and radioactive elements are
often accompanied in these minerals. Weathering
and/or alteration of the complexes are remark-
able so that economically useful elements con-
centrate in the soil. Therefore, in the most of
these areas are developed the mines to obtain
resources such as K-P fertilizer and rare-metals
including REEs. Furthermore, minerals formed
by the combination of various elements and
hydrothermal alterations are interested to know
the diversity and the formation environment of
them.

The investigations of rocks and minerals are
classified into 11 areas, and these areas are also
shown in Figure 1. The collected samples will be
classified into 1) alkaline rocks, 2) carbonatites,
3) alkaline-carbonatite complexes, 4) ores from
mines including phosphates, sulphate and oxides,
5) cores by drilling, 6) ultramafic rocks, 7) peg-
matite and others. In addition, typical alkaline
and alkaline-carbonatite rock samples were
kindly provided by Professor Y. Hasui of the Sao
Paulo University—Rio Claro.

Rock and mineral descriptions

The characteristics of collected samples are

described in 11 areas, respectively.

1. Anitapolis (SC)

The area of the complex is oval with
4.0%3.0km*> The complex is formed by the
alkaline rock intrusion into the Precambrian
granite. Rocks between the rim of the granite and
intrusion are mainly composed of alkaline rocks
with feldspathoid such as nepheline syenite. The
K—Ar age of the complex is estimated as 129 Ma
(CBMM Issue, 1984). Rock samples were col-
lected at the mine of Industria Fosftados Catari-
nense S.A. near to the north side of Anitépolis.
The main resources are ores containing phosphor
and potassium fertilizer, however, the mine was
not in operation at the time when samples were
collected. The cores by drilling were provided
from the Mine Company. Anorthosite was col-
lected at the quarry between Bocaitiva do Sul and
Vitor near to Furnas. Other main collected sam-
ples are carbonatite and massive magnetite ore.
Main mineral species composed of nepheline
syenite, carbonatite and anorthosite in this area
are indicated in Table 1.

2. Jacupiranga (SP)

Survey was performed at the Mines of Serrana
S.A. de Mineragdo at Jacupiranga near to Cajati.
The shape of intrusion is oval formed with the
scale of 10.2X6.6km? the K-Ar age is esti-
mated as 133Ma (CBMM Issue, 1984). Early
studies on the general structure and petrography
of carbonatite in Jacupiranga were summarized

Table 1. Rocks and mineral constituents from Anitapolis (SC)
NSM-MF  Sample No. Rock Name Locality Mineral Species
16365 891211-01  Carbonatite Mine of the Industria Fosfat-  Calcite, Magnetite
ados Catarinense S.A. and
its vicinities
16366 891211-02  Nepheline syenite  ditto Aegirine, Zircon, Titanite, Nepheline,
K-feldspar, Albite, Aegirine-augite,
Calciohilairite, Apatite
16367  891211-03  Magnetite rock ditto Magnetite
16368 891211-04  Carbonatite ditto Calcite, Phlogopite, Dolomite, Bast-
(Dorilling cores) nisite-(Ce), Ancylite-(Ce), Baddeley-
ite, Norsethite, Apatite, Baryte, Chlo-
rite, Natrolite, Pyrrhotite
16369 891212-01 Anorthosite ditto Anorthite, Augite, Annite, Diopside,

Annite, Hastingsite, Chevkinite-(Ce)
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by Melcher (1966). Mining area is about 800 X
400m>. Main collected rock samples are carbon-
atite, jacupirangite and so on.

The mineral assemblage of carbonatites varies

Fig. 2. Banded pattern composed from alteration of
carbonates and amphibole. This texture is formed
due to fenitization by the contact of carbonate
magma and pyroxene-rich jacupirangite xenolith.
Fibrous amphiboles grow along the temperature
gradient. Mine of the Serrana S.A. de Mineragao
at Jacupiranga near to Cajati (SP).

depending on its formation environment in the
Mine, such as 1, calcite dominant; 2, dolomite
dominant; 3, jacupirangite-xenolith and so on.
The fenitization by carbonate magma shows a
characteristic banded pattern at the contact zone
between carbonate rock and pyroxene-rich jacu-
pirangite of parent rock (Fig. 2). The boundary
between the Ist and 2nd stages is called as fault
zone. The P,0; content of ore is enriched by
weathering up to 20wt.% at the part near to the
surface. The main ore minerals of the Mine are
magnetite, apatite, calcite, Ni-bearing minerals
for the resources of Fe and Ni, fertilizer- and
cement-materials. Main mineral species com-
posed of carbonatite and jacupirangite in this
area are indicated in Table 2. The typical carbon-
atites are shown in Fig. 3. Banded structure in
Fig. 2 formed by fenitization shows the layers of
carbonates, micas and amphiboles perpendicular
to temperature gradient.

3. Pocos de Caldas Plateau (SP, MG)
Pocos de Caldas Plateau is on the border of the

Table 2. Rocks and mineral constituents from Jacupiranga (SP)

NSM-MF  Sample No. Rock Name Locality Mineral Species
16227 881006-01a  Carbonatite Mine of the Serrana S.A. de Dolomite, Forsterite, Zirconolite, Cal-
(Xenolith zone) Mineragao at Jacupiranga cite, Phlogopite, Magnetite, Apatite
near to Cajati
16228 881006-01b  ditto ditto Dolomite, Calcite, Magnetite, Apatite,
Augite
16229 881006-01c  ditto ditto Dolomite, Magnetite, Phlogopite
16230  881006-01d Carbonatite ditto Phlogopite, Magnetite, Richterite, Cal-
(Banded struc- cite, Zirconolite, Apatite, Chalcopyrite
ture)
16231 881006-01e Jacupirangite ditto Phlogopite, Magnetite, Zirconolite,
(banded structure) Diopside, Augite
(xenolith zone)
16232 881006-02a  Carbonatite (fault ~ ditto Calcite, Apatite, Siderite, Ancylite-
zone) (Ce), Phlogopite, Dolomite, Magnetite
16233 881006-02b  ditto ditto Chlorite, Baddeleyite, Tetraferriphlog-
opite, Calcite, Dolomite, Zirconolite,
Apatite, Geikielite
16234 881006-02¢  ditto ditto Magnetite, Calcite, Dolomite, Apatite,
Phlogopite
16235 881006-02d  ditto ditto Magnetite, Forsterite, Calcite, Dolo-
mite, Apatite
16236 881006-02¢ ditto ditto Calcite, Dolomite, Forsterite, Clinohu-
mite, Pyrochlore, Apatite, Baryte, Pyr-
rhotite
16237 881006-02f ditto ditto Phlogopite, Pyrochlore, Baddeleyite,

Forsterite, Clinohumite, Calcite, Dolo-
mite, Pyrochlore
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Fig. 3.
All of them contain calcite, dolomite and apatite as main constituents of rocks. Remarks are, (a) apatite is
dominant, (b) some of magnetite, ilmenite are observed, (c) magnetite is dominant, and (d) olivine is included.

States of Sao Paulo (SP) and Minas Gerais
(MG). The Plateau is formed by a circular intru-
sion approximately 1,000km? in area and it is
mostly composed of alkaline rocks. Uraniferous
deposits and zirconium-rich rocks called as “cal-
dasite” are also remarkable in the intrusions.
Intrusive activities are complicated, and on the
ages of the activities, Barretto and Fujimori
(1986) reported as follows: the K—Ar age dating
of the Plateau rocks (Bushee, 1971; Fujimori,
1983) indicates the magmatic chronology:
ankaratrites and associated pyroclastics 87 Myr.
B.P.; tinguaitic intrusions 80—75 Myr. B.P.; neph-
eline syenite including lujavrites 63—60Ma and
phonolite dykes 54 Myr. B.P.

Various carbonatites. Samples obtained at the Mines of Serrana S.A. de Mineragdo at Jacupiranga (SP).

Main collected rock samples are altered alka-
line rocks, weathered surface soil, massive mag-
netite, phonolite, tinguaite, caldasite and luja-
vrite. At the Morro de Ferro alkaline rocks are
generally suffered from weathering, and massive
magnetite ore is considered to be magmatic ori-
gin. The magnetite ore is composed of mostly
magnetite and minor hematite, and includes
white to gray phenocrysts considered to be pseu-
doleucite. Caldasite covered by weathered soil
from Pouso Allegre (Fig. 4a) is a unique rock
mostly composed of baddeleyite and zircon.
They show a typical colloform texture formed by
colloidal precipitation (Fig. 4b). Some minerals
in this rock suffer from structural damages due to
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1cm

Fig. 4.
Allegre, Pocos de Caldas (MG). (b) Sliced cal-
dasite showing colloform texture.

(a) Caldasite with 16cm in width. Pouso

metamictization. Lujavrite from Pedra Baldo is
distinctive of large eudialyte phenocrysts. Phono-
lite is dense and hard rock and is one of typical
rocks in this area. Samples were collected at
three point, Pocinhos, Dona Rita and Serrote of
the Plateau. The mineral compositions are not so
much different among their samples. The Zr con-
tent is a little higher in phonolite from Pocinhos
than those from the other points. Table 3 indi-
cates the main constituent mineral species of
altered alkaline rock, surface soil and magnetite
ore from Morro de Ferro, phonolite from Pocin-
hos, Dona Rita and Serrote, tinguaite from
Pocinhos, caldasite from Pouso Allegre and Ser-
rote, and lujavrite from Pedra Baldo.

4. Tapira MG)

The intrusion is oval with the scale of
7.0 X 6.0km* and the K-Ar age is estimated to
70Ma (CBMM Issue, 1984). Country rocks are
mainly quartzite and schist of upper Precam-
brian. The intrusive rocks are mainly composed
of carbonatites and pyroxenites. Fenitization by
the contact of carbonate magma and pyroxenite
is characteristic. The main resources are ores
containing titanium, phosphor and niobium. The
rock samples were collected at the mines of the
Compania Vale do Rio Doce (CVRD). Main col-
lected samples are carbonatites, alkaline-carbon-
atite complexes, massive magnetite, agglomer-
ates of apatite, anatase and perovskite, and
separated ore minerals.

Most of alkaline-carbonatite complexes in the
mine are hydrothermally altered and/or suffering
from weathering, resulting in the concentration
of P, Ti, rare-metal elements including REEs in
various minerals, so that this improves the ore
qualities. On the other hand, fresh carbonatite
and  alkaline-carbonatite =~ complexes  were
obtained at the point near to the bottom of the
mine. Euhedral perovskite crystals, which are
mostly unaltered, are also found as mass with
apatite (Fig. 5). Thin section of perovskite shows
a fine twinning texture as shown in Fig. 6a.
These twinning scheme was analyzed by means
of micro-area single crystal XRD technique
(Horiuchi and Tanaka, 1992), so that the orienta-
tion relationship among twinning domains are
common c-axes of orthorhombic symmetry in
each domain and mirror symmetries of (110) or
(110) against the each neighboring domain (Fig.
6b). This twinning scheme is similar to those of
dielectric materials such as BaTiO;, so it will be
concluded that twinning textures occurred by
phase transformation at the temperature decrease.
Single crystals of perovskite contain many other
minerals such as apatite, pyroxene, mica, efc. as
inclusion.

Main mineral species composed of titanium
ore, carbonatite, altered rock of at the contact of
pyroxenite and carbonatite, phonolite, magnetite
ore and phosphorus ore, and also separated min-
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Table 3. Rocks and mineral constituents from Pogos de Caldas Plateau (SP, MG)
NSM-MF  Sample No. Rock Name Locality Mineral Species
16102 871010-01 Hydrothermally Morro de Ferro, Rhabdophane-(Ce), Brockite, K-feldspar, Albite, Diop-
sericitized altered MG side, Zircon, Muscovite, Apatite, Magnetite, Hematite,
alkaline rock Goethite, Rutile
16103 871010-02 Surface soil ditto Gibbsite, Cryptomelane, Goethite
16104 871010-03 Massive magnetite ~ ditto Magnetite, Hematite, Eudialyte, Muscovite
16226 871019-13 Massive magnetite  Morro de Ferro, Magnetite, Hematite, Anatase, Muscovite, Andradite,
MG Pyrolusite, Kaolinite, Chlorite, Baddeleyite, Hollandite
16105 871010-05 Phonolite Pocinhos, MG Diopside, Mosandrite-(Ce), K-feldspar, Albite, Nephe-
line, Muscovite, Aegirine, Augite, Aegirine-augite,
Titanite, Chamosite, Baddeleyite, Ilmenite, Pyroph-
anite, Bastnisite-(Ce), REE-rich burbankite, Calcite,
Strontianite, Pyrite, Sphalerite, Galena, Analcime
16106 871010-06 Tinguite ditto Diopside, Aegirine, Monazite-(Ce), K-feldspar, Albite,
Muscovite, Aegirin-augite, Edenite, Zircon, Baryte,
Apatite, Magnetite, Bastndsite-(Ce), Dolomite, Stronti-
anite, Galena
16107 871010-07 Phonolite Dona Rita, MG  Diopsite, Aegirine, Cerite-(Ce), Augite, Aegirine-
augite, Titanite, Mosandrite-(Ce), Pyrophanite, Magne-
tite, Sphalerite, Galena, K-feldspar, Nepheline, Soda-
lite, Analcime
16108 871010-08 Caldasite Pouso Allegre,  Zircon, Anatase, Bastnisite-(Ce), Baddeleyite, Rutile,
MG Siderite, Rhodochrosite, Goethite, Hollandite, Samar-
skite-(Y), Uraninite, Florencite, Crandallite, Analcime
16109 871010-09A  ditto ditto Baddeleyite, Zircon
16110 871010-09B  ditto ditto ditto
16111 871010-09C ditto ditto ditto
16112 871010-09D  ditto ditto ditto
16113 871010-09E  ditto ditto ditto
16114 871010-09F ditto ditto ditto
16115 871010-09G  ditto ditto ditto
16116 871010-09H ditto ditto Baddeleyite, Zircon, Anatase, Magnetite, Hematite,
Chromite, Goethite
16117 871010-091 ditto ditto Baddeleyite, Zircon
16118 871010-09J ditto ditto ditto
16119 871010-09K ditto ditto Baddeleyite, Zircon, Muscovite, Anatase, Gibbsite
16120 871010-09L  ditto ditto Baddeleyite, Zircon
16121 871010-09M  ditto ditto ditto
16122 871010-09N  ditto ditto Baddeleyite, Zircon, Magnetite
16123 871011-01 Phonolite Serrote, SP Aegirine, Lamprophyllite, Lavenite, K-feldspar, Neph-
eline, Monticellite, Calcite, Potassic-magnesio-arfved-
sonite, Perovskite, Sr-bearing apatite, Ilmenite, Pyrite,
Galena, Sodalite, Analcime, Sphalerite
16124 871011-02 ditto ditto ditto
16125 871011-03 Caldasite ditto Zircon, Uraninite, Baddeleyite
16126 871011-04 Phonolite ditto Aegirine-augite, Mosandrite-(Ce), K-feldspar, Albite,
Nepheline, Analcime Pottassic-magnesio-arfvedsonite,
Titanite, Pectolite, Rinkite, Gotzenite, Apatite, Pyroph-
anite, Loparite-(Ce), K-feldspar
16127 871011-04a ditto ditto Aegirine-augite, Nepheline, Mosandrite-(Ce), Fluor-
lamprophyllite-Lamprophyllite, Manganokhomyakov-
ite, Stronadelphite, Bastnisite-(Ce), Bastnasite-(La),
K-feldspar
16128 871011-04b~ ditto ditto Aegirine, Potassic-magnesio-arfvedsonite, Titanite,
04g Cerite-(Ce), Goétzenite, Fluorlamprophyllite, Lampro-
phyllite, Stronadelphite, Apatite, Bastnisite-(Ce), Bast-
nésite-(La), K-feldspar, Nepheline, Sodalite, Analcime
16129 871011-05a~ Lujarvrite Pedra Balao, Eudialyte, Lamprophyllite, K-feldspar, Nepheline,
05¢g MG Natrolite, Leucite, Muscovite
16130 871011-05h ditto ditto Aecgirine-augite, Bastnisite-(La), Pectolite, Lampro-

phyllite, Rhodochrosite, Strontianite, Nepheline
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Fig. 5. Euhedral perovskite associated with apatite
from the Mines of the Compania Vale do Rio
Doce (CVRD), Tapira (MG).

erals are indicated in Table 4. The titanium ore of
the mine is mainly anatase containing minor
magnetite, ilmenite and zircon. Agglomerates of
anatase (Fig. 7) are actually pseudomorph after
perovskite. This is interesting to know about the
hydrothermal alteration process to concentrate
anatase in the ore. In the altered alkaline-carbon-
atite complexes, only substantial minerals against
alteration or weathering such as titanite, anatase,
apatite, baryte, baddeleyite and zircon are finally
remaining in the weathered soil. Partially sepa-
rated ore samples such as pyrochlore, apatite,
anatase, perovskite and magnetite are provided
from the mine.

5. Araxa (MG)

This area is one of the most typical places of
the occurrence of alkaline-carbonatite complexes
in Brazil and is called as the Barreiro Complex.
The shape of intrusion in plane is approximately

Fig. 6. Photomicrograph of twinning texture of
perovskite. Crossed polars.

Fig. 7. Aggregate of anatase pseudomorph after
perovskite. Partially perovskite remains. CVRD,
Tapira (MG).

circular with diameter around 4.5km. The K-Ar
age is estimated as 91 Ma (CBMM Issue, 1984).
Weathering of alkaline-carbonatite complexes up
to about 100 m in depth is remarkable and weath-
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Table 4. Rocks and mineral constituents from Tapira (MG)

NSM-MF  Sample No. Rock Name Locality Mineral Species

16165 871016-01A Titanium ore Mine of Compania  Zircon, Magnetite, Baryte, Anatase, [Imenite

Vale do Rio Doce

16166 871016-01B ditto ditto ditto

16167 871016-02A Carbonatite ditto Diopside, Dolomite, Baryte, Calcite, Magnetite, Perovskite,
Ilmenite, Apatite, Lucasite-(Ce)

16168 871016-02B ditto ditto ditto

16169 871016-02C ditto ditto Diopside, Dolomite, Baryte, Calcite, Magnetite, Perovskite

16170 871016-02D  ditto ditto ditto

16171 871016-03A Altered rock of ditto Perovskite, Anatase, Apatite, Titanite

pyroxenite- carbonatite
contact

16172 871016-03B ditto ditto ditto

16173 871016-03C ditto ditto Perovskite, Anatase, Apatite, Titanite, Quartz, Magnetite, Ver-
miculite, Serpentine mineral

16174 871016-03D ditto ditto Perovskite, Anatase, Apatite, Titanite

16175 871016-03E ditto ditto ditto

16176 871016-03F ditto ditto ditto

16177 871016-03G  ditto ditto ditto

16178 871016-03H  ditto ditto ditto

16179 871016-031 ditto ditto Baryte, Apatite, Chlorite, Zircon, Perovskite, Vermiculite

16180 871016-03J Separated specimens ditto Perovskite, Phlogopite

16181 871016-04 Phosphorus and ditto Anatase, Perovskite, Vermiculite, Crandallite

titanium ore

16182 871016-05 ditto ditto Magnetite

16183 871016-06 Pyrochlore ditto Fluorcalciopyrochlore

16184 871016-07 ditto Baryte

16185 871016-08 Separated specimen ditto Apatite, Anatase

16186 871016-09 Magnetite ore ditto Magnetite, Phlogopite, Perovskite, Anatase, Rhabdophane-(Ce),
Calzirtite, Geikielite

16187 871016-10A Pseudomorph after ditto Perovskite, Anatase

perovskite

16188 871016-10B Magnetite ore ditto Magnetite, Gypsum

16189 871016-10B2  ditto ditto Magnetite, Perovskite, Calzirtite, Anatase, Apatite

16190 871016-11Aa  Alkaline-carbonatite ditto Dolomite, Magnetite

complex

16191 871016-11Ab  ditto ditto Baryte, Dolomite, Zirconolite, Anatase, Phlogopite, Nb-bearing cal-
zirtite, Baddeleyite, Calcioburbankite, Ankerite, Strontianite, Pyrite

16192 871016-11Ac  ditto ditto ditto

16193 871016-11Ad  ditto ditto Dolomite, Magnetite

16194 871016-11Ae  ditto ditto Dolomite, Phlogopite, Magnetite

16195 871016-11Af  ditto ditto Dolomite, Magnetite

16196 871016-11Ag  ditto ditto Baryte, Apatite, Hollandite

16197 871016-11Ah  ditto ditto ditto

16198 871016-11Ba  Separated specimen ditto Magnetite

16199 871016-11Bb  ditto ditto Magnetite, Monazite-(Ce), Rhabdophane-(La), Florencite-(Ce),
Anatase, [Imenite, Lucasite-(Ce)

16200 871016-11Bc  Concentrated anatase ditto Anatase

(CVRD)

16201 871016-11Bd ditto Magnetite

16238 881012-01 Magnetite ore ditto Magnetite, Anatase, [lmenite, Zirconolite, Calzirtite, Pyrochlore

16239 881012-02 ditto ditto Magnetite

16240 881012-03 Separated specimen ditto Apatite

16241 881012-04 Phosphorus ore ditto Apatite, Magnetite, Anatase

16242 881012-05 Magnetite ore ditto Magnetite

16243 881012-06 Separated specimen ditto Perovskite, Magnetite, Anatase, Apatite

16244 881012-07 Pseudomorph after ditto Anatase, Rhabdophane, Crandallite

Perovskite
16245 881012-08 Altered alkaline rock ditto Zircon, Phlogopite, Ilmenite, Apatite, Magnetite, Quartz, K-feldspar
16246 881012-09 Alkaline-carbonatite ditto Phlogopite, Apatite, Calcite, Augite
~-09¢ complex

16247 881012-09d Ditto ditto Perovskite, Magnetite, Diopside, Titanite, Chlorite, Calzirtite,
Quartz

16248 881012-10a Altered carbonatite ditto Diopside, Titanite, Chlorite, Dolomite, Perovskite, Apatite, Mag-
netite, Quartz

16249 881012-10b ditto ditto Aegirine, Annite, Witherite, Loparite-(Ce)

16250 881012-10c ditto ditto Calcite, Annite, Aegirine, Ferri-richterite~Arfvedsonite, Rhab-
dophan-(Ce), Chlorite, Hilairite, Kostylevite, Hydroxylbast-
nésite-(Ce), Witherite, Baddeleyite, Loparite-(Ce), Hollandite,
Perovskite, Rutile, Apatite, Dolomite, Vermiculite

16251 881012-10d ditto ditto Aegirine, Potassic-magnesio-arfvedsonite, Titanite, Cerite-(Ce),
Gotzenite

16252 881012-10e ditto ditto Fluorlamprophyllite, Lamprophyllite, Stronadelphite, Apatite,
Bastnisite-(Ce)

16253 881012-10f ditto ditto Bastnisite-(La), K-feldspar, Nepheline, Sodalite, Analcime

16302 881019-01 Phonolite ditto Aegirine-augite, Potassic-magnesio-arfvedsonite, Augite, Titanite,

Pectolite, Lamprophyllite, Manganoeudialyte, Apatite, Sr-bearing
apatite, K-feldspar, Albite, Nepheline, Analcime, Natrolite
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Table 5. Rocks and mineral constituents from Araxa (MG)

NSM-MF Sample No. Rock Name Locality Mineral Species
16202 871016-12 Baryte (-Magnetite) rock Mine of Arafertil S.A.  Baryte, Calcite
16203 871016-12b ditto ditto Baryte, Calcite, Apatite, Albite, Pyrochlore, Zircon, Goethite
16204 871016-13 ditto ditto Baryte
16205 871016-14-1 Altered carbonatite ditto Calcite, Dolomite, Magnesite, Apatite, Vermiculite
16206 871016-14-2 ditto ditto Calcite, Dolomite, Apatite, Anatase, Perovskite, Vermiculite
16207 871016-15 Weathered carbonatite ditto Quartz, Goethite
16210 871017-05(1) Baryte rock ditto Baryte, Apatite
16211 871017-05(2) ditto ditto Baryte, Calzirtite, Chalcopyrite
16254 881013-01A Carbonatite ditto Dolomite, Calcite, Phlogopite, Apatite
16255 881013-01B ditto ditto ditto
16256 881013-01C Alkaline-carbonatite com-  ditto Richterite, Phlogopite, Strontianite, Potassic-magnesio-arfved-
plex sonite, Potassic-ferri-leakeite, Tetraferriphlogopite, Dagingshanite-
(Ce), Zirconolite, Chromite, Ilmenite, Rutile, Baryte, Priderite,
Sphalerite, Chalcopyrite, Quartz, Dolomite, Calcite
16257 881013-01D ditto ditto ditto
16258 881013-01E ditto ditto ditto
16259 881013-01F ditto ditto ditto
16260 881013-01G ditto ditto ditto
16261 881013-02 Alkaline-carbonatite com-  ditto Augite, Richterite, Phlogopite, Magnesio-hastingsite, Titanite,
plex (Fenitized) Tlmenite, Baryte, Hematite, Pyrrohotite, Galena, Chalcopyrite
16262 881013-03a Alkaline-carbonatite com-  ditto Magnetite, Celadonite, Dolomite, Calcite, Apatite, Quartz
plex
16263 881013-03b ditto ditto Magnetite, Celadonite
16264 881013-03¢ ditto ditto ditto
16265 881013-04 Carbonatite ditto Dolomite, Strontianite, Siderite, Zircon
16266 881013-05 ditto ditto Dolomite, Burbankite, Ancylite-(Ce)
16267 881013-06 ditto ditto Apatite, Goethite, Quartz
16268 881013-07 ditto ditto Calcite, Magnetite
16269 881013-08 ditto ditto Tetraferriphlogopite, Phlogopite, Dolomite
16270 881013-10A Baryte rock ditto Baryte
16271 881013-10B ditto ditto Baryte, Apatite, Romanechite
16272 881013-10C ditto ditto ditto
16273 881013-10D ditto ditto ditto
16274 881013-10E ditto ditto Baryte
16275 881013-10F ditto ditto Baryte, Apatite, Goethite
16276 881013-10G ditto ditto ditto
16277 881013-10H ditto ditto ditto
16278 881013-11 Carbonatite-Jacupirangite  ditto Apatite, Rhabdophane-(Ce), Baryte
16279 881013-12 Weathered glimmerite ditto Vermiculite
16280 881013-12b ditto Dolomite, Baryte
881013-13a P1  Drilling cores
16281 881013-13a, Surface soil ditto Goethite, Quartz
P1-0.0B 2.0m
4.0m
6.0m
8.0m
10.55m
12.45m
14.0m
16282 ditto, 16.65m ditto Goethite, Quartz
P1-16.65B 18.57m
20.0m
21.45m
24.19m
26.0m
28.07m
30.0m
31.02m
16283 ditto, P1-34B 34.0m ditto Goethite, Quartz
36.0m
16284 ditto, P1-38B 38.0m ditto Goethite, Anatase
40.14m
42.0m
16285 ditto, P1-44B 44.0m ditto Goethite, Anatase
46.24m
48.0m
50.0m
52.34m
54.0m
16286 ditto, 55.99m ditto Goethite, Anatase
P1-55.99B 58.44m
60.0m
16287 ditto, 61.49m ditto Goethite, Anatase
P1-61.5B
16288 ditto, P1-71B 71.04m ditto Goethite, rutile
16289 ditto, P1-71W 71.04m ditto ditto
74.0m
76.0m
16290 ditto, P1-78B 78.04m ditto Apatite, Anatase
16291 ditto, P1-78W 78.04m ditto ditto
79.75m
81.75m
84.0m

86.31m
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Table 5. Continued

NSM-MF Sample No. Rock Name Locality Mineral Species

16291 881013-13a, 88.35m
P1-78W 90.0m
92.0m
94.05m
96.0m
1 98.0m ditto Goethite
2 98.0m ditto Goethite, Apatite
-3 98.0m ditto ditto
4 98.0m ditto Apatite, Baryte, Anatase, Goethite
100.0m
102.0m
104.0m
106.05m
107.85m
110.30m
111.75m
114.05m
114.05+m
16296 P1-116, 116.30m Calcite, Dolomite, Baryte, Apatite
16297 881013-13b, Surface soil ditto Goethite, Quartz
P2 2m
4m
6m
8m
10m
12m
14m
16m
18m
20m
22m
24m
26m
28m
30m
32m
34m
36m
38m
40m
42m
44m
46m
48m
50m
52m
54m
56m
58m
60m
62m
64m
66m
68m
70m
72m
74m
76m
78m
80m
82m
84m
86m
88m
90m
92m
94m
96m
98m
100m
102m
104m
106m
108 m
110m
112m
16208 871017-01 Weathered pyrochlore ore  Mine of the Compania  Goethite, Baryte, Pyrochlore
Brasileira de Metal-
urgia e Mineragio S.A.
16011 871017-02a ditto ditto Hydroxykenopyrochlore (type specimen)
16209 871017-02b~  ditto ditto Magnetite, Baryte, Rhabdophane-(Ce)
-02f

16292 ditto, P1-
16293 ditto, P1-
16294 ditto, P1-
16295 ditto, P1-
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ered soils are enriched by P, Ti, Nb, REEs and so
on. The rock samples were collected at two mines.
The Mine of Arafertil S.A. is mainly mining apa-
tite as the resource of P. The Mine of Compania
Brasileira de Met alurgiac Mineragdo S.A.
(CBMM) is mining high quality niobium ores.
During mineralogical survey for weathered pyro-
chlore ore from CBMM, the authors have recog-
nized a new member of the pyrochlore supergroup,
hydroxykenopyrochlore, (([],Ce,Ba),,Ce,Ba),(Nb,
Ti),04(OH,F), approved by CNMNC of IMA
(2017-030a) (Miyawaki et al., 2017). Collected
rock samples are secondary baryte rock, carbon-
atite, rocks of alkaline-carbonatite complex, car-
bonatite-jacupirangite complex, drilling cores,
weathered glimmerite, weathered pyrochlore ore
and so on. Main mineral constituents of these
rocks and ores are indicated in Table 5.
Aggregates of baryte and/or magnetite are sec-
ondary minerals economically unwanted as ores
in this mine. However, beautiful crystal growth
of baryte will be a valuable mineralogical sam-
ple. Alkaline-carbonatite complexes near to the
bottom of the mine may be called as fenite.
Observed minerals of a part of drilling core sam-
ples with 2m interval from the surface to 116m
depth, at the Mine of Arafertil S.A. Araxa (MQG),

i 2cm

Fig. 8. Pyrochlore ore from the Mine of the Com-
pania Brasileira de Met alurgia e Mineragdo
S.A. (CBMM), Araxa (MG).

are also listed in Table 5. Weathering is advanced
up to the bottom since goethite and anatase are
detected, however, the layer from 40m to 70m
still retains the mineral assemblages of alkaline
rocks so that nepheline is remaining, further-
more, the characteristics by fenitization of alka-
line-carbonatite complexes are still observed
from the layer 70m to the bottom. Weathered
pyrochlore ores (Fig. 8) obtained at CBMM
show mineral assemblages of mainly goecthite,
baryte and pyrochlore.

6. Catalao (GO)

Cataldo is located at the south of the state of
Goiéas, near to the border of Minas Gerais. The
shape of intrusion is oval formed by
10.2 X 6.6km? the K—Ar age is estimated as
133 Ma(CBMM Issue, 1984). Country rocks are
decayed mica schist of middle Precambrian. Typ-
ical “phoscoritic” features can be observed in the
drilling cores of the Mine of Goiasfertil S.A. and
these samples were provided (Fig. 9) from the
Mine. The “phoscorite” is explained as thick
masses of a rock containing carbonate, phlogo-
pite, apatite and magnetite (CBMM Issue, 1984).
Weathering of carbonatite-alkaline complexes is
remarkable, resulting in the concentration of rare
earth minerals in the soil of the depth around
100m. Main ore minerals are apatite, and pyro-
chlore, anatase and REE phosphates are mined as
by-product. Collected rock samples are pyroxe-

Fig. 9. Dirilling core at 46.6m in depth, “Phos-
corite.” Mine of Goiasfertil S.A., Cataldo (GO).
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Table 6. Rocks and mineral constituents from Catalao (GO)

NSM-MF  Sample No. Rock Name Locality Mineral Species
16131 871014-0la Altered rock at Pyroxenite- Mine of Goiasfertil Magnetite, Perovskite, Calcite
Carbonatite contact S.A.
16132 871014-01b ditto ditto Magnetite, Perovskite, Calcite, Calzirtite, Baryte, Apatite,
Chromite
16133  871014-01c¢ ditto ditto Magnetite, Perovskite, Calcite, Chlorite, Vermiculite, Apa-
tite
16134 871014-03al Altered rock Magnetite ditto Magnetite, Perovskite, Calcite, Apatite, Vermiculite, Hydro-
xenolith and apatite biotite
16135 871014-03a2 ditto ditto Magnetite, Perovskite, Calcite, Dolomite, Apatite, Diopside,
Vermiculite
16136  871014-03a3, 03b  ditto ditto Magnetite, Perovskite, Calcite, Apatite, Vermiculite, Hydro-
biotite
16137 871014-04a Altered rock Weathered ditto Baryte, Calcite, Ancylite-(Ce)
Apatite vein
16138 871014-04b ditto ditto Baryte, Calcite, Ancylite-(Ce), Pyrochlore, Calcite, Dolo-
mite, Hematite, Vermiculite
16139 871014-05a~d Carbonatite ditto Calcite, Tetraferriphlogopite, Calcite, Dolomite, Vermicu-
lite, Baryte, Apatite, Oxycalciopyrochlore, Ancylite-(Ce),
Fergusonite-(Ce), Pyrrhotite, Rasvumite
16140 871015-01B1 Pyroxenite (Drilling core)  ditto Augite, Ferro-pargasite, Titanite, Ancylite-(Ce), Calcite,
Pyrite, Chalcopyrite, K-feldspar
16141 871015-01B2 Alkaline-carbonatite ditto Dolomite, Tetraferriphlogopite, Monazite-(Ce), Baddeley-
(Dorilling core) ite, Baryte, Calcite, Apatite, Fluorcalciopyrochlore, Fluor-
natropyrochlore, Aegirine, Albite, Pyrite
16142 871015-01B3 ditto ditto Tetraferriphlogopite, Rhabdophane-(Ce), Zirconolite, Bad-
deleyite, Baryte, Ilmenite, Fersmite, Priderite, Dolomite,
Pyrite, Cattierite
871015-01SCl1 Carbonatite (Dorilling ditto
cores)
16143 ditto 32/20 ditto, 44.0~46.85m ditto Dolomite, Forsterite, Baddeleyite, Teraferriphlogopite,
Monazite-(Ce), Zirconolite, Apatite, Ilmenite, Calcite
16144  ditto 35/26 ditto, 42.10~43.65m ditto Baryte, Phlogopite, Tetraferriphlogopite, Hydroxykenopyro-
chlore, Fluorocalciopyrochlore
16145  ditto 26/81 ditto, 39.61~41.50m ditto Phlogopite, Zirconolite, Apatite, [Imenite, Magnetite, Dolo-
mite, Strontianite, Sphalerite
16146  ditto 23/06 ditto, 37.35~40.00m ditto Aegirine, Ancylite-(Ce), Aegirine-augite, Titanite, Wadeite,
Baryte, Calcite, Galena
16147  ditto 35/40 ditto, 35.40m ditto Diopside, Potassic-richterite, Titanite, Phlogopite, Tetrafer-
riphlogopite, Apatite, Ilmenite, Calcite, Pyrite, Chalcopyrite
16148  ditto 28/15 ditto, 44.35~46.40m ditto Chlorite, Zircon, Phlogopite, Tetraferriphlogopite, Baryte,
Apatite, Calcite, Dolomite
16149  ditto 22/11 ditto, 46.55~49.15m ditto Potassic-magnesio-arfvedsonite, Tetraferriannite, Tetraferri-
annite-Tetraferriphlogopite, Phlogopite, Apatite, Ilmenite,
Priderite, Ancylite-(Ce), Calcioburbankite, Calcite, Dolo-
mite, Norsethite, Strontianite, Sphalerite, Galena
871015-02SC2 Dorilling core ditto
16150  ditto ditto, 0.8 m ditto Monazite-(Ce), Goethite, Crandallite, Quartz, Eudialyte
16151 ditto ditto, 2.4m ditto Monazite-(Ce), Goethite, Crandallite, Dolomite, Quartz,
Eudialyte
16152  ditto ditto, 5.9m ditto Monazite-(Ce), Goethite, Quartz, Rhabdophane
16153 ditto ditto, 8.6m ditto Monazite-(Ce), Hollandite, Quartz, Chlorite, Goethite
16154  ditto ditto, 20.4m ditto Monazite-(Ce), Goethite, Apatite, Quartz, Rhabdophane,
Magnetite
16155  ditto ditto, 38.0m ditto Monazite-(Ce), Goethite, Vermiculite, Quartz
16156  ditto ditto, 45.0m ditto Monazite-(Ce), Goethite, Chlorite, Quartz, Apatite, Vermic-
ulite
16157  ditto ditto, 53.0m ditto Monazite-(Ce), Chlorite, Dolomite, Quartz, Vermiculite
16158 ditto ditto, 62.0m ditto Dolomite, Chlorite, Quartz, Monazite-(Ce), Anatase, Ver-
miculite
16159 ditto ditto, 67.0m ditto Dolomite, Chlorite, Monazite-(Ce), Vermiculite
16160 ditto ditto, 91.0m ditto Dolomite, Chlorite, Anatase, Ilmenite, Monazite-(Ce), Ver-
miculite
16161 ditto ditto, 92.5m ditto Dolomite, Chlorite, Monazite-(Ce), Vermiculite, Magnetite,
Hollandite
16162  ditto ditto, 95.4m ditto Monazite-(Ce), Dol