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INTRODUCTION 
The pyrochlore supergroup of minerals is a group of 
cubic Nb-Ta-Ti-Sb-W oxides characterized by the 
general formula: A2-mB2X6-wY1-n, where the B site is 
tipically allocated by a [6]-coordinated cation (e.g. 
Nb,Nb,Ti,Sb

5+
,W) and have no vacancies, whereas the 

A, X and Y sites can allocate different proportions of 
cation, anions and vacancies (Atencio et al. 2010). 
Within the different sites of pyrochlore structure, more 
than 40 elements, molecules and anionic complexes 
can bound, making the chemistry of these minerals of 
great interest. Many authors treated the chemical 
complexity of primary (magmatic) and secondary 
(deuteric) alteration of these minerals (Lumpkin and 
Ewing 1995, Nasraoui and Bilal 2000), as well as 
metamict alteration (Lumpkin and Ewing 1988) and 
primary oscillatory zoning (Hogarth et al. 2000). 
Coupled by the fact that pyrochlore group minerals are 
the primary source of industrial niobium, whereas 
several deposits such as Araxá and Catalão (Brazil), 
Saint Honoré (Canada) and Lueshe (Democratic 
Republic of Congo) supply about 90% of world 
production and reserves of niobium concentrate (as 
cited in Zaitsev et al. 2012), and that these minerals 
occur in a wide paragenesis (e.g. granites, nepheline 
syenites, carbonatites), the study of pyrochlore is of 
great importance and provides economic and scientific 
interest. 
In these abstract we will describe the chemical 
composition, as well as common alteration trends 
observed on the pyrochlore group minerals occuring in 
the nepheline syenite gneisses of the Monte Santo 
Suite, Tocantins state. 
 
GEOLOGICAL CONTEXT 
The Monte Santo Suite comprises two nepheline 
syenite gneiss massifs that outcrop within the 
neoproterozoic Araguaia Belt, in the contact between 
the Rio dos Mangues Complex (2050-2120 Ga, Arcanjo 
et al. 2013), considered as an allochtone block 

(Trindade 2014), and the metasedimentary rocks of the 
Xambioá Group (Hasui et al. 1984a), which belongs to 
the Baixo Araguaia Supergroup. The Monte Santo Suite 
resides in the Southern Segment of the Araguaia Belt, 
which is characterized by a basement dominated by 
Paleoproterozoic para- and orthogneisses (Rio dos 
Mangues Complex), with restricted Archean domains 
(Rio do Coco Group, 2600 Ma, Arcanjo 2002). The 
Monte Santo Massif outcrops as an zoned, circular-
shaped intrusion, whereas the Estrela Massif outcrops 
as a series of elongate, fault controlled, lenticular-
shaped intrusions. Using Pb-Pb evaporation dating 
method on zircon, Arcanjo and Moura (2000) and 
Arcanjo et al. (2013) provided the age of 1001-1050 Ma 
from Monte Santo and Estrela Massif, whereas 
Iwanuch (1991), using U-Pb ID-TIMS method on zircon 
obtained the age of 538 Ma for the Estrela Massif. 
Viana and Battilani (2014b) using U-Pb MC-LA-ICP-MS 
and SHRIMP on zircon, obtained 511-535 and 1048-
1106 Ma for the Monte Santo Massif. There is a 
consensus that the ancient ages represent magmatic 
crystallization, whereas the younger ages represent 
isotopic reseting, as an effect of the Brasiliano orogenic 
event on the region. 
 
ANALYTICAL METHODS 
To investigate the variation on chemical composition, 
as well as classificate and interpret the evolution of the 
pyrochlore group minerals (PyGM) of the Monte Santo 
Suite, BSE imaging and EPMA analysis were carried out 
on thin sections and epoxy mounts of handpicked 
grains. Both massifs were sampled and the structural 
formula calculation followed the recommendations of 
IMA classification (Atencio et al. 2010). 
The mineral chemistry analysis were performed using a 
JEOL JXA-8230 Superprobe, equiped with five WDS 
spectrometers at the EPMA Laboratory of the 
University of Brasília. Thirty four elements were 
analyzed, including Nb, Ta, Ti, Zr, Hf, Si, Fe, Ca, Na, Y, 
Sr, Ba, Al, Mn, Pb, U, Th, REE, F, K and P.  
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The implemented analytical conditions were 15 kV 
acceleration voltage and beam current of 10 nA for F, 
Al, Si, Ti, Mn, Hf, Y, Ta, P, Zr, Nb, Ca, Fe and 20kV 
acceleration voltage with 50 nA beam current for Na, 
Sr, Ba, K, U, Th, Pb and REE. The counting times at peak 
and background for all elements except U and Th were 
10 and 5 seconds respectively, whereas for U and Th 
were 30 and 15 seconds respectively. 
 
RESULTS AND DISCUSSIONS 
The pyrochlore supergroup minerals identified in the 
Monte Santo Suite belongs to the Pyrochlore group (fi 
gure 1), dominated by the members 
fluorcalciopyrochlore and calciopyrochlore (with zero-
valence-dominant-species at the Y site), with 
subordinate fluornatropyrochlore, natropyrochlore 
(with zero-valence-dominant-species at the Y site) and 
pyrochlore (with zero-valence-dominant-species at 
both Y and A sites). 
 

 
Figure 1- General classification of the Pyrochlore Supergroup 
minerals present in the Monte Santo Suite. Diagram 
presented at Atencio et al. (2010). 

 
We have decided to classify vacancies as zero-valence-
dominant-species as we are not sure about their 
occupancy. Due to low total counts of oxides, it is 
plausible that the vacancies are occupied by H2O, but 
since our samples are from ancient rocks, and 
consequently, highly radiation damaged, it is careless 
to assume that all the vacancies and H2O within the 
mineral belongs to its structure. 
A strikingly feature about the PyGM of the Monte 
Santo Suite is their high silica content, reaching 17% 
SiO2. As pointed out by Atencio et al. (2010), the 
presence of high contentes of Si in pyrochlore group 

minerals has been explained by the presence of Si as a 
dispersed crystalline or amorphous silicate phase or as 
an essential part of the mineral structure, therefore, 
the incorporation or not of Si into the pyrochlore 
structure should be investigated. Dumanska-Slowik et 
al. (2014) demonstrated, by studying ancient and 
highly radiation damaged pyrochlore group minerals 
from the nepheline syenites of Mariupol Massif, 
Ukraine (1800 Ma, as cited in Dumanska-Slowik et al. 
2014), that the high content of Si in PyGM on these 
rocks are not present at [6]-coordinated state, but as 
Si

4+
, formed by leaching of the host silicate minerals, in 

which these fluids could cause subsolidus alterations 
connected with Si diffusion in damaged portions of the 
pyrochlore structure during the intermediate post-
magmatic stage in the nepheline syenite, besides, the 
authors point out that Si should not be considered in 
PyGM structural formula calculation.  
Considering that the only analytical technique we have 
used is EPMA, we have decided to calculate the 
structural formula of pyrochlore using Si, since we 
don’t have enough data to distinguish it’s role on the 
structural formula. Nevertheless considering that our 
samples are from ancient rocks, it’s plausible that most 
of the Si concentration is due to metamict alteration of 
the mineral and more calculation attempts should be 
done to evaluate the best results.  
Since great part of the PyGM described in our study 
demonstrate high quantities of Y and A site vacancies, 
we have tried to assess the role of alteration processes 
that might be responsible for cation and anion loss. 
Therefore we have plotted our data on Ercit (2005) 
diagram to appraise the alteration vectors presented in 
Monte Santo Massif PyGM evolution (Figure 2). 

 

 
Figure 2 - Plot of CV1 (wt%) vs. CV2 (wt%) canononical 
variables of Ercit (2005). Common alteration vectors are 
presented. 
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It is evident from figure 2 that a combination of the 
hydration (plus addition of Si, Al, K, Ba and Sr) and A-
cation loss alteration vectors is widespread on our 
data, therefore, it is necessary to evaluate which 
compositions represent unnaltered and altered 
domains, respectively. In order to establish that, we 
analyzed the textural evidence presented in BSE 
images coupled with EPMA profile analyzes (Figure 3). 
 

 
Figure 3 - BSE image of pyrochlore, it is possible to observe an 
inner, highly fractured, high BSE zone, covered by an 
intermediate, reentrant, low BSE patchy zone which is 
covered by na outter, high BSE zone. Profile A-B extends 
between the inner and intermediate zone, the outter zone 
weren’t analyzed. 

 
The internal zoning observed in the pyrochlore crystal 
of figure 3, doesn’t correspond to a pattern of an 
igneous oscillatory zoned crystal (Hogarth et al. 2000). 
There is an highly fractured inner zone, characterized 
by low BSE and irregular outlines. It is possible to 
observe an intermediate, low BSE, patchy zone with 
reentrant contacts that seems to alter the highly 
fracture inner zone. Finally there is an outter zone 
characterized by high BSE and reentrant contacts. 
Although, looking at the analysis profiles, one can see 
that the amount of structure vacancies is higher in the 

highly fractured zone than in the fractureless zones. 
These feature can not be attained by igneous 
conditions, because an igneous pyrochlore crystallizes 
with, low or none structural vacant space. Therefore, 
we interpret that the inner zone is an highly altered 
zone, which might have been higly fractured due to 
radiation damage or due to mineral’s inner structural 
colapse caused by hydrothermal element loss.  
In the profiles there is a increasing trend of Si, Ta, A-
site vacancies and Y-site vacancies towards the altered 
portion, whereas the unnaltered part is characterized 
by higher amounts of F, Nb, Na and Ca.  
In order to appraise if the alteration trend observed 
within the zoned crystals is widespread in our samples, 
we have used the triangular plots of Lumpkin and 
Ewing (1995) to observe if there are marked alteration 
vectors (figures 4 and 5). 

 

 
Figure 4 - Triangular plots of divalent A-site cations (mainly 
Ca, plus Sr and Ba), monovalent A-site cations (Na), and A-site 
vacancies in unaltered and altered pyrochlore samples. 
Alteration vectors are shown as arrows pointing toward the 
altered composition (Lumpkin and Ewing 1995). 

 
Figures 4 and 5 demonstrates the presence of trends 
towards A-site vacancies, X + Y-site vacancies and a 
discrete trend towards Na enrichment. Based on the 
profiles and BSE images of figure 3 we interpret these 
trends as alteration vectors, in which altered domains 
are characterized by lower A, X and Y site occupancy. 

 
CONCLUSIONS 
Figures 2, 3, 4 and 5 demonstrates that the alteration 
trends of PyGM within the Monte Santo Suite are 
characterized by Si, Ta, A-site vacancies and Y-site 
vacancies increase and Nb, Ca, Na and F (and probably 
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O) decrease towards altered compositions. We have 
balanced a series of equations that might have been 
important as a single or coupled substitution 
mechanism: 
3 Ca

2+
 + 2 F

-
  □A + □Y + Si

4+
 (1) 

3 Ca
2+

 + F
-
  □A + □Y + Ta

5+
 (2) 

Nb
5+

 + F
-
  Si

4+
 +□Y (3) 

Na
+
 + F

-
  □A + □Y (4) 

Ca
2+

 + O
2-

  □A + □Y (5) 
 

 
Figure 5 - Triangular plots of X-site and Y-site anions and X + Y 
anion vacancies in unaltered and altered pyrochlore samples 
(Lumpkin and Ewing 1995). 

 
If Si

4+
 has been input through metamict alteration, thus 

it is not stoichiometric within pyrochlore structure, and 
equations 1 and 3 might not be valid. Equation 2 and 3 
presents an strange condition, because the major B-
site cations (Nb,Ta,Ti) are relatively immobile once 
incorporated into the stable framework structure of 
pyrochlore (Lumpkin and Ewing 1995), therefore, it 
shouldn’t be mobile under hydrothermal nor deuteric 
conditions. Equations 4 and 5 are typical alteration 
trends within nepheline syenites (Lumkin and Ewing 
1995). 
Tentatively trying to explain the alteration trends 
observed within the PyGM of Monte Santo Suite, we 
have plotted our data on the diagram of alteration 
trends commonly found on nepheline syenites, 
granites and carbonatites of Lumpkin and Ewing (1995) 
(Figure 6). 
It is clear that the vectors demonstrated on our data 
shows tendency of Primary 2 (common primary 
alteration within nepheline syenites and carbonatites) 
and Secondary alteration. Despite our analyzes plot in 
a common alteration path, it is still necessary to 

explain if Nb and Ta mobility is real or if it is an effect of 
radiation damage , as well as explain the amount of Si 
and H2O that is part of the pyrochlore structure and 
the amount addicioned by metamitct alteration. 
 

 
Figure 6 - Composition vectors and triangular plot of 
pyrochlore end-members summarizing observed geochemical 
alteration patterns. P1= primary alteration of 
uranopyrochlore from granitic pegmatites, P2= primary 
alteration of sodium calcium pyrochlore from nepheline 
syenites and carbonatites, T= transitional alteration, and S= 
secondary alteration (Lumpkin and Ewing 1995). 
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