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AssrRAcr

The abundances of Pb, Ag and Cd, and for
comparison also Cu, Zn, K. Rb and Ba. in the
minerals and rocks of alkali-basalt series from two
Central Pacific islands (Nuku-Hiva and Rapa) and
ignimbrites from Tuscany have been determined
by atomic absorption. Pb increases with differentia-
tion and is closely related to K and Rb. K-feldspar
and titanomaguetite have DPb (concentration in
solid/concentration in matrix) ) 1. The behavior
of Cd in the alkali-basalt series is similar to that
of Zn, although differences between their Ds for
titanomagnetite (Dz" n 4, Dcd (( 1) lead to the
different variation trends of these elements when
an opaque mineral crystallizes. In acid rocks, Ag
and Cd do not show any obvious affinities with
either Zn or Cu. Biotite and plagioclase have high
contents of Ag whereas Cd is enriched in both
feldspars.

Souvrernr

Nous avons d6termin6 par absorption atomique
la teneur en Pb, Ag et Cd (ainsi qu'en Cu, Zn, K,
Rb et Ba, l titre de comparaison) des min6raux
et des roches des s6ries diff6renci6es de basaltes
alcalins de Nuku-Hiva et Rapa (?les du Pacifique
central) et des ignimbrites de Toscane, Pb aug.
mente avec la differenciation, tout comme K et
Rb. Pour le feldspath potassique et la titanomagn6-
tite, le rapport DPb des concentrations du Pb (dans
le solide et dans la pite) est sup€rieur i 1. Dans
les s6rids de basaltes alcalins, Cd se comporte
comme Zn, quoique la diff6rence entre les D de
la titanomasnetfie (D^ - 4, Dca (( 1) soit la
cause de variations diff6rentes pour Cd et Zn dans
la cristalligation doun mineral opaque. Dans les
roches acides, As et Cd ne montrent d'affinit6 ni
pour Zn, ni pour Cu. Biotite et plagioclase accu'
sent de hautes teneurs en Ag, mais c'est en Cd que
s'enrichissent les deux feldspaths.

(Traduit par la R€daction)
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INTRoDUcTIoN

The partition coefficients of trace elements
have greatly contributed to an understanding of
the behavior of these elements during magmatic
processes and have put constraints on the
various petrogenetis models (Gast 1968). Al-
though the partition coefficients for a number
of elements, e.g,, the rare earths, Sr, Ba and
Rb, are reasonably well-established (cf .,
Schnetzler & Philpotts 1968, l9'7O), for some
other elements (e,g., Ag and Cd), they are
practically unknown; furthermore, there are
only a few data on the behavior of these ele-
ments during magmatic processes. The purpose
of this paper is to present some data on the
distribution of Ag, Cd, Pb and the geochemi-
cally similar elements Cu, Zn, K, Rb and Ba
in several rock-forming minerals and rocks, and
to discuss briefly some implications of the
results.

Two sets of samples have been analyzed.
The first $et includes two Plio-Pleistocene alkali
basalt series from French Polynesia (Rapa and
Nuku-Hiva islands), whereas the second set is
composed of ignimbrites from Tuscany (It4f)
and-a granodiorite from the island of Elba
(Italy). 

-The 
geology and geochemistry of- the

rocki from the two Pacific islands have been
described by Maury et al. (1979). The alkali
basalt series of Rapa comprises alkali basalts'
hawaiities, mugearites, phonolites and cumulates,
whereas the Nuku-Hiva series is composed of
alkali basalts, hawaiites, mugearites, trachytes
and cumulates. In each seribs, more evolved
rocks were probably derived from alkali basalts
by fractionil crystallization. The two series
differ in the degree of Fe-enrichment shown by
ferromagnesian minerals and in the fractiona-
tion trends of Ti and V. These differences
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have been attributed by Maury et al, (t979)
to the crystallization of magnetite, which took
place in the Nuku-Hiva series in the early
stages of fractionation; in Rapa, magnetite
crystallized at a later stage. They probably
reflect differences in P(O)z during the evolution
of the two series.

The petrography and geochemistry of the
rocks of the second set have been reported by
Dupuy (1970) and Dupuy & Allbgre (L972),
Plio-Pleistocene ignimbrites of Tuscany form a
discontinuous chain of small volcanic massifs
(San Vincenzo, Roccastrada, Monte Amiata and
Monte Cimino) over a distance of about 170
km. The ignimbrites are of rhyolitic to latitic
composition and contain phenocrysts of sani-
dine, plagioclase and biotite. Accessory hyper-
sthene and cordierite are also present in the
rocks of some volcanic massifs. Granodiorite
from a small stock about 10 km long and 7 km
wide on the island of Elba is genetically related
to ignimbrites; it represents the early stage of
the magmatic event that produced the ignim-
brites.

The problem of equilibrium between pheno-
crysts and glassy matrix in the ignimbrites from
Tuscany was treated in some detail by Dupuy
(1970), who concluded that at least quasi-
equilibrium was attained for a number of major
and trace elements in sanidine, plagioclase and
biotite. Although there are fewer data on the
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alkali-basalt series, the study of Maury et aL
(L979) indicates that the analyzed minerals
were probably also in equilibrium with the
liquid.

ANALYTICAL Norss

Pb, Ag and Cd were determined by an
atomic absorption technique after chemical se-
paration as described by Elson et aI. (1978).
Briefly, O.5 g of the samples were dissolved in
HF-HCIO4 and the elements were extracted
with methyl-isobutyl-ketone. The organic layer
was then introduced into a graphite furnace
(Model HGA-2100, Perkin-Elmer) of the
atomic absorption spectrophotometer (Model
403, Perkin-Elmer). K, Rb, Ba, Zn and Cu
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were analyzed by atomic absorption directly
after the HF-HCIOI dissolution. The pre-
cision and accuracy of both these methods
can be judged from the replicate analyses of
several standard rocks given in Table 1. The
major-element compositions of the analyzed
samples from the Pacific islands and Italy were
reported by Maury et al. (L979) and Dupuy
(1970), respectively.

The minerals were separated by standard
magnetic and heavyJiquid techniques until the
estimated purity of the concentrates was better
than 98-99Vo. The purity was estimated opti-
cally; the concentrates of titanomagnetite were
also examined in the reflected light.

TABLE 3. ELEMENT ABT'NDANCES IN

MINERA],S OF AI,KALI BASALT SERIES

is slightly greater than one (Table 4).
The abundances for the whole rocks are

well within the range of data compiled by Doe
(1974) for similar rocks, although alkali basalts
and phonolite are poorer in Pb than his general
average for alkali olivine basalts and phonolites
(4.3 and 14.3 ppm, respectively). In both
alkali-basalt series, Pb, like K and Rb, gradually
increases with the increase of differentiation
(Fig. 1). The decrease of Ba in the last stages
of differentiation in Nuku-Hiva (Fig. 1) can
be attributed to the crystallization of K-
feldspar (Maury et al. L979) and indicates that
K-feldspar has DB" > Dtb.

The concentrations of Ag in the major rock-
forming minerals are rather low, with the opaque
mineral and olivine having the highest content.
The values are comparable to the data com-
piled by Boyle (1968) and Vincent (1974) lot
equivalent mineral phases. The lw Ag abun-
dances in the analyzed minerals and rocks do
not allow a reliable determination of partition
coefficients. From the data in Tables 2 and 3,
however, it seems that olivine has Dou ) 1,
whereas clinopyroxene has DAs ( 1. Regarding
the relatively high DAs of olivine, Taylor (1965)

suggested that Ag3+ replaces Fe2 F in silicates.
With the exception of the mafic rocks, the

abundances of Ag in both alkali'basalt series
are below the detection limit of the analytical
technique used (( 20 ppb). This Tly indicate
that Ag concentrations decreased with differen-
tiation (Fig. 2) as suggested by Nesterenko
et al. (1969), who have also correlated the

distribution of Ag in some Siberian traps with

the occurrence of accessory copper-sulfide
minerals. This may also apply to these basaltic

suites, in which Cu decreases with increasing
degree of differentiation (Fig. 2), owinglg-F"

"tyltallirutioo 
of sulfides (Maury et .aI' t979) '

Aiternatively, however, the lower Ag content
in the more differentiated rocks and the re-

latively high Ag concentration in the olivine'

rich sumulat" (:lln are also consistent with
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REsuLTs AND DlscussloN

Alkali-basalt series

The abundances of Pb, Ag and Cd, and for
comparison also Cu, Zn, K, Rb and Ba, in 11"
minerals and rocks of the two Pacific islands
are given in Tables 2 and 3, The Fb content
of tle mineral phases is comparable to the
values reported by Doe (1974). Among tle
analyzed 

- 
minerals, titanomagnetite hT the

highlst concentrations, followed by clinoqy-
toi"n" and hornblende. The partition coeffi'
cients (D - mineral to matrix concentration
ratio) for hornblende and .clinopyroxene. are
less than oneo whereas Dtb for the opaque phase
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Ftc. 1. The average Ba (filled circles), Rb (filled squares) and Pb (crossos) concentrations of the

individual rock-types of two alkali-basalt series from the Pacific plotted against the differentiation
index (D.I.) of Thornton & Tuttle (1960). The Pb content of the basalt from Nuku-Hiva series
(( 0.3 ppm) was arbitrarily plotted as 0.2 ppm.
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the early fractionation of olivine and an opaque
phase. The fractionation of these two minerals
may also explain the contrasting behavior of Cu
and Ag during the differentiation of the Great
Lake dolerite sheet, Tasmania, as reported by
Greenland & Fones (197I), Silicic differentiates
of this dolerite sheet are distinctly enriched in
Cu owing to the late crystallization of sulfide
minerals.

The concentrations of Cd in the rock-forming
minerals of the alkali-basalt series fall below
70 ppb. Dcd for all analyzed minerals, including
titanomagnetite, are ( 1, smaller than values
for Zn Cfable 4), the element geochemi-
cally similar to Cd (Vlasov L966), The largest
difference in the partitioning of these two ele-
ments is shown by titanomagnetite, which has
Dz" - 4. The whole-rock abundances of Cd
are well within the range reported by Wakita
& Schmitt (1970) for mafic and intermediate
rocks. Unlike Pb and Ag, Cd has different varia-
tion trends in the two series. In the Rapa suite,
Cd, like Zn, increases slightly with differentia-
tion (Fig. 2) but, as indicated by the partition
coefficients given in Table 4, Cd is more
enriched in the differentiated rocks than
Zn. In the Nuku-Hiva alkali-basalt series,
whish underwent the early crystallization of
magnetite, Zn shows an overall negative correla-
tion with the differentiation index of Thornton
& Tuttle (1960), whereas Cd remains nearly
constant, The decrease in Zn is consistent with
the fractionation of an opaque phase with high

Igninbrl tee

Dz". Howevero as D"d values for the analyzed
rock-forming minerals are ( 1, such a process
cannot explain the variation trend of Cd, which
requires separation of a Cd-rich phase. As in
the case of Cu (Maury et al. 1979), the abun-
dances of Cd in this series seem to have been
affected by crystallization of sulfides, known
to be enriched in Cd (Vlasov 1966, Wakita &
Schmitt 1970).

Acid rocks

The concentrations of Pb, Ag, Cd, Cu, Zn, K,
Rb and Ba in the rhyolitic rocks from Italy and
component mineral phases and glasses are given
in Table 5; the values of the partition coeffi-
cients are reported in Table 4. Among the
analyzed minerals, K-feldspars have the highest
content of Pb. Coexisting plagioclases are lower
in Pb, with the ratio Pb in K-feldspar/Pb in
plagioclase ranging from 6.7 to 1.7. A similar
hi.tiiUutioo of Pb between coexisting feldspars
of plutonic, volcanic and rnetamorphic rocks
has been reported by Doe & Tilling (L967.) '
Biotite, cordierite and hypersthene have sififi-
cantly lower Pb concentrations than feldspars'
K-feidspars are the only analyzed minerals
having D"o > 1, although the values are smaller

than b"". Comparison with the geochemically

similar elementJ K, Rb and Ba indicates that

Pb has closer affinities with K and Rb than

with Ba. Anomalously high abundances of K'
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Rb (Dupuy 1970) and atso of pb in ignim-
brites of Tuscany are consistent with the close
association of these three elements.

The distribution of Ag among the coexisting
minerals of felsic rocks shows relatively large
variations. Biotite and plagioclase have a htlh
content of Ag, with DAs ) l, whereas K-feld_
spar is depleted, having DaB < l. In agreement
with the modal composition of ignimbrites
(Dupuy 197O) and the partition coefficients,
glasses are depleted in Ag relative to the whole
r_ocks. On average, the whole-rock Ag abun-
dances of ignimbrites are higher than ihose of
granites (Vincent 1974).

The distribution of Cd in the analvzed acid
rocks differs from that of Zn. Feldspars have
the highest content of Cd; Zn is miinly con-
centrated in biotite. There are also diffirences
between glasses aud whole rocks in the relative
abundances of these elements. Glasses and
whole rocks have similar Zn contents, but the
glasses are depleted in Cd with respect to the
whole rocks. It should be noted that the high
contenb of Cd and Ag in plagioclase are not
due to sulfide impurities, as the concentrations
of Cu and Zn in plagioclase are low, with both
Dc" and Dz" < l. A similar argument can also
be applied to K-feldspars.

CoNcr,usroNs

In consanguineous alkali-basalt series, Ag, Cd
and Pb display variation trends that are general-
ly i! agreement with the values of the partition
coefficients determined for rock-forming min-
erals, Pb, whose content increases with dif-
ferentiation in both alkali-basalt series, is
closely related to K and Rb. This geochemical
coherence is maintained even in acid rocks. Al-
though Pb shows some similarities in behavior
to Ba, these two elements differ in the later
stages of differentiation when K-feldspar starts
to crystallize. So far as the limited amount of
data allows, it seems that in the alkali-basalt
series, Ag may show a coherence with Cu, as
suggested by Nesterenko et al. (1969). The
behavior of Cd is, overall, similsl to tlat of
Zn, although the differences in partition coeffi-
cients for opaque minerals lead to diverse varia-
tion-trends of these two elements when the
opaque phase crystallizes. In acid rocks, however,
Ag and Cd do not show any obvious affinities
with either Zn or Cu. It is also of interest that
in comparison with tholeiitic rocks (Vincent
1974) Ag,like Cu (Andriambololona & Dupuy
L979), is generally lower in alkali basalts.

MINERALOGIST
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