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ABSTRACT. - The Eastern Alps are: one of the
European regions in which geological rt:SC:arch has
benefitted by the: highesl number of radiometric
data and the: most significant. The contributions
of radiometric geochtonology 10 the re<:onstruClion
of the: Alpine, Hercynian, «Caledonian,. and older
events are: critically discussed. All radiometrk data
available in the literature up to 1984 are listed in
Ihe attached tables. Some specific problems involving
gc:ochtonology in the Eastern Alps are: discussed in
delail. They include: I) the radiometric age: of the
'" Caledonian,. metamorphism, which is confirmed
to be close to 460 Ma, as the first result by BoRSI
et al. (1973) indicates; 2) the hypothesis of a
Paleozoic Megal.1'cle, to which all geological pro­
cesses developed during the Paleowic (including the
Hercynian events) should be referred. This hypo­
thesis is rejected l'nd a two-event Paleozoic history
is suggested (<< Caledonian,. plus Hercynian events);
3) the existence of Caledonian regional uplifting,
for which new evidence is shown; 3) the hypothesis
that the presumed «Caledonian.. processes are
Cadomian (or Assymhian), a hypothesis which is
rejected on the basis of radiometric data and
geologic reasoning.

Key words: Radiometric Geochronology, Easlern
Alps, «Caledonian,. processes, Hercynian proces·
ses, Alpine processes.

RIASSUNTO, - k Alpi Orientali sono una delle
regioni eucopee in cui la ricerca geologica ha potuto
disporre di un elcvatissimo numero di dati radio­
metria di elevata significativitit In questa nOla
vengono criticllmente discussi i contributi dali daUa
geocronologia radiometrica alia ricostruzione degli
eventi Alpino, Ercinico, «Caledoniano,. ed ante·
riari. Tutri i dati radiamelrid disponibili in lene·
ratura fino al 1984 sono dencati nelle tabelle
allegate. Vengono discussi in denaglio alcuni spe:ci·
fid problemi che coinvolgono la geocronologia, e
predsamente: 1) I'eta radiometrica del metamor-

fismo .. Calc:doniano .., che ~ confermata prossima
a 460 Ma circa, in accordo con i primi risultati
di BoRSt et at (1973); 2) l'ipotesi del Megaddo
Paleomico, 01 quale apparte:rtebbero tulti i processi
geologici ve:rificatisi nd Poleowico, indusi quelli
Ercinid: tale ipotesi vime: respinea, a favare di una
articolazione della storia paleozoica su due evc:nti
ben distinti, il .. Caledoniano,. e: l'Ercinico; 3) I'esi­
stenza di un soUevamc:nto regionale .. Caledoniano ..,
per i1 quale vie:ne messa in luce una nuova prova;
4) I'ipotesi che i processi ritenuti .. Caledoniani,.
siaoo in reaha Cadomiani (0 Assinlidj, ipotesi che
viene tespinta sulla base: di daei radiometrici e
considerazioni geologiche.

Purole chiave: Geocronologia radiomelrica, Alpi
Orientali, Processi «Caledoniani,., Processi Erci·
nici, Proce:ssi Alpini.

Introduction

Following the title closely, the present
report consists of two different sections.

The first summarizes the most important
radiometric results, selected among those
which contributed most to the construction
or improvement of the presently available
regional geologic picture.

The second section is a discussion of some
problems related to radiometry in the
Eastern Alps, crucial for an understanding
of pre-Alpine geology in this region. The
specific items proposed for discussion were
taken into consideration because, in the
authors' opinion, they represent the main
geological problems in which the type of
geological thinking is crucially controlled by
the type of consideration given to the geo­
chronological data.
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Fig. 1. - Distribution of the early Alpine (Cretaceous) metamorphic etfe<ts and location of the Oligocenic
intra·AuSlridic alignment Rensen· Vedrette di Ries.

]. Reeults

The Eastern Alps are one of the European
regions in which geological research has
bene6ned by the highest number of radio­
metric data, and the most meaningful. These
lop-level results are mainly due to the
systematic joint efforts carried out by authors
from Pisa and Padova, as well as the
important activity developed by scientists
from Bern, Hannover, Leeds and Vienna.

The history of radiometric geochronologic
research in the Eastern Alps is short, only
about fifteen years. Indeed, the first signi­
ficant isotopic datations go back to the late
1960s (BORSI et aI., 1966, 1968, 1969;
BORSI & FERRARA, 1967; MILLER et al.,
1967; SCHMIDT et al., 1967; GRAUERT,
1969), and most of the presently available
age values were produced in the second half
of the 1970s and during the present decade.

The most important age results will be
mentioned below, following a chronological
classification.

1.1. ALPINE EVENTS

1.1.1. Early Alpine regional metamorphism
The Cretaceous age of the, metamorphism

in the Brenner Mesozoikum (fig. 1) was
demonmated by MJLLER et a1. (1967) by
means of some Rb·Sr data obtained on
biotites from the Raibl beds. The regional
importance of this Early Alpine metamor­
phism and its implication in the metamorphic
evolution of the pre-Mesozoic basement soon
began to come to light; in fact SCHMlDT
et al. (1967) supplied some Rb-Sr data
demonstrating that biotite in the Monteneve
Complex (Schneebergerzug; fig. 1) has the
same Cretaceous age as the biotite in the
Brenner Mesozoikum.

This very important result, however, was
not sufficient to avoid the development of a
widespread controversy concerning the age of
the main metamorphism in the Monteneve
Complex: some authors attributed a pre­
Alpine age (e.g., PURTSCHELLER, SCHMlDT)
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Fig. 2. - Reconsm.lClion of the northern pari of
tll<- elIrl)' Alpine thermal structure (Iaken from
S...SSI et aI., 1980).

to this metamorphism, others an Alpine age
(e.g., jUSTlN-VISENTlN &< ZANETfIN, SASSI).
This controversy has only died down in the
last few years, when the bulk of data was
so rich and clear (see summarizing pictures
in 5ASSI et al., 1980; DEL MORO et al.,
1982; THONI, 1983) that no objections could
be raised.

These data, also based on different lines
of evidence including Rb-Sr and K-Ar isotopic
interpretations, demonstrated that the Cre­
taceous metamorphic temperature was suf­
ficiently high to produce [he crystallization
of kyanite + staurolite in the Monteneve
AI-rich metapelites. Furthermore, the re­
gional character of the related therm...1
anomaly was clearly shown: a NE-SW­
stretched, dome.like, Cretaceous thermal
structure affected a large part of the Au­
stridic block to the west of the Tauern
Window (Oetztal-Breonie area plus Monte­
neve Complex plus Merano-Mules basement)
as sketched in figs. 2 and 3). All these data
revealed that tbe pre-Alpine interpretation
was erroneous.

1.1.2. Alpine regional metamorphism
While the Early Alpine metamorphism

was revealing all its importance in the above­
mentioned areas by means of the determining
support of radiometric geochronology, the
same isotopic methods were important for
determining the age and distribution of the
Alpine metamorphism.

This event developed dose to the Eocene­
Oligocene boundary, approx. 40 Ma ago.
The rebHed regional cooling began approx.
30 Ma ago, finishing approx. 12·20 Ma ago.
These results are main!v due to BESANG et
al. (1968), JAGER et ai. (1969), KREUZEIt
et al. (1973), SATIIl (1975), BoRSI et al.
(1978 a) and CLIFF (1981).

The most important result concerning the
Alpine metamorphism in [he Eastern Alps is
related to its regional distribution. To tht:
same extent that all authors were, rightly,
convinced. that the typical Alpine domain
is represented by the Pennides (Tauern
Window), almost all of them also firmly
believed that the Austrides were nOt involved
in the Alpine metamorphism. On the con­
trary, BoRSI et al. (1973. 1978 a) demon.
strated that large parts of the Austrides south
of the Tauern Window were signi6cantly
affected by the Alpine recrystallization (fig.
4). More precisely, their Rb-Sr data on micas
demonstrated that the northernmost Au·
midic block - lying between the Pennides­
Austrides boundary to the north and the
Deferegger-Anterselva-Valles tectonic line to
the south - was completely affected by
Alpine recrystallization, the mineral effects
of which were described by CoNTINI & SASSI
(1980).

Therefore, radiometric data were able to
display the unexpected importance of a re­
gional tectonic line, which had been known
for a long time (DAL PIAZ, 1936) but which
had been consigned to oblivion by almost
all authors.

1.1.3. PosJ-Pumian magmatism
Other important resuhs of radiometric

research are related to the intra·Ausuidit
Periadriatic Alignment of granitoid bodies
(fig. I): Rensen - M. Alto· Rio Vena - Cima
di Vila _ Vedrette di Rit:s (+ Polland, in
tbe surroundings of (Lienz). Their Alpine age
(30 Ma) was demonstrated by BoRSt et al.
(1978 a, 1978 b. 1979). Furthermore, the
same Rb-Sr isotopic data suggested a com·
plex origin for these acidic melts, in which
Sr/Sr ratios are significantly lower than
those in the typically crustal acidic melts.

As regards the contribution of radiometric
research to the reconstruction of the post­
Hercynian geology of the Eastern Alps, we
muSt also mention here the important re-



190 F.P. SASSI, G. CAVAZZINI, D. VISONA, A. DEL MORO

....-

••
,,

J"Ur..npdl'>......,-;:,

Nato,,",,1 boo,dc,

-!lOO'e

"
................

,

!!loundary of;
___ ....~2 (''''p,ne 5Ia",,01oIt

201''')
...•.••.•~ .... MA C' Alp,n. l"l"o .....,.

z,,".)
ScMuh,.,tr '''9 (1'101'1'1'1"'1)

,nc!u<!;ng ,00'" S",;••
1\(I~"'tMO"'

.:.0 .,,:-;1~5'5 'Io1.:~O""··

! Hohi K••",I' sp... """"'"

Distribution of:

a Ky"n".
IiI fole.f,.m,,"'.
o

•.Cnlo"toIQ

• Ps.udo",<>'p~~ 011.,
".rc~n,on stay,,,],!.

,. 5:"",·0Id.Gla" :o,d gnti»u r;<~;n "'~"..
""CO, ! b;olot"

1l~t.l•.grQn'I.-.,n.,.... cndou..."'
gn.'.... , ! ",n,t.. "",,, (I"n;901)

O((llrr~nCIalgranltic rocks
o"ofding 10 Ihe Carlo geologlco
d' Ilolia,l 100000. Foglio 4 (MercM)

•

•

r.7Ol
'-'-'-'

106' ••

Fig. 3. - Distribution of white mica Rb/Sf age!! and equilibrium temperatures in Schnccbcrgenug
(Monte Neve) area and the bordering AhkristaUin (taken from THONI, 1983).

suits regarding Triassic magmatism (BaRSI &

FERRARA, 1967; BoRSI et al., 1968; FERRARA
& INNOCENT!, 1974) and Tertiary volcanism
(BaRSI et al., 1969) in the Southern Alps.
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1.2. HERCYNIAN EVENTS

1.2.1. Hercynian grani/oid plutonism

Let us begin from the Hercynian grani.
tOids occurring within th~ South~rn Alps,
where many radiometric data finally managed
to extinguish the age-old debate concerning
the Alpine versus Hercynian age of the Peri·
adriatic Plutons (fig. 5).

Some authors maintained their Paleozoic
age, mostly giving reliability and confidence
to the very rare and ambiguous finding of
granitoid pebbles in the Permian conglo­
merate (e.g., SANDER, 1923). Instead, other
authors (e.g., DAL PIAZ, 1942), considering
the unquestionably Alpine age of the Ada­
mello massif (which produced contact meta­
morphism on Mesozoic rocks) and the par­
ticular localization of all these grarutoid
bod.ies along very important tectonic lines of
Alpine age (Giudicarie and Insubric Lines),
supported an Alpine age for the whole
granitoid alignment.

Radiometric data demonstrated the Upper
Paleozoic age of these granitoids (age range
280-290 Ma: BoUT et al., 1966, 1972; DEL
MORO & VISONA, 1982, and unpubl. data),

showing that in geology a very good line of
reasoning (such as that used by the Alpine
party: DAL PIAZ, 1942) sometimes turns
Out to be wrong because a completely
unexpected new .. truth» comes to light.
In the case in point, the new unexpected
truth was the existence of a Hercynian paleo­
Insubnc Line, which clearly controlled the
injection of the Upper Paleozoic meltS, and
was then significantly reactivated during the
Alpine orogeny. It is worth pointing out
here that this important result of large.scale
structural geology was obtained by means of
radiometric geochronologic research.

The above-mentioned age of the Peci­
addatic granitoids is not very different from
that obtained for the Cima d'Asta massif
(fig. ,: 274 Ma, BoasI et al., 1974). Similar
age values were also obtained for the
Hercynian part of the Eisenkappel massif.
located along the Insubric Line in Austria,
across the boundary with Yugoslavia.

All the reported age values indicate that
the Hercynian granitoid plutonism developed
in the Southern Alps and along the Peri­
adriatic Lineament during the Upper Carbo­
niferous and Lower Permian, and that it
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was preceded by the empl:tt:ement of basic
to intermediate rocks, dated at 282 ± 14 Ma
(DEL MORO 6< VISONA. 1982) in tht: Bressa·
none districr.

Instead, as regards the Hercynian grani­
lOids within /h~ Aus/riJes. they s«m to be
very rare, In fact, these rocks can be re­
cognized only by means of radiometric age
determinations and not by field observation
or petrographic analyses, and only a few
acidic bodies turn out to be Hercynian in age
(fig. 5j 262 Ma by BaRSl et al., 1980;
289 Ma by KOHLER, fide SOLLNEII. et aI.,
1982j 240 Ma by CAVAZZINI, 1983; 248±
29 Ma by JAGER & METZ. 1971),

The predominance of relatively young age
values (in comparison with those found in
the Southern Alps) may be explained by the
fact the dated Austridic rocks are mostly
aplites and pegmatites.

The extremely small amount of Hercynian
granitoids within the Austrides demonstrates
that the crustal level rich in Hercynian
granitoids was not yet reached by post-Alpine
plus post.Hercynian erosion activities: only
the uppermOSt part of the Hercynian meta·
morphic domain was split open - the part

in which only a few, very mobile, aplitic
and pegmatitic veins WCtt injected from the
hotter (and gf11nitoid·richer) underpart,

As regards the Hercynian granitoids
within /h~ P~nniJes, we may say that a very
important Hercynian plutonism is well re­
corded. In facI, the core of the Tauern
Window consists entirely of Hercynian gra­
niroids (fig. 5), altered into gneisses (the
so-called Central Gneisses) by the Alpine
metamorphism. The age of this plutonism
is certainly Upper Paleoloic. However, the
radiometric chronologic picture is not so
dear as initially believed, and complicated
problems have recently been pointed our
(CLIFF, 1981), Considering that the whole
of this very important set of problems
concerns Austrian (and not Italian) ter­
ritories, we will not give it further space
here, but we recommend our readers to
become aware of these problems by reading
CLIFF (1981) and references quoted in it.

1.2.2. Hercynian regional metamorphism

Its two-phase development in the SoUlhem
Alps was pointed out nearly twenty years
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ago (e.g., SASSI & ZIRPOLI, 1968). Recently,
radiometric geochronologic data have con­
6rmed this two-phase development and as­
signed an age value of 3.50 Ma (corresponding
to the Visean according to the time-scale
proposed by OOIN, 1982) to the older phase,
and 320 Ma (corresponding to the Visean­
Namurian boundary according to the same
time-scale) to the younger one (DEL MORO
et aI., 1980, 1984).

It is worth pointing out that t~ age
"alues obtained in the Southern Alps agr~

perfectly with those obtained from the Lower
Austridic rocks to the north of the Tauern
Window by SATIR & MORTEANI (1979).
Furthermore, some age values obtained from
micas in Ausuia fall in this range, showing
on one hand the significant consistency of
the regional chronological picture of the
Hercynian rm:tamorphism, and on the other.
the synchronisrr. of the Hercynian rr.eta­
morphic processes on a regional scale.

Numerous Rh-Sr data from biotites indi­
cate that the Hercynian regional cooling took
place in the time range 310·300 Ma. The
fact that these age values have systematically
been found throughout the Eastern Alps in

the districts which escaped Alpine reworking
shows that no parts of the pre-Permian
basement are known in the Eastern Alps
(Pennides, Austrides, Southern Alps) which
escaped the Hercynian metamorphism. This
metamorphism however was very low-grade
in western Carnia and vanishes eastwards.

1.3... CALEDONIA.", .. EVENTS

The contribution provided by radiometric
geochronology 10 the unravelling of pte·
Hercynian events is very important. How­
ever, in every case this contribution was
the datation of a geological process which
had previously been detected by means of
geologic and peuologic research.

1.3.1. .. CQ1~don;Qn " acidic magma/;$m

During the first stage of this research,
geologic and petrologic criteria indicated the
existence within the Austrides of numerous
old granitoids, the emplacement of which
must have been pre.Carboniferous, i.e., such
that Visean metamorphism 0.50 Ma old)
could have affected them. Later, radiometric
geochronology demonstrated the Upper Or-
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nian .. age values.

dovician age of this widespread plutonism
- the most imp::lnant recorded in the Au­
strides of the Eastern Alps. The age range
is 450-420 Ma (HARRE et al., 1968; BoRSI
et al., 1973. 1980; SATIK, 197.1; mosdy
Rb-Sr isochrons on whole rocks), and 4.50­
440 Ma if a mo~ ~trictive selection of the
data to be included in the statistical llIlalysis
is carried out (SASSI & ZIRPOLI, 1979).

A similar age range was obtained from
the acidic sheet-like gneis5eS, SOrJK:times
characterized by an augen texture (ScHMIDT

et al., 1967; HARRE et aI., 1968; SATlR,
197.1; BRACK, 1977; BoRSI et al., 1980;
HAMMERSCHMIDT, 1981; SOLLNER &

SCHMIDT, 1981; mostly Rh-Sr whole-rock
isochrons), These rocks probably represent
old volcanics (HERITSCH 6< TEICH, 1976;
SASSI 6< ZIRPOLI, 1979; HEINISCH 6<

SCHMIDT, 1982), i.e., outpoured products of
the same acidic magmatism which also pro­
duced the above-mentioned abundant plutons.

If the amount of all these melts (emplaced
either in plutonic or volcanic conditions) is
evaluated (6g. 6) and the coeval South-Alpine
and Austridic porphyroids are also taken
into consideration (BELLlENI 6< SASSI, 1981;
REINISH, 1981), this Ordovician magmatic
cycle - caUed « Caledonian It acidic magma­
tism or, better, «Upper Ordovician granite-

rhyolite aSSOCiation It - rums out to be
exuemely important, the most important
magmatic activity recorded in the presently
outcropping crustal levels in the whole
of the Eastern Alps. In this respect:, an
intriguing piece of information is that a
granitoid having a similar age (446± 18 Ma)
has also b«n found underneath the Po Plain,
in actual fact about 5000 meters below
Venice (Assunta hole, drilled by AGIP in
1976).

L3.2. « Caledonian It regional metamorphism

Field data SASSI 6< ZANFERRARI, 1972;
BoRSI et al., 1973; PURTSCHELLER &. SASSI,
1975) indicate that the above-mentioned
plutonic bodies were emplaced in previously
metamorphosed foliated rocks. Funhermore,
it was pointed out (SASSI et aI., 1974) that
tbe abundant production of Ordovician acidic
melts cannot have b«n unrelated to a
regional thermic anomaly, which must neces­
sarily also have produced a regional meta­
morphism. Therefore, 6e1d data and theo­
retical expectations agree in maintaining the
existence of a « Caledonian It ~ontll meta­
morphism, and in assigning to it a slighdy
older age than that of the Caledonian &cidic
plutonism.
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Radiometric geochronology has con6rmed
these expectations. BoRSl et al. (1973)
obtained tlK: first signi6cant although not
perfectly defined (5« discussion below, in
tlK: second section of this paper) - age
value: 497 ± 38 Ma (Rh-Sr whole-rock
isochron on paragneisses). Similar values
have been obtained in the neighbouring
Austrian areas by BUCK (1977; 466 ± 166
Ma; Rb-Sr whole-rock on paragneisses);
SOLLNER & SCHMIDT (l981; 460 ± 30 and
463 ± 37 Ma; Rb·Sr whole-rock isochrons
on paragneisses and migmatites respectively;
ca. 460 Ma: V/Pb on zircons). Finally, DEL
MORO et al. (1984) obtained an identical
value (463 ± 18 Ma) from an albite-muscovite
Rh-Sr isochron from the Pusteria phyllites
(Southern Alps).

All these data (the source area of which
is sketched in 6g. 7) are extremely consistent
in indicating that the age of the cCa.ledonian.
regional metamorphism in approx. 460 Ma.

lA. THE OLDEST (PIl.E·CAMBIl.IAN) EVENTS

No systematic radiometric data exist, for
the I talian part of the Eastern Alps, con­
cerning pre-Cambrian events. However, it is
useful to summarize here briefly, for the
sake of completeness, the presently available
data concerning the whole of tlK: Eastern
and Central Alps.

In the Eastern Alps, the pre·Cambrian
stage is only indicated by a few radiometric
age values and V/Pb data on detrital zircons
contained in the metasediments (paragneis­
ses) from the Silvrtlta Kristallin. Integrating
these data with other zircon age values from
the Central Alps, major pre-Cambrian events
producing zircons may be admitted at 2000,
1.500 and 700 Ma.

However, these pre-Cambrian ages have
only been obtained from isolated zircon
grains and not from their host-rocks, which
in all cases turn oU[ to be younger - Pa­
leozoic - in thdr magmatic or metamorphic
ages. Therefore, neither pre-Cambrian mag­
matic rocks nor metamorphic rocks have
bee:n found in the Eastern Alps.

As regards sedime:ntation, the only pre­
Cambrian age which may at present be sup­
posed refers to the sedimentation of the
protoliths of the paragneisses and micaschists
making up the bulk of the Austridic ba-

sement: a maximum age value of 800 ±
125 Ma has been estimated by ScHMIDT &

SOLLNER (1982), by means of an integrated
interpretation of aU isotopic data available
for the Eastern Alps.

2. Oiecu88ion of 80me « Caledonian»
geochronological problem8

Let us now consider in detail some geo­
chronological problems concerning the « Ca­
ledonian» event in the Eastern Alps. This
topic is proposed here because, in the authors'
opinion, it represents the major problem in
the Alps in which geochronology has ~n
used, improperly and on a pretext, by some
authors for stocking tlK: fires of unnecessary
controversies.

2.1. WHAT IS AGE OF" THE «CALEDONIAN»

M.ETAMORPHISM?

The controversy on the age of the «Ca­
ledonian If metamorphism will first be sum­
marized and analysed.

As mentioned above, BoRSI et al. (1973)
published a Rb-Sr isochron on the Pusteria
paragneisses, specifying that the data points
fit a fan of parallel isochrons (related to an
age value in the rnnge 4'0-.500 Ma) better
than the calculated isochron value of 497 ±
38 Ma.

SATIR (1975) criticized this age result,
and reinterpreted BoRSI et al.'s isotopic data,
classifying them into two sample subgroups.
However, this c1assi6cation is not based on
any geological or petrographic ~asoning.

Furthermore, Satir's age data calculated from
each of these rwo isochrons (3.50 ± 70 and
370 ± 134 Ma) are at leasr as meaningless
as the age value proposed by BaRSt et a!.
(1973), both from the radiometric (compare
rhe spread of the errors) and from the geo­
logic viewpoints.

I t is astonishing to ~alize" that the type
of defect which stimulated Satir's criticism
(i.e., the scattering of data points along the
isochron) affects mosr of the published and
uncriticized isochrons, and very often tlK:
spread of the scatter is larger than that which
aroused Satir's sensibilities. If the criteria
used in Satir's criticism are applied to all
isochrons published in the world, Rh-Sr
geochronology would be reduced to very
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few exceptionally good results, while the
majority of them would be accused of being
unreliable and involved in Byzantine and
bizarre reinterpretations.

The conclusions are:
(I) Satir's criticism is methodologically

incorrect;
(11) the age value suggested by BORSI

et al. 's (1973) isochron on paragneisses main­
tains all its validity as regards the dating
of the « Caledonian» metamorphism in the
range 500-450 Ma.

The above statements are supported by
the following further radiometric results:
1) Rb~SI whole-rock isochron on the Win­
nebach paragneisses by SOLLNER &. SCHMIDT
(1981: 460 ± :30 Ma); 2) Rh-Se whole·rock
isochron on the Winnebach migmatites by
SOLLNER &. $CHMIDT (1981: 463 ± 37 Ma);
J) V/Pb data on zircons from the same area
by SOLLNER & SCHMlDT (1981: ca. 460 Ma);
4) Rb-Sr muscovite-albite isochron from
South Alpine phyllites by DEL MORO et al.
(1984: 46J ± 18 Ma); .5) lastly, if we
calculate a three-poinr Rb-Sr isochron on
whole rock utilizing the paragneiss data
points published by FRANK et a1. (1976) for
constructing a mixed isochron based on para­
and ortho-derivates, an age value of 456 ±
24 Ma is obtained (see SCHMIDT & SOLLNER,
1982).

All these data indicate that the age of the
«Caledonian» metamorphism (ca. 460 Ma)
falls close to the age value first reported by
BORSl et al. twelve years ago.

2.2. ARE WE DEALING WJTH A MEGACYCLE?

Another important problem related to
geochronology is ascertaining whether the
pre-Hercynian Paleozoic processes represent
'd single event (Le., the «Caledonian» Event)
or parts of a long-lasting megacycle (i.e., a
Paleozoic Megacycle).

The latter interpretation was proposed by
HElNISCH & SCHMIDT (1976) and SCHMIDT
(1977). After a period of latency, it seems
to have found new supporters in that
Schmidt demonstrated instead that he was
more inclined towards accepting the «Ca­
ledonian» event (SASSl & SCHMIDT, 1982).

The megacycle idea was based on a stati­
stical analysis of all radiometric data available
in the literature: they cover the whole Pa­
leozoic time range almost continuously. This

result, however, is only obtained if all dall!
are included 10 the statistical analysis,
whatever the type of isotopic system (i.e.,
K-Ar, Rb-Sr, etc.) l!nd whatever the type
of analysed body (i.e., biotite, zircon, whole­
rock, etc.).

If this approach is extended to post­
Paleozoic times, we obtain a really sensa­
tional result: the Megacycle which began
In the early Paleozoic and operated
throughout the Paleozoic prolonged its
activity during the Mesozoic and Tertiary!

Joking apart, as a matter of fact the
grounds for the megacycle interpretation
vanish completely if the statistical analysis
is carried out rigorously, i.e., only putting
strictly homogeneous radiometric data (that
is, those having identical significance) in the
same sample population. SASSI & ZIRPOLI
( 1979) demonstrated that, following this
rigorous approach, a clear two-modal distri­
bution of the age values is obtained, con­
sisting of a «Caledonian» cluster of age
values and a Hercynian one. The age data
published after SASS} & ZIRPOLI'S statistical
analysis confirm this result, increasing the
statistical weight of both clusters and making
the interposed empty space more significant.

Therefore, if our reasoning is kept very
close to the facts, the megacycle does nOt
exist at all or, if it does exist, data for
detecting it are not yet available in the
Eastern Alps. Currently available radiometric
data indicate clearly that the Paleozoic
thermal history (magmatism and metamor­
phism) in the Eastern Alps is a two-event
history, consisting of a «Caledonian» event
(magmatism and metamorphism) of Ordo­
vician age (SASSI & SCHMlDT, 1982) and a
Hercynian event (magmarism and meta­
morphism) of Carboniferous to Lower Per­
mlan age.

2.3. CHRONOLOGICAL EVIDENCE FOR- A «CA­
LEDONIAN » REGIONAL UPLIFT

A few lines above, we wrote: Paleozoic
·thermal history. However, readers should
not believe that the «Caledonian» event
was only thermal. Indeed, dynamic activity
related to the «Caledonian» event was re­
ported ten years ago (SAS SI et aI., 1974), and
more recently radiometric geochronology
(V/Pb method) has been used for de­
monstrating tectonic activity in the age range
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4.5(}.420 Ma (CLIFF, 1980). SASSI &

ScHMIDT (1982) agreed in defining the «Ca·
ledonian» event in lhe Eastern Alps as a
« tectOnic-thermic» event, thus stressing the
importance of both its components, tectonic
and thermic.

Radiometric geochronology supplies an
indirect tool for detecting an effect of an
important regional uplift of ~ Caledonian»
age. In fact, radiometric geochronoJogy in
the Austrides indicate that:

(I) Alpine gnnitoids only occur in the
Rensen-Vedrem: di Ries alignment, the
emplacement of which was strictly controlled
by a tectonic line (6g. 1). This means that
only Alpine granitoids injected into a very
high (shallow) crustallevel outcrop, and that
posl-Alpine ~ion was nOl deep enough
10 affect the level rich in Alpine gnniloids;

(11) Hercynian graniloids outcrop only
locally in the Austrides (fig. 5), and they
are mostly aplites and pegmatites. In this case
tOO, only rare and shallow granitoids outcrop,
indicating that the post-Hercynian erosion
of the Austrides was not deep enough to
affect the crustal level rich in Hercynian
granitoids;

(lIt) «Caledonian» granitoids outcrop
abundantly in the Austrides (fig. 6). As a
matter of fact, the Ordovician crust OUtcrop­
ping below the Upper Ordovician to Silurian

metasedimenrs (Le., the Austridic phyllitic
complexes) is abundantly riddled with Ordo­
vician gnnitoids (compare the distribution
of acidic magmatic rocks within the Austrides
in figs . .5 and 6).

Therefore, Ihe Ordovician crust was deeply
eroded, and this erosion cannot be related
either to the post-Hercynian or to the post­
Alpine uplifts, for the above reasons.

These considerntions are graphically re­
presented in fig. 8, which shows the present
erosion level and the different levels rich in
variously aged grnnitoids. The erosion which
abundantly split open the Ordovician plutonic
bexfies must have taken place definitely after
their emplacement (440-420 Ma ago) but,
significantly, before the Hercynian metamor­
phism (Visean, 350 Ma ago): in fact, this
erosion stage must certainly have been fol·
lowed by a burial stage. necessary for these
rocks to have been involved in the Vi.s6m
metamorphism, as radiometric data de­
monstrnte.

2.4.« CALEDONIAN» OR CADOMIAN?

A final remark deals with the possibility
that the processes considered above as
.. Caledonian. are instead Cadomian (or
Assynthian).

DAV
LINE

A

B

c ...:.:..... : ::.. . . . .

··...·.·.
·.....·........

A

B

c

•;.;.; Alpine gril.nitoids ( ..30 Ma)

l2i!l Hercynian gril.nitoids ( .. 260 MOl)

1+ ++1 ·Caledonian- gril.nitoids (..420- 450 Mil)

Fig. 8. - Schematic represemation of the variously-I#d granitoids in the Aumides. - AA: pcesent
erosion Icvd; BB: level rich in Hercynian granitoid bodies; CC: levd rich in Alpine granitoids.
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First of all, it should be noted that the
use of the term .. Caledonian. only aims at
indicating a given time range-that in which
true Caledonian event look palce in the
Caledonides. Any causal or spatial ~Ia­

rionships between Oroovician evolution in
the: Eastern Alps and the Caledonian event
in the Caledonides is Dot implicit in our
use of the term «Caledonian _ inserted, as
it is here, ....·ithin quotation marks.

VAI (1975) maintains that a Cadomian
hypothesis is more weU-founded than a
« Caledonian» one. However, a detailed
comparison of the age values from the
Eastern Alps with the true Cadomian and
the true Caledonian values led BaRS1 et at
(1975) to reject Vai's view and to confirm
the « Caledonian» interpretation.

More recently, discussing the «Caledonian»
age values from Central Europe, DoRNSIE­

PEN (1979) considered them as Cadomian,
partially rejuvenated by the Hercynian event.

Two main objections are to be made
against Dornsiepen's hypothesis, after having
recalled that; (I) a partial (Le., incomplete)
rejuvenation is expected to produce random
scatter of data points in the isochron diagram
below the original isochron line, i.e., within
the field between the original line (isochron
of 6.50 Ma in our case) and the isochron
line corresponding to the younger rejuvenat­
ing event 0.50 Ma, in our case)i (11) a new
alignment according to a pseudo-isochron
could only appear occasionally, as a random
and rare IUJUJ.

With these premises, the objections are:

I) Why should the assumed partial rejuve­
nation have procluced new alignments of

the data points in the isochron diagram
everywhere, Le., the less probable result?

2) Why do the unexpected new alignments
nOI correspond to several, t'1lI1dom age
values in the range 6.50-3.50 Ma, but in
every case fit isochron lines systematical­
ly corresponding to Caledonian age va·
lues?

10ese objections are sufficient to discredit
the Cadomian hypothesis definitely. We
could also add the observation that geological
evidence for a Cadomian event is completely
lacking in the Eastern Alps: therefore a
Cadomian hypothesis in this region is com­
pletely arbitrary, because it has no direct
support, either radiometric or geologic. On
the contrary, the «Caledonian l' hypothesis
is not only based on a rich set of well-defined
radiometric data, but also on numerous geo­
logical indications. Furthermore, the Upper
Ordovician age of the « rhyolite·granite as·
sociation. is not only based on radiometric
data, but also on strictly consistent biostrati­
graphic datations, which indiC'3te that vol.
canism ~rtainly look place in the Upper
Ordovician (FuJS &: ScHONLAUB, 1976), and
not in pre.Cambrian times, as the Cadomian
hypothesis would imply.

Ad:"owl~dl.~"u,m. _ 'The presenl r~h was
financially supported by lalim C.N.R. (Cemro di
Studio per i Problemi dell'()rogeno delle Alpi Orien­
ali, Padovaj. Mm)' thanks are doe 10 Prof.
G. FEU"",,,, for the critical reading of the manuscript
and to Mr. P. AOOSTINt and Mrs. G. GIACONI (lsti­
toto di Geocronologia e Geochimica Isotopica of
the C.N.R., Piu) respectively for having drawn
the figures and Iyped the long rabies.

PRESENTATION OF THE TABLES

In order to obtain directly comparable
data, three types of standard tablu were
compiled, one for each of the three radio­
metric methodJ. When neceJSary, isotopic
parameters and age values were recalculated
by using the recommended duay constants
(.iTEIGER. and JAGER., 1977). HOl«IJer, such
recalculation was not possible in Jome cases,
when the used valuu of the decay conJtants
were not mention~d in the PQpus.

The·numerous Rb/Sr and K/Ar data were
aJSembled foflowing different criteria. Rb/Sr
data firstly were divided according to the
structural geological units to which they
belong: three large groups of data (Southern
Alps, Austrides and Pennides) were thus
obtained. Inside each of these three groups,
data were further assembled conJidering
both the geographical location and the age
range. A.r regards K/Ar tables, these were
compiled on geographical base only.
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• ." 1011."'10-' .., '"

.~ ., ... 0.11'\0-' ••• ~

.....",

OrUoopoh. m,. • ,.. JO.J 'lo-' ••• ar.l:!.' ..
" ••• 1I.1 ·lo-' •., n.l:!.J

_n._t.. ~,- • I.IU JU'lo-' ••• • • ..
'"'-' ..UIdot.. ..... IlOI • ,.. 5.1 '10-' ••• • "• ,.. ~.I .10-' ••• • "" '.M ll.lS.IO·1 IU lS.~!.J.I

"'_. "u«IIh' _Il~ • ,. n...·lo-I ••• • "" I.n D.I!;·lo-l '1.1 " ""'_. "UIdoIo. LW 11~1 • I.U lS.J .10~ 11.11 IU:".I

" '.11 lO.DI-10~ .., 19.':=".1

...,.".. _11&1 • ••• Jot.o .1".... IJ.I • "• ••• ll.1 ·10-' .., • "• ••• tt.1 -10-' .., R.,:".O

, ••_1.. _11. • I.II!; tt.1 ·1.... .., " "" '.11 2t.I ·1.... '.' ,.
"" '.11 tt.l .IO~ ••• ,,,
"• t·.....«o1o. LW 11:14 • './1 u., .1..... ••• .. "" I.n IJ.S _I.... 11. I .. ""","-t.. ..... '" • •• 1l.1 ·IO~ ••• • "" 1.11 IJ.2 'IO~ ••• .. "0rtl\0tI00 I.. .....11. • ••• ilL! .10.6 ••• ., !.It

" 1.'1 42.4.10.6 .., '" "" ,.. 00.' '\0"6 ••• ,.
"0rU0t0"< IS. ..... 1141 • 1.1' lI.' '10.6 11. I ".~!J.I

" •• 1&.1 '10.6 'I. I II.~!).O

~I.. ..... 1121 • 1_01 .... '10-' ILl • •
" 1.03 n.1 .10.6 11.• • "' ....9"010. .....IIK • 1.01 ••• .10" ••• m "00"..1 " •• ~1.6 . 10.6 ••• ". "Ilo"t'·olo,I""I'" 9"01.. ". 11(6llIl-llXIl 6.61 14'~'W6 .,] ,

'1(6llIl-llXI) 6.1l 14.61·WI ••• lill.1!.1.

'lo,I"·ol.,t""I... i<>Ot .. '" 11(100-&00) 6." 14.,2'10.6 ••• M.I!.I.

"'(6(10.&00) 2.6' 1l.'I·IO-1 ••• "' ""'('OIl-!(l(I) '.M 11.&1'10.6 •• ,. ••
......1.1,,. bto,t..• m 1!('(l(I·l(l(I) , 10ll.1 .10.6 ...]
pl.,t.<1••• ..-1.. 1!(OQO.lOCI) '.M 101.3 '10.6 11.• ... "'1"' ..·pl.,t""I... ..-t.. '" 11(6(10.0(10) 6.10 31.'3'\0"6 •., '" "11(0(10-200) 6.IS 1S.IlI·W6 • '" ""'(6(10.0(10) 'M \3.24.10.6 .. '" ""'(4(II-lOCI) 1.11 6l.lS·IO-6 11.' m """coo'" ....1.1< ..-1.. m "'(600-_) 1.1' 5,.n·10~ ••• ,.

""'(4(11-200) 1.1' 54.!>O-IO·1 .., ,.
"D'..... '" 1/I(6lC1-OIXI) . 111 lZ."_IO-6 ••• •• ""(00Cl-200) .'M 12.31'10-6 n .• '" •lIl(lOG-l00) .m Il.ll·l.... 11.6 o• •111(100431 .•m 1I.3lI·10~ n.' ~ "1Il( 'il) .m II.n·to-' ••• -"Ot..... '" 1Il(6J'1-!IOO) 3.1" 1l.ll!i·10·· ..]

"(IlO-IOll) 3.136 12_01-1.... .., lU!.I.2

"('lO·lOll) 1l.lIHo-' '.-
'1(1lO-1Oll) ,n ZZ.I'·lo-' •.. ] a.1!.1.
• t(llO-lOO} ,.. n.~·lo--I •••
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TABLE 2 (conlinul'dl
K/Ar

!<x. tJ'p<! SOOI'\. ". ",tec,.1 " "OAr nI _1/9 IIllA. rll ~. r"'f.,,'

WR{OOO_ll~) Z.06\ 8. [,0. 10-6 gl-3 '" ~1.l

I<R{ZOO-IOO) 'm 6.~1·10-6 91.~ '02.6:!cl.J

0""'" '"~ wR(6Jll-SOO) .~ '5.60.10-6 " ..,
"WII(OOO-ll~) .~ 15.5'·10-6 .,]

WII(000_3\~) .~ 1~.§9·1O"6
., .n

"W(OOO-l\l) IS.6t·l0-6 91.6
"(200-100) .., 1•. ~I·l0-6 9l.9 ..,

"',o"t.-pl'9'Q<I... ~h. '" "(WOHOOI ••• 56.19.)O"6 n.o n. " n
"\000-1001 ••• 6~.71·10"6 ., m "
"'(000-/001 ••• '8,31-10-\ .,]
"'(lOO-lOO) ~.Il ".71.10-6 9 I. 7 "' ""'(lOO-tOO) 6. Il

Granod' ..., .. "' "(lOO-lOO) 7.16 101.3 ·,o-~ 9Z.6 '" ~Au,..,,...,.. HI • t(6(I(1-<00) 6. ~• '1.2S·'0-6 ., '" "'t(lOO-tOO) 6.6\ ".8l·W6 .., ,. !.l
""(lOO-ZOO) 8.3t 10l.t .10- 6 .,] ~ ""'(lOO-ZOO) 8.ll 10l.1 .'O-~ 92.7

"!/O"~'"
,. "(lOO-tOO) 7.28 62.61.10-~ ••• m ""(~-lOOl 7.n 67.SO·W6 91.9 '" """(600-000) 8.10 l00.~ ·W" 91. , ~ ..

""(OOO-WO) 8.'0 61.1 ·w7 "., '" "Ohl><.. m 1rlI(600-5OO) "' ~.15·10-1 ..] '" "1<R(6OO-5OO) .516 16.lt·l0-7 ••
lIH(<oo_,15) .516 ~.16·10-7 .., '" "1<R12W-'00) .m 54.35.10- 7 87.1 '" "0".... '" 1/Il(600-SOO) .~ 19.81·)O"7 93.7] .,

"WIl(60ll-5OO) .l\8 39."'.10- 7 93.7

1/Il(<OO-31~) .3\8 38.9J·l0-1 S9.' ,,,
"lrlI(lOlJ-IOOI . '15 SO.10'10- 7 ••• '" "a...... lllA WIl(6l(l-1001 ., n.'" '0.7 9l.8 Il0_7~1.~

WIl(ooo-mJ ... 12.ll·1O"1 9l.9 1Z1.7!1.~

I<R(ZOO-IOOI ., 68.3"10""' 89.1 m,'!1.6
01 ..... JIlI 1<R(63O-'00) "' 50.36-10- 1 91.0 9S8!1.1

WIl(000_3\\1 1.181 ".51_'0_1 ••• ".9!1.'
1<R(2oo_1ool 1.2l8 '9.12.10-1 •• 91,'!.l.1

TABLE 3
Rb/S, analytical data - SOUTHERN ALPS

110<. '1PO 5....1••. f'.ltorl" • o. .,- SIr.b/86S. {~ISr/Us'I_ (8IS./865d, ~. R.f.

t,i"_", """''", 1Io..."tt",,,, Hill."",..,It. "" • • ~ ,. .1028 .1028

<OIHO..." "" • • ". • 1'9 .70n .10ll

'otit. er oz • .. ", ,. .70l6 .IOJS

'''<"1'' C£ llj • '" "' .8/1 .IOJ8 .10ll
I"e"y.. Cl: 116 • '" m 1.580 .100l .1035

'roe"1'" " " ". .035 _70l2 _70ll

Ir"'1'" et 113 • ,. '. .., .- .103'
AI •• " RhyolH.. CC 11' " "

., .., .1035 . /(11\
.I ••H ...",11" "" • ,.

~ 1. 21' .10l' .m.
P.r<lHctc

"" • '" • '9.180 .1121 .103'."."-rfIyo' It.
II<p/I011"ltl, ....a " • • ". .., .10tS ".',hrotrltt, ....H M10) • • ,w ., .10ll ""
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TABLE J rcnnlinlltdl
Rh/Sr
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" ... tt ...g:_4O • '" ••• ".. .. 1".:. ,
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" '" D.' ,., .0' Ill.:. '
r.,•• m .., •• .~ I~I-,. ...... Oh "

,. ".0 "' f.OlO ""."..,,,, •., r.I•• ., "., 03.' .w ~11_.. I e-r-.II

" ", D.' "., .". ZJO:.:.I!,
-...1", 1 ..,,.1. 'K " ,. "' "., .11' nl.:.',

" '" 3'.' 0.' .- ""' '-...10. 1 ,.... t.o<t.

" •• O • D.' .1" m,:..u0

" - ".' ".. .- ~u_..
... 111 " - ••• U.I .111 !61.:. 1

-...1.. L·' " - ".' •• .- rJll.:.ll...,. H " m 1'.1 ,~, l.llO Ul..:. 1...,. ... n. " '" 0.' "., .111 t<l..:.ll...,. .~ .. 'H ••• II.! .~ f3S,:.lf-,. ~, .. •• Ill.O ,.. .m_.• ". " ". II.~ ." '-- U'.:. '
r.I~. ., II.t "' .m lM,.:.1l

GI"..I .. ,~ .. - "., 11. ~ ."' U'.:.1l

" ,- 1l.1 ~. I.III l)l,:. 1

,.l~. ., >.• n .• .m n,.:."
GI"••'''' 1-(;{-1l • •• ".. "., .111 Ul.:.ll
"..,.. I_~l_" • ", ".0 H.' .". m.:. I

" ••1.. I;T_lU • ." '~.J n .• .," lIt.:. ,

"'.1 .. "'''-51 • ~ .., 195.l 1.:!!il Ul.,!. 1

"..,.. I;'-ltl • m l~_l "., .- nl.,!. ,

~."'tt '"' • .. ~, ...
~"""

~. • " .1~~ ...
" ••1.. 1·"-lO • 8. \1 .'m .JOll

Ibu..lt. .·,,..11 • ." '''' .~.
'to.... ll. 1·111 • " .1~1 .""
S....I .. 1·180 • " .1100 .I~'

s....". I· \lO • " ..'" ./000

-...II. • .,. .1010',Cutoll•• , • ••
""",,,,,". • • • ..'" .-C.,,",,oH

101",1.. ,.. • ." . lQ!j1 •••_.,
"""'''''0'''' .. " '" l •. 1 \1.01 .Illl UI,:.I

_,"' ...1" .. " ". t •. ' 1'.6J .- !ll.:. I

••• > " - 11.0 '1.'S .Ino 114.,!.1- " " - ".. 11.111 .,'" !4J.:.l1

01 ...1.. '" " '" .t.• "." ..- !41~

01..., tt '" " '" 31. • S/.~ ..,'0 fH.:.'

Sj'IOltl< .,... H "
,. D.' <6.lo .- !l~.:.'- " • .. ." .ft .JOll.... • • • .~ .. .~- m • " - .ft .~- ~ • • ". • -
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TABLE J (cQnlinu~Jl

Rb/Sr

-- \.0001••. '.....1.. 0- .,- """", (1Is.-..-s.,- Ills.-~h ~. •••

- • " • ~ .n .-- " " " un ." .~,- .. 0 .. '" .. .-_,...,1< .. 0 n. '" .. .-
_tanto • 0 • ,., .. .-
_'''''to ., 0 ~ ... .. .101'.~. ... 0 ,,, 111. .. .M'
~'t" .,.. ,.,

" m ~ '.n .-
~'\" oil"' 1_100 0 ,.

~ ,." .111$

"....,.. " 0 "
,. .. .-lo.,.'.o 11___ • " • '" .. .-_.001' ...,.. • " ,. ~ .. .M'

_HlIo'olCl ,. 0 '" n, ,. ./lil

'"Ill". SIO-ISl 0 n. '"
,,, .Ill'

H,. S"I..

GI'"....I••U. V' .. '" l.!l l/l.DI t.t., m~'
"'"..... I••H. v, .. ". 1.01 lll.ll t.ll. Itl!. t

1,.tW< _"t. V' .. •• l.ll Sll . ., 1••m 1I8:!c t

..."'..",. -".. V" • n" I. 11 IStt.~ 1.\1911 IU!. t

~

1_'.. .. 0 ,. ,n .." .,~

,,-,I.. '. 0 ,. • n .• .-GI'".....'...lI« .... ,to ~ 0 ... m '.0 .m~

"'"-'.... ll' ,..... ,to ... " ... ,. 1.10 .11"
",_,...,tI, ,..001.. ., 0 ,. .. Z." .•tol

.I10l!.' l16:. •
_'tI<_Ito ." 0 '"

,. l." .~
1..1< 0J'I.0 ... 0 ... m ,." .IIS11_,.. ~ .11 0 m • If_1O .11"
"-"" 1Il:.1ll 0 '" '" '.. .-"'IUl, ,....., .. ... 0 M • •• 'M-" .. .. ,. ••• M.' I.U. 1·11011 .....""-,,,,,, ~ .. ~ .." •• I.UfS (.11011 181~ ~
_,....1< ." .. ~ tl.ll llt.9< I.m' 1·1101} lR!.'O-,..,.. ·, .. on ••• m." t.lotlIl (.ItOll lII~ I

!!.!I!!!.",-,,,,,,,-,,,,,. n' 0 ". .., ,n

"~1'""'..-.0-_,...,.. on 0 '" ~ 2.ll ./la
MI........, .. n" " m .. It.lD .-
tor_lO"" '" 0 '" '"

,. . IlIt

;""".·;"l_'''''to .. 0 ... ,.. ,." -'littio-'.".-GI'",_,,,,,,. '" " ,.. n. ,.. .1111

' .......,,1< .,.h I '11 0 ,. m 1. IS . Ill!
./O/~. :101:. I

'_t,t" 'y," 1 Ill! " ~ '" .." .1))1

Apl'to I UJl. • 'n ,.. •• .'MGl"",..... tio-._'... Ito 1 Ull, • ~ '" ••• .,m,.....,.. I U1I1 0 m .. •• .lIlt
tio-••,..-Gl"._,....,..

'" .. "' ,. 112.!iO 2.111/ (./019) '''!. •",o".oGr,_,,,,,,, ,u " •• 19.81 lll.1'!i I.ll~ (.1019) 26.!.11"....,...,.. '" " '" U.11 11.41> .,~ (./011) .....
,,"oltooGr_'...,to .. " * 1I.!iO 101.40 1.0/1' (./'01t) !S1:.1)
Gr.. ,IO'-Gr.... ,... ,I< [ XIf .. ." ~.., 141.000 l.loOOt (./'019) Il':."

~
",_...1\1, ....t .. ~ "

,.
'" '.Y .nll

_1...111,_1.. ". " ,. '" ,." .-,,_I...tlt< _,,, " 0 '"
,. ,.. .no

"'_'....U'_l.. on 0 ,. ,n ,." .nu
"'_10.-111',.....' .. m 0 ,. .., ,.. .- ./Ofl!. ~ lt1!. •

_1..-1", ,..oolto • 0 ,. '. t.14 .111/
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TABLE J (cQnlinut!J)
Rb/Sr

~.- S-l••. ....... t" .~ .. ~ ".,..,. CI1Sr..-s.-l.. l~1$r..-s.lt ~. ~.
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• 11"
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..Itu .......lItt.

• III A ~ '" • "m .~,.....tu
..It" • 011
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....It'" • un ~
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~" • • m ,
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" .,,11:' • 111)8
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~ ~ '" '" us ,1111;'

'" ~
,. ", ,. .7111;'.. ~ '" m '.n .n1:1!" .1l02!:,

~ ~ ,.
'" 1.<2 .11~'

er_l...t ... I v ..it.. ... ~ '" '" ,." .1111;S .- tR:H
~ ~ '" 'm ,. .,...,. ._~

m ~ ,. m ,." .n'~l .""'~= ~ ,. ,m J.IS .~l .1102:-,.. ~ *
,. ..s, .,..,.

* ~ ,. m 3.10 .ml!.l

fm,.
~ ,. m.' '.H

"":1Fqo1l.. ,...1_ lUn ~ ,. • ," .11»;"

'" ~ = .. t.11 .,~

M ~ 'H n.s 'O.ll .""~J "'" ~ ... " 1•.SI .l'IK.!. J

r.,.II" ,......... '"' ~
,. RI ., .nn!. s ,7101.: I l~l-. ~ ., I'. , •• .1J1s.=. I .~J !"~ I-, ~ '" 11.1 5." ..I~1,

~ '0 " I.JI .TJtI:.'.,
~ '" • IO.U .1Ul;. 1

In,. ~
., IU /0. fO .-:.'

m ~
,. U.I ".JI 1.-:' I

,.,.,H.. ,,,.1 .. • "
,. :l.1 IJ.I' .'/0:. ' ._;.Ia t,,~ I
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• 5' • If." .I.eo:. '
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• m " ll.n ,'111;. I

" .. 11.1 ,.. .1l'1:. J,. • ., ,n .1"':. •
foyollt. ,,,.1 ... -. " ., •• m.ll 1./191:.11 .m':.H uo;. ,

f"Solt ... ,,,.1 ... ~n " ~ •• ISIl.OI l.iliJ1!,U ./1'1;. J N;.'
f.,.ol1" ' ....1.. ,", " ... ••• IJI.t1 z.~1l ./II,,;.to Ut;. 0

f.,.oll'" ,.....1.. m " • ,., ID31. \, 0.0111:.1'1 .mo:.lO liS;' ,

,"yol1 .......1.. m " •• 1'.0 101.lli I. )OM:.n .nll~ , 111;. I

" • " '.0 .1111;. I
f.,..l1 ....., .. JlUl " •• .... ..11 1.-s;.I' .11"';. • "" '
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TABLE J (continued)
Rb/Sr

Roe> type s_" •. 110,,,,1.. ••• "~ 8IRbJ'16$' (8IS'.,uS". (3'S'/~')1 ~. ..
["'
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t ....,<1
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G,,_I••lto CDl$' • '" '" 1.0' · IISI
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Oz·~o.lto ,.., • .. '" " .., .1061.!. ~
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G••_,." .. ((loIl/i " " w, ." .1092 .1041.!.1l

~
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AA 16.l' • '" " 12.sa ,714~ 6

AA 16.l1 • '" " IJ.lO .nll.!. 1

AA 16.ll • .., " ".H ·7610.!. J
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TABLE J (continutd)
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["" " • • .." '-' 'J,..\.00010_1''''<0 ~ 11-" " • " .." ,nu. I .m"!. ' )11~ I
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Meo·n • '" '" 1. •, .m'!.J
.... !lG-ZI • " '" '" .1tl'.'. \
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• ... B.' ." ./11.4.:. I
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• 11.' ••• .. .m...

" ~ •• lRll 1.'SC)!l1

><l1I1< ...... .~. • ., n 1l.U ~.,~• •• ••• 6. \1 .16]0. J Il.!"
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• '" ". I.U .1lS'! I

>,•• 100 .....t'W'1 '11'....

." "
., .. \1.)l .rm! I ".n • "' " '.12 .r.l! •... • ,. • ..n · 'MS! 1.n • M " \0.11 · I")! 1

.H • ... • \0.10 .1'0ll,!10

.n • m K ll.1l .~!s... " ~ .. •• .nl.! •
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'A rlt " ~

,. •• .~)

lA m • ,.
'" ••• .n,,! l

.11 n1 • ,,, ,. •.n .n"';.!
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'A Igl, " ... ,. •• .'*! J
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TABLE J (conlinu~d)

Rh/Sf

~' .... ~l~ •. .....rI.l "- >- ....... Cll1lor~1a tl /1.tJ8'lorh ~. ~.

lIoJt-l!Ue: t.._ .... lA 11' " ". ".~ " 1.0U~ I 112:. •
.".H'k ._... lA 1ft " 0 10.' 11'.7 '.1170:. 1 1/0,: •

""11<10 ._1... .. ," " ~ ••• :lS1.7 '-0111;7 '70:. •
-,.IIUO 1.._ .... I. ~1 " ~

.., <11.1 J.!OU:.)f .....
eoo>lIt1e: ._,... .'" " - ••• _., t.tt~ "".~lIUe: l.._lt. .~ " '"

,., n'.1 1."'l: • .....
""'Il,te: ,.._I... ... " - ... 511.' 2.,no:'-1 U2:. 0
-,.lItle: ,.._I... ." " R' ••• '!'l.lI l.fIOl~" 170:. 0
.".11I1e: I,._tt. ... ., ," "., .., .I401~ 5 cKS~ 1)

"""Iitte: t.l_t ...
I. '" " ". 10.5 'J '.O<I~ l "IIIIJoolitte t,.l_t ... T. In " m 10.' 11'.7 1.11~1

..,.Ittte t.l_t ... TA 1<1 " '" ••• JSl.1 1.0I11~1

~1tlte: t,.l_t.. T. I'JI " '"
.., 011.1 1.loOSl~J'J

.1\11~!1 1I1~ 2_.".Itlte t",l_t.. T.l1' " - ••• 2j<.1 1.'12S~~1

_..,..II\te 1",loIIrt.. lA JIIl) " '"
,., 11'.1 l.S9SJ~ I

_..,..H'te t,.,l_t ... ... " - ,, Ill.' 1.":lc4~<\

'''roH'te 1",I_it. ." " '" ••• '95.0 l.fI01~1\

'loyDlt,tc 1,.I_t.. ... " '" ". l.st .1209' 2..~ • • UI .'I"~ J
"""Hlte: 1,.,_11. ... " .. ~ ,.. .IlVo I..~ ,. m 2.11 ./lID:!. ] .1102~ • "".""1 itte: 1,._1.. "'19 " .. m •• .12~1.. " ." • .1llJ: '
..,.lltle: I._I.. .- • .. '" 1.11 .llJl~ I..~ " .. 1.111 .not:. l

TABLE 4
Rh/S, analytical data . AUSTRIDES
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~

'_UUe: ,.._tort.. ", • " ," ." .~

" .. • " '" .. ./l0l

". • • .. ., .1110

".. • • no " .~

"" • " '" .. .-", " ". '.R \2Il.1' .'m ( .1OIll) 12.1~10 •

"'....·"'l..·"'n.".l" ..._t
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• - " 10. IS .IIl)~ I
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" •• Il.I tUl .Inl~ ,

• m '" 0.01 .IOIll.:. 0

""" om" • ,. - ,.,
"~]

"""., • ,. ~ ,." .1\01:. 7

".t_ ~ • ,. ., 1.11 ./101.:. J
•""':. J U.-':'l'.I... • 'D ," ,." .1110.:.'.... • ,. ,. ,." ./1'" I.." • ,. m l.17 .1117.:. •

~ • " ., .M .'0".:. I.., • M ., .M .Ill".:.'.." • " '" .. .7OIJ:. )
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TABLE 4 (cQnfinued)
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c,..1t. MI6_' .. '" " 01'.02 .81".:.U ".6.:.1.0

• ." " '2.!>O .1181.:.\1 19.6.:.S.1
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....1\-) • '" m '.00 .1101.:. 1

Cr,,"". Kid cl;'k... M1S-5 • '" " '.26 .1131.:. •
' ....11'•• and "1\-8 • ,.

"' 1.2' .109).:. S .71)96.:. \ " "~"no<ll.d",
..IS·' • '" '" 1. 76 ./HIS':' l
MIS·IO • ,. m 1.41 .111>9.:. l
MIS·]I • m .. 1). 20 .11\4.:.'0
M'!-ll • .., .. 6. 11 .ml.:.'
""l-Il. • ,.. '" '" ·1\'6:!: l
1.'./0-'\ • • '" " .1110l:. '

r"".lltu "'/0-% • '" '" ." .'1 12.:. J ."0'1.:. ' 21 .:.11
M"-II • '" '" 1.01 .IIll! 5

M7'·18 • " m 1.0l .IIIS! S
M70-6O • ,. '" 1.21 .1111!5

lM,..61 • ,. ,. ,.
.1110> ~ "M" • '" '" uo · J1I6! J
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I_Ht. ~ " ." ,.. IIS.21 . 91-1 J PO'J) .. ' , •
'_Ht. 00' " '" " 139.0J .~1l! (./00) " , '

Mll-81 • '" W l.05

"'" ~
"MIO·Sl • '" '" ,. · JIIIIl! <

GT,"lt., MJO_61 • "" '" I.S5 .1091! 0

MI.·6e • '" ~ 1.21 .1091! l
•7089! I .. , '

MIO·69 • '" '" 1.28 .JC9!! l

MJO-JO • '" ,. 1.0~ .1C95! 1

Mn·&! • '" '" 1.00

""'j
M7~·19 • '" '" ,." .IIOS! 3

M7'·ll • m '" .. · 'lOS_ I

M7'·15 • '" '" '.00 ./l01! 3 .I~I 03.S!".S
MI'-11 • '" ., 1. I~ ,nOJ! J

Ml'·n • ,. "' '.M .7IOS! 3

M7'5·' • '" '" ." , 'IOS!

M73·5Ib • ,. " •. oo .mS!.~
MI3·11< • '" m 2.IS .'119!, 1 .llOI! S " !2Z

:~~:::I~;II~ .no!
Mll·19 • '" 'M l.05 ,'11~!, 1

M71-1l! • ,. m l.l9 .11ll5! ~

,pllt., M1l·6<j • .. ", 1..3 .7Ill! '

MII·4. • ,oo '" l.l1 .711l!! 4

M71·6$ • "" '" 1.1. .m6! I

M71·Jl • '"
,. l.ll ,7IS9! l

U/3·0l "" '" ., .'" .I\Illt! ~ "Mll·O " '" '., 011.11 .'I068!l lO.S!,I. ,
M7<·\o • '" '" .. .IDI":. 1

~t. Alto

M" • '" '" ." .IllI! l

00' .. '"
,, "6.Z1 "" PO'JO) 11.0!J.D •

00'" • .. '" " . 1111! ~ "Mll' " '" ,. 4Jl.ll .ll57J!.I ~•.o!'l ,
, ......tt. d! ~1..

M13_!oS • ,.. '"
,. ".,1M71·!oS • '" '" 1 .1'1 'l'9'5! l 18.1!1.0

M7J·!oS " '00 .., 1ll21.l0 ,
1~21
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TABLE 4 (continued)
Rb/Sr

~o<k tl,," SMpl. ,. ...... ,1.1 ••• ,. ~ 811:t/!l6s. (81S./S6s'I. 181s,/Us')t ~. .,

MIJ·!llI "' " "' ." . 1111.': ~
MIJ-'l8 " " "' ." .1111.': s .1111! 1 19.9.':1.3

MIJ-'l8 .. "' " SIi. l' ./J'9.':1
Ml'-~ .. m '., «)I.t\

~;:;'}
1.1100) t~.".!.3.0
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Ml.·•• • ,.

'" .. .11156' l la.l.':1.6
Ml.·•• " .. '" " .11~ 2}
Ml.·.. .. ~ , \81.31 .~6!l;. 1 .'1<5.':l 1I.&:!O.l

l""H", .....1.·.6 "' '" ". ." .1111+ ~
Ml.·% " " '" •• .11lil.':I6 26. Il.':I
MI.· •• .. •• U 5611.19 . 92l8!.",,,,,,ltt< .....1.-60 "' ,. m I. 11

"'" ~Ml.·6O " U m .. .11~ 5
Ml.-6O • .. ,. .. . 111l.': I .111il.': I 28.1.':0.1
Ml'-6O • .. " 1." .110<.': \

MI.·6O " " .. 2. 11 .1111.': ~ ".u1"6O .. m ... llO. la .al~

.u1.·U • '" '" '" ""'I.u1.·~1 .. ,
"'" • .m".!. 3 .7111.': 1 V.I.': ,
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~"'I"·"""".I....._",
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,."",titt, ••t,",,:,".h. ... • m 10,Ol 160.10 1. 2911 (.m'l) Z~.': 9
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' __ tltic ."1109"01" ....IHO • ,m 1J2.% 31.18 .19<l (.7200) l<a.:.lO
Pogooottt. I;.lII 11.l • tOS.9 38.l II. 61 .15'18 "• 53(J.) ·, 18\. Z 1. ,so 116.:. 1

• 101.1 " 21'9.9 ,.= ill.:. •
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.u1S-'l "' • ""
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,.
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MI8·Il • ". '" ... •IZBI><. s
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MI8-11i • '" " 10.0 .115-4! !
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A.Htl, •• tllogn<'" MlI·Il "' '" 19.3 12.Z .1..1+ d
• no •• 116." 2.1121: \ ZI8.:. J

,-title ."""","1.. illllO· I • '"' " ,. .13Z1! ,
• '"

,. ,." .1JIZ:!. :] lOo.:. •
• '" " 1/1. I 1.31"=,-

~

J"'.«I.itt, ••U"''J''Oh. MlI 1'9 • Il') •• ~8.~\ t.ml t9l.':Il "• "" lO.lZ l~.91 ..'" .'''.!.)I;
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TABLE 4 (,o"tiflll~d)
Rh/Sr

~.-
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O' ••• ni.' :.'.1 1.I0Il ~l
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O' ,.. ~ :." 11.19 :

,,"-h. m O'
_.. .- ,n
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""ton.h. llrUlolPN1.. W " 'W' 1.13 1292.t3 10.loOS' lel.!; •
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• 16'.2 ... UI.D 1.6'10 101.!.':.. 13&1.6 •• lOll 1.ll!I I~.'. 6.. 1311.0 U 931.i 1.266 188.!. I
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M/o·3i • •• •• 1.1/ I.SO'\:.!. .~

MIl·<l) • " '" 1.61 . 1108.!. •
MI'-J6 0 " '" 11/. ~I .IlS-I+ S .IDI6.! 8 'J"11.. "' u ,. J.~'SI !9'~IO

S"'bl'

Mli·ZI 0 ". " 19.10 .lIG\I8... ,

}
"M/i-n "" '" " 19.~ .S1OO... •

OrthogMh,.. Mli·l. • '" 11.1 \ 10.61 I .J!109:: " .1091...135 ... ...'1
Mli-II 0 '" .. 71.61 ,.101S.! ,
MI~_~ • '" .. IUS .6159.'. •
M/~'Z1 • m " 16. '6 .8194.!. •

Ortl'logM'" " ,m ., 106'.'10 1.0ISI... 01 82.1... 2.5

• "" ,. SO<.2S 2.~.!.11 "' ",...... -IlJI.'-""'t..... ,•• lWl lSSt • "I.• 61.89 6.11i .11" '"bOt....1
.... 15\5 • 1Ol.9 107,94 1.861 · 11J3
l;Mj lS~ • 1\3.' '01.SS 'm · /118
..... 1196 • 111'l. I 'Jl,6\ 2.381 .;IU .101ll.! 13 ", ...1',,"_""h't'
'-"l! "'" • 121.S 'ID. SI 2. '61 · 711.
..... 119/ • 109.1 ll9.47 UlJ7 .1l'lS

I:AW 11'l8 • 161.8 \3.JI 8.151 .1561

""9<09"'''' '-"l! ISI' .. IM.loo) '16. I 9,01 Iss.) .~, 66.1... 1,0

1101100·1001 '17.1 9.51 101.1 .m' 65" ... 1.0","_'n l:A" 1515 WIoI1OO-Zoo) ... , 11.19 111.1 = 93,6.!. J.D"",_,.. ..... lS56 lIoI (W-SO) '\9.1 II. I I 9\.86 .w. 1'1S.S.!. S.D
OM (80·100) ...., 11.86 'l8." · 9111 1lI,6... '.D

*(100'100) 'S1. 1 11. SI IJ.88 .1ll31 '" .1:. J.D
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TABLE 4 (continued)

~\...
RbjSr

L....''''l''.tttc '1"'1"

O""""d gnot ..
(;r••Hold gMh.

Gr•• "old !J'I'Ot"

.....1«>1; 9/101"

'0"'09",1", 9""is.

[""''''l,.nl''' _,,,

.....n"old 11"01"

'''''''9''''''' ,..I>.
It<><'''l,,"<tt, \1"01"

..... 1196

MaO-16

MllO_19

M/l-10

MI/-'

1 lOll

I HIl;.

T \285

I Il98

, IlOl

I 1311

T Ill~

T 13'8

T UlI

I OIS

1 UZS

31 131_601
11 Illl)-lDOl

.. 16(1-100)

11 (80-1001

..(100-150)

lOO (31-60)
lOO (W-all)

lOO (80.1001

IOIPOO_ZOO)

IIIoll00.UOj

"" 160-6(1)
,.( lD(l-Z(ll))

•
VII (JS_6(l)

Wo (6<HIG)

Wo (80-100)

""110(1-100)

•
"••
"•
•
••••••••••••••••

~'>.'J ...
.., '.lS-.011

Fold'G'

••
r.ld"'l'

••
"•
"•
•••••
".... >.<J ...

III '.0/,. \\

•
"">,03_

'" I <.1\ ...

••

Ill.l

~.

la~.1
~~1. 1

3~1. ~

'13.6

'J8.'«,.'
nS.1
116.9

116.'
119.2
118.1

62•. 1

ilt, J

~z,z

uo,s

"••
m

'"'00'm
1012

",
m

,oZI.8

311. I

17114.1

416 .•

9011.1

291. Z

>!n.l

9/8./

2iJ.6

Ill0.S
COl. \_..
/01. I

100.3

moB.B

1130.•

HIli.!
331. B

Ill/.a

151. z
lSol.8

1568.1

'JlI.~

1111. •

lIil. a
'19. ~

1~.6

611.a

1%.1

1%.1

111ll. ,

11l.1

9~1. ~

~.

UI.I

I 11~.•

10'11.1

281.9

186.9

\l.ll

11.30
19,80

11.10

10,%

11. 11

19.11

10.SOl

11. '9

11.91

9.U

9.l9

".,
10.19.."
8.1~

10.<3

",..,.
"••••.,
••.,
,."
la.~J

IUl

29.89,.
11. 01

11.63

3.81

."••
1<.1)-1

l'.10

1\.89

J8.1~

9.01.."
11.11

<9.99

'.91

2a.16
1•. 11
•. 16

19.3'

J, 7~

17.81
1l,86

69,21
I I. al

'M
".61

S.Dl

28.01

11. Il

lIi. S'

".09
1J.~1

11.18

1•. 10

11.1/

\16.9

'"'1. III

1\\.6

'l."

119. I

66.JI

111. 1

1I 1. I

19.11
Ill.!
191. ,

l.lJ1/
181.1

10-1 .•

111. 1

118.1

3.17
~!I1.l1

3.16

7. \1
/102.<1

26.68
166.6

/1 .•'
'69.1

1169.8

6~.01

1117.~

./.69

160.1

.1.3'

'-0,.9

an.1
.1.01

118.6

31. I I

31.16

11S.8

11.:16

l'9. I

361.0

9,93

11.11

IZI.'
IS.~

.1. /1

163'.1

".
1<19. I

61. JlI

I&<. I
10. ,\

m.ll
1.91

,."
66-1.1

~.18

I ....

1~ .•1
11.11

118.1
~o

r.8.11

SIi.<1

.1639

.M'

. 'IllJ

.7109

.11.1

.8<19

.,~

.8132

~.

.1811

.811'

.M

.1618

.111/

.13D!i

.9316

.".

. 1J16~ 1]
3.1<8S~11

.lJ81~ 1

.1~3· .]

'.!lD61,!,281

. liD1I' .]
1.IJli~.10

.83l'. ~]
1.1I1J~10

11.001

1.1f>B8

~. I11

1.0162

1.9301

.'l\1~.,.
1. '101S

.9118

Urol
.~

.9lO9
~,

.1929

I.l'82

I.lDll

.8<11

.8\11

I .ISlil

.8'~

.91'-O

1.91-'

I.1J18

'.~,.­
1.0'1

.8163

.9101

.7183

./183
1.7l6.
.9108

.8111

.8130

.181'

1..9£9

1.3011

.~.

.9\93

1~ .!. \.1
Z6.8~ .1
1ll.6~ z.g
lz.z~ .8
2'.1~ l.l

62.~ 1.6

SIi~1.t

SIi.'~ 1.1

.~. J.!. I •

Jg.~.!. 1 1

1'.1!.1 \

J7. J.!. I

66.l:!: I.D

6l).9.!. 1.3

18.1.'c 1.3

19.0~ U

lOO ~ \

301 .!. ~

11' ~ l

ne ~Il

09\ ~ro

191 .!.IZ

'Ill ~11

!/$ .'c 1.8

.ro ~le

'1/ .!.19

82.'!. 1.3

... .!.19

91.I!.J.6
OIl ~ll

'n .!.lJ

82.l.!. 1.<

319 .!.70

'lO.I~ 1.6

'lO.I.!. 1.6

116.a~10

III .!.I<

as.7.!. 1.'
8<.<~ /.1

111 ~18

lO\ .!.11

<ll .!.19

Ill' !. 7.6

"1 .!.11
10< • <

711 ~1(l>

911 !. I. I

'13 ~13

.63 :!11
91.I.!.l.1

<11 .!.3l

1111 .ll

8<. I~ 9
291 ~ 61

189 .!. a
1116 • •

/91 .'c /1
llO .'c 11

•

"
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TABLE 4 (continul!d)
Rb/Sr

~l ,,"po S-l••. 11I..,1"
-~

..~ 11a..-s, (1IS,/8I1,j. (3Is,f"$"1 ~. W.

",..1<1< ,...1" ,,~ • W .• m.a 10.01 .an •• .:. ID

• Il(I.1 'JJ.1Il 0.11 ..~ ~1I .:.l~

,,".."1< ..,10. I un • ~. ••• ltl.l(I um l(I.l.:. '"• foa'.' SI.. 13." - W ,-
,,".. ltl< ,..10. ,,~ • uu ••• S1J.~ '.Isn ".1.:. •• M' ,. •• .- m .a
,,".. ltl< ,..,,, I Iltt • ftl. S 11. » 'DS.l(I .a. ". I.:. •••

" 6ll,1 l.ll Ill.lI 1••1 n.S.:. •••• lit. I m.1 2.OS .•m •• .:.1"

• I••• ~.. US .1l2t m .:.1"

• I".l 10l.~ ,.. ..~ w .:.2'>1
"-"',I<: ,..1.. "* • _., •• ~.. ,.- m , •••• Zll.1 JJ.Ol ll.1l' .1111 •• .:."'
~... tl$ ,..1.. , 1.1 • ••• ••• f".1 '.llt' •• , '"• 111,l ".1' ••• .- •• .!ll'lI
1_..,1< 'QOO" I I.' • 11'.1 ••• 11. Il ••• a.I.:.l2I. "",_I..

• .., 2'>1.1 1.01 ."' m ,-
_1,.,.,..,1,. ,,~ • IA1.1 ••• 111'•• '.~ •• , u

• _.. n .• •• ••Il ,.
"l__ltk ...11. ,,~ • 111.l •• 11'.S ..- laD."':. ~

• m.' ••• IS.M .- ~ .:. 11
11..1t.....110 ,..1" • •• • m.' lUll 71." .•I~ • .:.Il •

" W .• loSl .~, ,,- /U.:. ,
• Ill. I '".) l.11 .ne y. ,-

,,-..UI< ...1" ,,- • '1111.1 ••• 411. I ,,- M.t.:. '.'
f.lf/$ 1'0.' :IS.II 1/•• .a. .a .! 11

• *., ••• If.Sl .M' ~ .:.U
1__.1<1< ,...1.. , m'll '" I '.l'lI. IOW.' '.n SU.• I.VU ,. , •••

"" •. 1S--.l'lI 101D.S s.n W .• I.nos •• , •••• "I.' n." lS." .- ~ .:. II
lAu<op-.I,I< ...1" t 11/1 • .1.0 1.1. .".l ..- .I.t.:. •••• M' 1l.ZI •• .m• m "lAIooJo'Oftltl< ...... 1 1311

"'. >.l'lI. 'llO.l 11.2' W .• 1.llOI •• .:. ID
'" I '.l'lI. HIS.' 1'.16 ItS.1 1.2SGI '" , •• •• n.16 lli.lJ .w. -,.

l__,.I<1< '"', .. 1 1l1l '" ".l'lI. I Ill. S 1.SI 1131.2 • rn ". , •••
"" I • IS·.l'lI 11/0.1 ,. J08I.' S.11D •• , ..,

• <41. I 11.10 •.a 1.1111 •• ,m
l.ooH:ot".m< .,.1" ••• • n6.6 ••• 'J.n 1.0161

~
"a • m.' fl.OZ 'I.lt •••uu • nl.6 N .• ll.OI .Illoll

,,"","''''Id "",I.. ,m • W .• ••• :IS. 11 ..~
". • ~., Je.IS Il.lE .n.

'''<0'9,."111< "..1.. , Il'lIJ • 131.S I'.J-I ••• I.UI'
Gt",.I'.ld ,...1 .. t UII • Jlil.' 11.81 61. Je ..-
Go"l'U"ld ""'I" Till. • 1.,1 ••• S.91 .m
Lou<O'J".I'I< pool.. T 1311 • lll.3 21.01 14.11 .,nil
G,..I'I< 11""'" 1 1].15 • \lO.l 1Jl.Of '.16 ..~rI3IJ • Ill.' SUl8 Il.61 .~ .110'5.:. 3 441.:.' ..
Gt","u, _I.... ,,~ • m.' Y.• .... .l8fl

1 1].1' • 101.1 10l.• ,.. ..~
(__,.1'1< ,...1" 1 Il51 • 111.1 n.ol 13.81 .171'
",..It. _,,, 1 TIn • 211.l 11.14 •• .-l_..lIl....I.. "m • nu 03.&1 IS.1lI .~'
11",,,. " ..I,.....1.. , 1)61 • 161. I 1/1.1 f.61 .•m

r-
• *., ••• lO.s.! .1591

l_,o.HI< ,...10... t 1)70 • ",., ll.lt 1I.1' .-, m) • /S'.O n.1i '.n .w.... • 011.1 11. 10 ••• 1.111J

.. I_I SdlI,. ~~ " m ••• ....S, 1.401 ... ' »

""""" " m ••• tJ1.41 1. JI• ... '
I.. 01", ,1.,100;10.1< ~y, " m, l.SI ns.S\ ..- .... •,...1" • m
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TABLE 4 (continued)
Rb/Sr

Rock 'ype 5....1. ,. ..... ,!.. "- "- 51tll/Usc (81~"US'J. (31\,/$65<), ~. ",.

Go..... "".... ~~ " 353.3 5.12 lOO.16 .941 a2~ 6o,,,><,is, • lIS. I

0... 4pt I:AW 109 " 918.1 1." 'i'IlT .43 \.190 S4.: 1

" 'lIS. I ,." 914.67 ,- Ilol! 1
Gornc••!,,«Ms<

~- " 491. I 4. S9 311 .•2 1.094 8~ •

• IlZ.4

810tHI< porpll~l.stl'
W~ " 14S.9 ,." I. 111/ !IQ.!: 4

!I"<'"

~ • 11Z.4

Pl'9'"<1.,,, 81." ..· W", " 519.4 .." 266.06 1.0lI! """"..,..U. go.l .. • 181.3

'" " ll'.Z

;;,J" 332,8

" 33<.2 It.6 8S.!.3i

" llU n '"810tlte ~l.~joch," n. • 91. 1 189.14 U3!2

"""}
_1....

" 420.4 ,., T6La .!. 1.4 .,.l!U

" '"" '" ,. lal.]! \.90 .9(\2.19 ./llIl!.30 SI!.'l

" 16O.1!. US .g!l!.Z6

• '" 14S.9 3.oIO.!. 7 .7ll!.6

• '"
'" " m' u .• 101'.2 , ' """} "" <62.1 . Illt!\!1 " "" 13./ 9\1. li !. 1. 15 .8SJ.!Z! • !.11

" 462.1 111O.S !. 1.. .853.:11

'" • 1I 1. I nz.' .~lC .IZ1~1

' ••tn. ~l'ljoc:T... " 461. S IS .• 8/. I " ,831.:19-,....
" 46Z.1

" 464.!I IS.1 'Iq " .831.:20

" " .:1.6 .8Jl=.Jo .11"~2~ " ~16

• 166.1 ~.. I.~J.Z .1~2'

• 1/1.4

• 166.\ 3lJ5.t ~1J~15 .1ZZ~29

• 1108.2 580!.20 .715~10

ato.t...'e"",lt..

'" • 16/.)pl.,toclo •• _t.. ~j.Ol 8.25 ~1l

".~]" n•. z u '"' " '.~5 ~1~

" m .• .1443~47 '"
,,

... """"",,I ••_Ante,... I•• " lOOZ.1 ,.. ". '" 4.10 ~l~

60._ I

" 1478 ~ '.67~T1

P'''I'I'IOI.. M/I 19 • " " l.2l .ml •P.",,,,, .. M7J 22 " ". ,. 3. ~~ .135'
(Ooo\ .. le .te"<llt,, AA13 23 • '" '" l. J4 .,~

(Oool .. t, .1,..'hUt AA73 IS • '"
,. ,." .1196

[""" • " '" ." . 1148
.lrm~14 51'.~~3!l

P"·l..t.... AAIJ Z1 • " m " .115-0
A71lla • '" '" 1.61 ./ZOO
M13 24 • n '" '" .1214

...1..1, .t'..cl1lot AA" "
,. 10.l4 116.22 1. 5O~1 m~ • •

AA" "
,. 4.69 321.114 1.1811 313~

,
AA" " '" 8.l~ ll6. Oli .1168 ,~ •

P"'9"'h••• AA" " ", ••• I!;!;. 14 .1809 19~
,

AA" " "' ,. 450.ft .89Z'l 26~
,

AA" " '" 1/.0ll \24.15 .893lJ '"
,

Mi,,,cl1h. AA" " '" 3.10 4!l4.12 1.3151 -, ,
[AA " " '" 9.1e 1!l8.31 ,.- 221~

,
P."I'I'IOI.... AA" " '" ,." 4.l." .9211 ., ,

AA" " ", .." :Jl.Ie 1.1l~ lOI~ •IIonu.,...
l,AII \208 • lZ8.S 71.7 ,. '" .1Z0li "l::iNiif"iTe..,ht"

• l51.9 "., lO.Z'l .13Z'l lO'~ 75

Go .......te".hlo' l,AII IZOl • 1~1. 5 131.1 l. Jl4 .1350

• '" Isz.e ,m .1381 126~1<li

" 621. I U 400.1 1. 180 '"
,
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Rb/Sr

k'~ S-I••• Ilotod •• .~ ,.- 11"",Ms. (B1SrIMsr>. tl1s,JI'sr>, ~.

_.

Go... "'uKIIlsl .'UO • 111'.1 '" •.= .nl1 --
• ~., ~., ,.- .= 1R!::J:!l;

" .•, •• Ill.S ,.- "!:
,

&o_I .....""'n • tlS, • n.• lll.' I.SW; .- --
• m.l IOS.J •.w .m' IZ!.'"

" ~., • l".' 1.01S n, ,
~'--'"

• 1IJ1 • 1.'.1 Ill.' •.e .= --
• rH.S n.t ..~ .= 1~1l7

" M.' ••• ns.' .~ ... ,
1'0It1. _Ito II1II 11)1 • ,~. » .• ..•, .m, --ldIhl

" 111.1 , Ill. , ,.~

'" •'.,_h. IN ItK • lSt.l "'.S ..~ .m. -- n
• 1....1 "., S.Sll .- '" !.'CI

" m.' • m .• I.OS/ • , ,__h.
~,- • .., RI .• 0.11 .- --__'..•.........1.......

" - 11.' "." .rn' " !. "
""~II ~" • ,. .." -.:1 ~

, •
" •• ••• 01'.81 ur"=.

,
~"-'"

WW, • " ... ,." .116l!: ~ fit- !. •" - ... n'.n I.MI!.Zt

""."rol.. W •• • ,. no .." .ml· SJ rI.' '.'
" - ••• ltO.I' ."01.",.._h. W". • " ." ,n .ml!:IJ ".'!. ...
" - 11.1 •• .1.SOoJl

!loo"Sl< ",,,..<:10, .. WO" • m '" .." .101!:nJ or.'!: 11.t

" N ".' 13.11 .Il'tS!:JO

• ... ,. .." .I~I

"'.....10. W .. " n, ••• DJ.SI I.llOOl+lll} S/. I!. U

"
,.

" ..n .I:I81!:21 1
• '" ".. 11.ZI .81IS!._ '" ,n

~.......h. WI·" " '" It.3 l\.l.ll

.~~~ on •
"

,,, m .." .IlSl!.U m ,"• ." " ." . "lS!. •

~"_'" W3-tt " m ," 3.IS ./~u] n. •,
" m • m.o 1.~I1!.'S

~••~h. M13-tJ " ,. .. ,.•
.111l!: ~~ -, ,

" 'n ••• "' . I.IlBI!:"S
~... Il"th. MIJ·M " ,. m 1.11 .I'I'!: S

'"
,,

~a..9"Olso MI'·M " ., ••• 110•• U11O!: IOJ •,...,..,.. Am-" • ,. ,. 1.81 .Ioot. ~ -"" '" ••• ,so.n 1.SIBS<1
~...,..h. MIt_1 • '" '" UI .11(8< ~ 0' , '

" m ,., BOO.!' 1.16IS.I'!

~a.afMh. Ml.·r " '" '" 1.12 .I'''!: ~ m , '
" '" • 111. !I L1ltO!: 1

'a.a,..'" Ml'" • '" ... '.0 .11tB< ~] ... , '
" '" '.' "'.. 1._. le

"..,..". Ml._' • " '" 1.3' m,!: :] .,
"" m IS. , 100.15 , 11l:l>

'...,na'" M1O_ll " '" ... <Su. ,
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• ... ". '.21 .I'll!: 2

~....,..,.. Ml.-18 " • .. H." .1_ JOJ ,., '
" - 12.1 '1.10 .tln: to,.._h. Ml.· " • ". m '.2J .mr!:u] '" , '
" •• .., 271.01 1.5OIZ••S

,....goo, .. W'·ZI " ~ ••• ~ .17";: toJ V.I:: U

• ,. '" ••• .- ) • ,,,
• - '" 1. In .m!:!, A

_hole .'co...'" W'-l] • ". • 11.21 .Itl" ~ ".,!: I.. m ••• Jl1." .Mll!: I
'a....., .. W'·M " • .. ,." ."", .:J ..••!. I.'

" m ••• tsIi .•' .-
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TABLE 4 (continued)
Rh/Sr

Rock type 5." ,. 11.1,..1" .~ ,,~ 811Ul/86S' (~lS'Ie&sr). (31S,j86Sr h ~. ",.
(.,")

'."g..l" MH-ll • •• •• 2.78 .1l~1. 3J '" "" m , 011./1 !.!Z!l:.lOS

'°"9"1" M14_19 • '" '" 1.69 1/6):. ~] •oo • •

" '" U ~1.19 6120:.5<)
P"&,,ol .. Ml'-'JO • '" '" 1./4 l)(ll!. I] ". ·,

" '"
,, rel.S! J1J.1!.4(I

"o..... ,.O<l·r;" .... , 9"01" lAl< HiM • ..' 111.Z4 , .091 .1169 '"111100-100) ~J S.82 190./ · nZl 2U!. D.I
wN (8(l-100j 188.1 161.0< 3.266 .nos '" ,.

' ....!J"OI.. M/9-' • .. ., • .)]2'}+ lJ "oout.ol " .., It .1 110.06 .//61+ 6 .. "Gnoh.l, .1,..,"1>' _., • '" '" 1.21 .1191' 'J
" •• • 196.n .9391:"0 '" "• '" '"

,. .nl'.!. 1 • ,.
GMt,,1, .1,..c~lIt -, • '" '" 1." .1lW!.Z
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., l~,SI 1.8501.'.32 '" ,.

• '" n. UI . 7366:. 2 ". :.ZJ
GnoI"I, .1eu,"" -, • '" m ... .118S!. Z

" '" •• Z6Ol.71 1.00/'...19 " , '
• '" '" •• .mo.'.s " .'.'1

""'15,1, .1cucMn
_.. • '" " '.61 .1<6'... '.. '" •• 391.11 _1171.'.36 • , '
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TABLE 5
Rb/S, analytical data - PENNIDES
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TABLE , (ronlillu~d)
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TABLE 5 (continued)
Rb/Sr
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