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ABSTRACT 
 

This article comprises geochemical, structural and radiometric investigations on radioactive pegmatites of the 

Borborema Pegmatitic Province in Northeast Brazil. The studied area is located in the surroundings of the city 

of Parelhas, in the geotectonic Province of Borborema. It is well known for its thousands of pegmatitic bodies 

exploited in primitive mines called garimpos. The main goal was to find an efficient, cheap and routine 
inspection procedure to identify the origin of commercialized radioactive columbite-tantalite (coltan) ore. The 

Brazilian Nuclear Energy Agency (CNEN) controls uranium commerce and nuclear activity in Brazil. Without 

an effective method to characterize coltan ores from different localities it is impossible to control the trade. The 

here presented new method was developed by correlating structural features of these pegmatites with the 
geochemical behavior of their coltan samples. It was found that the variation of U/Th vs. Nb2O5/Ta2O5 provides 

geochemical signatures (analytical fingerprints) for the source location of such ore. The new method was tested 

with coltan samples of commercial batches from the Brazilian states of Amapá and Rondônia and also generated 

distinct geochemical signatures. A radiometric survey (CPS) to study the environmental impact of gamma 

radiation was also carried out in several mines and pegmatites. It included in situ measurements of pegmatite 

walls, enclosing rocks, soil, and accumulated water and revealed that gamma emitters are hardly solubilized and 

therefore environmental gamma radiation generally is not enhanced to a dangerous level. 

 

 

1. INTRODUCTION 

 

1.1. General Objective 

 

This article comprises a geochemical-structural study and a radiometric survey of pegmatites 

and their radioactive coltan minerals in the Serra da Borborema, surroundings of Parelhas, a 

city in the Brazilian state of Rio Grande do Norte. The studied area is well known for its 

thousands of pegmatitic bodies which are exploited in primitive mines, the so-called 

garimpos. Coltan is the trade name for columbite-tantalite ores, general formula 

(Fe,Mn)(Nb,Ta)2O6. Columbite is named after its content of the element niobium, Nb, 

formerly called columbium (Cb), and tantalite for its content of the element tantalum, Ta [2, 
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17]. Coltan is the main ore for Nb and Ta, especially, the latter nowadays most important in 

electronic devices like mobile telephones. They often contain elevated levels of naturally 

occurring uranium, U, and thorium, usually high enough for them to be classified as 

radioactive for handling and transport [19].  

 
A transport of a cargo which contains radioactive materials with specific activity higher than 

70 kBq/kg is considered a transport of hazardous material Category 7. All transport of 

hazardous material is regulated by specific laws of the Ministry of Transport and for the cases 

of Category 7 the CNEN regulates and controls such transport [21].  

 

The main objective of this investigation was the development of a geochemical signature for 

the source location of coltan ore, which commerce is controlled by the Brazilian Nuclear 

Energy Agency (Comissão Nacional de Energia Nuclear - CNEN) based on regular analytical 

procedures. In 2003 an investigation was started on commercial batches of coltan ore 

controlled by the CNEN between 2000 and 2004 with declared origin from the Parelhas 

region. The purpose was to identify the rock source and, latu sensu, the provenance location 

of the coltan ore. The results of a preliminary survey to determine methodology, geology and 

structural discussion were published [9,10].  

 

Without an effective method to characterize coltan ores from different locations it is 

impossible to control their commerce. The Brazilian law does not allow the transportation of 

radioactive material without special permission by the CNEN. The commercialized ore is 

declared to be produced in the place of fiscalization, thus the real origin remains unknown. 

The ore may come from another region, state and even from other countries (smuggle). Since, 

especially in Africa, illegal commerce of coltan has become a great problem. Even the United 

Nations Security Council recommended the development of a traceability system able to 

prove the origin of coltan ores [15, 16]. Other authors [14, 15,16] studied many samples from 

all over the world and presented fingerprints for coltan ore, but with expensive analytical 

efforts combining ore microscopy, study of REE distribution patterns and U-Pb dating. 

 

 

 
 

Figure 1: Partition of U/Th in samples of commercial coltan ore batches controlled by 

the CNEN between 2000 and 2004 indicating four geochemical trends. 
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Modeling of chemical analyses of these commercial coltan batches indicated four 

geochemical trends (Fig. 1) when plotting ratios of U/Th vs. Nb2O5/Ta2O5 in a scatter 

diagram [10], eventually corresponding to four structurally different types of source 

pegmatite described by [1] and [11]. In order to verify this hypothesis the study was then 

extended on selected pegmatites in this region and focused on the geochemical behavior of U, 

Th, Nb, and Ta of their coltan samples.  

 

The gamma radiation of those coltan ore batches was also measured and indicated possible 

labor and environmental hazards. Therefore another objective was to determine the 

environmental impact of the radioactive minerals in the mines (garimpos) and on the surface 

of the pegmatites. 

 

 

1.2. Methodology 

 

A series of field campaigns was conducted in order to measure gamma radiation at the 

garimpos, to map pegmatites geologically, to identify the four structurally controlled types of 

pegmatites described in the literature [1], and to select the sites for later sampling of coltan 

minerals at each different type of pegmatite. Methodology follows previous recommended 

and described procedures [6, 7, 10]. It was carried out:  

 

1) Detailed geological mapping and sampling of radioactive minerals. 

2) Scintillometric survey of gamma radiation inside and outside the pegmatites. 

3) Analysis of samples with X-ray diffractrometry for mineral identification. 

4) Chemical analysis of samples for U, Th, Nb, and Ta.  

5) Modeling of the geochemical data. Presentation of geochemical and radiometric data. 

 

50 pegmatites have been mapped in detail (scale 1:1000). Structural measurements were 

performed using a common geological compass and position was determined by means of 

GPS equipment. Coltan and other radioactive minerals were sampled in 21 pegmatites. 

 

All samples were analyzed in the CNEN laboratories. U and Th contents were measured by 

photometric analysis (Arsenazo III-II Method). Nb and Ta were analyzed by X-ray 

fluorescence. The analytical methodologies are published [8, 20]. Results of analyses are 

obtained in weight-percent (wt%) of the oxides U3O8, ThO2, Nb2O5, and Ta2O5. For 

geochemical modeling U3O8 and ThO2 were stoichiometrically converted into elemental 

percentages (wt%). After conversion, the behavior of these two elements and the two oxides 

was studied with dispersion XY-diagrams (program Microsoft Excel®), especially, the here 

presented variation of U/Th vs. Nb2O5/Ta2O5. 

 

The measurement of gamma radiation expressed in counting rates per second (CPS) at the 

excavation sites of the garimpos was carried out in direct contact using a SPP-3 scintillometer 

with a 20 meter cable. This scintillometric survey included measurements on the surface of 

the pegmatites, excavation walls of the garimpos, soil, enclosing rock and underwater, where 

rainwater was trapped in the excavation. The acquired data were illustrated as bar and 

dispersion charts of the profiles of gamma radiation (CPS), also created with the computer 

program Microsoft Excel®. 
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1.3. The Borborema Pegmatitic Province 

 

Borborema Pegmatitic Province is the denomination for the area of the pegmatite domain 

located in the north-east of Brazil and distributed in an elongated area of NE–SW direction 

along the border of the two states Paraíba and Rio Grande do Norte [12] and part of the 

northern geotectonic Province of Borborema (Fig. 2). North of the Patos Lineament is found 

the largest and most diverse and complex crustal architecture in this region with large 

extensions of Archean and Paleoproterozoic terranes and Brasiliano domains (Médio Coreaú, 

Ceará and Central Brazil) [13].  

 

 

 
 

Figure 2: Tectonic subdivision of the Borborema Province, with the location of the 

working area (red square) in the Seridó Belt. Modified after [12]. 

 

 

The basement of the Borborema Pegmatitic Province was mainly consolidated in the 

paleoproterozoic (Rhyacian and Orosirian periods) and reworked during the Brasiliano events 

The mobile belts agglutinate, surround and rework the Archean cores [6].  

 

The pegmatitic area is located in the Seridó Belt which is well known for its many pegmatites 

which intruded the Seridó Group along a major NE-trending shear zone during a post-
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Brasiliano extensional event (550–500 Ma). This group is divided into three formations, 

which are from bottom to top: the Jucurutu, the Equador, and the Seridó formations [3]. In 

the working area of this investigation only outcrop the Equador and Seridó formations.  

 

In the literature, the number of pegmatites in the Borborema Pegmatitic Province varies 

between 400 and 5000 [4]. They are embedded in micaschists, quartzites and gneisses of the 

Seridó Group and a minority in the gneisses and migmatites of the gneiss-migmatite 

basement complex [11]. They are mainly exploited for gems and metallic ores in 

coproduction of ornamental quartz and feldspar for the ceramic and cement industry. 

Frequently, radioactive ores are extracted in the garimpos, illegal mines, with dangerous and 

insalubrious working conditions (Fig. 3). A brief introduction to geology and mineralogy of 

the Parelhas pegmatites was given in [9].  

 

 

  
 

Figure 3: Working conditions: Ore elevation point of the garimpo Malhada Vermelha 

(left). Mining transportation system (in buckets) of the garimpo 

Alto dos Mamões (right). 

 

 

The pegmatites of the Borborema Pegmatitic Province are classified in two types related to 

relative ages and to tectonic events. The first group of older pegmatites (pre F3) shows a high 

degree of deformation. The second group has a younger age, late tectonic or post F3 

deformation phase. This group of pegmatites of Neoproterozoic age is probably genetically 

related to granites of the same age [5]. 

 

This investigation is based on the pegmatites’ subdivision in four tectonic groups [1, 11]:  

1) Pegmatites concordant with the principal foliation (S2) and deformed by F3 folds;  

2) pegmatites which cut the principal foliation (S2) and the intrafolial F2 folds and 

are folded by F3 folds;  
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3) pegmatites which cut the F3 folds;  

4) pegmatites which cut the principal foliation (S2) and F2 folds and follow the axial 

plane of F3 folds.  

 

These four structurally different pegmatites are here named Type I, Type II, Type III, and 

Type IV. 

 

 

 

2. RESULTS 

 

2.1.  Geochemical Signature of the Coltan from Parelhas Pegmatites 

 

Columbite is defined by an atomic ratio Nb/Ta > 1 and Tantalite by Nb/Ta < 1, respectively. 

Pure columbite and tantalite are unknown in nature; they are theoretical end members of a 

solid solution series, the columbite group (see section 2.2.1). Therefore its members are also 

called Columbite-Group Minerals, symbol CGM [19].  

 

The relation Nb2O5/Ta2O5 represents the columbite-tantalite composition in the following 

graphs. For preliminary study, the oxides were transformed to their molar percentages [9, 10], 

where the separation between columbite/tantalite on the X-axis is at the value 1 (Nb/Ta 

mol%). The diagrams of this work are based on their oxides in weight percentage, 

Nb2O5/Ta2O5. Therefore the separation between columbite/tantalite is now at x = 0.6015 

(Nb2O5 mol/Ta2O5 mol = 265.82/441.90).  

 

The correlation of the tectonic classification [1, 11] and structural data of the pegmatite types 

I, II, III, and IV (Fig. 4, 6, 8, 10) with the chemical data of their coltan samples (Fig. 5, 7, 9, 

11) resulted in the here presented structural-chemical characterization, the geochemical 

signature (fingerprint). Modeling of the geochemical data of their coltan samples with 

variation diagrams of Nb2O5/Ta2O5 vs. U/Th revealed the same pattern with four trends 

(Figures 5, 7, 9, 11) like the coltan ore of the previously studied commercial batches (Fig. 1). 

 

To illustrate this correlation, we here present for each pegmatite type two detailed geological 

maps (Fig. 4, 6, 8, 10) together with the corresponding elemental ratio diagram of its coltan 

samples (Fig. 5, 7, 9, 11). All these four diagrams are plotted in the same scale as Fig. 1 for 

comparison.  

 

 

 

2.1.1. Type I pegmatites – concordant with the principal foliation (S2) and deformed 

by F3 folds 

 

Nine samples of coltan minerals from two different Type I pegmatites were analyzed. These 

pegmatites are generally homogeneous. Semiprecious stones and metallic minerals are small; 

uraninite is absent. The pegmatites are allocated inside the schist´s foliation like sills (Fig. 4).  

 

The coltan minerals of Type I are rich in Ta and their ratios U/Th are very low. The samples 

plot nearly parallel to the x-axis in a slightly negative trend (Fig. 5).  
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Figure 4: Detailed maps of Type I pegmatites: Alto da Mata (left) and Alto de Antônio 

Porfírio (right). 
 

 

 
 

Figure 5: Variation of U/Th in coltan samples of Type I pegmatites. 

 

 

The main characteristic for the coltan minerals of Type I pegmatites is a slightly negative 

trend line with small variation of U/Th from 0.61 to 1.45 only and Nb2O5/Ta2O5 ranging from 

0.27 to 0.54. So, the fingerprint of Type I is the low ratio Nb2O5/Ta2O5 characterizing a 

composition of tantalite (atomic Nb/Ta < 1) with nearly no variation for U/Th (Fig. 5). 

 

 

 

2.1.2. Type II pegmatites – cut the principal foliation (S2) and the intrafolial F2 folds 

and are folded by the F3 folds 

 

11 samples of coltan minerals from two different Type II pegmatites were analyzed. 

Generally, such pegmatites are homogeneous. They settle as an in situ molten piece of the 
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enclosing rock in a more or less rounded outcrop that follows and cuts the schist´s foliation 

(Fig. 6). Some parts intrude lit par lit the enclosing rocks.  
 

 

 
 

Figure 6: Detailed maps of Type II pegmatites: Alto Malhada Vermelha (left) and Alto 

da Boa Vista (right). 

 

 

Like in Type I pegmatites, in Type II pegmatites semiprecious stones and metallic minerals 

are small and uraninite was not found.  

 

Characteristic for the coltan minerals of Type II pegmatites (Fig. 7) is the trend line nearly 

parallel to the x-axis like Type I (Fig. 5), but with a higher Nb2O5/Ta2O5 ratio ranging from 

0.82 to 1.20. The U/Th ratio is also very low, but the trend line slightly positive. So, the 

fingerprint of Type II is a composition of columbite with nearly no variation for the very low 

ratio U/Th. 

 

 

 
 

Figure 7: Variation of U/Th in coltan samples of Type II pegmatites. 
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2.1.3. Type III pegmatites – cut the F3 folds 

 

13 samples of coltan minerals from two different Type III pegmatites were analyzed. Type III 

pegmatites are intersecting the schist’s foliation like dykes running in two different 

directions: NW-SE and SW-NE (Fig. 8). They are generally heterogeneous showing small 

quartz nuclei. Gems and semiprecious stones and metallic minerals may appear like 

megacrystals and in jewelry quality. Uraninite was identified and sampled.  

 

 

 
 

Figure 8: Detailed maps of Type III pegmatites: Alto Pé da Serra (left) and Alto País da 

Lua (right). 

 

 

 
 

Figure 9: Variation of U/Th in coltan samples of Type III pegmatites. 

 

 

Coltan samples of Type III (Fig. 9) show a high relative enrichment in U and relative 

depletion in Th in comparison to Type I and II (Figures 5 and 7). This behavior cannot be a 

result of weathering, once it is known that U is more mobile than Th in environmental 

conditions. So, such high U/Th ratios surely indicate a younger age of such pegmatites in 
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comparison to Types I and II.  

 

The trend line slope is steep what may indicate a continuous series between Th-rich to Th-

poor coltan minerals. The fingerprint for Type III is a composition of mainly tantalite (Nb/Ta 

< 1) with steep negative trend, a variation of U/Th from 0.32 to 4.84, and Nb2O5/Ta2O5 

ranging from 0.40 to 0.63. 

 

 

 

2.1.4. Type IV pegmatites – cut the principal foliation (S2) and the F2 folds and follow 

the axial plane of F3 folds 
 

At three different sites of Type IV pegmatites 11 samples of coltan minerals were collected 

and analyzed. Type IV pegmatites intrude orthogonally to the schist´s foliation like dykes, 

 

 

 
 

Figure 10: Detailed maps of Type IV pegmatites: Alto Trigueiro I (left) and Alto 

Trigueiro III (right). A-B and C-D are profile lines of Fig. 13 and Fig. 14. 

 

 

 
 

Figure 11: Variation of U/Th in coltan samples of Type IV pegmatites. 
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but they are always running SW-NE (Fig. 10). They are normally heterogeneous showing the 

largest quartz nuclei. Gems appear as megacrystals and in jewelry quality, coltan minerals 

occur at pegmatite contacts with the wall-rock and uraninite was identified and sampled.  
 

The coltan samples of Type IV pegmatites (Fig. 11) are slightly richer in Ta than in Nb and 

the U/Th ratio reaches the highest value of all four types. The samples plot in a steep negative 

trend. The fingerprint for Type IV (Fig. 11) is a composition of tantalite to columbite and, 

similar to Type III (Fig. 9) a negative trend, but with a steeper slope, U/Th reaching higher 

values (0.79 - 11.10) and Nb2O5/Ta2O5 varying from 0.39 to 0.71. 

 

 

2.2. Environmental Radiation 

 

2.2.1.  Radioactive minerals of the pegmatites 

 

The investigation on the pegmatites of Parelhas revealed the presence of a broad variation of 

strongly radioactive uranium minerals like uraninite, curite, paraschoepite, metatorbernite, 

kasolite and others of the uranophane-group, as well as radioactive coltan minerals together 

with not identified secondary radioactive minerals, so-called “gummite” [19]. “Gummite” is a 

generic term for minerals occurring as alteration products of uraninite and other minerals 

with U (e.g. silicates, phosphates, oxides) [2,19]. Normally they occur as mixtures of fine 

grained radioactive minerals with brilliant colors or powderlike in shades of green, yellow, 

gray and brown, sometimes cubic shaped pseudomorphic after uraninite (octahedrons). 

 

Uraninite is black and very heavy (D -10.95) [18]. In the pegmatites of the Parelhas region, it 

occurs as octahedral crystals (cubic) or as collomorphic “pitchblende” in the pegmatites. 

Crystalline uraninite was observed in the mines of Alto Quintos do Meio, Alto do Trigueiro II 

and III. In the garimpo Alto do Trigueiro IV only “gummite” pseudomorphs after uraninite 

were observed. In the garimpos Alto do Trigueiro II and III uraninite and coltan were 

observed in the middle of a cluster of muscovite, feldspar and quartz, and in Alto Quintos do 

Meio as inclusion in morion quartz and feldspars. 

 

An important substitute of U is Th, another gamma emitter. Uraninite (UO2) forms a series 

with thorianite (ThO2) [2]. Thorianite is much less common in pegmatites than uraninite. 

Very high concentrations of these strongly radioactive elements in the coltan samples may be 

caused by inclusions of uraninite, thorianite and the above described secondary minerals after 

uraninite. Inclusions of uraninite were described in samples of compositions from 

columbite(Fe) to columbite(Mn) in the garimpo Alto do Trigueiro I [3], a Type IV pegmatite. 

Unfortunately, there are not many data on thorium contents of coltan in the literature. 

 

Columbite and Tantalite are dark brown to black-brown. Both have the same crystal 

symmetry (orthorhombic), but rarely form good crystals. Tantalite is much denser (D 8.2) 

than columbite (D 6.3). In pegmatites of the Parelhas region they generally occur as fine 

grained masses together with uraninite and secondary minerals.  

 

The chemical composition of the columbite-group minerals, CGM, is commonly presented in 

the “columbite quadrilateral” that depicts changes in the Fe/Mn and Nb/Ta ratios. 

Preponderance of either Fe or Mn is noted by a suffix, for example, manganotantalite is 

tantalite(Mn) and ferrocolumbite columbite(Fe). With increasing fractionation of pegmatites, 

CGM are enriched in Ta and Mn. Typically, CGM contain traces of As, Bi, Sn, W, Ti, Hf, Sc, 
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REE, V, Pb, Zn, Zr, Th and U. In concentrates, as mentioned above, the latter may enforce 

radiation protection measures [19]. 

 

Other generally radioactive Nb- and Ta-minerals, for example the tantalum-rich pyrochlore-

group minerals are common alteration phases replacing primary tantalum minerals [14]. In 

this particular study, were identified only the minerals mentioned in the first paragraph of this 

section and coltan by X-ray diffractrometry. It is possible that the commercialized coltan ore 

concentrates are not pure columbite-tantalite and may contain small amounts of other 

minerals. This is also a reason to use the name “coltan” for this paper instead the 

mineralogical term CGM. 

 

 

2.2.2. Scintillometric gamma radiation profiles of the pegmatites 

 

Several gamma radiation profiles (CPS) of pegmatites walls, enclosing rocks, soil and in situ 

trapped water were executed in order to identify environmental and labor risks. A few of 

these profiles are presented below, two were published previously [10]. 

 

All vertical measurements confirmed the first survey’s result that the walls of the excavations 

present high radiation levels only punctually. Along the same profile they vary, for example, 

in the garimpo Alto Quintos do Meio, from a minimum of 10 to a maximum of 14500 CPS, 

due to the irregular distribution of radioactive minerals (Fig. 12 left).  

 

 

 
 

Figure 12: Vertical scintillometric profiles along the walls of the garimpos Alto Quintos 

do Meio (left, four profiles) and Alto dos Mamões (right, three profiles). Note the 

different scales of the X-axes: CPS of the left graph is more than 10 times higher than 

on the right graph! The scale for the Y-axes (m) are the same for both profiles. 
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For vertical profiles along the excavation walls zero point was randomly chosen on the upper 

surface of the wall, and measured within intervals of five meters between the profiles.  

 

 

It is important to remember that measurements of radiation on rocks only refer to the first 

centimeters of the rock surface, because any massy body is absorbing its own radiation 

depending on its density. Therefore measurements were taken directly on the walls surface 

and not, as usually, at a distance of one meter. 

 

 

 
 

Fig. 13: Horizontal scintillometric profile across the pegmatite Trigueiro I. 

Profile line A-B see Fig. 10. 

 

 

 
 

Figure 14: Horizontal scintillometric profile across the pegmatite, Trigueiro III.  

Profile line C-D see Fig. 10. 
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The horizontal scintillometric profiles across pegmatites with quartz nuclei (Fig. 13, 14) 

included soil, enclosing rock, and feldspar zone, which is the mineralized zone. The 

measurement started after a distance not influenced by radioactivity of the enclosing rocks 

and in the direction towards the pegmatite’s nucleus.  

 

Figures 13 and 14 illustrate that the radiation of the zoned pegmatites is concentrated in the 

mineralized feldspar zone, with radiation being nearly absent in quartz nuclei. It also reveals 

that the enclosing rocks contain a very low concentration of radioactive elements. The 

measurement on the nucleus of the pegmatite Alto do Trigueiro I (Fig. 13) shows a higher 

counting rate (CPS) than on the soil and enclosing rock. This is a consequence of mass effect 

of the very close pegmatite walls. On the nucleus of the pegmatite Alto do Trigueiro III (Fig. 

14), without this mass effect, the counting rate measured is as low as on the soil like 

expected. 

 

The scintillometer is able to measure in air and underwater. The radiometric survey included 

vertical profiles in the water trapped inside the excavations. Underwater profiles were made 

by first measuring in the air very close to the water surface and then immersing the probe into 

water with an average distance of two meters from the walls reading at every meter until it 

touched the bottom. These profiles have a distance of five meters between them (Fig. 14). 

 

 

 
 

Figure 15: Underwater scintillometric profiles - four in the garimpo Alto do Trigueiro 

II (left) and three in the garimpo Alto Quintos do Meio II (right, same scale for Y-axis 

as left graph). 

 

 

The measurement of gamma radiation in water stored in the excavations (Fig. 15) revealed 

that there is no gamma emitter solubilized. The reason is probably the low solubilities of U 

and Th in natural water with a pH ranging from 6.5 - 7.5. Besides this, in this semiarid region 

these garimpos only sometimes become open reservoirs and the negligible offer of water does 

not permit water to accumulate for a long time. Thus, U and Th are not solubilized. 

 

The CPS profiles shown in figures 13, 14, and 15 also indicate that soil and water do not 

accumulate gamma emitters in this region. U and Th are leached very little and do not 

concentrate enough to enhance environmental radiation. 
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2.3.  Partition of U, Th, Nb, and Ta in Coltan Minerals 

 

2.3.1. Coltan minerals of the Parelhas pegmatites 

 

As already mentioned at the beginning, in the last years other authors [14, 15, 16] found 

geochemical signatures for coltan ore, but they used a series of analytical methods in 

combination (REE distributions, study of polished sections, geochronological dating). It had 

already been shown the possibility to fingerprint coltan ores using only U, Th, Nb, and Ta 

ratio distributions [10], and now here is presented more evidence for this new efficient 

method without high cost and time consuming analytical effort.  

 

The four structurally different types of pegmatites in the Parelhas region can be correlated 

with four different groups of coltan minerals simply by the variation of U/Th vs. 

Nb2O5/Ta2O5, see section 2.1. Each emplacement event imposed its own elemental ratios. 

Fig. 16 illustrates how chemical control is evident and results in a characteristic distribution 

for each of the four pegmatite formation events.  

 

 

 
 

Figure 16: Variation of U/Th in all coltan samples from the Parelhas region: coltan 

samples from selected pegmatites () and coltan ore from commercial batches (▲) 

with four trend lines. Each trend represents one type of pegmatite,  

see Figure 1, section 1.1. and Figures 5, 7, 9, and 11, section 2.1. 

 

 

Even U/Th ratios vs. Nb2O5/Ta2O5 of randomly sampled commercial batches with origin 

from Parelhas containing partly weathered coltan ore fit surprisingly well in the same trends 

like the fresh samples collected at selected pegmatites (Fig. 16). An explanation for this 

geochemical behavior may be that all four elements, U, Th, Nb, and Ta are not mobile in this 

environment and the transformation into secondary minerals does not change their elemental 

relations. 

 

Comparing Fig. 1 with Fig. 16 the formerly supposed trends of the batch samples are 

remarkably similar with those resulting from modeling the coltan samples from the 

pegmatites Type I, II, and IV. Only the trend line of Type III is slightly different with less 

inclination, indicating that more batch samples belong to Type III, formerly included in the 
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trend, now is known as belonging to Type I. This nicely illustrates how the method works: 

the origin of those batch samples can now be associated with a particular type of pegmatite.  

 

 

2.3.2. Coltan ore from Amapá and Rondônia  

 

Coltan batch samples from the Brazilian states of Amapá and Rondônia were exported 

between 2001 and 2008 and controlled by the CNEN. The analyses of some of these coltan 

samples were used to test whether the new method serves also to fingerprint other source 

locations than the Parelhas region in Rio Grande do Norte.  

 

 

 
 

Figure 17: Partition of U/Th in coltan ore of commercial batches with origin from the 

states of Amapá () and Rondônia ().  

 

 

The result is presented in Fig. 17 and reveals that the coltan samples from Amapá differ 

significantly from those of Rondônia and both also from the Parelhas samples (Fig. 16), the 

latter with only 1.2 as highest value of Nb2O5/Ta2O5. All samples from Amapá have higher 

values than 1.4 of Nb2O5/Ta2O5, but U/Th does not exceed 2.55, while U/Th of samples from 

Parelhas reaches 14.5. The samples from Rondônia plot far away from all others with values 

of Nb2O5/Ta2O5 ranging from 5.7 to 11.10. They are much richer in Nb2O5 than in Ta2O5 

(columbite) with a variation of U/Th from 0.55 to 2.01. 

 

 

3. CONCLUSIONS 

 

Ratios of U/Th vs. Nb2O5/Ta2O5 of coltan samples from selected pegmatites in the region of 

Parelhas provide geochemical signatures for their origin. These ratios yield four trends 

corresponding with the four types of pegmatites in this region different in composition, 

structure and emplacement mechanism. The previously studied commercial batches of coltan 

ore from the same region (Fig. 1) show exactly the same four geochemical trends (Fig. 16) 

what is a strong evidence for the same origin. This simple method is able to determine the 

origin of the coltan ore from the region of Parelhas. For the CNEN it is a useful instrument to 
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control coltan commerce based on routine analyses. 

 

A test of the new method with commercial batch samples from the Brazilian states of Amapá 

and Rondônia resulted in two different sample clusters (Fig. 17) both distinct from the field 

of the samples from Parelhas (Fig. 16). This is an indication that the here presented new 

method may be also efficient for coltan ores from other provinces.  

 

Future work should refine the method with more samples and investigate whether it can be 

applied to coltan ores from other pegmatite provinces.  

 

The garimpos of the region are exploited in an archaic, artisan and very insecure way. The 

detailed measurement of gamma radiation in these mines shows enhanced radioactivity only 

where radioactive minerals are detected. As the occurrences are punctual and sparse, in 

general there is no risk of damage for the health of people. The CPS survey indicates that soil 

and water do not accumulate gamma emitters. Nevertheless, this type of mining in garimpos 

is of high risk for the mine workers. Other studies are necessary to specify the risk of 

radioactive exposition for those who stay close to the very radioactive sites for prolonged 

time or carry and store radioactive minerals without any protection. 

 

 

ACKNOWLEDGMENTS 

 

The authors thank the 14
th

 District of the National Department of Mineral Research/RN 

(DNPM-RN) and the Division of Raw Materials and Minerals (DIMAP-CNEN) for field and 

logistic support, the Coordination of the Laboratories of Poços de Caldas (COLAB-CNEN) 

and the Center of Development of Nuclear Technology (CDTN-CNEN), specially for X-Ray 

Fluorescence and diffractrometry analysis, and the Laboratory of X-Ray Fluorescence of the 

Department of Geology of the Federal University of Rio de Janeiro (UFRJ) for all help and 

scientific support. The authors are very grateful for the constructive comments of the 

anonymous scientific reviewer of the INAC 2013. 

 

 

REFERENCES 

 

1. Agrawal, V. N., “Relations between pegmatite emplacements and tectono-metamorphic 

events in the Seridó Group, Northeastern Brazil.” Revista Brasileira de Geociências, vol. 

22 (l), pp.43-46 (1992). 

2. Anthony, J. W., Bideaux, R. A., Bladh, K. W. and Nichols, M. C. Eds., “Handbook of 

Mineralogy”, Mineralogical Society of America, Chantilly, VA 20151-1110, USA. 

http://www.handbookofmineralogy.org/ (last access 10/2013). 

3. Baumgartner, R.; Romer, R.L.; Moritz R.; Sallet, R. & Chiaradia, M. "Columbite–

Tantalite-Bearing granitic pegmatites from the Seridó belt, Northeastern Brazil: genetic 

constraints from U–Pb dating and Pb isotopes." The Canadian Mineralogist, Vol. 44, pp. 

69-86 (2006). 

4. Benvindo da Luz, A.; Freitas Lins, F.A. Piquet, B.; Costa, M.J. & Coelho, J.M., 

“Pegmatitos do nordeste: diagnóstico sobre o aproveitamento racional e integrado.” Série 

Rochas e Minerais Industriais. CETEM, R.J., pp. 96 (2003). 

5. Brito Neves, B.; Van Schmus, W. R.; dos Santos, E.J.; Campos Neto, M. C. & Kozuch, 

M., “O Evento carirís Velhos na Província Borborema: integração de dados, implicações 

e perspectivas.” Revista Brasileira de Geociências, vol. 25 (4), pp.279-296 (1995). 

http://www.handbookofmineralogy.org/


INAC 2013, Recife, PE, Brazil. 

 

6. CNEN/CPRM “Relatório Final de Sondagem.” Convênio Projeto Currais Novos (1974). 

7. CNEN-CPRM “Relatório Final – mapas.” Convênio Projeto Jardim do Seridó, Min. das 

Minas e Energia, vol. I-II (1975). 

8. COLAB - Coordenação do Laboratório de Poços de Caldas. Manual de Procedimentos 

Analíticos. Comissão Nacional de Energia Nuclear – CNEN (1983). 

9. Costa-de-Moura, J., Silva, L.F., Pereira, V., “Pegmatitos radioativos da Serra da 

Borborema: mineralogia e geoquímica de radiominerais e de minerais radioativos.” X 

Congresso Brasileiro de Geoquímica e II Simpósio de Geoquímica do MERCOSUL. 

Porto de Galinhas, Recife, Brazil. CD-ROM abstracts (2005). 

10. Costa-de-Moura, J., “Radioactive Pegmatites of the Parelhas Region, Rio Grande do 

Norte, Northeast Brazil. Preliminary Investigation on Radiominerals and Radioactive 

Minerals.” International Nuclear Atlantic Conference - INAC 2009. Revista da 

Associação Brasileira de Energia Nuclear – ABEN, Rio de Janeiro, RJ, Brazil (2009). 

11. DNPM/CPRM, “Principais Depósitos Minerais do Brasil.” Vol. IV, parte B, capítulo 41, 

Província Pegmatítica da Borborema – Seridó, Paraíba e Rio Grande do Norte; Brasília, 

pp. 441-467 (1997). 

12. Dos Santos, E. J., Nutman, A. P., Brito Neves, B. B., “Idades SHRIMP U-Pb do 

Complexo Sertânia: Implicações Sobre a Evolução Tectônica da Zona Transversal, 

Província Borborema.” Revista do Instituto de Geociências – Geol. USP Sér. Cient., São 

Paulo, v. 4, n. 1, pp.1-12, abril 2004 (2004). 

13. Dos Santos, T. J. S.; Fetter A. H.; Neto J. A. N., “Comparisons between the northwestern 

Borborema Province, NE Brazil, and the southwestern Pharusian Dahomey Belt, SW 

Central Africa.” Geological Society, London, Special Publications; v. 294; pp.101-120. 

doi:10.1144/SP294.6 (2008). 

14. Graupner, T.; Melcher, F.; Gäbler, H.E.; Sitnikova; M.; Brätz, H. and Bahr, A., “Rare 

earth element geochemistry of columbite-group minerals: LA-ICP-MS data”. 

Mineralogical Magazine, August 2010, vol. 74(4), pp.691–713 (2010).  

15. Melcher, F., Sitnikova, M.A., Graupner, T., Martin, N., Oberthür, T., Henjes-Kunst, F., 

Gäbler, E., Gerdes, A., Brätz, H., Davis, D.W. and Dewaele, S., "Fingerprinting of 

conflict minerals: columbite-tantalite (“coltan”) ores.” SGA News,vol.23, pp.1-14 (2008). 

16. Melcher, F., Graupner, T., Sitnikova, M.A., Henjes-Kunst, F., Oberthür, T., Gäbler, E., 

Bahr, A., Gerdes, A., Brätz, H. and Rantitsch, G., “Ein Herkunftsnachweis für Niob-

Tantalerze am Beispiel Afrikanischer Selten-Element-Pegmatite“. Mitteilungen der 

Österreichischen Mineralogischen Gesellschaft, vol. 155, pp.231-267 (2009). 

17. Mineralogy Database,” http://www.webmineral.com/ (last access 10/2013). 

18. Nickel, E.H.& Nichols, M.C. MINERAL Database©, Materials Data Inc. (MDI), 2002-

2011 , Data Version 03/2009 MINERAL-LE Distributed by Materials Data, Inc. 1224 

Concannon Blvd. Livermore, CA 94550, U.S.A. (2009). 

19. Pohl, W.L. “Economic Geology, Principles and Practice: Metals, Minerals, Coal and 

Hydrocarbons — an Introduction to Formation and Sustainable Exploitation of Mineral 

Deposits” (book published May 2011), Sample Chapter: Niobium and Tantalum (Update 

11 September 2013)”, http://www.walter-pohl.com/sample.html (last access 10/2013). 

20. Savvin, S. B. “Analytical applications of Arsenazo III-II determination of thorium, 

uranium, protactinium, neptunium, hafnium and scandium”. Pergamon Press Ltd, 

Talanta, vol. 11, pp. 1 to 6. North Ireland (1964). 

21. CNEN. "Transporte de Materiais Radioativos", Resolução CNEN -13/88, D.O.U. de 

01/08/88 (1988). 

http://www.webmineral.com/
http://www.walter-pohl.com/sample.html

