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ABSTRACT. - All the age data up today published
for the Tusc:an rocks are presented, together with
some unpublished ones. Age results of the young
intrusive and effusive rocks of the tuscan anatectic
province show often excess of ....Ar,. and strontium
isotopic disequilibrium among different minerals of
the same rocks or isotopic disomogeneity among
rocks of the same intrusion. These facts easily
evident in very recent rocks, can be obscured by
aging, but can be the source of errors also In

determining the age of old rocks of anatectic origin.

Key words: GCQChronology, Tuscany, Isotopic
disequilibrium. Anatexis.

RIASSUNTO. - Tuni i dati di eta sino ad oggi pub
blicari sulle rocce della Toscana ed una serie di
dad inediri ven8ono prescntati e oommentati. I
dati relativi alle vulcaniti e alle rocce intrusive della
provincia analenica toscana meltono in evidenza
la presenza di "Ar'd in eccesso e l'esisrenza di dise·
quilibrio isotopico tra fasi minerali e rocce lorali.
Questi due fani, ben evidenti a causa delle era
molto basse (2,5-7,3 Ma} dei prodoni della provincia
anatenica toscana possono essere causa di errore
anche in rocce piu antiche aventi la stessa origin.:.

ParolI' chiave: Geocronologia, Toscana, Disequi
librio isotopioo, Analessi.

The Paleozoic basement

According to PUXEDDU (1984) the Palaeo
zoic complex of Tuscany is composed of
the following informal suatigraphic units:
1) Permian breccia and red sandstone;
2) Carboniferous, slightly metamorphic lithic
greywake; 3) phyllite and quartzite of the
Buti Group, partly of Upper Silurian.Lower
Devonian age; 4) quartzjte and phyllite of
the Filladi Inferiori Group of probable Si·

lurian age; 5) micaschist of the Micaschist
Group and gneiss with thin interbedded
amphibolite levels of Lower Palaeozoic to
the Precambrian age. Another unit of
uncertain stratigraphic position is the Boc
cheggiano formation, of probable Silurian
age showing petrologic and gcochemical
analogies with formations of both the Bud
and Filladi Inferiori Groups (PUXEDDU et al.,
1984). Radiometric age determinations are
available for the phyllites and quartzites of
Buti Group (BORSI et al., 1966) and from
samples of micaschists, gneisses and amphi
bolites from deep wells in the Larderello
Geothermal Field (DEL MORO et al., 1982).
In the first case the Rb/Sr method has been
used on total rock samples (table 3), in the
second one both Rb/Sr and K/fu method
have been applied on separate minerals
(biotite, muscovite and hornblende, tables
3 and 4). The total rocks isochron age
obtained on the Buti samples (285± 12 Ma)
represents the age of the metamorphism of
the sediments of Silurian-Devonian ages.
Mineral ages obtained on the samples of
the Larderello Deep Wells cluster in the
range of 2.5-3.7 Ma revealing the existence
of a Pliocene thermal event to which the
origin of the field may be attributed; only
a muscovite yields an undisturbed Hercynian
age (285± 11). .

Another series of Hercynian ages has
been obtained by EBERHARDT et aL (1962)
on some samples of the allochtonous granites
of the «argille scagliose» complex (table
3 and 4).
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Fig. 1, - Map of Tuscany showing the localization of the considered major units.. Ca "" tuscan mCIl\.
morph!c rocks; VT ~ tuscan mag~a~ic province: (vokanites); VR "" roman magmatic province; y "" gra·
no,ltorncs and granites; ':lll "" aCIdIC sub-volcamc rocks; r.b = basic sub-volcanic rocks (from BAR
BERt et aI., 1971, slightly m<Xiified).

The ophiolitic complex

In Tuscany the ophiolitic complex can be
found in the Toscana Marittima and in the
Elba island. The ophiolites consist of ultra
mafic rocks almost completely serpentinized,
submarine tholeiitic basalts often spilitized,
pillow lavas, hyaloclastites and minor
amounts of gabbroic rocks and dykes. In
this assemblage of rocks it is impossible

to use the Rb/Sr or (he V/Pb methods
because of the extremely low content of the
radioactive isotopes of these rocks; it is
also difficult to apply the K/Ar method
because of the alteration and the meta
morphism (l). The only possibility is to use

(') T<Xiay the Sm/Nd meth<Xi has been successful1y
applied in the age determination of ophioJitic
complexes (DE PAOLO "" WASSI!RBURG, 1979) also
of very young age (ZINDLER et al., 1982).
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the zircon that can be found in very small
amounts in some acidic differenciates that
are scarcely present in the gabbros of the
Apennines (MARINELLI, 1964; BARBERI et
al., 1971). Zircons formed in this kind of
rocks must contain relatively small uranium
amounts, and are suitable to be used for
the fission track method of age determination.
BIGAZZI et al. (1972,1973) have successfully
applied this technique on some samples of
the Northern Apennines obtaining results
(table .5) in good agreement with the
geological knowledge.

Apuan Alp!!

The Tertiary metamorphic event that the
Apuan Alps have o:perienced has been dated
by several authors (GJGLIA & RADICATI,
1970; KLIGFIELD et al., 1977) using the
K/Ar method on muscovites separated from
the metamorphic rocks. The firSt quoted
authors have found two groups of ages
(14 Md and 11 Ma, table 6) while KLlGFJELD
et al. (1977), report also ages of 26 Ma.
Unfortunately we did not find these resuhs
published anywhere, but only as abstract
(V ECOG, Pisa 1977).

The rock.8 of the Tu.8can anateelie
province

The problem of precise dating on very
young rocks is still a difficult goal for the
geochronology' because of the small amounts
of radiogenic isotopes to be determined;
besides this general fact, there are several
more complications when dating anatectic
rocks as those of the Tuscan province. The
anatecdc origin of the Tusean intrusives
and effusives has been proved on petrological
(MARINELLl, 1961) and isotopic (FERRARA,
1969; TAYLQR & TUll.I, 1976) grounds and
there is no doubt now that these rocks have
been formed by (partial) melting of crustal
material (Tusean basement of Hercynian
age). Theoretically the main causes of error
in applying the various methods of age
determination can be briefly synthetized as
following:

I) K/AT m~thod. It is possible to find
excess of radiogenic .0Ar due to un-

complete outgassing during the mdtjng
of the old Hercynian rocks. Also if the
amounts of .0Arnl can be very small
they are likely to influence young age
values, expecially in low K minerals.

2) Rb/S, method. Partial melting of rocks
of acidic composition can generate
batches of magma with disomogeneous
Sr isotopic composition thus ptecluding
the use of Rb/Sr for total rock isochrons.
Besides this fact, the magma generated
by the partial melting can be a mixture
of minimum melt and different prOpOr
tions of restite, sometimes represented
by common mineral phases as plagioclase,
biotite or cotdietite; this fact will
produce .rocks with isotopic disequili
brium among coexisting mineral phases
(FERRARA, 1983) thus vanifying also
the use of internal isochrons (FERRARA
et al., 1977).

3) U/Pb m~thod. There is the risk, using
zircons (the only suitable material) that
old zircons not completely resettled to
be present, and also in very small
quantities, very young ages can be
seriously affected. Fission tracks on glass
and, when possible, on zircons, is
probably in such situation the best
technique to use, but this method can
be sometimes not so precise as the above
quoted ones.

Concluding, extremely care most be taken
in the interpretation of data obtained in
this kind of rocks and when possible dif
ferent methods have to be applied in order
to have more meaningful results. Date up to
now obtained in the Tuscan anatectic rocks
are presented together with 'some new ones,
unpublished till today.

Vo/canit~s

The radiometric data up today available
for the vokanites of Tuscany are reported
in tables 7, 8 and 9 according to the different
methods used for the age determinations.
Some samples have been measured with dif
ferent techniques and it will be wonh to
compare and comment the obtained results
in the light of what already written. For two
samples of Roccastrada and S. VincenzO we
have results by the K/Ar, Rb/Sr and Fission
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Fig. 2. - Nicolaysen diagram relative to separated minerals of an acidic-volcanite sample from ~. Vino
ccnzo. The existence of restidc phases with initial isotopic composition equal to 0.719 (PI = plagioclase;
Co = cordiceilC and Bi = biodte) and phases with higher initial isotopic composition (0.725) which
represents th" analc:ctic liquid (Kj = K.fcldspars; RI = whole rock; VI = glass) have to be nOled. The
(WO groups of minerals define two parallel isochrons }'ielding (in the error limit) two same ages, that
correspond 10 Ihe vokanitc cooling age (from FERRARA. 1983).

Track methods. For the sake of clarity results
are compared in table 1.

For the Roccastrada samples the results
by Rb/Sr and FT. methods are in agreement
within the limits of the error (that is large
in the case of Rh/Sr due to the very young
age of the sample). The K/ Ar result is
significantly lower hut we must point out
that a different sample has been used for
this measurement. It is important in
comparing age results obtained by different
methods to use the same sample. For S. Vin
cenzo there is a good agreement between
the K/Ar and F.T. methods, but Rb/Sr on
biotite is much lower than the other ones.
In order to understand this difference a
Rb/Sr study on separated minerals was car
ried on (FERRARA et al., 1977) showing the
existence of a disequilibrium in the initial
Sr isotopic composition among the different
mineral phase, thus precluding the use of the
Rb/Sr method on biotitc-total rock (fig. 2).

Another comparison can be done with the
M. Amiata samples that have been dated by
K/ Ar and FT methods (tables 7 and 9);
we cannor repeat here the comments on
these data, that can be found in the paper
by BWAZZI et al. (1981), but we want to
stress out the existence of excess of ~{\Arr"

in biotitcs; the isochron method in this case

gives good results showing also that ~\lAr<" is
not in excess in the sanidines, that represent,
due to their high K content, an useful
mineral for dating very young volcanic rocks
by the K/Ar method.

Volcanites from Capraia island do not
belong to the Tuscan anatectic province
being of subcrustal origin (FRANZINt, 1964;
BoRsl, 1967) they can possibly be linked to
the calc-alkaline volcanic activity of Sardinia
(BARBERI et al., 1971). The few K/Ar data
available (table 10) are from BORSI (1967)
and PIERATTtNI (1978). The two authors
give different ages for the onset of the
Capraia volcanic activity (placed at 95 and
8.26 Ma); the same discrepancy exists also
for the end (4.8 and 2.65 Ma). Further
data are necessary in order to achieve a
better definition of the time span of the
Capraia volcanic activity.

Intrusive rocks

The Elba granodiorite, which covers about
42 per cent of the island surface, is the most
important stock among the intrusive rocks
of Tuscan magmatic province. Numerous age
determinations have been carried out on the
Elba samples by the K/Ar and Rh/Sr
methods (table 11 and 12). We can start in
analyzing the K/Ar result beginning with the
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western Elba (M, Capanne granodiorite).
Together with the already published results
of EBERHARDT & FERRARA (1962), EVERNDEN
& CURTlS (1965) and BoRSI et al. (1967)
we report here the data that BORSI & FER
RA RA presented at a congtess (1971) and
which have been available, up today, only
as a summary. If we put together all data
on the biotites of M. Capanne granodiorite
wc have ages between 7.0 and 7.6 Ma,
except two low values of 6.4 and 6.7 Ma.
A very large sample of M. Capanne biotite
(ST£ 74) has been prep:ned and measured
several times in order to be used as an
internal laboratory standard (VILLA, 1978);
the mean age value (on 24 runs) is 7.3 Ma.
Taking also into account the data of table 11
we can safely assume for the «apparent»
K/ Ar age of M. Capanne biotite a value of
7.2 : 7.3 M.l that we can use to compare
with the Rb/Sr data. Before doing that we
will also examine the data obtained on dykes
of aplites of M. Capanne (table It). In this
C<lse the data show a big scatter ranging
from 6.8 to 14.8 largely in excess with any
previously published results. This scatter is
interpreted as due to ~OAr"j in excess. To
further testing such possibility BoRSl ""
FERRAltA (1971) have carried on K/Ar
dcterminations on separate minerals of a
granodiorite s<lmplc of M. C;lpanne.

The apparent age results (table 2) clearly
demonstrate an excess of ~oArrol. Due to the
scarcity of suitable material, a minor number
of K/Ar data are available for the central
and eastern Elba. Some data have been
obtained by BORST & FERRARA (1971) and
more recently by SAUPE et al. (1982). Ge
nerally ages lower than M. Capanne ones
have been obtained: from 5.7 to 6.2 Ma
(BORSI""FERRARA, 1971) from 5.1 to 6.1 Ma
(SAUPE et aI., 1982).

In table 12 all the Rb/Sr data arc gathered
together ·including some writers' unpublished
results. The 1961 and 1962 data represent
the first age results obtained on Elba
samples by the Rb/Sr method and are to
be considered affa:ted by a larger error than
the recent ones produced by VENZLAFF &

WALDECK (1971) and FERRARA & TONARINl
(in press). The comparison of the Rb/Sr
results obtained by the differe.'1t authors
for the M. Capanne granodiorite is puzzling

because the mean value of 5.3 Ma (re
calculated from VENZlAFF & \'(1ALDECK,
1971, with = l.42· 10. 11

) Sltongly differs
from the value for 6.73±0.04 and 6.88±
0.04 obtained on two granodiorite samples
(using the isochron method on separate
minerals) by FERRARA & TONARINI (in press).
In any case the Rb/Sr data are lower than
K/Ar ones, thus confirming the existence of
a ~tlArr'l excess.

Besides the Elba island, other intrusive
rocks have been found In the Tuscan
magmatic province; the most important are
the granites of the Giglio and Montecristo
islands and the Gavorrano granitic outcrop
(fig. 1). A few kms from Gavorrano on a
locality called Tor di Pierra a hidden granitic
intrusion has been found (ARISl ROTA &

VlGHI, 1974). The few K/Ar data available
in literature are presented in table 13
tOgether with some unpublished results. The
data from Caste! di Pietra granite are quite
discordant and only one has a value dose
to the nearby Gavorrano outcrop (which is
very likely coeval). The other two samples,
showing higher apparent ages, can be af
fected by an excess of ~oArrd. Rb/Sr age
determinations have been also carried on the
same rocks (table 14). In the case of Giglio,
Montecrlsto and Gavorrano they agree with
the K/Ar ones; this is not the case for
the Caste! di Pietra samples, that give lower
ages (BoRSI et al., 1979) close to the Ga·
vorrano results.

Nothing more can be said from these
results because they are very scarce, but
again we face with the existence of 4°Arrd
excess which seems to be a common feature
for [he Tuscan intrusive and effusive rocks.
Rb/Sr data for Montecristo and Giglio show
the existence of an isotopic equilibrium for
the 81Sr/86Sr ratio among the coexisting
minerals as reported for the granodiorite
of M. Capanne (FERRARA &. TONARINI, in
press). This is not true for the Castel di
Pietra samples in which an isotopic disequi
librium has been found (FERRARA, 1983).
Concluding this critical examination of the
age data for the rocks of the Tuscan anatectic
province, we can remark that both 40Arrd
excess on Sr isotopic disequilibrium have
been frequently found. This finding, that
can easily be evidenced on very recent rocks,



116 G. FERRARA, S. TONAR1NJ

can be obscured by aging and can be source
of errors also in determining the age of old
rocks of anatectic origin.
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TABLE 10

KtAr analytical data - Capraia island
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TABLE 11

KfA, analytical data . Elba is/and

-~
,,-1••. lllltoo1'"t,1 D iIOAr .. _UI "" ~ ~. ~.

*'~ ... (11)0

~ttU "
5.>;. .• _ ..

Go""OOlt.dU .. 1.6;. •••

Go-.. tu " ". .. '.M " ••• • ,
...... Ito .. ••• z.on-Io-' " P;' ... "",,_t••u. ( lOll .. 1.1. l.on.IW' 1.2;. •
"'..... t.rlto [ 1011 .. 7.2. Z.!M·)O·' " ••• •
Gr.... tanU •• .. '.D 2.111-10-' " • •_t...tu ." .. .." 1.""-10-' • •••
" ....1...1... ." .. ... l.tJD.lcr' • ••• •
"_Iw1"~ " .. ••• 1._·1cr' • ••• •
ir_t.n..~ " .. •.n 1._.,0-' " ••• •
..ltU

• q • .... 1.IWl-lcr' • n.' •
"lIlt 'D • .." 1._·1,", • ..
".t..~ .. .. .." I.•HO"" • ••• •
.loIlttot M • '.0 1.tiloli·l~ .. IU •
.11" ••• • .." l.m.1O"'6 .. \6.' •
""lie. W. • Ul I.l4l·10" .. 12.' •
c.,rol 11100,,_tt.~ ·" .. .." 1.looIIi·1l,..1 .. • •
" ..tU ..".".,. ·... .. '.H 1...~·Hrl " .. •
IinoIU _'I ••• .. ••• 1.911.10.1 • ••• •
.... IiU [.~A • ••• 1.116·W' .. ••• •
""11 t. " • l." .•'10"' .. .. •
bU.... [It>o

0.--....1.. m .. .., )1;1'10"' • ••• •
111--..·1.. [0 Zb .. ••• 1.'''·lIr' .. ••• •
" ..tU ......,..,..,. ... .. .." 1.'10·1Irl " ... •
_t..~ UD • 11." 2...·11)-4 " ... •
Cnoot ..~ U. • 1I.1t U18'lcr' " ••• •,.11.. [11.1Ho • 2.1S

••__ 1.-1 II.S S,l;. .•• n
,.ltl<> 111.156 • ••• l.lV·\O·1 " I. I!. ., •

""ltU '" • .., f.'ISt·HT' ".. 9,l::..' •
,.11.. ". • '.0 1.-.1...1 • 4.1!..t.

!<OIl" ". • .." 1'.Cl .,,-1 M 5.1!. .f •

"'".. .. • .." ,.M·I...1 10.l 6.':.,1.
....It.. ". • .." A.611.I... l ~4.~ • !..t.
IloH.. ... • •.» A.lI1.10-' 16.6 i.i,!. .f •
..........1... ". • t.rl 5.600'10'"' " 6.6!..t.

kOh' $ Ih • 1. II l.tet·l0-' " 6.'!..t.
QO_,.,I.. f ~.I6b • '.0 B. '>111.10·' ,. S.,!. .6.

0'''''''''11. [ ~.11 • I. '1 '.111'10" " i.l!..' •
0.-_,..11. [ 11.18 • l.17 B.1SI·W

'
'1.• S.'!. .1 •

0.--.... '. [ ~.I' • l. I. 1.1JI·llr
'

.... S.'!. .l •
QO,-.,.,l .. [ IS. III • •. n I.I<J·W

' ".. S.'!. ...
fclolot [ 1I.13B,o. • .." l.ln·lO-' lS.3 U!. ...
ldlln A 11.1_ • .." S.110·10-' 11.1 I.t:!. ., •
SeIlh' AlI.ll1Q • ••• i ....·I... ' '.' l.'!..S •
01-....1.. [ n.l. • 10.'1 1.1.·~ ••• S.A!.1.1 •.. .. " I.IV·I.... ".. ,.r!..f •

~.....' • 'l. S.I5·10-1I,..1; .. 0 f.JlI-llrlfy-l; OClr/lo 1.1I·1O"A
& 'l 0 S." 10.11,..1; 'I 0 1.11.10.10,..1; CVl. l.lt·lr

·'loSII·l0·11,..1; '.' 0.M.10-lo,.-l, ~l 0 1.17-1....



RADIOMETRIC GEOCHRONOLOGY IN TUSCANY: RESULTS AND PROBLEMS

TABLE 12

Rh/Sr analytical data - Elba island
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TABLE 13

K/Ar analytical data - Minor intrusions
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TABLE

Rb/Sr analytical data
14
Minor intrusions
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