RENDICONTI Societa Italiane di Mineralogia e Petrologia, 39 (1)

pp. 261-274

GEOCHEMISTRY AND GEOCHRONOLOGY
OF THE CALEDONIAN « PORPHYROIDS » FROM
CENTRAL SARDINIA (ITALY)

GILBERTO CALDERONI,

UMBERTO MASI

Istituto di Geochimica dell'Universita, piazza Aldo Moro, 00185 Roma (Italia)

Luciano Macciont

Dipartimento Scienze della Terra dell'Universiti, via Trentino 51,

Massimo NICOLETTI,

09100 Cagliari (Italia)

CrLaubpio PETRUCCIANI

Centro di Studio per la Geochimica e la Geocronologia delle Formazioni Recenti del CNR,
c/o Istituto di Geochimica dell'Universita, piazza Aldo Moro, 00185 Roma (Italia)

Gi1orGi0 PADALINO
Ist. di Giac. Min., Geofisica e Scienze Geologiche dell'Univ., p.za d’Armi, 09100 Cagliari (Italia)

ApsTrACT, — K-Ar ages of 25 whole-rock samples
of «Porphyroids » from 8 outcrops in Central
Sardinia have been determined. The radiometric
ages, ranging from 246 to 367 m.y., are younger
than the ages inferred from stratigraphy, indicating
that the wvolcanites have been altered by post-
magmatic event (s).

Geochemical data point out that the «Por-
phyroids » have kept most of their original features,
which allow volcanites to be identified as rhyolites
and rhyodacites. Comparison of chemical features
between the « Porphyroids» and rocks of other
Sardinian calc-alkaline suites such as the Hercynian
granitoids and Tertiary ignimbrites, points out a
close similarity among the three groups of rocks,
indicating that the chemical features of igneous
activity in the island have changed little throughout
the Phanerozoic. An origin of the « Porphyroids »
by crustal anatexis is suggested. Finally, comparison
of chemistry between the « Porphyroids » and acidic
rock-types of pre-Hercynian time from other areas
of the Iralian region shows that acidic magmatism
with features similar to those of the Sardinian
« Porphyroids » occurred in the whole Italian region
in Lower Palaeozoic.

Riassunto. — I « Porfiroidi » costituiscono una
serie di vulcaniti acide caratteristiche di ignimbrite
molto diffuse nella Sardegna meridionale, dove costi-
tuiscono i pit antichi terreni affioranti.

Le eta K-Ar dei «Porfiroidi » sono risultate com-
prese tra 246 e 367 milioni di anni; questa colloca-
zione cronologica & in netto Contrasro con la strati-
grafia, in base alla quale la messa in posto sarebbe
avvenuta durante l'orogenesi Caledoniana. Tale di-

screpanza. talora assai accentuata, viene spiegata
ammettendo che l'originale K/Ar delle rocce & stato
modificato da eventi post- magmatlcl come un certo
grado di metamorfismo o, piu verosimilmente, una
estesa alterazione esogena.

La geochimica dei « Porfiroidi » mentre da un
lato conferma un notevole grado di weathering,
dall’altro permette di ricostruire le loro caratteri-
stiche originali e di classificarli come rioliti e
riodaciti.

Il confronto tra il chimismo dei « Porfiroidi »
e quello di rocce di altre serie calco alcaline sarde
(ignimbriti terziarie e granitoidi ercinici) mette in
luce una notevole omogeneitd indicante limitate
variazioni nell'imponente attivitd vulcanica susse-
guitasi nell’isola durante il Fanerozoico. Poiche anche
altre rocce acide di eti pre-Ercinica provenienti
da diverse localita italiane mostrano un chimismo
spesso confrontabile a quello dei « Porfiroidi » vi
sono elementi per affermare che durante il Paleo-
zoico inferiore un vulcanismo acido alquanto uni-
forme ha interessato l'intero territorio italiano.

I risultati ottenuti consentono di formulare
un’origine dei « Porfiroidi » per anatessi crostale.

Introduection

The « Porphyroids » are major igneous
rocks, which are widespread throughout the
southern half of the island of Sardinia where
they often represent the oldest outcropping
formation. In particular, as according to
Naup (1979) their emplacement occurred
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Fig. 1. — Geologic sketch of central Cardinia showing locations of the outcrops studied. The inlet
map shows the area investigated. A = Ordovician-Silurian metasediments; B = porphyroids; C = Her-

cynian terranes.

during the Caledonian orogenesis, they would
represent interesting relicts of that old
magmatic cycle which seems to be poorly
represented in southern Europe. Despite

their importance, however, there is no ra-
diometric age and geochemical information
on these rocks, apart from a few petro-
chemical data (D1 SimpLICIO et al., 1974).
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Thus in this paper we have carried out a
detailed geochemical study and radiometric
age determinations of 25 samples of these
rocks from 8 outcrops in central Sardinia
(fig. 1). The radiometric age obtained,
however, have resulted to be younger than
the ages inferred from stratigraphy because
of alteration of the rocks and, therefore, they
have no geological meaning. On the contrary,
the geochemical investigations has allowed
to recognize the chemical features of these
igneous rocks, thus providing a contribution
to knowledge of Caledonian magmas of
southern Europe. In this view it has been
made a comparison between the « Porphy-
roids » and other similar rocks of Lower
Palaeozoic acidic magmatism in this area.
The data obtained from the « Porphyroids »
have also been compared with those of calc-
alkaline rocks of two other magmatic cycles
which largely affected Sardinia during the
Phanerozoic, such as the Hercynian granitoids
and Tertiary ignimbrites, with the aim of
outlining the chemical features of the
magmatic activity in Sardinia after the
Cambrian. Finally, because of the inferred
close geological relations between this island
and the franco-hyberian continent during
Paleozoic (ALVAREZ, 1972), and on the basis
of a review (MonTIiGNY et al., 1981), the
data reported in this paper may be of interest
also for geological studies of broader scale
on the western Mediterranean area.

Geologic and petrographic features

The « Porphyroids » are acidic effusive
rocks, which were emplaced mostly as
ignimbrites (D1 SimpLicio et al., 1975;
GARBARINO et al, 1980). According to
Naup (1979) only the megacryst-bearing
porphyroids would be of plutonic origin.
The «Porphyroids» were metamorphosed to
low-grade during the Hercynian orogenesis,
which in Sardinia was characterized by the
emplacement of a huge batholith through
Palaeozoic terranes.

The occurrence of the « Porphyroids » is:
a) massive, often dome-shaped with scarce
grains size; b) stratoid, in conformity with
the metasedimentary formations which they
are interbedded with, with a pronounced
schistosity and a grain size ranging from

fine to medium-large.

Field evidence (Naup, 1979) indicates
the massive porphyroids represent the bot-
tom of the S. Vito formation, and therefore
they would have been emplaced during Mid-
dle Cambrian in the course of the Caledonian
orogenesis. On the contrary, the stratoid
porphyroids would be related to the « Sar-
dinian phase » (Lower Ordovician?) of the
Caledonian orogenesis, being interbedded
with metasedimentary rocks whose upper
member is represented by the Caradocian-
Ashgillian limestones. According to MEMMI
et alii (1982) large part of the porphyroids
occurrences should be connected to the
Middle-Upper Ordovician magmatic cycle.

Both the stratoid and massive porphyroids
are typically characterized by « ocelli » made
up by pink K-feldspar and hyaline quartz
spread in a greenish schistose matrix. The
size of the « ocelli », which are always flat-
tened along the schistosity, is extremely
variable, ranging from some millimeters to
several tenths of millimeters. In thin section
the « Porphyroids » show a typically por-
phyroclastic fabric. Quartz and feldspar are
the most common minerals. The former,
always dominant, exhibits well-corroded rims
and is always cataclastic. It has an ondulate
extinction and anomalous biaxicity. K-feld-
spar (~ 55 % Or) is often opaque and
twined after Karlsbad. Tt is often replaced
by neogenic albite which developed according
to a check pattern. The plagioclase (~20%
An) is not infrequent in the «Porphyroids»
from the outcrops near Laconi and Monte
Parredis. The matrix, which represents on
average 80-90 % of the volume rocks, is
essentially made up by quartz and feldspar
or, more rarely, by mica. It has a typically
anisotropic texture because of the preferential
orientation of the sericite microblasts. Apa-
tite, zircon and some opaque mineral are
common accessories.

At Brecca the massive porphyroids have
a typically isotropic fabric and mineralogical
paragenesis which is made up, besides quartz
and feldspar, also by biotite. This latter
mineral is however often altered to sericite
and hosts opaque grains along cleavage lines.

Analytical methods

All the samples have been studied for
major, minor and trace elements, except Li,
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TasLE 1

Average major element concentrations (weight
Standard deviation in

1 53

71.12(1.35) 70.5

6,4901.15)

%) in the Sardinian porpbyroids.
brackets

55 57 38 29

77.95(2,97) 69.63(2,07) 68.81(0.27) 73.86(1.32)

Q.43(0.08) o.ano.ot) O.40(0.09) 0.05{(0.00) 0.45(0.03) 0,40(0.04) 0.C8(0.06)
L74{0.54) 16.63(1.53) 15.44(1.05) 13.93(2.12) 15.58{0.82) 17.08(0.28) 15.43(0.53)
0.97{0.51) 2.19(0.58) 1.76(0.74) 0.95(D.40) 0.52{0.18) 2 .56) 2.35(0.73) 1.30(0.91)
(0.12) o.21(0.26) 0.24(0.32) 0.61(0.45) 0.07(0.01) 0.07{(0.03} 0.96(C.18) ©.48(0.40) 0.52(0.41)
0.m (0007 0.01{0.00} 0.01{0.00) 0.04{0.01) 0.01{0.00) 0.01{C.00) 0.03(0,00) 0.01(0.00} 0.0a{0.01)
Coa410.11) 0.78(0.19) 0.85{0.20) 0.43(0.14) 0.29(0.08) 1.29(0.44) 1.08(0.10) O.E600.32)
Crl 2.14(0.05) v} 0s) 0.53(0.39) 0.04{0.02}) @,48(0.13) 0.28(0.00) 0.11(0.18)
0.36(0.02) a.04a) 0.47(0.16) 0.32(0.06) 2.31(1.13) 2.09(0.38) 0.97(0.49)
B.30(0.74) B.12(D.49) 5.12(2.36) 5.27(1.16) 5.03(0.18) 5.23(0.63)
0.18(0.01)  0.18(0.01) D.22(0.01) g.03({0.00)  0:23(0.00) 0.21(0iol)  O0.11(0.10)
1.32(0.40) 1.34(0.14) 1.87{0.47) 1.52(0.14) 1.52(0.68) 1.3800.77) 2.18(0.05) 1.84(0.49)
TABLE 2
Average trace element abunandces in ppm except for Tl (PPB) in the
Sardinian porphyroids. Standard deviation in brackets
5-1 5-2 5-3 54 55 8-6 57 S5-8 58
Li 230100 12(4}) 35(20) 42(6) 32(9) 10(4) 40(12) 25(4) .-"f
Rty 276(14) 254(21) 219(21) 202(28) Be(18) 136(48) 186(63) 184{13) 177(26)
47(7) 84(5) B9(25) 45(8) 55(4) 13(7) 57(18) 44(6) 67(10)
Ba sa7{162) 730(90) 1,261(430) 795(18) 1,223(214) 926(534) 7az2(103) 683(38) 1,116(424)
La 14(6) 15(3) 21(1) 2a(2) 2(7) 23(2) 29(4) 22(4) 18(6)
Ce 24(14) 33(4) sa(a1) 50(3) a9(11) 48(86) sa(g) 46(12) 35(6)
¥ 55(7) 57(2) 55(6) 52(5) 23(7) 45(8) s2(10) 54(5) 33(12)
ar 114{18) 139(3) 167(35) 163(19) 100(52) 85(17) 164(31) 170(14) 164{89)
M a(2) 7(3) a(3) 6(4) 5(4) a(a) a(4) 10(2) 13(5)
v 19(4) 18(3) 31(7) 31{2) 48(9) a(z2) 35(2) 32(4) 5(7)
cr 9(2) 13(1) 17(3) 17(5) 17(2) 2(1) 20(4) 15(2) <2
M 3(1) 5(2) B(2) a(2) 13(12) 2(1) 10(1) 9(1) a(1)
Cu 16(1) 15(1) 17(3) 18(2) 13(1) 16(2) 16(4) 11(9) s(1}
TL 1,940{491) 2,083(390) 1,086(268) 1.483(522) 1,760(891) 1,086(466) 1,253(535) 1,026(281) I
7n 24(10) 22(4) 45(11) 154(162) 46(39) 45(47) 59(11) 47(7) 47(16)
Py 34(14) 114(3) 21(9) 22(2) 16(1) 253(349) 30(16) 26(4) 12(2)
Pb (pro parte), Tl and Fe*, by means of K-Ar ages have been performed following

XRF analysis following the procedure of
Franzint et al. (1972) for major and minor
elements, and Leont and Sarrra (1976) for
trace elements, respectively. The precision
and accuracy of measurements have been
calculated against several international stan-
dards, and they were better than 10 %.
Fe?' has been determined by titration with
KMnOs, ignition loss by gravimetric method,
Li by atomic-absorption. Tl and Pb (p.p.)
have been measured by polarographic metho-
dologies as described by CaLperont (1981)
and CALDERONI and FERrI (1982), respecti-
vely.

the method proposed by NIcOLETTI and
PeTrRUCCIANI (1977). Repeated measurements
against international laboratory standards
have yielded the following values: muscovite
P 207 80.2 + 1 (81 + 1); muscovite BERNE
4M 18.1 + 0.8 (18.7 + 0.5); biotite LP6
123 + 3 (125 + 2). The conventional ages
has been calculated by using the following
decay constants:

Ae
As

0.581 - 10 ' y°!;
4.962 - 10710 y7!,

The error was calculated according to
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Fig. 2. — AFM plot for the Sardinian (A massive,
® stratoid) porphyroids. The solid line contours
the field of Sardinian porphyroids (D1 Simericio
et al, 1974), (x) indicates the average for the
Sicilian porphyroids (Artzor: et al., 1978), while (¥)
indicates the averages for 5 different outcrops of
porfiroids from the south-Alpine region (BELLIENI
and Sassi, 1981).

DaLRYMPLE and LANPHERE's formula
(1969). Following the methodology sug-
gested by MELLOR and Musser (1975),
three samples have been collected along a
distance of several meters from each outcrop,
except from S-1, which 4 samples have been
collected from.

No age determinations have been made
for samples from outcrop S-9.

The ages have been calculated following
the method of isochrons of the isotopic ratios
as suggested by HayaTsu and CARMICHAEL
(1970, 1977). The justification of this choice
has been discussed by NicoLETTI and PE-
TRUCCIANI (1978).

Geochemistry

The average abundance of major, minor
and trace elements in the « Porphyroids »
are given in tab. 1 and 2.

Major elements

The volcanic rocks show some variation
in major element composition with the SiOs
content ranging (') from 68.77 to 74.80,
excepting S-5 and S-6, which have slightly
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Fig. 3. — Major and minor oxides vs. silica variation
diagrams for the Sardinian porphyroids. Abundances
are given in weight percent. Symbols as in fig. 2.

higher SiO. because of secondary silification.
The content of major elements, and their
variation trends such as those on the AFM
diagram (fig. 2), (Na:O + K:O) vs. SiOs,

(") Hereafter we discuss chemistry of the « Por-
phyroids » considering these rocks as a whole,
because they show close features,
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are typical of Calc-alkaline suites, in agree-
ment with the conclusions of Dr SimpLICIO
et al. (1975) and GARBARINO et al. (1980).

Plots of major oxides against SiO: are
shown in fig. 3. It is apparent that Na.O,
CaO, MgO, FeO tot.,, AlOs; generally
decrease with increasing SiO:, while K.O
increases except in three outcrops, two of
which are represented by silicified rocks.
All these trends, except that of Na»O, can
be considered «normal», as usually observed
in magmatic differentiation of calc-alkaline
volcanic rocks. The « anomalous » trend of
NasO can be explained admitting that some
Na;O has been lost because of secondary
processes particularly from more acidic rocks
where glassy matrix is expected be more
abundant. This is reasonable as Na,O content

in the « Porphyroids » is lower than in
volcanic rocks of similar SiOs content.

Despite the « normal » trends shown by
CaO and K.O, however, there is evidence
that also the contents of these two elements
have been altered by secondary processes.
This is because CaO and K:O are lower
and higher, respectively, than in volcanic
rocks of similar SiO.. Residual CaO appears
to be combined mainly with P.O; in the
apatite (see later).

Oxidation is very high, the Fe.Os/FeO
ratio being largely more than 1 in all the
samples, in agreement with the low-grade
hydrous metamorphism (cf. Froyp, 1976)
which affected the rocks. Finally, ignition
loss has to be identified with H-O", as no
CO; has been detected.
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given in ppm, except for Ti which are expressed in ppb. Symbols as in fig. 2.

In conclusion, relative to major element
abundances the Sardinian porphyroids have
not significantly changed their original featu-
res because of transformations occurred after
their emplacement, only Na, Ca and K being
lost and added respectively, to some extent,
during alteration of the rocks.

Minor and trace elements

The variation diagrams of TiO2, MnO,
P05 vs. SiO: are shown in fig. 3. TiO: and
P:0Os, which are regarded immobile elements
during low-grade metamorphism (cf. PEARCE,
1975; Froyp and WINCHESTER, 1975; WIN-
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Abundances in weight percent and in ppm for major-minor oxides and trace elements, respectively,

Tl abundances are expressed in ppb.

CHESTER and Froyp, 1976) and weathering,
decrease with increasing SiOs, the former
in agreement with magmatic differentiation,
and the latter suggesting apatite fractionation.
The low content of TiO: and P.O; is
consistent with the calc-alkaline character
of the rocks. Overall MnO decreases with
increasing SiO2, being constant in samples
with SiOs > 69 %.

Plots of trace elements against SiO» (fig.
4) show a uniform distribution of Y, Nb,
Cu, Zn, no pattern for Ba and Sr, increase

of Rb and Ti, decrease of all the other
elements with increasing SiO..

The uniform distribution of Y and Nb,
as they are regarded typically immobile
elements in metavolcanites of greenschist
facies (cf. PeARCE, 1975; Froyp and Win-
CHESTER, 1975; WiNcHESTER and FLroyp,
1976) or in altered rocks, suggests an indif-
ferent behavior of these elements between
magmas and crystallizing minerals. This
feature seems to be characteristic of inter-
mediate and acidic rocks of many -calc-
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alkaline suites (cf. TARNEY and SAUNDERS,
1980). On the contrary, the uniform distri-
bution of Cu, whose behavior during low-
grade metamorphism and weathering is con-
troversial (WEDEPOHL, 1974), suggests some
mobilization, as Cu is a compatible element
in magmatic suites. Finally, the uniform
distribution of Zn, which is a somewhat
mobile element in both metamorphic and
weathering processes (WEDEPOHL, 1974) can

be due either to alteration or magmatic
differentiation. The anomalous high content
of Zn shown by outcrop S-4 indicates major
mobilization of this element due to a post-
magmatic event. This outcrop, actually,
occurs in the vicinity of a mineralization
area.

V, Ni, Cr, which are regarded as slightly
mobile or immobile during low temperature
and pressure processes (WEDEPHOL, 1974),
decrease with increasing SiO: in agreement
with differentiation.

Decrease of Pb can be due to secondary
processes, as this element is generally incom-
patible during magmatic differentiation
(LEEMAN, 1979). In particular, the anomalous
high Pb content of outcrop S-8, which comes
from an area where small mineralizations
occur, is certainly related to the circulation
of mineralizing fluids.

Tl, whose behavior during low-grade
metamorphism and weathering is unknown
(WepepHOL, 1974), and Rb, a rather mobile
element, during alteration shows increase
with SiOs, in agreement with the character of
incompatible element during differentiation
of calc-alkaline rock suites.

Li, despite a large scatter, decreases with
increasing SiO:, in contrast to its usual
behavior during differentiation. This suggests
that some Li has been mobilized in more
acidic rocks.

Sr and Ba show no definite trend, likely
reflecting secondary mobilization.

Decrease of La and Ce with increasing
SiO. suggests apatite fractionation, in
agreement with the parallel decrease of
P2O:s.

Finally, decrease of Zr, a typically im-
mobile element (PEarce, 1975; Frovp and
WINCHESTER, 1975; WINCHESTER and
FrLoyp, 1976) indicates that zircon was a
crystallizing phase in the porphyroidic
magmas.

In conclusion, relative to minor and trace
element abundance the more acidic Sardinian
porphyroids may have lost some Li, Pb
because of alteration. Silicified rocks {outcrops
S-5 and S-6) show less Rb, TI, Zr, Y, and
more La, Ce, Ba, Zn, the other elements
showing no definite trends.

Interelement relationships
The main interelement relationships are
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graphically shown in fig. 5.

There is no relation between K.O and
Na:O, just as to be expected because of
the post-magmatic processes which mobilized
Na:O in most rocks. K and Rb show a close
coherence, their ratio being between 200 and
250, i.e. in the range of acidic rocks from
many calc-alkaline suites. A good positive
correlation is also shown by K (and Rb) and
Tl in most samples. This feature is interesting
as it shows both these elements behave
coherently even in samples affected by
secondary processes. The Rb/TI ratios fall
into the range for igneous rocks (WEDE-
POHL, 1974). There is a negative correlation
between K (and associated elements) and
Ba, the K/Ba ratio ranging, similarly to that
of the other acidic calc-alkaline rocks. A
negative correlation is also observed between
K (and associated elements) and Pb, and
between Pb and Ba.

CaO and P:0Os; show a good positive
correlation in all the samples except those

with higher CaO content, indicating that
residual CaO is mostly tied to P.O; in the
apatite. Ca and La show some positive cor-
relation, while Ca-Sr and La-Sr show no
correlation. La and Ce positively correlate,
while there is no correlation between La
and Zr.

Rb-Sr and Ba-Sr show some positive cor-
relation. Unlike Rb and Li which do not
correlate, Li and Mg show a fairly good
positive correlation in contrast to their usual
pattern in calc-alkaline suites.

MgO-TiO2 and FeOtot.-TiO2 show posi-
tive correlation, and the three elements to
V, Ni, Cr, Zn, respectively. In particular,
the TiO:-V correlation is characteristic of
Cenozoic calc-alkaline volcanic rocks (AN-
DRIAMBOLONA, 1976).

Finally, Nb, Y and Cu show no relation
to other elements.

Nomenclature of the rocks
D1 Smmericio et al. (1974) classified the
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TaBLE 3

K-Ar data of whole-rocks from
central Sardinia

SANPLE “Carraa . “ar ree % e et
CCSTR/g- 10
S1A 7.852 87.75 6.24 0.25 301X 9
s18 6.203 85,22 5,18 0.12 290% 9
s1c 6.147 20.38 4.92 0.08 3002 9
S10 7.878 95.27 5.68 0.00 330210
S2A 6.478 B7.54 5.62 1.45 278% B
528 6.812 93.87 5.89 1.18 279% 8
s2c 7.768 BE.96 6.17 1.27 302t 9
83A 7.695 95,14 5.57 1.6 329710
538 7.060 95.25 5.35 1.62 315i10
§3c 6.236 95.21 5.16 2.23 248t 7
544 7.1588 23.10 4,59 0.19  3s7%10
548 6.939 B84.94 4,66 0.26 352210
S0 8.523 93.17 5.79 0.02 aszti10
S5A 3,894 88,73 2,66 0.54 344210
558 3.879 85.87 2.95 0.67 a21%10
ssc 3.292 73.37 2.11 0.54 36711
S6A 5,442 B8.41 3.64 0.03 3salio
568 8.347 92.64 6.91 0.16 200% 9
S6C 3.509 71.99 2.50 0.05 333%10
STA 5.545 BB.72 3.74 2.46 35010
578 7.888 93.865 5.29 0.59 348%10
s7C 6.411 89,26 4.65 2.00 2328210
s8a 6.270 B1.25 £.52 1.0 330210
s88 6.29% BO.22 4.27 1.36 349210
S8C 5.706 52.60 a.24 1.72 321210

Sardinian porphyroids as rhyolites and rhyo-
dacites on the basis of a few petrochemical
data. The data of this paper, in particular
those relative to immobile elements (fig. 6)
confirm such classification.

Geochronology

In tab. 3 are given the conventional ages
of the samples analysed and in tab. 4 and 5
are reported the overall isochron ages of the
outcrops, according to the isochrons of both
MEeLLor and MusseTT (1975) and HarpPER
(1970), respectively. Most of outcrops
exhibits isochron ages which are different
except S-3, which gives no isochron age, and
S-6, which gives an isochron age with a low
coefficient of linear correlation. It is known
that the isochron ages of effusive suites
represent either the age of the emplacement
or the age of a post-magmatic event which
altered the rocks (MELLorR and MUSSET,
1975). In this respect, as the isochron ages
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TaBLE 4
K-Ar isotope isochroms of Sardinian
porphyroids
SAMPLE r ("OArJz'GArB. tie
51 9996 -116262 27815
52 .9975% 4752134 288%12
53 .5494 63162585 31427
s4 .9979 190Z136 404215
55 9944 3902108 349221
S6 .9891 6092206 294225
s7 .9966 1852170 386219
58 .9948 765152 234*14
TABLE 5
Harper isochroms of Sardinian porphyroids
SAMPLE r (%%ar) the
51 .9074  -1.23x107°%1.92x107° 354288
s2 L9689 -5.95x10"512.06x10‘5 532t89
53 neg. neg.
54 .9842 8.81x107°20.95x10°°  318%46
ss L9805  1.52x107$2.50x10 ° 21026
S6 .9876 1.21x10 °*4.50x10°  254%25
57 .9780 1.52x107°+7.96x10°° 334244
s8 5451  9.39x10 °4.58x107° 2861256

of the « Porphyroids » from the various
outcrops are all lower than the inferred
stratigraphic ages, and in many cases
unrealistic like those which suggest young
er ages than the Hercynian orogenesis, there
is evidence that post-magmatic events have
systematically altered the original K-Ar ratios
of the rocks. As possible causes it can be
suggested either metamorphism, which af-
fected the « Porphyroids » during the Her-
cynian orogenesis, or weathering. This latter
cause is more reasonable as the variability
of isochrone ages on closeby formations
seems too large whether due to a meta-
morphic event. Finally, it is observed that
there is no relation between radiometric age
and K2O content of the rocks.

Concluding remarks

Acidic rocks of pre-Hercynian time
showing physiographic features similar to
those of the Sardinian porphyroids are known
outside Sardinia in a few areas of the Italian
region such as Sicily (ATzor: et al., 1979)
and the Eastern Alps (D’Amico, 1962;
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Sass1 et al, 1979; Berrient and Sassi,
1981). From a comparison of the chemical
features of the two groups of rocks it is
apparent that there are overall no great
differences for most elements, thus suggesting
that acidic magmatism with characteristic
similar to that of the Sardinian porphyroids
occurred in the whole Italiana region in
lower Paleozoic. However, further investi-
gation is required in particular on the non-
Sardinian rocks, in order to get a com-
prehensive picture of that,

Comparison of chemistry of the Sardinian
porphyroids and other Sardinian calc-alkaline
rocks such as the Hercynian granitoids (GAr-
BARINO and MAsiI, in progress) and Tertiary
ignimbrites (CouLoN et al., 1977) shows that
as concerns major and minor elements (fig. 7)
there are no great differences except the
obvious depletion of Na.O, CaO, MnO and
the moderate increase in K-O observed in
the « Porphyroids » because of alteration.
Taking into account trace element abundances
it is apparent (fig. 8) that @) Nb and Sr are
lower in the « Porphyroids » with respect
to the other two groups of rocks, #) Ba and
Li are on average higher in the « Porphy-
roids », ¢) Sr, La and Ce increase from the
« Porphyroids » through the granitoids to
the Tertiary ignimbrites. The depletion in
Sr and, conversely, the increase in Ba content
observed in the « Porphyroids » may be
partly explained as due to the same causes
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which determined the depletion in CaO and

the increase in K-O, respectively, in these
rocks, in agreement with the known relations
between Sr-Ca and Ba-K in magmatic roscks.

The overall good chemical similarity
shown by the rocks of the three Sardinian
calc-alkaline suites indicates that the chemical
features of igneous activity in this island
have changed little throughout the Phanero-
zoic. This unique fact, in turn, suggests that
the magma sources of the three different
groups of igneous rocks had close chemical
features. Thus the petrological calculations
made by CouLron et al. (1977) to explain
the origin of the Tertiary ignimbrites can
apply also to the Sardinian porphyroids,
whose origin has thus been likely due to
anatexis of granitic rocks or their meta-
morphic equivalents.

Finally, comparison of chemical features
between the Sardinian porphyroids and other
calc-alkaline ignimbritic suites from New
Zealand (EwaRT et al., 1969), Chile (ELHIN-
NAWI, 1969), and Mexico (CAMERON et al.,
1980) shows fairly good resemblance between
the Sardinian and New Zealandan rocks for
most elements. However, it is questionable
whether this means any tectonic significance.
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