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There has been recurrent interest in the origin of platinum nuggets found in alluvial 

deposits and lateritic covers. Some authors have indicated that platinum nuggets formed 

from the accessory-mineral spectrum of mantle-sourced melts and, therefore, their 

occurrence in laterites and placers is detrital in origin (“high-temperature platinum 

nuggets”; Hattori et al., 1991; Augé and Legendre, 1992; Hattori and Cabri, 1992; 

Malitch and Thalhammer, 2002; Oberthür et al., 2017). Examples of high-temperature 

platinum nuggets are known from numerous localities worldwide (Cabri et al., 1996; 

Weiser, 2002). On the other hand, other researchers have favored that platinum nuggets 

grew within laterites and placers as a result of dissolution of primary platinum-group 

minerals, followed by metal precipitation from low-temperature solutions (“low-

temperature platinum nuggets”; Cousins and Kinloch, 1976; Bowles, 1986; Aiglsperger 

et al., 2017; Bowles et al., 2017, 2018). Such a formation has been proposed for some 

localities, the most spectacular of which are in Minas Gerais, Brazil (Hussak, 1904). 

However, trace-element compositions of platinum nuggets have scarcely been reported. 

A trace-element compositional inventory for platinum nuggets of high- and low-

temperature origins is thus required to reveal chemical differences that might be used as 

a fingerprint of the nature of platinum nuggets. Assessing their nature plays an essential 

role in establishing adequate prospecting criteria for platiniferous mineralization. 

In order to distinguish between high- and low-temperature platinum nuggets, we 

provide reconnaissance in-situ chemical analyses, by means of laser ablation–

inductively coupled plasma–mass spectrometry (LA–ICP–MS), of platinum nuggets 

that have strikingly different morphologies from two historically important placer 

deposits. High-temperature nuggets come from Chocó, Rio Condoto area, a famous 

locality in Colombia for coarse nuggets of platinum (von Humboldt, 1826, 1827; 

Weiser, 2002), representing alluvial Pt–Fe alloys of primary origin from a 20-Ma 
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Alaskan-type intrusion (Hattori and Cabri, 1992; Tistl et al., 1994; Cabri et al., 1996). 

The Chocó Pt–Fe nuggets are massive and display worn crystal faces (Fig. 1a, b). Low-

temperature nuggets are from Córrego Bom Sucesso, a placer deposit situated in the 

platiniferous Au–Pd belt of Minas Gerais, Brazil (Cabral et al., 2009). Córrego Bom 

Sucesso provided the platinum nuggets from which palladium was identified for the 

first time (Wollaston, 1809; Hussak, 1906; Cassedanne and Alves, 1992). 

Characteristically botryoidal and arborescent (Fig. 1c, d; Fleet et al., 2002; Cabral et al., 

2006), the platinum nuggets from Córrego Bom Sucesso correspond to aggregates 

formed within the alluvium (Hussak, 1904), likely mediated by microbial activity 

(Cabral et al., 2011). 

Analyses for trace elements were conducted on an Agilent 8800 QQQ ICP–MS 

system, coupled with an ESI 213 NWR laser ablation system, at the Department of 

Earth Sciences of the University of Gothenburg. In order to preserve as much precious 

material as possible for further analyses, nuggets were fixed in the laser ablation 

chamber only by blue tack. Even though laser spots with a diameter of 50 µm and an 

energy density of approximately 5.2 J/cm2 for 60 seconds were focused on unpolished 

surfaces, stable signals for the entire period allowed straight-forward quantification. As 

described in König et al (2019), N2O as a reaction gas in the Agilent 8800 QQQ was 

used to reduce most unwanted interferences, especially for Se (and Te) quantification. 

Particularly, the accurate and precise quantification of Se for this study was carefully 

assessed via comparison of LA–ICP–MS with isotope dilution data following chemical 

Se purification (Kurzawa et al., 2017; Yierpan et al., 2018; König et al., 2019).   

Results of in-situ LA–ICP–MS analyses are presented in Table 1. They 

demonstrate that the contrasting morphologies of high- and low-temperature platinum 

nuggets are chemically distinct. All four analyses on two platinum nuggets from Chocó 
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consistently have higher concentrations of Fe, Ni, Cu, Ru, Rh, Os and Ir than those from 

Córrego Bom Sucesso. Particularly, Fe and Ir are in the mass-percent range. The results 

are compatible with the predominance of Pt–Fe alloys and electron-microprobe data that 

indicate Ir in comparable amounts, as well as the aforementioned elements (Cabri et al., 

1996). Our limited dataset is countered by the internal consistency of the results and the 

representativeness of the nuggets, the morphological and compositional characteristics 

of which agree with those recorded from Chocó (Cabri et al., 1996; Weiser, 2002).  

The platinum nuggets from Córrego Bom Sucesso are depleted in Fe, Ni, Cu and 

the platinum-group elements, except Pd. Mercury may locally attain concentrations 

higher than Pt and Pd in the Córrego Bom Sucesso nuggets. These results for Córrego 

Bom Sucesso agree with previous electron-microprobe data (Fleet et al., 2002; Cabral et 

al., 2006), as well as in-situ LA–ICP–MS analyses (Cabral et al., 2009). However, the 

Rh contents reported by Bindi et al. (2013) for the Córrego Bom Sucesso platinum, 

from 0.10 to 0.30 % (mass), by electron-microprobe analysis, are too elevated compared 

to ours and may be an artifact of the electron microprobe. 

The compositional differences are graphically shown in the multi-element plot 

of Figure 2. Ruthenium, Rh, Os and Ir are remarkably depleted, up to five orders of 

magnitude, in the Bom Successo nuggets compared to those from Chocó (Fig. 2a). Iron 

is also depleted, from three to five orders of magnitude, in the Bom Sucesso nuggets, 

whereas the Chocó nuggets have S, Fe and Se contents that are similar to the primitive-

mantle values (Fig. 2b). Iron forms an alloy  with Pt in Chocó nuggets, as indicated by 

its smooth, plateau-like analytical signal (Fig. 3a), but it occurs in trace amounts as Fe-

bearing inclusions within the Bom Sucesso nuggets because of the spiky analytical 

signal for Fe (Fig. 3b). Contrary to Fe, Se has a plateau-like analytical signal in the Bom 

Sucesso nuggets, implying the Se is homogeneously incorporated in solid solution (Fig. 
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3b). In particular, a comparison of S and Se contents in the platinum nuggets 

discriminates the magmatic versus low-temperature aqueous environment, as shown in a 

diagram of Se vs. S/Se (Fig. 4). The Chocó and Bom Sucesso nuggets plot apart from 

each other: the former are above the chondritic S/Se ratio, whereas the latter are 

undistinguished from Se enrichments found in the weathering zone of seleniferous black 

shales (Zhu et al., 2014). Such low S/Se ratios in the Bom Sucesso nuggets and in 

weathered seleniferous black shales imply oxidative recycling of Se and leaching of S in 

the weathering zone. The large amounts of Se and low S/Se ratios recorded in the 

platinum nuggets and black shales are unique, and can be explained by Se interaction 

with organic matter (Cutter, 1982; Zhu et al., 2014), remains of which were found 

within the Bom Sucesso nuggets (Cabral et al., 2011). Irrespective of whether biological 

mediation can ultimately originate platinum nuggets (Cabral et al., 2011; Reith et al., 

2016), it seems indubitable that supergene recycling of Se in organic-matter-rich 

milieux is a sine-qua-non condition for Se concentrations exceeding ~100 µg/g Se and 

S/Se ratios between ~1 and 70. Supergene recycling of Se and its enrichment are 

compatible with the unusually high concentrations of Pd (Fig. 5), which is the most 

mobile of the PGE in surficial environments (Wood, 2002).    

We conclude that platinum nuggets of supergene origin can effectively be 

distinguished from residual grains of magmatic origin by means of their fractionated 

platinum-group-element patterns, their depletion in siderophile and chalcophile 

elements (Fe, Co, Ni, Cu, Sn), and their diagnostic enrichment in biophile elements 

such as Se and Hg. The latter can potentially be of practical use as a guide to distinguish 

between low- and high-temperature platinum nuggets: the latter are poor in Se and Hg 

(Se <10 µg/g and Hg <100 µg/g); low-temperature platinum nuggets have high contents 

of Se and Hg (Se >100 µg/g and Hg >1000 µg/g). 
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Appendix 1 

Additional elements were analyzed for following the method on-mass vs. mass-shifted 

mode, as described in Zack and Hogmalm (2016). The elements were: 32S (mass-shifted 

+32); 52Cr (mass-shifted +16); 55Mn (mass-shifted +16); 56Fe (mass-shifted +16); 59Co 

(mass-shifted +16); 60Ni (mass-shifted +16); 63Cu (on mass); 66Zn (mass-shifted +16); 

71Ga (on mass); 72Ge (mass-shifted +16); 75As (mass-shifted +16); 80Se (mass-shifted 

+14); 95Mo (on mass); 101Ru (on mass); 103Rh (on mass); 105Pd (on mass); 111Cd (on 

mass); 115In (on mass); 118Sn (mass-shifted +16); 121Sb (mass-shifted +16); 128Te (mass-

shifted +16); 185Re (on mass); 189Os (on mass); 193Ir (on mass); 195Pt (mass-shifted +32); 

197Au (on mass); 202Hg (on mass); 203Tl (on mass); 208Pb (on mass); 209Bi (on mass). 

In the absence of reference material for platinum nuggets, a combination of 

several reference materials were used for quantification: for NIST SRM 610, Mass-1, 

AI-3 and Trans-1 see König et al (2019); for platinum-group-element (PGE) 

quantification, the sulfide reference material Po-725 was employed (Sylvester et al. 

2005). Concentrations of all elements were normalized to 100 per cent (%, mass). 

Although several important interferences can be controlled by applying N2O as a 

reaction gas – e.g., the elimination of Cu- and Ni-argides on Rh and Pd, respectively, 

and the reduction of the Sn interference on In –, some interferences specific to PGE 

nuggets need to be carefully considered. For instance, 189Os16O+ would result in a 

significant overlap on 205Tl+, which was mitigated by analyzing 203Tl instead. The 

influence of 193Ir16O+ on 209Bi+ signals was corrected by looking at the interference on Ir 
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alloy (~0.8 ppm apparent Bi for 1 % Ir). Both 192Pt16O+ and 192Os16O+ effects on 208Pb+ 

measurements make the Pb results unreliable for Córrego Bom Sucesso. 
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Figure Captions 
 
 
 
Fig. 1. Backscattered-electron images of platinum nuggets from Chocó, Colombia (a, b) 

and Córrego Bom Sucesso, Minas Gerais, Brazil (c, d). The Bom Sucesso nuggets are 

botryoidal and arborescent, and consists of Pt and Pd in variable amounts. The Chocó 

nuggets are Pt–Fe intermetallic compounds, mostly isoferroplatinum, exhibiting worn 

crystal faces.  

 

Fig. 2. Primitive-mantle-normalized concentrations of the platinum-group elements (a) 

and other metals (b) in platinum nuggets from Chocó and Bom Sucesso. Those from 

Bom Sucesso are poor in Fe, Cu, Ru, Sn, Os and Ir; concentrations of Co, Ni and As are 

below the minimum limit of detection. Samples from Chocó are characteristically 

enriched in Se, Pd and Hg. Primitive-mantle values are from McDonough and Sun 

(1995). Concentrations of Ru, Rh and Os in the Bom Sucesso nuggets represent the 

detection limits and are, therefore, maximum values. 

 

Fig. 3. Time-resolved analytical signals of LA–ICP–MS for selected elements in 

platinum nuggets from Chocó (a) and Bom Sucesso (b). Laser ablation started at ca. 25 

s. Iron, Ni, Pd, Os and Ir exhibit plateau-like analytical signals in a, indicating their 

homogeneous distribution within platinum at the ablation spot. Selenium is close to the 

background in a, but its signal is remarkably constant in b. Only plateau-like signals 

were used for quantification; for example, elevated Se signals during the first 10 s of 

ablation were excluded because of surface contamination. 
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Fig. 4. Plot of Se vs. S/Se ratios for platinum nuggets from Chocó and Córrego Bom 

Sucesso. The Chocó nuggets plot close to the chondritic S/Se ratio (McDonough and 

Sun, 1995), while the Bom Sucesso nuggets are located far below it. The latter are 

indistinguishable from weathered seleniferous black shales, which acquired extremely 

high Se contents due to oxidative recycling of Se in the supergene zone (Zhu et al., 

2014).  

 

Fig. 5. Diagram of Se vs. Pd for platinum nuggets from Chocó and Córrego Bom 

Sucesso. The Bom Sucesso nuggets have extremely high Se and Pd contents.  
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