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ABSTRACT

Vairinho, M., Fonseca, E.C. and Pereira, H.G., 1990. Discrimination of gossans using principal com-
ponents analysis of standardized data. J. Geochem. Explor., 37: 375-394.

The results of a study involving geology, geochemistry, mineralogy and exploratory statistical anal-
ysis of data for a set of gossans located in the south of Portugal are presented.

The objective of the case study is to demonstrate how to complement data concerning the mineral-
ogy and geochemistry of gossans with a multivariate statistical method — Principal Components Anal-
ysis of Standardized Data — in order to discriminate gossans according to their geological environment.

Moreover, a test was carried out in order to assess how summary measures for characteristic vari-
ables of each gossan compare (in this case, means versus robust estimates as medians).

INTRODUCTION

A geological, mineralogical and geochemical research programme was car-
ried out in Alentejo, Southern Portugal, by the Portuguese Geological Survey,
in order to detect sulphide ores.

During this programme, exposed gossans situated in three main Hercynian
fold belts were studied by mineralogical and geochemical methods.

The results of this study and its articulation through the application of
Principal Components Analysis of Standardized Data are presented. The ob-
jective is to discriminate between gossans, based on mean and median values
of the distribution of 19 elements, and to select variables associated with eco-
nomic mineralization.
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Fig. 1. Paleogeographic and geotectonic units of Portugal. Generalized geological map showing
location of gossans.
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GEOLOGY, PHYSIOGRAPHY AND MINERALIZATION

The study areas are situated in Alentejo, Southern Portugal (Fig. 1). The
Alentejo province is a peneplain with residual rugged hills of:-low relief (Feio,
1951), some of them of tectonic origin.

A Mediterranean climate prevails in the zone, with an average annual rain-
fall of 550-650 mm.

Numerous economic concentrations are found in the zone. The most char-
acteristic are polymetalic sulphides of Pb, Zn and Cu, occurring in Hercynian
fold belts (Carvalhosa, 1965; Thadeu, 1965; Carvalho et al., 1971; Goinhas,
1971, 1981; Soares de Andrade, 1966, 1969, 1983).

Gossans are located in a paleogeographic and geotectonic unit of the Ma-
cigo Hispérico, the Ossa Morena zone (Lotze, 1945). Precambrian, Early
Cambrian, Ordovician, Silurian and Devonian formations (Fig. 1) are pres-
ent in the Ossa Morena zone (Nery-Delgado, 1908; Teixeira, 1951; Soares de
Andrade, 1966, 1969, 1983; Gongalves and Coelho, 1970; Carvalho et al.,
1971; Carvalhosa, 1971; Carvalho, 1972; Bernard and Soler, 1974; Oliveira
et al., 1985; Oliveira and Almeida, 1986).

The gossans studied in this paper are situated in three main Hercynian fold
belts (cf. Fig. 1):

(a) Tinoca (1), Monte Azeiteiros (2) and Fraustus (3) are located in the
Arronches-Campo Maior belt, where stratiform copper mineralization is
found, related to Precambrian gneissic formations.

(b) Defesa das Merces (4) is located in the Sousel-Barrancos belt. In this
area, copper mineralization occurs in Hercynian acid subvolcanic rocks and
associated breccias, intruding Silurian formations. The mineralization (chal-
copyrite, pyrite, pyrrhotite) fills the cement of subvolcanic breccias or is des-
siminated in Silurian schists.

(c) Preguiga (5) and Carrasca (6) are located in the Moura-Ficalho sub-
zone belt. The Zn-Pb Preguiga mineralization is associated with certain ho-
rizons of the Early Cambrian dolomites. Carrasca, a gossan of unknown ori-
gin, seems to be related to intermediate acid metavolcanics associated with
dolomitic formations.

The multivariate method, to be applied in the sequel, is aimed at testing
the following environmental classification of gossans, suggested by geological
evidence: carbonate environmental formation for Pregui¢a and mainly sili-
cate for the other gossans.

SAMPLING AND ANALYTICAL TECHNIQUES
A total of 146 samples were collected at the 6 base-metal gossan sites (Fig.

1). In well-exposed gossans, a 2-kg aggregate of sample chips was collected
from individual 1-m? sites, along several traverses. The distance between
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traverses was adjusted according to outcrop size and regularity. In areas of
poor exposure, available outcrops were sampled across and along strike. The
number of gossan samples examined by petrographic, geochemical, mineral-
ogical and electron microprobe techniques represents approximatively 72%
of the total samples collected.

Geochemical samples were crushed, split and ground in an agate disc mill
to less than 200 mesh (74 um). The samples were analysed for Cu, Pb, Zn,
Mn, Co, Ni, Ag, Mo, As, Cr, P, B, V, Ba, Sb, and Cd by DCP emission spec-
trometry following an HF-HNO;-HCIO, digestion. Iron was analyzed by ti-
trimetry and Ca and Mg by AAS following an HF-HCIO, dissolution. Ana-
lytical precision, defined as the percent relative variation at the 95% level,
ranges from 8 to 15%.

The mineralogy of each sample was determined by XRD using Cu k-radia-
tion and by reflected light microscopy. An EDS-electron microprobe study
was also carried out as an aid to mineral identification.

Geochemical and microprobe analyses were conducted in the laboratory of
Direcgao Geral de Geologia e Minas.

MINERALOGY OF GOSSANS

The composition of the primary sulphide ore and the progressive geochem-
ical changes during supergene alteration play a fundamental role on the de-
velopment of gossans. The sequence of sulphide oxidation and the geochem-
ical environment in the oxide zone control, to a large extent, the geochemical
development of base-metal gossans (Andrew, 1980).

In such a complex geochemical environment, it is not expected that a single
factor, such as the sulphide-oxide profile, can account for the ultimate char-
acteristics of a gossan. In fact, a complex interplay of factors, such as compo-
sition, buffering qualities of gangue and groundwater composition, must be
considered as responsible for gossan formation (Andrew, 1977).

Arronches—-Campo Maior belt

Gossans overlying the Arronches—Campo Maior belt ores are associated
with stratiform Cu deposits, with minor occurrences of Zn and Pb. The mi-
neralogical composition of gossans is mainly goethite and hematite, whilst the
accessory components are magnetite, barite, gahnite, pyrite, calcopyrite, mal-
achite and quartz. Barite and gahnite were not detected in the Fraustus and
Monte Azeiteiros gossans, but only at Tinoca.

Fe hydroxides (goethite and probably hydrogoethite) are poorly crystal-
lyzed. The original sulphide texture is partially obliterated, but some replica
textures (“boxworks”, massive pseudomorphs) and residues are observed.
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Hematite is associated with goethite and results mainly from magnetite alter-
ation (martitization).

Sousel-Barrancos belt

Gossans in Defesa das Mercés have an unknown origin. Disseminated Cu
mineralization occurs in the area. Its mineralogical composition is mainly
goethite and hematite, whilst the accessory minerals are psilomelane, pyro-
lusite, pyrite and quartz.

Fe hydroxides (goethite and probably hydrogoethite) are poorly crystal-
lized. Hematite, less abundant than goethite, occurs mainly in zoned textures,
associated with the latter.

Moura-Ficalho belt

The gossan overlying Preguica is associated with a polymetallic sulphide
ore. The mineralogical composition of the gossan is mainly hematite, goe-
thite, smithsonite, calcite and dolomite, whilst the accessory mineralogical
components are lepidocrocite, Mn oxides, pyrite, sphalerite and calamine.
Hematite 1s more abundant than goethite, often forming microcrystalline ag-
gregates and rhythmic banding. According to Wilhelm and Kasakevitch
(1979), this hematite—goethite association, with occurrence of lepidocrocite,
supports development from a carbonate environment.

The Carrasca gossan is of unknown origin. It is associated with acid meta-
volcanics. The mineralogical components of the gossans are mainly hematite,
goethite, magnetite and Mn oxides, whilst the accessory mineralogical com-
ponents are barite and quartz. The most abundant Fe oxide 1s hematite, often
associated with goethite, which shows colomorphous and fibrous forms.

STATISTICAL ANALYSIS OF DATA

The geochemical data set consists on a series of 6 matrices (one for each
gossan) of n samples (n=22 for Tinoca, n=11 for Monte Azeiteiros, n=10
for Fraustus, n=17 for Defesa das Mérces, n=21 for Preguica, n=21 for Car-
rasca) and p variables (p=19, concentrations in Fe, Ca, Mg, Ba, P, Cu, Cr,
Ag, B, Zn, Sb, Pb, Ni, V, Mn, Mo, As, Co, Cd).

Univariate data analysis

In order to visualize and summarize the available data in each gossan, box
plots of variables were constructed, in the frame of Exploratory Data Analysis
(Tukey, 1977).

For each variable, the following univariate statistical measures were calcu-
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Fig. 2. Box plots for 19 elemental concentrations in the samples taken at 6 gossans.



