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Permian and Triassic Rb-Sr dating
in the Permian rhyodacitic ignimbrites of Trentino (Southern Alps)

CLAUDlO D'AMico
Diparlimenro di Scienzc Mincralogkhe:, Universit' di Bologna, Piaua di Porta S. DolllltO, I, 40126 BolotI:na, It.Jy

ALDO Du MOko
htilUtO di Geocronologia e Geochimica Isotopica, CNR, Via C. Maffi, 36, '6100 Piu, haly

ABSTRACT. - Three Rb-Sr isochrens and several Rb·Sr
modd ages in a number of Permian rhyodacitic
ignimbrites in Trentino, Southern Alps, provide biotite
ages of about 272 Ma. This is assumed to be the age
of rhe volcanic event. A rejuvenation evem 11 suggesu:d
by some scattered feldspar dala, by thru whole·rock
errorchrons (2'2·229 Ma), and by some biotite ages
measured in the rhyodacites naresl the: Triassic pluton
of Predazzo (2-U km from the ouIC!QPPil1i contaa), the
zone: from which lhe lower (229 Ma) whole·rock. also
originares.

The rejuvenation • is thadOtt asswned 10 be linked
10 the hydrolhcnnal aaivity of the Triassic magmatism.

K~ wonls: R~Sr dating, Pc:n:nian vohnism, Triassic:
hydrolhermalism. Trentino Pc:n:nian vokania.

RlASSUHTO. - Le studio radiometnro dfeuuaro col
metooo Rh-Sr su due formuioni di ianimbriti
riooacitic:hc del Pc:rmiano inferlore dd Trentino, I'una
appartcnente .J Gruppo inferloce e l'.Jtra al Gruppo
superioce, conferma la situuione gi' rivdata in
prcccdenza cia analogo studio su ignimbriti riolitiche dc11a
SIena cegione.

Trc isocrane Rh-Sr su biotiti e varie et'·modello
scmprc su bioriri danno valeri attarne a 272 Ma; questa
viene anuma come cr. dd vulcanismo. Tee crrorcrone,
ottcnuce su campioni di roeda toralc, danno valori rra
2'2 e 229 Ma, la piu bassa delle quaJi vale per biotiti
piu vicinc aJ plutone triassico di Predano. L'cvenlo di
ringiovanimenlo rivdato da questi ultimi dali ein linea
con dari su fddspati e con singele, disperse el'-modello
di biotili (2J7·2" Ma) Della wna vicina .J plucone di
Preduw (2." km daJ comano aHioranle).

Sull'insieme dei dad, iI ringiovanirncnlO vicnc rifailO
all'idrotcnninalismo kgato aJ magmatismo triassico dcIlc
AJpi MaidionaJi.

La pratica soVTapposizioDC di el' In le riodaciti
inferiori c qudlc s~oricindicuione di una dunla
~ dd pur potenn.- vulcanismo pcrmUno dd Trentino.

PD'OkdJ~ Datazioni Rb-St, VuIcanismo Permiano,
IdrotamaliJrno TriassK-o, Vukanili Permianc Trenlino.

1. Introduction

1.1. Foreword
In a previuos paper on the lower Permian

rhyolitic ignimbrites of Trenrino, D'AMIco
et al. (1980) obtained the following results:
a) Rh-Sr biotite data indicatil'lB Permian ages

around 270 Ma (biotite model-ages
between 263 and 274 Ma); a biotite
isochron of 267 ::I: 2 Ma, and a Sr initial
ratio of 0.7171 ::I: 0.0052 (l 0)_

h) Rb-Sr feldspar data suggesting a Triassic
age (isochron of 226 ::I: 8 Ma).

e) Rb-Sr whole-rock data giving an
intermediate age (isochron of 239 :::I:: 8 Ma,
with a Sr initial ratio of 0.7103 ::I: 0.0006).
The 270 Ma biotite values were interpreted

as the true age of the volcanism, in full
accordance with the stratigraphic position of
the rocks; the 226 Ma feldspar data as the age
of the Triassic rejuvenation event, and the 239
Ma isochron as a mixed age.

No data with other systems (K-Ar, V-Pb,
etc.) are available.

This paper aims at extending research to
two other Permian volcanic formations of the
same region, to obtain mote information on
the Permian and Triassic ages. For this reason,
a zone near the Triassic pluton of Predazzo
was also sampled.

1.2. Permum vokanic stTatigmphy
The lower Permian volcanites in the

Trentino-Alto Adige (Slid-Tyrol) form a thick
(max 2000 m) extensive volcanic sequence,
covering an area of about 4000 Km2•
including the areas with outcrops of the
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overlying Mesozoic series. Their distribution
and thickness vary widely, so that the
strarigraphy differs from place to place. The
volcanic sequences overlie a low-grade
metamorphic basement (phyllites, albite
epidote paragneisses, microcline porphyroids,
chlorite-albite schists, etc.) that was eroded
but not fully peneplained before the volcanic
period.

In the southern part dealt with here, the
general stratigraphy may be given as in Fig.
t (cf. D'A.MlCO, 1986). This strarigraphy is

........

(D'AMlco & VENTUR.E.U..I. 19(8), covered by
a thicker andesite formation (up to 400 m):
qz-andesites up to dacites, K·andesites, true
andesites (CAUNCI-O. 1981; BARGOSSI &
CALANCHI, 1985).

The upper goup consists mainly of two large
ignimbritic formations: the lower rhyodacitic
and the upper rhyo/itic, with sudden changes
between them. In the upper part of the
rhyodacitic fonnation, there is an irregular
development of dadtic-rhyodacitic and rhyolitic
lava dom~s, with minor flows and
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Fig. I. _ Section about WoE K'CfOSS the Pennian vobnic system of Trentin:t (Southern Alps). Maximum thickness,
.bout 2QO() m.

not, however, valid for the whole system (e.g.
MITIEMPERGHER, 1958; BRONDI et al., 1970;
BARGOSSI et al., 1982).

Two groups can be distinguished, each with
a number of formations. The lower group
begins with discontinuous basal clastic
horizons, which contain volcanic material
increasing upwards, covered by small K·
andesitic to basaltic· andesitic vokanu edifices
(BARGOSSI et al., 1981, 1983) and, in only one
area, trachyrhyolitic domes, (D'AMtco &.
SEGATIA, 1979). A rbyodat:iticformation, with
prevalent ignimbrites and local tuffacrous and
clastic interla~rs (BAROOSSI, 1982; SEGATIA,
1979), is stratigraphycally more widespread.
It is overlain by domes 0/ dacitic-rhyodtJcitic
composition bearing some low-Si02 rhyolites

volcanoclastics.

1.3 Sampling
The Permian volcanites are almost always

strongly affected by hydrothermal alteration
and are thus not entirely suitable for detailed
geochemical studies of their primary magmatic
composition. These alterations are described
in all the above-mentioned papers and can also
be seen from Table 2, particularly in the CaO,
Na20, K20, Sr and H 20 +CO2 contents.

However, the ignimbrites, particularly
those of the upper group, provide a fair
number of samples with unaltered primary
mineral phase, unlike the lavas, which only
sporadically contain relicts of magmatic
minerals.
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These rhyodacitic and rhyolitic ignimbrites
are also the thickest and most widespread
formations (Fig. 1), and are thus the most
suitable for large-scale checking. Moreover,
they are geochemically the most useful for
Rb/Sr systematics.

For the above reasons ignimbrite rocks and,
when possibile, those with unaltered biotite,
were selected for this research. Only one
rhyolitic dyke of the lower group (TN38) with
unaltered biotite was added, owing to the
scarcity of biotite-bearing rocks preserved in
the entire lower group.

Fig. 2 shows the sampling area, Table 1 the
stratigraphic: position of the samples, with
some petrographic data and references. Table
2 provides the essential composition data. On
the whole, the upper and lower rhyodacites
are very similar in composition and
petrography. Both are quite different from the
rhyolitic ignimbrites (cf. D'AMIco et al.,
1980: Si02 ~ 72%; MgO .. 1%; sanidine
phenocrysts .. 5% or more). The rhyolitic
dyke of Table 2 is also different, with a
distinctly low K20 content.

,:

:/

Fig. 2. - Geographic map of Pennian volcanic OUtcrops
in Trentino-Alto Adige (Southern Alps). Sample
localities: A .. Buss, $erso, Momagnan.a, CaSlelliere, .
Mareni; B .. Geeciadoro; C .. VaI Cembra; D .. Val
rersina; E .. VaI Travignolo; F .. VaJ CaJamcmo; G .. VaJ
harco.

The Val Travignolo area (Fig. 3) was chosen
because of the thickness and extent of the
formation, and because it is near the Triassic
Predazzo intrusion, permitting samples to be
collected relatively near the plutonic contact,
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Fig. J. - Geological map of Vat Travignolo area with Rb{Sr biotite model ages.

so that the chemical and thermal influence of
the intrusion on the isotopic ratios could be
ch<eked.

2. Results

2.1. Analytical procedures
The analytical procedures used in this study

have been described in D'AMK;o et al. (1980).
Generally, the isotopic analyses were done on
a Varian Mat TH5 mass spectrometer.
Repeated analyses of E&A srC0J standard
gave an average 87Sr{86Sr value of 0.70812
:: 8 (l u); the Sf isotopic ratio of samfcles was
not adjusted to the conventional 8 Srj86Sr
value of 0.7080 of E&A.

The Sf isotopic composition of the
plagioclases was determined on a VG Isomass
54£ mass s~rome:ter. The average value of
14 runs on E&A srCo" standard during this
study was 0.708058 ± 12 (l 0').

The biotite model a~es and isochron ages
were calculated with 8 Rb: 1.42.10-111-1

and with an error of 1.5% for the 87Rb/o6Sr
ratio and one standard deviation of the
relative analysis for the 87SrfSl'Sr ratio.

Samples weighting 5-10 Kg were used for
analysis.

2.2. Choice of the initial 87S,j86S, rotio /0'
biotite model ag~

The partial opening of the Rh-Sr whole
rock system, which accompanied the
hydrothermal process, means that the whole
rock - biotite isochron is not reliable.

All the Rh-Sr biotite model ages were
calculated using an initial 87SrfS6Sr ratio of
0.7100, in accordance with the feldspar
isochron from the cogenetic rhyolitic
ignimbrites (D'~lICO et al., 1980).

The initial Sr isotopic ratio of the biotite
isochron {the value of which falls in the
interval provided from the feldspar isochron
within an error limit of 2 0) was not used,
because it was obtained on the high Rb/Sr
ratio system.

Rl'lyod.acitf's.lowf'r Group

Fig. 4. - Rb{Sc evolution diagram for rh)'odacitk rocks
of Lower Group.



PERMIAN AND TRIASSIC Rb.S. DATING IN THE PERMlAN RHYODACmC IGNIMBRITES ETC. 175

TABLE 2
Composition of ignimbritic rhyodm:ites
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In any case, using either 0.7100 or 0.7074
as the initial Sr isotopic ratio (see biotite
isochron, Fig. 9), the lowest Rb/Sr ratio
biotite (DAV 37) gave model ages of 261 and
273 Ma respectively; in the other cases, the
age difference was even smaller, so that the
choice between the two possible values fot
initial Sr composition was not determinant.

2.3. Lower group rhyodacitic ignimbrites
The ten samples of Table 3 define a whole·

rock errorchron of 252 *' 13 Ma with a
(87SrjS6$r)j rarioof 0.7102 (Fig. 4); the uge
is less than expected from the stratigraphy.

The determinations on biotite are limited
to only two samples from Gocciadoro
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(Tremo), because all the rocks of the
formation in the other localities are
hydrothermally altered and practically
lacking in biotite, which is replaced by
chlorite or white mica + Fe-Ti-oxides. These
determinations provide model ages of 273-275
Ma (Table 5), in agreemem with the
stratigraphic IXJsition. A 273 Ma age was also
obtained from the biotite of the subpotassic
rhyolitic dyke (Table 5) which intruded the
rhyodacitic ignimbrites. The same age (272
± 1 Mal can be obtained from the position
of the data points of the biotites of the three
Gocciadoro samples in Fig. 10. The feldspar
concentrates ITable 4) do not provide
significant indications on either age or isotopic
data.

2.4. Uppo- group rhyodm:itic ignimbrites
2.4.1. Southern zone

Eight samples were analysed (four from Val
Cembra, two from Val Fersina and two from
Val Calamemo), giving a whole-rock
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Fig. ,. - Rb{Srevoluliondi~ for rhyOOacilic rods
of Tn:nlino area (Soulhem pan).
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Thirteen samples were collected on a strip
moving away from the Predazzo pluton (Fig.
3). A 229 Ma errorchron (Fig. 7) was
constructed from 12 samples (excluding DAV
32, which has decidedly anomalous

TABLE 3

Composition of ignimbric rhyodacites
(continued)
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errorchron of 250 ± 12 Ma with a
(87S,j1l6Sc)/....cio of 0.7088 (Fig. 5). The
biotites of our samples (Table 5) give a model.
age of 266-270 Ma for Va1 Cembra and
273-274 Ma for Val Calamento.

An isochron of the four biotites (Fig. 6)
gave a might-line valid for 276 ± 2 Ma.

2.4.2. Val Travigno!o area

.n

o '" '" '"
Fig. 6. - Rh/Sf biorite isochron for rhyodacile5 in V.I
e.l.mento and Val Cembn llI'eas. TABLE 4

Rb/5r data on rhyodacitic whole-rocks
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Plagioctas~s.Val Travignolo BiotitH. V.J.1 Tr.J.vignolo
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Fig. 8, - Rh/Sr evolution diagram for plagioclase
con~mrales of Va! Tl1Ivignolo. T. 229 Ma reference
line correspond 10 whole-rock errorchron (Fig. 7).

Fig. 9. - RI:¥Sr biotite isochron for rhyodacilcs furlhesl
from the Pudauo pluton in Val Travignolo.

Fig. 10. - Rl¥Sr evolution diagram for biotites from
Vallsarco (crosses) .nd Gocciadoro Iocalily (squares).

distance from the Predazzo plutonic contact
(Fig. 3).

An isochron reconstructed from the nine
biotites furthest from che contact gave an age
of 272 :I: 3 Ma with an initial 87Srf86Sr ratio
of 0.7074 (Fig. 9).

2.4.3. Val harco
The two Val Isarco rhyooacites, at the

extreme north of the Permian volcanic system,
belong to the lower pan of the upper
rhyodacitic ignimbrites. They are presented
here only for comparison.

Two biotite samples fit well in a reference
biotite isochron of all the previous
rhyodacites, its age being 272 Ma and

'00200'00

Biotites,Lower and
Upper Group

o

0.101

2.000

1.000

1.500

geochemical and isotopic features - see Table
3) and shows a much lower value than the
stratigraphic age.

The plagiodase data-points show a very
wide scatter in Fig. 8.

The model-ages obtained from biotite
separates of the thirteen samples (Table 5)
vary between 237 to 279 Ma with distribution
clearly linked, though with fluctuations, to the
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TABLE 6
Rb/S, data on calcites (Vat Travignolo) and

hariu-s (Vat Gzlam~to)

~" .~ ,. ~ 811o'''s. (*',,'-s.-IUJ\o

ULtllU,

Dol' l! '.0 .., 0.11.':;1 a.nll
••• o. , >., 0.11l1:;1 a.lll!

""I'tS:

.. IYllSl ••f. u. O.11tJ:1 o.ml
"Its •... ..•. o.n~l o.nn
"n ••f. ..•. o.nu:) 0.1141

OOUiou f_. I>Or<l,l .'uolo\l.. 01 lIIO ....1.

•••• • ... , .....-1...

(87Sr j86Sr)j ratio = 0.7072 (Fig. 10).

2.4.4. Calcite and barite data
Two samples of calcite in veins in the upper

rhyodadtes of Val Travignolo, and three of
barite in veins in the upper rhyodadtes of Val
Calamemo were analyzed. The data (Table 6)
indicate a Se isotopic ratio between 0.7121
and 0.7172. The Se isotopic ratios are
significantly higher than the inilial Se isotopic
ratios shown in Figs. 4 to 10.

.>. Discussion and interpreution

3.1. Undisturbed ages and re;uveTlated ages
The data in Section 2 give dear evidence

of two majot events: one, from the biotites,
aroud 270 Ma, and a second, from whole-rock
data, feldspars and a few biotites, showing a
subsequent disturbance of the Sr isotopic
system, producing rejuvenation «ages_
betw«n approximatively 250 and 230 Ma.
The 270 Ma age obtained from the biotite
data ~ excluding a few VaI Travignolo
samples ~ is in agreement with the lower
Permian stratigraphic position and with the
assumption that the biotite phenocrysts
exactly fix the emplacement age in a rapidly
cooling volcanic system.

The younger, scattered whole-rock and
feldspar data seem to be linked directly to the
hydrothermal alteration of the ignimbrites
(Section 1.3 and pa~rs mentioned therein)
and to the related chemicaJ isotopic
disturbance.

The present situation is che same as that
found in the upper rhyolitic ignimbrites

(D'AMIco et al., 1980), which was interpreted
as being due to Permian volcanism of about
270 Ma, followed by a Triassic hydrothermal
rejuvenation of about 225 Ma.

As regards the whole-rock data, the present
work shows a more marked rejuvenation (229
Ma) in the VaI Travignolo area, near the
Triassic magmatic bodies of Predazzo, than
in other areas (250-252 Ma). 1bese data reveal
a close relation between rejuvenation age and
Triassic magmatism, because the Va]
Travignolo whole-rock errorchron (Fig. 7)
approximately coincides with the age of the
Triassic magmatites (BaRSl & FERRARA, 1967).

This relation is again evident for the biotite
ages (Table 5) in the distribution map (Fig.
3), where the rejuvenated biotites lie near the
pluton and the older biotites, with few
exceptions, are far away.

The Val Travignolo area near the Predazzo
pIu ton is the only zone where the collected
data show a post.Pennian thermal disturbance
higher than the dosing temperature of the
Rb/Sr system in the bimites. This suggests a
direct influence of the Triassic piucon on the
Permian rocks, while elsewhere (Southern
zone, Val Isarco, rhyolitic area in D'AMICO
et al., 1980) the isotopic distrorbance was of
lower temperature and only hydrothermal in
nature.

3.2. Sr isotopic data
As discussed above, scattering of Sr isotopic

data in the various groups of rocks and
feldspars is due to hydrothermal alteration.
For this reason, the (87SrJS6Sr). ratio values
no longer refle<:t the original Rh/Sr system,
but are the result of an interaction between
volcanites and hydrothermal fluids. Nor can
the initial Sr isotopic ratios obtained with the
biotites be utilized for genetic interprelation,
because biolites are minerals with high Rb/Sr
ratios.

Contrary to the result of the study on
rhyolites (D'AMlCO et al., 1980), no Sr
isotopic equilibrium was achieved in the
feldspars. This may be interpreted as a non
attainment of isotopic equilibrium during
hydrothermalism, or as subsequent
disturbance due to wealhering (SCHLEJCHER
et al., 1983). On the other hand, it could be
related to an irregular influence of the long
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Triassic hydrothermalism assumed by BORSI
& FERRARA (1967) in the Predazzo region.

An indirect method was used to evaluate
the significance of the Sr isotopic ratios.
Assuming that the calcite and barite veins
were produced by the Triassic hydrothermal
activity on the ignimbrites, their Sr isotopic
ratio should be compatible with that of the
hydrothermalized ignimbrites. Of the five
samples analyzed (Table 6) only one appears
to be compatible, whereas the others have
higher Sr isotopic ratios than those calculated
to be 230 Ma old.

Moreover, the rhyodacite DAV 32 (a
tuffaceous level) has a higher Sr isotopic ratio
than all the other rhyodacites (Fig. 7);
calculated at 230 Ma (0.7164), its ratio is
similar to the Sr isotopic ratio of calcite and
barite (Table 6). This rhyodacitic tuff,
anomalously rich in Sr (1614 ppm, Table 3),
thus apppears impregnated with the same
solutions which constituted the veins and, in
particular, the nearby calcite DAV 35
(87S'I'6S, = 0.7162).

The high Sr isotopic ratios of these
hydrothermal deposits cannot be explained by
a simple hydrothermal remobilization of the
rhyodacites, but require the addition of a
source richer in radiogenic 57Sr than the
ignimbrites.

In the geological context of the region, this
source can be referred, only to the
metamorphic basement (phyllites, albite
phyllitic paragneissey, K-rich porphyroids)
capable of enriching 5 Sr in the solutions. We
therefore conclude that the basement was
possibly affected, at least partly, by the
Triassic hydrothermalism, which gave rise to
small mineralizations (present also in the upper
Permian sediments), that were reported before
our isotopic study (DESSAU & PERNA, 1966;
BAKOS et al., 1972).

3.3. Open questions on Permian ages
The results given in Section 2 do not

entirely solve the problem of understanding
the lower Permian age indicated by
strarigraphy and biotite radiometric data,

The model ages of unrejuvenated single
biotites vary between 273 and 275 Ma for the
lower rhyodacites, and between 266 and 279
Ma for the upper rhyodacites, with a

maximum analytical error of ± 6 Ma. The
biotite isochrons give values of 272 ± 3 Ma
(nine samples) and 276 ± 2 Ma (four samples)
for the upper rhyodacites of the two areas
considered (Val Travignolo and southern
zone), and again a value of 272 ± 2 Ma for
the overall population of the thirteen samples.

An indipendent isochron using the three
biotites of the lower group is not reliable, but
they are very well placed on the same 272 ±
2 Ma reference isochron. Lastly, the Val
Isarco biotites lie on the same isocbron. There
is therefore no definite answer as regards the
exact age of the lower and upper rhyodacitic
ignimbrites respectively, nor the age
difference between the two.

However, it is most probable that there
is a small difference in age between the
two formations, despite the interposing
of 400 - 600 meters of dacites + qz 
andesites + andesites + K-andesites.

Apparently there is a greater age
difference between the upper ignimbrites and
the rhyolitic ignimbrites immediately above
them, with the 267 Ma biotite isochron
(D'AMICO et al., 1980), although the model
ages of these biotites overlap with those
reported in this paper.

The latter problem is worth further
investigation. However, with the information
available at present, the Permian voIcanism
in this region of the Sourhern Alps can
definitely be assumed to have developed
during a rather short period around 270 Ma
age.

4. Conclusions

In conclusion, the following points can be
considered as proved or suggested.

- On the basis of the biotite data, the
Permian stratigraphic age can be defined at
around 272 Ma for both lower and upper
rhyodacitic ignimbrites. The period of
Permian voIcanism was therefore a short one,
considering the stratigraphic series of Fig. 1.
Only the upper rhyolitic ignimbrites may
appear younger (267 Ma), but this difference
musr be verified.

- The isotopic system was disturbed
(whole-rock, feldspars, biotite in part) by a
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hydrothermal event around 225-230 Ma. The
rejuvenation is interpreted as being directly
due to the Predazzo ladinian intrusions; in
fact, only near the pluton are the biotites of
the Permian volcanites disturbed in their
Rh/Se systematics, and the whole-rock system
is completely rejuvenated.

-The Triassic hydrothermal circulation
probably affected the metamorphic basement,
which enriched the solutions with radiogenic
87Sr ; this can be deduced from the high
87Sr/86Sr ratio of harite and calcite in veins
in the ignimbrites. The Triassic
hydrothermalism also led to mineral
deposition, in accordance with the hytx>thesis
of a Triassic metallogenesis in the region,
forwarded by previous authors.
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