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ABSTRACT 

The Lagoa Real Uranium Province located in the south-central part of the Bahia-BR, in the central portion of the 

San Francisco Craton, is composed of an association of Paleoproterozoic metagranitoids, alkali-gneisses, and 

albitites (barren and mineralized). Intense action of metamorphic and metasomatic processes characterize this 

region. These processes culminated in the transformation of granites into gneisses, albitites and U mineralization 

in some albitites bodies. There are three types of metagranites, Lagoa do Barro (1,77Ga), Juazerinho (1,75Ga) 

and São Timóteo (1,74Ga). In view of this information, we aimed to verify if the albite formed by metamorphism 

in the metagranites has the same fingerprint of the albite present in the barren albitites. We used a LA-ICP-MS 

system for this. The results allowed the determination of albites fingerprint, allowing the differentiation of at least 

two generations. The Sr / U ratio allows characterizing these generations. The albitites have albite with minimal 

microchemical variation. The metagranites Lagoa do Barro and São Timóteo has similar generation of albite. The 

Juazerinho presents two generations of albite, one with similar to São Timóteo, Lagoa do Barro and albitites and 

another generation with distinctly higher concentrations of Sr and U. These results show that the same event that 

generated the albitite’s albite interfered with the formation of the metagranite’s albite, but another event 

culminated with the formation of the second generation of the albite in the Juazerinho. 

 

1. INTRODUCTION 

Feldspars are a group of aluminosilicates of potassium, sodium, calcium and seldom Ba, their 

generic composition being MAl2Si2O8, where M may be two monovalent atoms or a bivalent 

atom. The solid solution formed by the end members rich in K and Na is called alkaline 

feldspar, the solid solution between the Ca and Na rich end members, as plagioclase. In the 

latter case, the term compost only by Ca called anorthite and Na is albite. [1]. 

Feldspars are essential constituents of rocks of igneous origin, corresponding to about 60% of 

the earth's crust [2]. These minerals are formed in the early stages of the granites and are 
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affected by all subsequent processes, thus representing an important marker of the evolutionary 

history of rocks. 

The interpretation of the textures of the rocks allows distinguishing between the primary 

minerals formed during the magmatic crystallization of the granites and the minerals resulting 

from the hydrothermal fluids or the rebalancing by the posterior deformation. Primary feldspars 

provide information about the genesis of rocks. If events overlap, and reactions are incomplete, 

signs of their occurrence may remain recorded, in textures and chemical variations of minerals. 

The variation and distribution of trace elements allow the distinction between different 

generations of minerals seemingly indistinguishable, indicating different formation processes. 

The Lagoa Real Uranium Province (PULR) has as characteristic an intense action of 

metamorphic and metasomatic processes that culminated in the alteration of the granites 

provoking the formation of gneisses, albitites and in the mineralization of U in some bodies of 

albitite [3]. Among these processes, is highlighted the granite albitization process, where K-

feldspar present in granites has been replaced in large scale by albite. Some authors propose 

that this same process may also be related to the formation of the U mineralization of the region 

[3; 4]. 

The objective of this study was to study the chemical composition of feldspars in order to 

understand the processes of formation and alteration of different types of rocks and the 

variation of major and trace elements. Thus allowing the identification and comparison of the 

different generations of albite, which are present in three varieties of granites and compares 

them with the same type of mineral found in the albitite. 

 

2. GEOLOGY CONTEXT 

The PULR occupies an area of 1,200 km2 between the cities of Lagoa Real and Caetité. The 

PULR as defined above inserted in the Lagoa Real Complex, which forms the southern portion 

of the Paramirim aulacogen [5]. 

The Lagoa Real Complex encompasses Intrusive Suite Lagoa Real [6; 7] composed of granites, 

gneisses, albitites, granodiorite, syenite, and amphibolite. To the south, east and north are large 

overlapping areas lowered mainly by gneisses and green schists of lower Proterozoic and 

Archean age [8]. The intrusive rocks of the Lagoa Real Suite and interspersed lithotypes dip to 

the west at the south end of the alignments, with attitude in the central and vertical dip to the 

east at the north end. 

The granitoid's form lenses within gneissic rocks of the complex [3]. There are three varieties 

of granites of different ages, the oldest being Lagoa do Barro, with 1.77Ga, the most restricted 

Juazerinho, with 1.75Ga and the highest volume São Timóteo with 1.74 Ga [9]. These granites 

have isotropic facies, while the Lagoa Real orthogneisses contain the augen gneissic, gneisses 

and mylonitic facies [3]. 

The granites vary from granitic strict sense and alkali feldspar-granite terms, although 

monzodiorites and quartz-syenite exist. Lagoa do Barro granite corresponds to alkali feldspar 

granite, fine granulation, porphyritic, partially foliated and with signs of albitization, existing 

also as enclaves in granite São Timóteo [9]. The São Timóteo granites present hornblende 
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granite, granite varieties. Biotite-amphibole granite type is the most common, while pyroxene-

granite and biotite-granite are less common in the area [3]. The granite Juazerinho is also an 

alkali feldspar granite, fine granulation and mineralogical characteristics similar to those found 

in São Timóteo [9] 

The gneisses constitute the bulk of the rocks of the Lagoa Real Complex and have the same 

composition as the São Timóteo granite, regarding major and trace elements. The composition 

varies from microcline-gneiss to plagioclase-gneiss, showing leaf texture and composed of 

microcline, sodic plagioclase, quartz, amphibole (Fe-hastingsite predominant), biotite, allanite, 

apatite, titanite, magnetite, zircon, etc. [3] 

The albitites form lenticular and tabular bodies, ranging from a few meters in length and 

reaching up to kilometers. The thickness of these bodies may be from a few centimeters to one 

hundred meters. These bodies are up to 850 meters deep [10]. The albitites bears the U 

mineralization and are associated with a mylonitic-gneiss tectonofacies. 

 

3. SAMPLING AND PETROGRAPHIC DESCRIPTION 

For the development of this work were sampled the three granite varieties (Lagoa do Barro, 

Juazerinho and São Timóteo) together with albite gneiss, term corresponding to the bodies of 

non-mineralized albitites, in two points of the PULR. A point in the western portion of the 

PULR (LLR08, northwest of the Cachoeira mine) and another to the east of it (LLR19). 

3.1. São Timóteo granite (ST) 

The main characteristic of São Timóteo granite is the presence of megacrystals (up to 9 cm), 

of potassic feldspar immersed in a coarse grained matrix. Potassium feldspar also occurs in the 

matrix, such as subhedral to anhedral crystals or as recrystallized grains during deformation. 

The phenocrysts are micropertitics (intercurrent to vermiform, forming veins or spots); they 

have old nuclei of feldspar potassium or plagioclase, irregular to round. They may also contain 

quartz inclusions, rounded to vermiform, that lineup, defining old edges of the crystals 

(FIGURE 1). Plagioclase occurs in three forms: phenocrysts, relics included in the feldspar 

potassium and in the matrix. The phenocrysts, smaller than 2 cm, have polysynthetic twinning, 

antipertits and irregular edges indicating corrosion by the magmatic liquid. 

3.2. Juazerinho granite (GJ) 

In the Juazerinho granite, the crystals of K-feldspar do not exceed 1 mm, they may or may not 

be twinned (tartan type) (FIGURE 1). The crystals of plagioclase are also smaller than 1 mm. 

The larger plagioclase crystals are anhedral to subhedral, have interlobed contacts to the 

amoeboid, polysynthetic twin and may be partially saussuritized. The smaller crystals, not 

exceeding 0.5mm, are polygonal to xenoblastics, with serrated and occasionally interloped 

contact. 

3.3. Lagoa do Barro granite (LB) 

Lagoa do Barro granite has approximately 20% phenocrysts up to 2 cm supported by a fine 

matrix. The phenocrysts of K-feldspar are twinned, they present/display great amount of 

pertites are intercurrent to vermiform (FIGURE 1). They also present many inclusions of quartz 



INAC 2017, Belo Horizonte, MG, Brazil. 

 

and mainly plagioclase. The edges show small signs of albitization, and partially sericized. 

They are rarely has plagioclase in your border. 

Plagioclase occurs as phenocrysts and in the fine matrix. Phenocrysts have the same 

dimensions as K-feldspar. In the matrix, the plagioclase occurs form of polygonized crystals 

and presents well-defined twinning, the contact are serrated to interlobed, not presenting 

dimensions greater than 0.5mm. 

 

 

Figure 1: Photomicrography of samples referring to São Timóteo granite (A-D), 

Juazeirinho (E-F) and Lagoa do Barro (G, H). (A) Twinning plagioclase phenocrystal 

with albitized edges in contact with the matrix; (B) quartz inclusions, rounded to 

vermiform, that align, defining old edges of the crystals in the megacrystals of K-

feldspar; (C) Plagioclase included in pertitic  phenocrystal of K-feldspar with albitized 

border; (D) Matrix essentially thin and largely recrystallized; (E) Pertitic phenocrystal 
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of K-feldspar in contact with biotite and amphibole of the matrix; (F) subhedral crystal 

of plagioclase milled in contact with matrix; (G) Pertitic phenocrystalo f K-feldspar in 

contact with polygonal matrix; (H) Plagioclase and K-feldspar found in the matrix. 

3.4. Albite gneiss (AG) 

The albite gneiss does not possess K-feldspar, of albite and quartz are the major being 

constituted, as felsic mineral. The albite presents as crystals that reach up to 2cm (FIGURE 2). 

Larger crystals may have fractures; these may be closed or open, in the latter case filled with 

quartz. It is common also to find in these crystals inclusions of the mineral itself, probably 

inherited crystals. They exhibit well-developed polysynthetic twinning, sometimes in an 

undulating or inconstant form. Quartz and small polygonal albite crystals also border these. 

The albite is polygonal and equilibrated equidimensional crystals presented in the matrix, with 

well-developed polysynthetic twinning, when present. 

 

Figure 2: Photomicrographs of samples of Albite Gneiss. (A-C) Porphyryclate relic 

completely replaced by albitization in contact with the matrix composed of quartz, 

albite and pyroxene; (D) Polygonal and oriented matrix of albite gneiss. 

 

4. ANALYTIC CONDITIONS 

The plagioclase chemical analyzes were performed on the Jeol JXA 8900RL electronic 

microprobe of the Microanalysis Laboratory UFMG / CDTN, under conditions of 15 kV and 

20 nA. For the calibrations, synthetic and natural patterns were used: Na (jadeite), Ba 

(Celsianite), K (sanidine), Al (Anortite, An100), Ca (Anortite, An100), Si (quartz). All the 

elements were analyzed the Kα transition, except the Ba, where the Lα transition. Na, Al and 

Si were analyzed using the TAP crystal, the Ba was LiF and Ca and K was PETj. The 

representative results are present in Table 1. 
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The analysis of trace elements via LA-ICP-MS were performed in the CDTN / CNEN mass 

spectrometry laboratory using ELAN-6100DRC-e inductively coupled mass spectrometer, 

Perkin Elmer / SciexTM, and ESI Laser Ablation System, model NWR213 . 

The analysis conditions for each analysis were: 

• Laser power: 3.5 J / cm2 

• Pulse frequency: 10Hz 

• Charging Gas: He at 0.5L/min 

• Argon flux: 0.5L/min for transport to the radio frequency 

• Radio Frequency: 1300 W 

 

Table 1: Electron microprobe analyzes representative of the main lithotypes studied. 

Calculated formula for 16 O. 

 

Sample 
LLR4 

C1-2 

LLR8A-

C1-2 

LLR10B 

C8-1 

LLR10C 

C3-1 

LLR19 

C 1-1 

Lithology LB AG ST GJ AG 

SiO2 67.10 70.12 67.67 67.17 67.86 

Al2O3 22.27 19.71 19.95 21.49 19.81 

CaO 2.88 0.01 0.64 0.21 0.21 

Na2O 8.89 10.35 10.42 10.20 10.67 

K2O 0.23 0.07 0.07 0.03 0.10 

Ba2O ND 0.11 0.05 0.05 0.00 

      

Σ 101.37 100.37 98.80 99.16 98.66 

      

Si 11.58 12.11 11.93 11.78 11.97 

Al 4.53 4.01 4.15 4.44 4.12 

Ca 0.53 0.00 0.12 0.04 0.04 

Na 2.98 3.47 3.56 3.47 3.65 

K 0.05 0.02 0.02 0.01 0.02 

Ba  0.01 0.01 0.01  
      

Σ 19.67 19.63 19.79 19.74 19.80 

      

Or 1% 0% 0% 0% 1% 

An 15% 0% 3% 1% 1% 

Ab 84% 99% 96% 99% 98% 

 

The laser diameter was 40 μm, where the analyzes were performed in raster mode, with an 

average length of 100 μm and a velocity of 3 μm / s, the hole depth ranged from 20 to 40 μm 

depending on the diameter and shape of the analyzed crystals. The dwell time for reading the 

elements ranged from 8.3, 16.6 and 25ms. The isotopes read in the spectrometer were Al27, 

Ca44, Sc45, Ti47, V51, Rb85, Sr88, Y89, Ba135, La139, Ce140, Pr141, Nd146, Eu151, Pb208, Th232 and 

U238. The external standard was NIST612 and the internal standard, drift correction and 

analysis fraction was used Al content in albite. NIST610 was a quality control standard to verify 

the accuracy of the data obtained. The values obtained for the NIST610 (mean and median) 
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analyzes are similar to those obtained by Jochum et al 2008 [11]. The recovery coefficient for 

NIST610 (mean and median) is similar to that obtained by Jochum et al 2008 [11]. The 

quantification of the standard for all elements remained within the margin of error of 20% (80-

120%). The results obtained for the concentration of elements in the samples all remained 

above the limit of quantification (3.33 times the detection limit). The representative results are 

present in Table 2. 

Table 2: Representative samples obtained via LA-ICP-MS presented in ppm. 

 

Sample 
LLR04 

C1A1 

LLR04 

C1A4 

LLR8B 

C2 A1 

LLR8B 

C3 A1 

LLR19 

C1 A1 

LLR19 

C1 A2 

LLR10 

C1 A1 

LLR10 

C1 A2 

LLR13 

C3 A3 

LLR13 

C3 A6 

Lithology LB LB AG AG AG AG GJ GJ ST ST 

Rb85 1.9 17.6 <0.5 <0.5 462.3 <0.5 424.9 422.1 6.6 45.0 

Sr88 222.9 258.3 66.8 26.1 584.8 201.7 100.8 113.2 353.6 294.9 

Y89 7.0 92.3 1.1 <0.4 534.3 <0.3 4.2 1.5 0.5 0.9 

Ba135 22.8 30.9 11.8 8.3 466.0 22.6 870.1 910.2 94.0 254.7 

La139 <0.3 1.2 <0.3 <0.4 456.1 <0.4 0.4 <0.4 <0.4 <0.4 

Ce140 <0.3 0.4 0.5 <0.4 507.9 <0.4 2.7 <0.4 <0.4 <0.4 

Pr141 15.0 105.3 12.9 8.5 476.7 2.5 17.3 8.2 3.6 0.5 

Nd146 14.3 99.9 12.2 8.1 450.9 2.4 16.4 7.8 3.4 0.5 

Eu151 2.2 20.2 1.1 0.5 459.8 <0.2 1.5 <0.3 0.3 <0.2 

U238 16.8 19.6 <0.8 <0.8 456.3 3.4 71.2 79.5 16.6 15.3 

 

 

5. CHEMICAL CHARACTERISTICS 

The main chemical variations and classification of the feldspars are shown in the ternary 

diagram Orthoclase (Or) - Albite. (Ab) - Anorthite (An) (FIGURE 3) 

 
Figure 3: Ternary classification chart of feldspars. Analyzes for the São Timóteo 

granite, Juazeirinho, Lagoa do Barro and the gneiss albite. 

 

The data obtained has two distinct groups: the plagioclase of granites, whose composition 

varies from intermediate to sodium and the plagioclase of the albite gneiss, essentially sodium. 
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In the LB granite, the phenocrysts of plagioclase are richer in Ca in the center and the edges 

are albitic (An15-An01). In the matrix, the crystals vary from composition similar to the nucleus 

of the phenocrysts to the border albite. The plagioclase crystals of the São Timóteo granite 

possess (An37-An02), thus presenting a wide spectrum of compositional variation. The 

phenocrysts have composition with higher Ca content, whereas the polygonal and xenoblastic 

crystals are essentially albite. 

In GJ granite, the plagioclase crystals vary from An18-An0, a range similar to that of other 

granites. However, the size ratio of the crystals/composition is inverse; the smaller crystals are 

more calcium and the larger, more sodium 

The binary diagrams (FIGURE 4) show that the main substitution is Ca by Na, following the 

exchange vector:  

+4++32 Si + Na = Al +Ca +
. (1) 

 
Figure 4: Compositional diagram for the plagioclases found in the different lithologies. 

Also presented are the plagioclases of the Monsenhor Bastos region for the São Timóteo 

granite present in the region of Monsenhor Bastos. The open symbols correspond to the 

smaller and anhedral grains, the filled symbols correspond to the phenocrystals grains. 

For the samples referring to Albite Gneiss, the filled symbols correspond to the larger 

grains, but not necessarily of igneous origin. All the data expressed in apfu. 

The amount of K is very small: less than 0.04 apfu in LB and GJ granites and less than 0.08 

apfu in São Timóteo granite. The textures show the presence of abundant anti-pertites, 

indicating most of the K was exsolved. Heier [12] explains that K is not very compatible with 

the structure of the plagioclase, requiring high temperatures to open the structure, with 

stretching the Si-O bonds to accept the entry of K. The content of Ba is also very low, precisely 

by the association of Ba with K. 
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In the Lagoa do Barro and São Timóteo granites, the data show that there was a late albitization 

process. In the Juazerinho, field relations show the entry of pegmatoid portions, in the form of 

pockets or dikes, which may be responsible for the formation of the larger albite crystals in the 

fine granite, still under subsolid conditions. The original granite crystals have the same 

composition as the plagioclase crystals of the other granites. 

The Albite gneiss has plagioclase with pure albite composition, with small variation between 

the two samples studied. In the LLR19 sample, from the eastern portion of the area, 

denominated Morro da Contagem, the amount of Ca, although very low, can still be detected 

by the microprobe, ranging from Ab98-Ab99 (Ca = 0.03 to 0.05 apfu ). Sample LLR8, coming 

from the northwestern portion of the province, the composition ranges from Ab99 to Ab100. 

 

6. TRACE ELEMENTS IN ALBITE 

All lithology’s has albite, being that this mineral may connected to the evolution of the rocks, 

as well as the metamorphic and hydrothermal events that acted in the area. We analyses this 

mineral in order to observe if these minerals has marks of these events and processes and if it 

would be possible to differentiate them through the traces in their composition. The results are 

below (FIGURE 5). 

 
Figure 5: Composite diagrams obtained via LA-ICP-MS for albites found in the 

lithologies under study. The composition in all graphs expressed in ppm. 

Through the data it is observed that the São Timóteo, Lagoa do Barro and part of the Juazerinho 

have great compositional similarity to the albites in relation to U, Sr and Ba. However, LB has 

a lower concentration of Rb and GJ of Sr. Due to this compositional similarity it is probable 
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that the Event that generated the albite must be the same among these rocks. The Albite gneiss 

was not detectable Rb, this probably must have been brought about by the low concentration 

of K of these rocks. When albite replaced the K-feldspars, the K and the elements that have 

accompanying it, have also leached. In addition, U did not detect in the LLR8 sample (near 

Cachoeira Mine). The albite of this type of lithology has a composition similar to ST in relation 

to Sr and Ba and a lower U concentration. In the U vs Ba diagram, the LLR8 and LLR19 sample 

was discernible, where the former has a lower Sr content while the Second resembles ST. 

The difference of polygonal and xenoblastic albite has a reflection on the presence of traces in 

these minerals. The polygonized grains have composition similar to that found for ST and LB, 

especially the first one. However, the xenoblastic generation differs from each other, where a 

part has a large concentration of U, Ba, and Rb. 

 

7. DISCUSSION 

The study of the feldspars occurring in the LB, ST and GJ granites indicates the late formation 

of albite at the edges of the phenocrysts and in the matrix. The substitution of the feldspar by 

albite was partial, constituting a late texture, but still associated with the magmatic process. 

The replacement of potassium feldspar and plagioclase by albite occurs in several crust 

environments, as well as in different types of rocks. The albitization is described because of 

the hydrothermal alteration of the granites [13]. Experimental work has indicated that 

albitization of plagioclase occurs via a coupled mechanism of dissolution-reprecipitation. This 

mechanism allows the penetrative infiltration of the fluid due to the simultaneous generation 

of porosity during the formation of the albite. This process can increase fluid flow through the 

rock [14]. 

Engvik [15] studied in detail the mineral substitution reactions that occurred during the 

metasomatic albitization of granites in southern Norway. These authors proposed that the 

intergranular substitution of the oligoclase by albite is characterized by: 

• The chemical interface occurs on a micrometer-to-gauge scale; 

• Development of porosity in the product of the reaction; 

• Preservation of the volume and original crystallographic orientation; 

• Increased turbidity in feldspars caused by high microporosity and formation of iron oxide 

needles; 

• Chessboard twinning feature that accompanies the formation of the albite; 

The albite crystals found in the GA retain signs of the albitization process of the former 

phenocrystal of K-feldspar, characteristic of the granites, was entirely replaced by albite, and 

currently, exhibits discontinuous chessboard texture. 

The texture of the albite with chessboard twinning indicates a pseudomorphic substitution of 

K-feldspar [16, 17]. This texture is unique to the albite-gneisses. This, in addition to the 

differentiated composition of the Albites, may be indicating an albitization condition different 

from that found in the granites. 

The microchemistry demonstrates that there have been at least three albitization events: 
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• An event responsible for the albitization of the gneiss albite characterized by low U, Sr and 

Ba and Rb concentrations below the detection limit. 

• The event that generated granite albites with Sr and Ba contents similar to GA but with 

detectable Rb and higher U content. 

• Third albitization event is characterized by higher content of U, Rb, Ba and lower content 

of Sr. 

The albitization processes described in this work do not seem to be associated with U 

mineralization processes. Perhaps these albitization processes are of pre-mineralization stages, 

as suggested by Cruz [6]. 

 

8. CONCLUSIONS  

From the data presented, it is possible to conclude that the studied granites were affected by 

events of albitization (tardy or post-magmatic) that present different microchemical 

characteristics of the processes of formation of albites related to the bodies of non-mineralized 

albitites. 

In this way, it is possible to propose that, at least, three albitization events occurred: 

• An event, which affected the granites, characterized by the formation of albite with Rb and 

U, 

•  Another event related to fluids associated with late pegmatoid bodies, which formed albite 

with high U, Rb and Ba contents, and which partially affected the granites in the proximal 

portions of the pegmatoid; and 

• The last albitization event that caused the formation of gneiss albite bodies, characterized 

by the low U, Sr and Ba.  
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