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ABSTRACT

Specimens of Ampelozizyphus amazonicus and Adiantum sp., together with
adjacent soils, were sampled in the Pitinga Mine District, Amazonian region, in order to
investigate the distribution of some trace elements in plants and soils, and their relation
to the presence of mineral deposits. The Pitinga Mine contains large deposits of tin,
with high concentrations of niobium and zirconium, hosted by the Madeira Granite,
which is intrusive into a volcanic sequence named the Iricoumé group, all of them
with Paleoproterozoic age. Our results point to the potential use, for both plants, of
the Biological Absorption Coefficient (BAC) as an indicator of mineral deposits when
the elements involved in this process have moderate to high mobility in the supergene
environment. The high BAC for gold indicates that this element can be used as an
indicator of gold deposits. The presence of sulfide deposits is indicated by high BAC
for Cu, Zn and Pb, whereas tin deposits are indicated by increasing BAC for Y and Sn.
This suggests that the BAC of some trace elements in both plants is a good indicator
of geochemical enrichment associated with mineral deposits. The importance of
biogeochemistry for mineral exploration is confirmed for areas with thick vegetal cover.

Keywords: Biologic Absorption Coefficient, biogeochemical prospecting, Pitinga
Mine, tin deposits, Amazonian region.

RESUMO

AVALIACAO DO COEFICIENTE DE ABSORCAO BIOLOGICA DE ELEMENTOS-
TRACO EM PLANTAS DA MINA PITINGA, REGIAO AMAZONICA. Exemplares de
Ampelozizyphus amazonicus and Adiantum sp. foram coletados juntamente com amostras
de solo na Mina Pitinga, regido amazdnica, para averiguar a distribuicdo de alguns
elementos-traco nas plantas e no solo e sua relagdo com a presenca da mineralizagdo
na area. A Mina Pitinga caracteriza-se por extensos depositos de estanho, com altas
concentragdes de nidbio e zirconio no Granito Madeira, que € intrusivo na sequéncia
vulcanica do Grupo Iricoumé, ambas litologias de idade paleoproterozoica. O emprego do
Cocficiente de Absorcéo Biologica (CAB) mostrou-se efetivo em ambas as plantas como
indicador de depositos minerais, quando os elementos envolvidos apresentam moderada
a alta mobilidade no ambiente supergénico. Para o ouro o alto valor de CAB ressalta
a possibilidade de usar este elemento como indicador de seus depdsitos. Depdsitos de
sulfetos sdo indicados pelos altos valores de CAB para Cu, Zn e Pb, enquanto os de Sn,
pelos significativos valores de CAB do Y e Sn. Sugere-se que o CAB de alguns elementos
para ambos os vegetais estudados seja um bom indicador do enriquecimento geoquimico
associado a depdsitos minerais. Ainda, o emprego da biogeoquimica na exploragdo
mineral ¢ eficaz em areas de espessa cobertura vegetal.

Palavras-chave: Coeficiente de Absorcao Bioldgica, prospec¢do biogeoquimica, Mina
Pitinga, depositos de estanho, regido amazdnica.
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1 INTRODUCTION

Some plant species can accumulate metallic
elements, which are toxic to plants in general,
even in small concentrations. This peculiarity
makes certain species useful in mineral exploration
programs or in phytoremediation of contaminated
soils. Although sometimes these plants do not
accumulate significant levels of metallic elements,
which is common in geochemically anomalous
soils, they are adapted to this environment giving
them a character of indicator plants. Additional
information on the use of biogeochemistry in
mineral exploration in several areas of North
America, Australia, South America, Indonesia,
Asia, Africa, and Europe was compiled by DUNN
(2007).

The humid tropical climate of the Amazonian
environment causes weathering of rocks and
intense soil leaching with significant loss of most
chemical elements. In the supergene environment,
precipitation and remobilization of elements
in thick sheets of regolith hinder the use of
soil geochemistry since they make difficult the
identification of the B horizon, which is usually
covered by a dense layer of humus and laterite
crusts. An additional difficulty lies in sampling
along profiles or on regular grids, due to the lack
of soil exposures in areas of dense vegetation. In
this case, biogeochemistry may be more effective
to define geochemical anomalies, since plant roots
act as natural samplers, absorbing elements from
substrate solutions, and accumulating them in their
tissues (BROOKS 1983).

The use of Biogeochemistry as an alternative
method of mineral prospecting in the Amazon
region should be encouraged. Additionally, further
studies on the distribution of trace elements in the
Amazonian flora and soil are needed, since these
studies will establish a database of the chemical
composition of flora, and its relationship with soil
and bedrock geochemistry. This research will lay
the foundation for future research on plant species
tolerance to potentially toxic elements. Moreover,
such studies will be useful for the implementation
of environmental monitoring programs to prevent
pollution from anthropogenic activities, and for
the identification of plant species, whose chemical
composition will be used in mineral prospecting
or as means of remediation of mined-out areas
(DUNN & ANGELICA 2000).

The Pitinga Mine District, located in the
Amazonas State, Brazil, contains large tin deposits
genetically related to two granite bodies, the Agua
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Boa and the Madeira granites, both intruded in a
volcanic sequence named Iricoumé Group, which is
mainly composed of acid pyroclastic and extrusive
rocks (DAOUD 1988, PIEROSAN et al. 2011).
This mine, which is one of the world’s largest
producers of tin, contains important deposits of
cryolite and high concentrations of rare metals,
such as Zr, Nb, Ta, Y, REE, Li-, Be-, Rb-, and Th-
enriched minerals, as well as sulfides, which have
been reported by several authors (BORGES et al.
2003, HORBE & PEIXOTO 2006).

The Pitinga Mine is located approximately
300 km north of the city of Manaus, in an area of
rainforest with tropical climate, an annual average
temperature of 26° C, and an annual average
precipitation of 2000 mm (long rainy season
between December and May). During intense
chemical weathering, the lateritic cover of the
Pitinga Mine area formed sandy clay acid soils,
which are poor in nutrients (COSTA 1991).

Many  petrological (DAOUD 1988,
LENHARO 1998, COSTI 2000, PIEROSAN
et al. 2011), mineralogical (BASTOS NETO et
al. 2005, 2010; PIRES et al. 2006; MINUZZI et
al. 2008; NARDI et al. 2012) and, geochemical
studies (HORBE et al. 1991, FERRON et al. 2010)
have already investigated the granite bodies and
associated volcanicrocks of the Pitinga Mine region.
However, studies on supergene geochemistry are
still scarce (HORBE & COSTA 1999; HORBE &
PEIXOTO 2006; LIMA E CUNHA et al. 2008,
2012), particularly with regard to the behavior of
minor and trace elements.

This study aims to characterize the
biogeochemical signature of some trace elements
(Ni, Cu, Zn, Ga, As, Se, Rb, Sr, Y, Zr, Nb, Ta,
Mo, Sn, Sb, Cs, Ba, W, Au, Pb, Bi, U and Th -
Appendix 1), which can be used as indicative of
geochemical patterns related to mineralization in
the area of the Pitinga Mine. For this purpose, the
Biological Absorption Coefficient (BAC), which is
the ratio of an element concentration in plants to
its concentration in soil, was used. Previous studies
(KOVALEVSKY 1979, BROOKS 1983, BAKER
1981, ALLOWAY et al. 1988) have discussed this
parameter and indicated it can be used in mineral
exploration. According to EBONG et al. (2007),
this ratio is a convenient and reliable way to
quantify the relative differences in bioavailability
of metals to plants. As pointed out by MIAO et
al. (2011), the index of biological absorption
coefficient can be used to predict the availability of
each element in the soil-plant system.



2 MATERIALS AND METHODS

Eighteen pairs of plant and soil samples
were collected on the alteration zone of the Biotite
Granite (BG) and Albite Granite (ABG), which
are both facies of the Madeira Granite, and in
the areas of effusive volcanic rocks, pyroclastic
and hypabyssal bodies, which make up the
Iricoumé Group (Figure 1). Plant species of the
family Rhamnaceae Ampelozizyphus amazonicus
(local name: saracura-mira) and Pteridophytes of
the genus Adiantum sp. (maidenhair fern) were
selected due to their wide distribution and easy
identification in the area of the Pitinga Mine.

It was necessary to choose two different types
of plants because the biogeochemical signature
is a selective mixture of chemical components
of the soil/water/rock system. Moreover, each
soil horizon contains different concentrations of
elements, and each plant species shows different
abilities to absorb trace elements from the soil. In
this study, leaves were chosen as samples because
they are easy to collect; in perennial plants,
analytical results are more uniform (less erratic
regarding levels of branches). Roots were not
sampled due to the difficulty in collecting and the
easy contamination with soil elements.

Plant samples (approximately 200 g of
leaves) were first dried at 80 °C and then, calcined
at temperatures of 450-500 °C for 6 to 8 hours.
The resulting ash (0.25 g) was digested with
HCIO,-HNO,-HCI-HF and analyzed by ICP-MS

Revista do Instituto Geologico, Sao Paulo, 35 (1), 19-29, 2014.

at the ActLabs Laboratory (Canada). The results
are expressed in weight of ashes. Soil samples,
weighing about 50 g each, were collected with a
manual auger at a depth of approximately 20 cm
at the same sampling location where plants were
collected. They were dried at 80° C, disaggregated
in a porcelain grail, and the fraction of < 150 mesh
was used for chemical analysis by ICP-MS after
fusion with a flux composed of lithium borate at a
temperature of 1000 °C at the Acme Labs (Canada).
The fusion product was digested in a weak nitric
acid solution and then aspirated into the ICP-MS to
determine the elemental concentrations.

3 RESULTS AND DISCUSSION

The composition of plant tissues reflects
the composition of the soil in which the plant
grows. Concentrations of trace elements in plants
depends on several factors, such as abundance
in the soil, bioavailability, plant age, speciation
of elements, depth of root system and others.
Therefore, the variability is generally high. The
Biological Absorption Coefficient (BAC) was
used to determine the relationship between the
concentration of chemical elements in the soil and
in the plants. Depending on the magnitude of the
coefficient, the elements were classified into five
groups: BAC > 10 — very strongly accumulated;
from 1 to 10 — strongly accumulated; from 0.1 to
1.0 — moderate absorption; from 0.01 to 0.1 — weak
absorption, and from 0.001 to 0.01 — very weak
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FIGURE 1 — Geologic map of the Pitinga Mine area, showing the localization of sampling sites (modified from

LENHARO et al. 2000).
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absorption (KABATA-PENDIAS & PENDIAS
1984). The increase in BAC in mineralized areas
occurs when the elements are present in the
form of soluble compounds or as fine-grained
disseminations, which results in increasing their
availability to plants (KOVALEVSKY 1979).

The evaluation of BAC in pairs of samples of
soil and plants collected in the areas of the albite
granite and biotite granite facies of the Madeira
Granite and in the adjacent volcanic sequence of
the Iricoumé Group showed significant BAC values
for various elements, as shown in table 1. Two
groups of elements stand out, the first consisting
of those strongly concentrated in the studied plants
(BAC > 10): Ni, Cu, Zn, Se, Rb, Sr and Au. In the
second group, elements have lower concentrations
in the plant than in the correspondent soil (BAC <
1): Ga, As, Zr, Nb, Ta, Mo, W, Bi, Th and U. A third
group with variable behavior was defined, which
includes Y, Sb, Cs, Ba and Pb.

TABLE 1 — Average values of Biological Absorption
Coefficient (BAC) in the Pitinga Mine area. Ptdf.
Abg = maidenhair fern in the albite granite facies;
Ptdf. Bg = maidenhair fern in the biotite granite;
Src Bg = saracura-mira in the biotite granite; Ptdf. V
= maidenhair fern in the volcanic sequence; Src V =
saracura-mira in the volcanic sequence.

BAC Ptdf. Abg Ptdf. Bg Src Bg Ptdf V  Src V
Ni 24.86 0.38 10 127.3 12.1
Cu 7.5 82.5 168 138.2 157.41
Zn 55.95 28.6 55.65 35.18 35.65
Ga 0.39 0.13 0.07 0.65 0.34
As 0.48 0.24 0.23 0.62 0.39
Se 56.47 128 20 40 23.68
Rb 39.93 789 365.96 20.3 111.01
Sr 33.9 15.83 15.85 153 22.13
Y 13.62 0.53 0.02 3 3.81
Zr 0.003 0.001 0.0004  0.001 0.001
Nb 0.004 0.005 0.02 0.01 0.02
Ta 0.01 0.003 0.17 0.02 0.1
Mo 0.04 0.015 1.73 0.07 0.35
Sn 23.57 0.05 0.0009 24 3.72
Sb 0.12 29.5 974 0.66 0.41
Cs 4.15 3.65 100.14 0.12 0.3
Ba 0.49 2.09 0.0013 97.9 26.87
w 0.047 0.01 0.02 0.07 0.08
Au 32 8.25 15.47 37.5 27.05
Pb 11.06 3.98 1.3 43 7.45
Bi 0.17 0.24 0.16 1.25 0.25

Th 0.076 0.05
U 0.047 0.038

0.046 0.36 0.5
0.042 0.15 0.08
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The high BAC for Cu, Zn, and Ni obtained
in samples collected from the granite and volcanic
soils suggests the presence of sulfide mineralization,
even though these elements are micronutrients and
therefore, actively absorbed by plants. HORBE
& PEIXOTO (2006) reported the enrichment in
Cu, Pb and Zn in soils from volcanic rocks in the
Pitinga Mine area. BAC for Se and Pb is also high,
but they are not micronutrients absorbed by most
plants and can be toxic to many of them, which also
points to the presence of sulfide mineralization,
commonly enriched in these chalcophile elements.
High concentrations of Se in plants are a good
indication of the presence of sulfide mineralization,
as discussed by DUNN (2007). The high BAC for
Au, particularly in the fern samples collected in
the albite granite and volcanic areas, is probably
related to mineralization of this element associated
with sulfides. According to DUNN (1995) Au
plays no role in plant nutrition, and in areas with
mineralization, Au can be accumulated in plants in
amounts significantly greater than background levels
(< 0.5 ppb). Biogeochemical studies on ultramafic
soils in southern Brazil reported high concentrations
of Au (50ppb) associated with Pd, Pt, and Ag in fern
species (Adiantopsis cf. chlorophylla); additionally,
precipitated metallic gold have been identified
in plant tissues by scanning electron microscopy
(LIMA E CUNHA et al. 2004). High values of
BAC were also observed for Sb in the BG area, and
this rare element is usually associated with sulfides
(BABULA et al. 2008). Although easily absorbed by
plants when in a soluble form, Sb is not an essential
element and occurs at very low concentrations.
However, in areas with mineralization of Au-Sb-As,
plants are generally enriched in Sb (DUNN 2007).

The BAC of elements such as Rb and Cs
in the BG area reaches very high values (> 100),
although concentrations in the soil are relatively
low (c.a. 1-20 ppm). The strong ability of plants
of accumulating Rb and Cs in impoverished soils
is due to the high geochemical mobility of these
elements. In areas of volcanic rocks, where the
concentrations of Cs in the soil are far higher than
the background of this element (25 ppm according
to WHITE & BROADLEY 2000), the BAC is very
low (< 0.4). This can be caused by the toxicity of
this element triggering the activation of exclusion
mechanisms of the plant when its concentration in
the soil is too high. Additionally, the adsorption of
Cs by clay minerals can reduce its availability to
plants in enriched soils (KABATA-PENDIAS &
PENDIAS 1984).



In the volcanic and granite areas, BAC is
relatively high for Sr in both plants. In addition to
its geochemical similarity to Rb, Sr is considered
an essential element for some plant species, with
biochemical functions similar to those of Ca
(KABATA-PENDIAS & PENDIAS 1984). Sn
has low mobility in the supergene environment,
and therefore low bioavailability, because it can
be strongly absorbed by clay minerals or because
it occurs as cassiterite, a detrital phase with low
solubility. According to GREGER (2004), Sn has
low mobility in soil, but it can be easily absorbed
from the solubilized fraction in enriched soil.
The high BAC for Sn (> 23) observed in plants
collected in the albite granite facies, which
contains high amounts of disseminated cassiterite,
confirms that the increase in the BAC for Sn may
be indicative of the presence of mineralization, as
proposed by KOVALEVSKY (1979). The BAC for
Y (c.a. 13) shows behavior similar to that of Sn.
Moreover, Y concentration is very high in samples
of soils and plants from the albite granite facies,
which is consistent with the strong enrichment in Y
in the Madeira granite mineralization, as reported
by BASTOS NETO et al. (2012). According to
WELCH (1984), the BAC for Y in terrestrial plants
is 0.003.

BAC for two characteristic elements of the
Pitinga Mine mineralization, Nb and Ta, is low in
the granitic facies and in areas of volcanic rocks,
although the soils may show high concentrations
of these elements. The low values of BAC are
due to the low geochemical mobility of both
elements, since they are bound to minerals
with low solubility, such as cassiterite, in soils,
ores and host rocks, and consequently have low
availability to plants. Nb has low mobility in
natural environments (DUNN 2007), since most
of the Nb compounds are slightly soluble in both
acid and alkaline media. Weathering fluids have
low dissolved Nb since it remains fixed within
resistant minerals and therefore unavailable to
plants (KABATA-PENDIAS & PENDIAS 1984).
The low mobility of Nb in soils is supported by
studies by SCHEIB et al. (2012), which estimate
that 95% of niobium in Europe’s soils is not
available to plants. In this case, as for other trace
elements with low mobility, the BAC is not
indicative of mineralization.

In the volcanic rocks, for both species, Y,
Sn, and Pb were strongly accumulated (BAC >
1), whereas Ni, Cu, Zn, Se, Rb, Sr, Ba and Au
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were very strongly accumulated, (BAC > 10), as
illustrated in figure 2. In the granite areas (Figure
3), the saracura-mira shows BAC greater than
10 for Ni, Cu, Zn, Se, Rb, Sr, Sb, Cs and Au.
For the ferns, the BAC is greater than 10 for
Zn, Se, Rb, Sb and Cu, and greater than 1 for
Cs, Ba, Au and Pb. Ferns collected in the albite
granite facies show BAC greater than 1 for Co,
Cu, Cs, and greater than 10 for Ni, Zn, Se, Rb,
Sr, Y, Sn, Au and Pb (Figure 4). The elements
with BAC exceeding 10 in areas covered by the
three lithotypes are: Ni, Zn, Se, Rb, Sr and Au.
The BAC for Sn, Y, and Pb is greater than 10 in
the albite granite facies area; in the biotite granite
area, the BAC for Cu, Cs, and Sb is greater than
10, and in the volcanic terrains, BAC for Cu and
Ba is greater than 10.
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FIGURE 2 - Biologic Absorption Coefficient (BAC >
1 and > 10) for plants in the volcanic terrains of the
Pitinga Mine (A - maidenhair fern; e - saracura-mira).
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FIGURE 3 — Biologic Absorption Coefficient (BAC
> 1 and > 10) for plants in the granite terrains of the
Pitinga Mine (A - maidenhair fern; e - saracura-mira).
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FIGURE 4 — Biological absorption coefficient (BAC)
for maidenhair fern from the albite-granite-facies
terrain of the Pitinga Mine.

According to KOVALEVSKY (1979), BAC
greater than 10 is indicative of the mineral phase
in which the element is predominantly contained.
For example, in the case of Zn, a BAC over 10
indicates the presence of sphalerite. According to
that author, a BAC for Au greater than 10 indicates
the occurrence of Au as grains scattered in clays,
sulfides or iron oxides, and the high BAC for Pb
indicates its presence as cerussite or anglesite, lead
carbonates and sulfates.

Out of the main ore-forming elements in the
Pitinga Mine (Sn, Nb, Ta, Zr, Y and Rb), only Sn
and Y show high values of BAC, particularly for the
maidenhair fern, which can indicate the presence of
mineralization. The reason for this is that the BAC
behavior depends on the toxicity of the elements
to the plants, and on the availability of the element
in the soil. Additionally, soil samples are usually
representative of a relatively small volume of
material; on the other hand, the plant, through its
root system, covers several cubic meters of all soil
horizons, sometimes reaching up to the underlying
rock. In this sense, from an exploration point of
view, high concentrations of Y, Zr, Nb, Pb, Sn and
Th in the maidenhair fern (Table 2) collected in the
area of the pegmatoid cryolite deposits, are quite
significant.

The comparison between the BAC of the
elements in fern and saracura-mira in both types of
terrains (granitic and volcanic) shows that the fern
has the highest BAC in the volcanic terrain, which
is usually around ten times the BAC in the granitic
terrain. The comparison is the opposite for Rb, Se,
Sb and Cs, which show higher BAC in the granitic
areas. For the saracura-mira, the BAC values are
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similar in both terrains, except for Sb and Cs,
which show higher BAC in the granitic terrains,
and for Ba, Sn and Y, which show higher BAC
in the volcanic terrains. Therefore, the absorption
capacity of most of the studied elements is greater
in the fern samples of the volcanic soils. The
variation of the BAC in the same species of plant,
from one terrain to the other, is probably caused by
the variation in abundance of the elements in soils
and rocks, as well as by the way the elements are
accumulated in soils and fixed in host rocks, either
granites or volcanic rocks.

Ni, Cu, Zn, Se, Rb, Sr, Pb, and Au show high
BAC in most situations, i.e., in both terrains and
for both plant species. A second group, formed by
Ga, Zr, As, Nb, Ta, Mo, W, Bi, Th, and U, has, in
general, BAC lower than 1, whereas some elements
have a variable behavior. Y and Sn show BAC
> 10 for plants collected in the terrain covering
the mineralization of the Pitinga Mine, which is
enriched in these two elements, as well as in Zr, Nb,
and Ta. In the granitic terrain, the saracura-mira is
extremely enriched in Cs, whereas the BAC for Ba
increases in the volcanic terrain. This increase is
probably explained by the high concentrations of
this element in the volcanic rocks of the Pitinga
Mine area (PIEROSAN ez al. 2011).

4 CONCLUSIONS

The Biological Absorption Coefficient (BAC)
can be indicative of the presence of mineralization
when the elements involved have moderate to
high mobility; whereas the BAC for elements with
low mobility, such as Zr, Nb, Ta, does not show a
consistent variation. Particularly for the maidenhair
fern samples from granitic and volcanic terrains,
the high BAC for Au, ranging from 8 to 40,
reinforces the possibility of using this element
as an indicator of its deposits in biogeochemical
exploration. Regarding sulfide mineralization, the
same conclusion can be applied to Cu, Zn, and
Pb. BAC for Y and Sn increased significantly in
tin mineralized areas and therefore it was proposed
that this parameter could be used as an additional
tool in mineral exploration.

Moreover, the results of this work suggest
that A. amazonicus (saracura-mird) is useful as
an indicator in mineral exploration programs in
the Amazonian region, as previously suggested
by other authors (LIMA e CUNHA et al. 2008).
Therefore, despite the difficulties faced in the
Amazonian environment, such as the selection
of the most representative plants, the precise



identification of the B horizon, which is usually
covered by thick layers of humus and lateritic crust,
and the lack of exposed soils, the results obtained
in this study support the use of biogeochemistry as
a valuable tool in mineral exploration.
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