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Abstract. Fortyfive new K - A r  ages and Sr isotope data 
on amphiboles, biotites, clinopyroxenes and whole rock 
samples from subvolcanic dykes south of the Tauern Win- 
dow establish, that alkalibasaltic dykes were intruded 30 
m.y. ago and shoshonitic volcanism occured between 30 
and 24 m.y. ago. Two calc-alkaline rocks of high-potassium 
composition yielded ages of 40 and 26 m.y. resp., a spread 
which may or may not be real. Calc-alkaline dykes with 
medium and low potassium contain excess argon and are 
hence undatable. Alkalibasaltic dykes have S7Sr/S6Sr ratios 
of 0.7056- 0.7070, shoshonitic rocks 0.7075-0.7133, po- 
tassium rich calc-alkaline dykes 0.7077-0.7100. 87Sr/86Sr 
of all other calc-alkaline rocks scatter between 0.7074 and 
0.7150. Sr data indicate that dykes studied do not represent 
closed Sr systems, but that Sr characteristics result from 
selective strontium assimilation en route to surface. Primary 
Sr isotopic ratios of alkalibasaltic dykes point to an origin 
of these rocks in enriched sub-continental upper mantle. 
The source region of shoshonitic and high-potassium calc- 
alkaline rocks could have 87Sr/a6Sr around 0.707, which 
is assigned to the input of a component rich in alkalies, 
LREE and LIL elements. Genetic relationships with other 
Tertiary magmatites of similar geotectonic position are ex- 
plained in terms of plate tectonic models of the Eastern 
Alps. 

Introduction and geological setting 

Unfoliated dykes of varied chemical composition in the re- 
gion south of the Tauern Window have been known since 
Teller (1889) and Canaval (1895). The alpine deformation 
and metamorphism are bracketed by these rocks. More- 
over, they are a key to late alpine tectonic processes. Despite 
their importance, little geochemical work has previously 
been done, although some petrographic descriptions are 
available (Alker et al. 19521 Holzer and Scharbert 1958; 
Exner 1961; Heritsch 19711 Deutsch 1980). 

The primary goal of this investigation was to establish 
age relationships between the different groups of dykes and 
to correlate them with the tonalitic bodies of Eocene to 
Oligocene age farther west, e.g. Rensenspitze (Borsi et al. 
1978a), Rieserferner, Zinsnock, Altenberg (Borsi etal.  
1978b), Adamello (Borsi et al. 19771 Cortecci et al. 1979; 
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Hansmann and Oberli 1983; Kagami et al. 1983) and Ber- 
gell (Gulson and Krogh 1973; Deutsch and Steiger 1983). 
The new age determinations combined with Sr and trace 
element data are intended to constrain models of magma 
generation on the proposed subduction/collision zone 
(Hawkesworth etal. 1975; Frisch 1978, 1981; Dietrich 
1976). 

Figure I shows the location of the dykes investigated 
and outlines the geological situation. The Austroalpine unit 
consists of polymetamorphic crystalline basement rocks of 
unknown stratigraphic age (" Altkristallin ") overlain by a 
Paleozoic metasedimentary sequence in the greenschist fa- 
cies. Carboniferous to Albian sediments of the Drau chain 
rest unconformably upon the Altkristallin. To the south, 
the Gailtal crystalline unit as part of the Austroalpine unit 
is cut.off by the Periadriatic line. 

Isotopic ages of metamorphic minerals around the 
south-east corner of the Tauern Window cluster around 
80 m.y. (Oxburgh et al. 19661 Cliff et al. 1971; Hawkes- 
worth 1976). Young alpine mica ages around 20 m.y., how- 
ever, noted in the Austroalpine basement in South Tyrol 
(Borsi et al. 1978 b; Hammerschmidt 1981) and from locali- 
ties inside the Tauern Window (Oxburgh et al. 1966) have 
not been reported from the area under study. Up to now, 
no comprehensive geological study of this region including 
all geochronological and petrological investigations has 
been published. 

Petrographic and geochemical outlines 

The dykes are two to ten meters thick. They crosscut the 
structures of  the country rocks and do not display any 
cleavage; no other xenoliths than those of surrounding crys- 
talline rocks were found. In a few samples resorbed quartz 
crystals and partly molten plagioclase xenocrysts are pres- 
ent. 

According to major, trace and rare earth elements as 
well as mineral chemistry, the dykes can be grouped into: 
* calc-alkaline rocks (CAB), concentrated in the Gailtal 
crystalline unit (Fig. 1), but also found in the northern 
Kreuzeck region 
* a shoshonitic suite (SHOSH) in the southern Kreuzeck 
Mts. and in Albian sediments south of Lienz and 
* an alkalibasaltic series (AB) which occur only in the 
Goldeck Mts. (Deutsch 1980). 

TaMe 1 shows some petrographic characteristics of 
these groups; representative chemical analyses are listed in 
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Fig. 1. Sketch map of the region 
between Lienz and Spittal/Drau 
(Austria) showing the sample 
locations and geological outlines. 
Dykes : AB = alkalibasaltic, 
SHOSH = shoshonitic, CAB = calc- 
alkaline, h-K CAB = high potassium 
calc-alkaline, 1-K CAB = low 
potassium calc-alkaline 

Table l. Main petrographic features of the dykes investigated 

Rock-type Alkalibasaltic Shoshonitic Calc-alkaline 
(AB) (SHOSH) 

High-potassium 
(h-K CAB) 

Normal 
(CAB) 

Low-potassium 
(1-K CAB) 

main phases kaersutite titanian-biotite ferroan-pargasitic 
hornblende 

titanian pargasite/ 
hastingsite 
titanian-biotite titanian-magnesian 

hastingsite 

salite - Ti-augite Ti-augite 

alkali feldspar alkalifeldspar 

phenocrysts amphibole, biotite 

plagioclase (An 71-35) 
mantled by K-feldspar 

amphibole, biotite 
(rare) 
clinopyroxene - cluster 

ocelli frequent rare 

tschermakitic/ 
magnesio-hornblende 

biotite (rare) 

augite 

edenitic/ 
magnesio- 
hornblende 
(rare) 

plagioclase (An 71-35) plagioclase (An 63-38) plagioclase 
(An 68-17) 

+ -- quartz + - quartz 

amphibole (rare) none none 

none none none 

Table 2. Detailed discussion of  the geochemical investiga- 
tions will be the topic of  another paper (Deutsch, in prep.). 
The distinction between alkaline and calc-alkaline series 
was made according to Irvine and Baragar (1971). Calc- 
alkaline rocks have been subdivided further using the 
K20 vs SiO 2 discriminant of  Peccerillo and Taylor (1976). 

AB and SHOSH rocks form chemically homogenous 
groups with clearly defined trends in variation-diagrams, 
indicating a genesis from distinct parent magmas by frac- 
tional crystallization. Their overall geochemical features 
point to an intraplate tectonical setting. 

The AB series ranges from n e -  to d i - o l - h y  - normative 
rocks. They are rich in alkalies (KzO/Na20 < 1), incompati- 
ble elements and rare earth elements (REE). LREE are 
strongly fractionated (Ce,/Yb= 3 1 - 2 8 ) ;  small negative Eu- 
anomalies (Eu/Eu* 0.88-0.76) can be recognised (Fig. 2a). 

SHOSH dykes are characterized by a very high alkali 
content (K20 /Na20  > 1), titanium contents up to 2.5 wt.% 
(water-free) and by high concentrations of  trace elements 
(especially Zr, Th, Ba) and fluids. LREE are even more 
fractionated than in the AB series (C%/Yb,, < 47), patterns 
show steep H R E E  and no to insignificant negative Eu- 
anomalies with Eu/Eu* between 0.97 and 0.84 (Fig. 2b). 
More evolved rocks become q z  + - c - normative and grade 
at northern Kreuzeck Mts. into the high-potassium calc- 
alkaline dykes (h-K CAB) GA- I6  and GA-20, which have 
small negative Eu-anomalies (Eu/Eu* 0.8) and a C%/Yb,  
ratio around 10. In both groups (AB, S H O S H + h - K  C A B )  
the lack of  significant Eu-anomalies and the high Sr con- 
tents in the least evolved dykes preclude plagioclase as a 
significant residual phase in the source material; corre- 
sponding to pressure values over 10 kbar (Wyllie 1977). 
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Table 2. Analyses of selected samples from the different dyke groups. D 42 and D 52 from Deutsch (1980). Main and trace element 
analyses done by XRF techniques (Nisbet et al. 1979); REE, U, Th by neutron activation techniques (Bajo and Wyttenbach 1980); 
Sr and Rb by isotope dilution, n.d. = not determined 

Group AB SHOSH h-K CAB CAB 1-K CAB 

Sample D 42 D 52 GA-22 GA-18 GA-23 GA-16 GA-7 GA-5 GA-12C 

wt.% 

SiO z 45.01 45.79 44.27 48.36 53.49 56.86 46.43 49.77 47.63 
TiO z 2.21 1.85 1.84 1.56 1.33 0.64 1.47 1.74 1.10 
A120 3 14.53 14.10 14.18 15.08 15.59 15.84 16.23 16.28 17.49 
Fe20 3 4.84 2.88 3.16 3.59 2.24 2.03 2.23 3.23 2.05 
FeO 5.53 6.97 5.75 5.15 4.75 3.85 7.20 6.90 6.40 
MnO 0.18 0.17 0.17 0.17 0.12 0.13 0.15 0.18 0.17 
MgO 9.14 8.90 6.53 6.96 6.53 5.39 7.70 6.91 8.11 
CaO 8.63 9.19 7.87 6.93 4.48 6.12 7.67 7.56 8.93 
Na20 2.75 2.61 2.42 2.62 2.99 3.30 2.55 2.64 3.16 
KzO 2.34 2.15 2.81 3.92 3.41 2.51 0.85 1.15 0.11 
P20 5 0.82 0.58 0.88 0.80 0.35 0.23 0.33 0.50 0.58 
H20 + 2.67 3.03 2.19 2.42 2.53 1.89 5.36 2.85 4.38 
CO z n.d. n.d. 5.36 0.83 0.93 0.43 0.39 0.04 0.39 
Cr20 3 0.04 0.04 0.02 0.03 0.03 0.03 0.04 0.03 0.03 
NiO 0.03 0.02 0.02 0.02 0.02 0.00 0.02 0.01 0.01 

Total 98.72 98.28 97.47 98.44 98.79 99.25 98.62 99.79 100.14 

ppm detection 
limits 

Nb 54 26 36 34 19 3 0 14 0 3 
Zr 271 209 388 372 261 149 190 297 91 4 
Y 32 22 21 25 13 12 18 40 14 4 
Sr 1,578 964 1,214 1,025 834 618 436 421 373 ID 
U 43 8 15.2 12.6 11.9 6.4 <0.6 <0.6 <0.6 INAA 
Rb 61.1 65.1 82.5 125 106 95.7 39.7 48 4.94 ID 
Th 75 21 72.8 74.4 38.0 15.4 1.62 3.7 1.61 INAA 
Pb 46 7 0 24 0 18 0 0 0 6 
Ga 17 16 13 15 17 13 12 18 12 2 
Zn 83 77 104 93 69 61 76 98 59 5 
Cu 46 0 11 18 15 21 13 10 0 7 
Ni 177 146 100 112 134 24 112 87 46 7 
Co 47 42 25 27 19 12 43 41 44 6 
Cr 279 325 211 223 273 219 289 220 248 10 
V 276 253 243 254 229 181 161 93 168 3 
Ba 5,453 946 1,408 1,536 1,042 653 216 223 55 2 
Sc 28 34 23 27 26 27 25 26 33 0.4 
S 510 8,572 1,426 99 582 416 1,006 0 805 16 

La 157 59.6 207 198 74.6 37.7 23.2 24.5 9.76 
Ce 325 145 355 327 130 70.7 51.9 71.7 22.4 
Sm 15.3 7.54 19.1 16.5 8.38 5.71 6.58 7.27 3.48 
Eu 3.77 1.49 3.92 3.39 2.15 1.29 1.88 2.06 5.23 
Tb 1.74 <0.5 1.46 1.33 0.803 0.626 1.01 1.26 0.478 
Yb 2.7 1.3 1.93 2.45 1.85 1.77 3.02 3.3 1.92 
Lu 0.49 0.20 0.306 0.377 0.276 0.264 0.466 0.59 0.300 

Garnet,  however, is expected in the residuum due to the 
enrichment of  Tb over Yb. R E E  patterns and trace and 
major  element trends point  to a differentiation mainly gov- 
erned by the fractionation of  amphibole with minor  
amounts  of  clinopyroxene and feldspar. Clusters of  amphi- 
boles and clinopyroxenes are frequent in silica-poor rock 
types and are probably cumulates. Removal  of  apatite, a 
very common constituent of  these dykes, reduced the total 
abundance of  REE,  a conclusion supported by the covari- 
ance of  Ce and P205 and by the drastical lowering of  phos- 
phorus concentrations in SiO2-rich rocks. 

High-A1, low-K calc-alkaline rocks (1-K CAB) with 

TiO 2 around 1.0 wt.% have been found only in the base- 
ment of  the Southern Alps, close to the Periadriatic line 
(in this r eg ion=Ga i l t a l  line). In variat ion diagrams they 
show smooth trends of  most  major  elements as well as Cr, 
Co, Sc, V, Zn, and K/Rb.  Alkalies; Ba, Sr, and Sr/Ba; 
and Ni scatter within wide ranges. Impor tant  features of  
1-K CAB dykes are the H 2 0 - p o o r  primary mineralogy (au- 
gite - plagioclase), and R E E  patterns with slight enrichment 
of  L R E E  relative to the flat H R E E  (Cen/Ybn~ 3) and a 
small positive Eu-anomaly (Eu/Eu* ~ 1.2) (Fig. 2c). 

Except for GA-24 from the central Kreuzeck Mts. basal- 
tic to andesitic dykes with moderate  potassium (CAB) are 
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Fig. 2. REE contents of selected dykes (normalized to Leedy chon- 
drite/1.2 of Masuda et al. 1973): (a)AB; SiO 2 recalculated on 
H20- and calcite-free basis (b) SHOSH and one h-K CAB; SiO 2 
in wt.% is not recalculated on H20- and calcite-free basis because 
of the high and variable contents of primary fluids (c) 1-K CAB 
and CAB dykes 

concen t ra ted  no r th  o f  the Gai l ta l  l ine in a geotec tonic  posi-  
t ion compa rab l e  to Rieser ferner  and Z insnock  plutons.  I t  
is r emarkab le  that  m o r e  acidic dyke rocks  wi th  calc-alkal ine 
geochemica l  proper t ies  can  be t raced f rom the Rieser ferner  
p lu ton  to the Kreuzeck  Mrs. (Beck 1936). The  C A B  group  
ranges f rom ol-hy-di to hy-qz-c norma t ive  rocks and  dis- 
plays signif icant  var ia t ions  in all measu red  elements  (e.g. 
TiO 2 1.6~2.2 w t . %  at SiO 2 50.5 [water-free]) which  can no t  
be related to any di f ferent ia t ion  process.  However ,  their  
R E E  pat te rns  are relat ively un i fo rm with  slightly f rac t ion-  
a ted L R E E  ( C % / Y b  n 5 . 6 - 4 . 4 ) .  La  reaches 80 t imes the 
chondr i t ic  abundance ;  no or  small  negat ive  Eu-anomal i e s  
wi th  E u / E u *  be tween  1. and 0.86 are visible (Fig. 2c). 

Age  re la t ionships  be tween  the different  g roups  can  be 
establ ished based on grade o f  hyd ro the rma l  a l terat ion.  AB,  
S H O S H ,  and h - K  C A B  dykes usual ly  f o r m  fresh " l a m p r o -  
p h y r e s " ,  d isplaying some prehni te ,  pumpel ly i te ,  calcite, 
quartz ,  mixed  layered minerals ,  epidote ,  and (in GA-1  only)  
analcime.  The  C A B  and 1-K C A B  rocks  were subjected 

to s t ronger  a l te ra t ion :  a m o n g  secondary  phases act inol i te  
in places pseudomorph ica l ly  replaces p r imary  amphiboles .  
These ac t inol i te -bear ing  rocks were  p resumab ly  in t ruded  
before  the Aus t roa lp ine  b lock  had  ent i rely coo led  down.  

Analytical techniques 

Minerals were separated by standard techniques (i.e. heavy liquids, 
magnetic separator), handpicked and finally cleaned in ethanol 
with an ultrasonic cleaner. Each R b - S r  whole rock sample origi- 
nally weighed 10 to 20 kg and was carefully checked to avoid xeno- 
liths and fissures. 

Potassium was analyzed by isotope dilution. Pooled replicate 
analyses give an analytical error of + - 0 . 9 %  at the 95% confi- 
dence level (95% CL). 

Argon analyses were carried out on three different mass spec- 
trometers. 

1) Specimen indicated by an asterisk in Table 3 were measured 
unspiked on our all-metal mass spectrometer equipment which is 
normally used for extraterrestrial material. This instrument was 
described in detail by Signer et al. (1977). 12 runs of the standard 
muscovite P-207 with sample weights between 6.84 and 34.55 mg 
yielded an average radiogenic argon concentration of 
2.859 + - 0.35 x 10 - 5 cm 3 STP/g (95% CL). On some samples with 
low gas amounts, the uncertainty at radiogenic argon of 1.6 x 
10-12 cm 3 STP 4~ caused by a "memory"  of lunar samples (e.g. 
dust from bulk samples, mass spectrometer) may be important. 
This value is calculated assuming that measured argon extracted 
from pure A1 foils with ~~ between 240 and 90 is 
composed of an air and a lunar component and, further, by using 
replicate analyses. In isochron diagrams this uncertainty results 
in strongly correlated errors (0 =0 .9-0 .99)  as shown in Figs. 3-6. 

2) Therefore we repeated the argon determination of 4 samples 
for comparison at the Laboratorium ffir Geochronologie, Uni- 
versitfit Heidelberg/FRG (inidicated by " H "  in Table 3) using con- 
ventional isotope dilution techniques (Horn et al. 1972). 

3) Nearly half of all argon analyses were performed with the 
peak height method (i.e. unspiked) in a new all metal rare-gas 
system consisting of an electron impact furnace, a newly developed 
purification line and a rebuilt MS MAT 240 with automated data 
acquisition. The mass spectrometer is operated in the static mode 
and has a 120 mm radius in 90 ~ magnetic deflection. It is equipped 
with a Faraday collector and a multiplier on two exit slits and 
has a newly designed electron impact source with high linearity 
over a wide pressure range (Baur 1980). The mass spectrometer 
was calibrated with pure argon both volumetrically and by measur- 
ing pressure. This procedure, measurement technique and data re- 
duction will be presented elsewhere (Baur, Deutsch, Signer in 
prep.). Eleven runs of the biotite standard LP-6 with sample 
weights between 6.61 and 31.86 mg resulted in mean value of 
4 .202+-0 .027  x 10 .5 cm 3 STP/g for the radiogenic argon con- 
tent. 

Errors stated in Table 3 are 1 a errors calculated by Gaussian 
error propagation. For this propagation the analytical error of 
K-determination and the error of the sample weight and the accura- 
cy of the coefficients defining the regression lines for each individ- 
ual Ar isotope measurement (40, 36) have been used. 

Regression lines are calculated according to York (1969). Since 
the weighting factor is 1/~ a, this calculation scheme is not very 
suitable for presenting K - - A r  data. Depending on the value of 
Z, quoted errors of isochrone ages and (4~ intercepts are 
2 a or 2 a Z. The data points in graphic presentations show 1 
error ellipses unless the symbol size exceeds these errors. 

For analytical techniques including data evaluation of Rb and 
Sr carried out with a VARIAN MAT CH 5 Tandem solid source 
mass spectrometer, we refer to Steiger et al. (1979). During the 
course of this work we obtained a mean normalized 87Sr/86Sr ratio 
of 0.71046+_0.00006 (95% CL) for NBS 987 (23 runs). Minerals 
were measured on a MAT 261 solid source mass spectrometer (la- 
belled with an asterisk in Table 4). There our result for the NBS 987 
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Table 3. K-Ar dating results. * = noble gas equipment for extraterrestrial samples (ETH-Zfirich). H = Laboratorium fiir Geochronologie 
der Universit/it Heidelberg/FRG. # = p o t a s s i u m  determination by XRF.  Er ro r s=  + - 1 o r .  n . d . = n o t  determined. Abbreviations as in 
Figs. 1, 3 

Sample number  Material Grain size K 36Ar 38Ar 4~ 4~ Weight Calculated age 

[Microns] [ppm] [in units 1 x 10 -8 cm 3 STP/g] [% rad] [mg] [m.y.] 

CAB dykes 

GA-5 * amph 100-265 5,730 0.130 0.0240 704.7 95 26.5 277.0 + - 2 . 8  
GA-5A * amph 41- 70 1,850 0.0852 0.01649 195.2 87 59.6 222 + - 4  

GA-7 * cpx 4J-100 1,019 0.134 0.022 425.3 91 34.3 779 + - 10 
GA-7 * cpx leached 41-  70 954 0.028 0.0071 380.4 98 10.9 799 + - 15 

GA-24 * W R  320430  8,140 0.2156 0.03799 1,299.3 95 119.8 354 + - 7  

1-K CAB dykes 

GA-13B # WR 320M30 7,640 0.1195 0.02143 702.4 95 109.8 212 + - - 4  

h-K CAB dykes 

GA-16 amph 170-200 7,680 0.2882 0.0546 206.83 59 88.2 40.4 + - 0 . 5  
GA-16 amph 170-200 7,680 0.3426 0.0638 224.27 55 53.9 40.8 + - 0 . 5  

GA-20 * amph 100-140 7,700 0.123 0.0227 114.9 68 23.7 26.1 + - 0 . 7  

SHOSH dykes 

GA-I  * amph 210 265 10,840 0.143 0.0264 ]44.78 71 22.9 24.2 + - 0 . 5  
GA-1 * amph 210-265 10,840 0.095 0.0170 130.79 79 26.1 24.3 + - 0 . 5  
GA-I * bi 58-100 62,800 0.186 0.0336 645.7 91 19.9 24.06 + - 0 . 2 5  
GA-1 H bi 58-100 62,800 0.2584 n.d. 668.0 89 120.9 24.l + - 0 . 4  
GA-1 bi 100-175 68,500 0.1596 0.02908 712.9 93 56.4 24.8 + - 0 . 5  

GA-18 amph 70-200 11,450 0.1456 0.02680 164.64 74 63.8 27.1 + - 0 . 4  
GA-18 amph 70-200 11,450 0.2014 0.03752 180.92 67 89.5 27.1 + - 0 . 4  
GA-18 * bi 160-200 69,400 0.121 0.0242 753.0 95 22.8 26.40 + - 0 . 3 1  
GA-18 bi 160-200 69,400 0.7091 0.1329 921.6 77 14.7 26.21 + -0 .31  
GA-18 cpx 140-200 909 0.3438 0.0640 116.75 13 25.1 42.4 + - 1 . 6  
GA-18 # WR chips 32,500 0.4942 0.0917 666.7 78 141.8 40.7 + - - 0 . 8  

GA-21 * bi 220-265 75,900 0.085 0.0162 841.7 97 17.7 27.5 + - 0 . 3  
GA-21 * bi 430-710 77,400 0.345 0.0642 935.8 89 13.0 27.5 + - 0 . 4  
GA-21 H bi 430-710 77,400 0.2139 n.d. 877.0 93 133.3 26.9 + - 0 . 4  

GA-22 * bi 180-265 70,000 0.194 0.0363 853.9 93 17.7 29.1 + - 0 . 4  
GA-22 * bi 180-265 70,000 0.204 0.0387 863.3 93 7.7 29.3 + - 0 . 4  

GA-23 * amph 140-200 11,750 0.208 0.0379 199.2 69 24.6 29.9 + - 0 . 6  
GA-23 * bi 120-200 66,200 0.123 0.02331 755.5 95 32.2 27.8 + - 0 . 3  
GA-23 bi 120-200 66,200 0.2522 0.0469 770.5 90 25.8 26.89 + - 0 . 2 8  

AB dykes 

D 41 amph 100-190 11,070 0.1227 0.02271 163.82 78 56.1 29.41 + - - 0 . 3 0  
D 41 * ampb 190-315 11,430 0.049 0.0097 147.0 90 19.2 29.6 + - 0 . 6  

D 42 amph 100-190 11,210 1.2160 0.2285 494.66 27 26.4 30.8 + - 0 . 5  
D 42 amph 190-315 11,110 0.2623 0.0489 206.85 63 43.0 29.7 + - 0 . 4  

D 46 * amph 100-190 11,630 0.035 0.00654 148.3 93 44.8 30.3 + - 0 . 4  
D 46 * amph 190-315 11,900 0.060 0.01195 158.09 89 31.9 30.1 + - 0 . 5  
D 46 H amph 190-315 11,900 0.0816 n.d. 164.6 85 272.5 30.1 + - 0 . 5  

D 52 * amph 65-100 9,730 0.060 0.0115 127.29 86 29.1 28.7 + - 0 . 6  
D 52 amph 65-100 9,730 0.3013 0.0566 202.86 56 32.2 29.9 + - 0 . 4  
D 52 amph 100-190 8,520 8.60 1.618 2,648 4 1.4 31.5 + - 2 . 9  
D 52 * amph 190-315 9,860 0.048 0.00894 135.17 90 30.4 31.4 + - 0 . 4  
D 52 * amph 190-315 9,860 0.038 0.0070 137.4 92 29.9 32.6 + - 0 . 4  
D 52 * amph 190-315 9,860 0.0765 0.0147 139.6 84 49.4 30.3 + - 0 . 5  
D 52 amph 190-315 9,860 0.1602 0.02966 163.80 71 93.6 30.2 + - 0 . 6  
D 52 H amph 190-315 9,860 0.0805 n.d. 139.0 83 217.2 29.8 + - 0 . 5  
D 52 # WR chips 21,500 0.2944 0.05397 423.1 79 185.6 39.8 + - 0 . 7  
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the intrusion age of this SHOSH dyke. Abbreviations as in Fig. 3 

standard is 0.710238 [12]. Due to this difference all normalized 
87Sr/86Sr ratios were adjusted to the NBS-value of 0.71014. The 
maximum error for 87Rb/86Sr is + - - 2 % ,  for aTSr/86Sr we give 
the individual standard error at 95% CL. 

Decay constants and atomic ratios as recommended by the 
IUGS Subcommission on Geochronology (Steiger and J/iger 1977) 
have been used. 

Results of K--  Ar dating (Table 3) 

CAB and 1-K CAB group. Because of  excess argon no geo- 
logically useful results were obtained.  

Mineral  concentrates (checked by microprobe for alter- 
at ion products  in grain mounts)  as well as whole rock sam- 
ples revealed various amounts  of  excess argon. Removing 
the outer  rim of  the cl inopyroxene GA-7  by acid etching 
(Etique et al. 1978) shows that  this excess radiogenic argon 
is distr ibuted throughout  the grains. Assuming a Tert iary 
age, the excess 4~ for the augite is in the order of  4.0 x 
10 -6 cm 3 STP/g. These dykes underwent  a marked  alter- 
at ion and radiogenic argon from Variscan metamorphosed  
country rocks dissolved in water p robably  pervaded these 
rocks during a hydrothermal  stage. F r o m  our investigation 
it is evident that  this argon is not  only concentrated in 
secondary minerals. 

H - K  CAB dykes from the Kreuzeck area. Amphiboles  
from sample GA-16 yield a model  age of  40.6 m.y., and 
sample GA-20 with very similar geochemical features shows 
an amphibole  model  age of  26.1 my. These dykes are in 
close genetic relationship with the W611atratten tonali te 
stock (Exner 1961), GA-20 crosscuts this magmat ic  body.  
In 1971 Cliff et al. published K - A r  da ta  for bioti te from 
the tonali te and found ages varying between 31. and 44. 
m.y. I t  is a question whether this spread in mineral  ages 
is indicative for excess 4~ or  simply displays a multi-stage 
emplacement  as found in the Adamel lo  massif  (Borsi et al. 
1977; Cortecci et al. 1979). 

SHOSH group. The K - - A r  results dykes yield a c o m -  
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Matrix amphiboles and phenocrysts fit an isochron defining the 
intrusion age whereas the whole rock displays some excess 40 Ar* 

plex picture. Model ages of minerals range between 24.1 
and 42.4 m.y. 

In the entire region investigated the dyke SE of Lienz 
(GA-1) is the youngest example of volcanic activity. It has 
a well established isochron age of 24.2 m.y., connected with 
a (4~176 ratio of 295.0 (Fig. 3). 

An upper limit for the age of SHOSH dykes is indicated 
by the model ages of amphibole GA-23 (29.9 m.y.) and 
biotite GA-22 (29.2 m.y.), and is consistent with R b - S r  
data (p 8, Fig. 8 a). 

From regression line calculation done by using all 
18 data points obtained for SHOSH rocks (Fig. 3), it is 
clear that the different dykes do not pertain to one single 
magmatic event, but were rather generated during a 5 m.y. 
span of time in the upper Oligocene. 

In Fig. 4 the 4~ versus 4~ plot for sample 
GA-18 is given. Clearly, the whole rock contains excess 
4~ and the intercept of 312.4+ -22 .0  led to the conclu- 
sion that measured phases of GA-18 may have excess 4~ 
too. Inferred from model ages this ~~ becomes critical 
only for the augite. Amphibole and biotite are unlikely to 
have gained excess 4~ in detectable amounts. Their model 
ages nearly agree within the gives 1 ~r errors and correspond 
well to the isochron age of 26.2+ - 0 . 2  m.y. 

Although all dated SHOSH dykes show alteration prod- 
ucts the K - A r  system of amphiboles and biotites seems 
to have remained closed at temperatures above 220 ~ C and 
low pressure. These conditions can be inferred from experi- 
mental data for pumpellyite formation (Schiffman and Liou 
1980) and from observations in deep drill holes (Sigvalda- 
son 1962). 

AB group. As no other phases than amphiboles could 
be separated, grain size suites of amphiboles have been in- 
vestigated. The mineral model ages agree well with the iso- 
chron age in Fig. 5. This is strong evidence of all dykes 
of this group having been formed in one single event at 
30.0m.y. All (4~176 ratios scatter around 295.5 
(Figs. 5, 6) and no measurable difference between pheno- 
crysts and groundmass amphiboles could be detected 
(Fig. 6). Both facts indicate that later hydrothermal pro- 
cesses did not significantly affect the K - A r  system of these 
magmatie amphiboles. The only whole rock sample mea- 
sured (D 52), however, obviously contains excess radiogenic 
4~ probably trapped in alteration products. 
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Table 4. R b - S r  analytical results, The maximum error for 87Rb/86Sr is + - 2 % .  Errors (standard error at 95% CL) refer to the 
last digits of (87Sr/S6Sr) . . . .  �9 (87Sr/86Sr) . . . .  are adjusted to NBS =0.71014. SiO2 and K20 in wt.% recalculated on a H20- and calcite-free 
basis. However, one should note that rocks of the SHOSH suite contain primary fluids in considerable amounts. Abbreviations as 
in Figs. t, 3 

SiO 2 K 2 0  Rb ppm Sr ppm 87Rb/86Sr (87Sr/86Sr) . . . .  

CAB dykes 

GA-3 WR 55.2 2.04 102 305 0.9727 0.71497 (29) 
GA-4 WR 56.0 1.65 54.0 406 0.3851 0.70799 (22) 
GA-5 WR 51.4 1.19 48.0 421 0.3297 0.70793 (17) 
GA-7 WR 50.3 0.92 39.7 436 0.2636 0.70895 (19) 

GA-24 WR 50.7 1.01 40.2 363 0.3206 0.70737 (29) 

I-K CAB dykes 

GA-12B WR 49.0 0.13 4.84 441 0.03180 0.71298 (19) 
GA-12C WR 50.2 0.12 4.94 373 0.03835 0.71228 (37) 
GA-t3B WR 54.6 0.97 33.2 267 0.3598 0.70817 (14) 
GA-t5B WR 54.6 0.83 28.7 502 0.1653 0.70928 (20) 

h-K CAB dykes 

GA-16 WR 59.0 2.60 95.7 618 0.4483 0.70989 (19) 
amph 15.8 245 0.1861 0.70772 (33) * 

GA-20 WR 58.9 2.53 74.2 690 0.3114 0.70904 (22) 
amph 5.89 246 0.06936 0.70806 (10) * 

SHOSH dykes 

GA-I WR 46.4 3.75 69.4 1,139 0.1764 0.70806 (18) 
GA-18 WR 51.4 4.16 125 1,025 0.3533 0.70905 (14) 

amph 11.2 906 0.03587 0.70800 (6) * 
bi 357.0 201 5.129 0.71012 (13) * 
cpx 3.08 150 0.05944 0.70814 (33) * 

GA-21 WR 53.3 4.26 117 1,199 0.2816 0.70794 (24) 
GA-22 WR 53.3 3.38 82.5 1,214 0.1968 0.70897 (10) * 
GA-23 WR 56.8 3.62 106 834 0.3669 0.71328 (18) 

amph 10.0 523 0.05533 0.70746 (15) * 
bi 362 128 8.184 0.71112 (11) * 

AB dykes 

L WR 46.6 1.93 51.6 1,749 0.08527 0.70580 (22) 
D 41 WR 47.7 2.63 67.5 1,083 0.1804 0.70698 (13) 
D 42 WR 46.9 2.44 61.1 1,578 0.1120 0.70620 (23) 

amph 12.5 1,383 0.02617 0.70560 (10) * 
D 46 WR 48.3 2.97 83.3 1,162 0.2074 0.70701 (17) 
D 52 WR 48.1 2.26 65.1 964 0.1956 0.70700 (20) 

amph 7.07 723 0.02828 0.70619 (14) * 

R b - S r  results (Table 4) 

Since an open K - A r  system in several different whole rock 
samples could be demonstrated,  the main question was 
whether present day Sr isotope ratios of  whole rocks would 
give any evidence about  the source region of  the magmas  
or simply would reflect contaminat ion  with Sr from Var- 
iscan metamorphosed  country rocks induced by postmag-  
matic fluid circulation. F o r  this, and for compar ison with 
K - A r  dat ing results, a few highly purified amphiboles,  
two biotites and one cl inopyroxene were analysed, too. Be- 
cause of  the very low Rb/Sr  ratios of  whole rocks and 
minerals (except for biotite) it is not  necessary to correct 
measured Sr isotope ratios for accretion of  87Sr by radioac-  
tive decay during the past  30 mill ion years. 

AB dykes have unusually high Sr contents up to 
1,750 ppm. They show a tendency of  increasing Rb/Sr  and 
of  increasing 878r/86Sr from 0.7058 to 0.7070 with differen- 
tiation, accompanied by a decrease in Sr concentrat ion 

(Fig. 7a, b). STSr/S6Sr ratios in two amphiboles  are clearly 
lower than those of  corresponding whole rocks. 

SHOSH dykes exhibit more extended 87Sr/86Sr from 
0.7079 to 0.7133. GA-23 with the highest Sr isotope ratio 
displays low Sr abundance (Fig. 7 a) and has a high differen- 
t iat ion index (D.I.) (Fig. 7b). Thus this rock is more suscep- 
tible to contaminat ion  by highly radiogenic Sr in low abun- 
dance as expected from crustal rocks. A Sr isochron dia- 
gram (Fig. 8 a) shows that  this whole rock plots far above 
the line, connecting amphibole  and biotite. The age corre- 
sponding to the slope ( 3 1 . 7 + - 1 . 7  m.y.), however, agrees 
well with K - A r  mineral  ages of  GA-23 (Table 3). Just 
the same is found on GA-18 (isochron age 
29.3 + - 4.1 m.y., Fig. 8 b) and both  intercepts of  0.7074 (3) 
and 0.7080 (1) resp. coincide with the lowest present day 
ratios of  analysed SHOSH whole rock samples. The low 
Rb/Sr  ratios of  analyzed biotites are due to apati te  inclu- 
sions visible under microscope. 

H - K  CAB dykes with S7Sr/S6Sr of  0.7099 and 0.7090 
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in whole rock samples also seem to have gained Sr of more 
radiogenic composition since their amphiboles show 87Sr/ 
S6Sr ratios of 0.7077 and 0.7081, respectively, as do amphi- 
boles and one clinopyroxene from the SHOSH suite 
(0.7075-0.7081). 

S7Sr/86Sr in 1-K CAB whole rock samples decreases 
drastically from 0.7130 to 0.7082 with increasing SiO 2 
(Fig. 7b) at nearly the same Sr content, whereas Rb/Sr 
shows the opposite tendency (Fig. 9). 
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Fig. 9. Sr evolution diagram for all measured samples. Abbrevia- 
tions as in Fig. 3 

STSr/86Sr in normal CAB dykes displays no dependance 
on Sr or SiO 2 concentrations (Fig. 7a, b) and varies from 
0.7074 to 0.7090, except for GA-3. This rock displaying 
unusually high Rb/Sr of 0.334 combined with 87Sr/86Sr 
of 0.715 could have been contaminated in a postmagmatic 
stage since sample GA-4 on the same SiO2-1evel yields much 
lower ratios of 0.133 (Rb/Sr) and 0.708 (87Sr/a6Sr). 

Discuss ion  o f  R b / S r  results  

Compared with whole rocks, phenocrysts analysed from 
the AB and SHOSH+h-K CAB group have distinctly 
lower SVSr/S6Sr. This points to contamination of the 
magma, after the phenocrysts grew, and at a higher crustal 
level. Bulk assimilation of larger quantities of crustal rocks 
can hardly account for this Sr with a more radiogenic com- 
ponent because major and trace elements form relatively 
smooth trends with D.I. in these dyke groups. 

A possible mechanism for bringing Sr with a high 
isotope ratio into magma is selective assimilation or leach- 
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ing while the magma is ascending through continental crust. 
Briqueu and Lancelot (1979) present a model involving pro- 
cesses of fractional crystallization combined with assimila- 
tion of crustal Sr transported by a fluid phase to explain 
anomalous 87Sr/S6Sr ratios in calc-alkaline rocks. In a 87Sr/ 
86Sr versus 1/86Sr diagram, a line with a negative slope 
defines a mixing line between magma and a contaminating 
component whose maximum possible Sr isotopic ratio is 
given by the intercept on the ordinate. As differentation 
does not change the Sr isotopic composition, fractional 
crystallization in this graph is represented by a horizontal 
line. Vectors in between are a result of a combination of 
both, selective assimilation and fractional crystallization. 

Using this type of graphic presentation (Fig. 10) varia- 
tions of 87Sr/S6Sr within AB, SHOSH + h -  K CAB series 
can be explained satisfactorily. 

Less evolved AB rocks (L, D 42) define a line indicative 
of selective contamination during early stages of fractiona- 
tion, as do amphiboles, though with a lower degree of con- 
tamination. AB dykes with higher D.I. define a trend paral- 
lel to the x-axis showing that Sr contamination at this stage 
is negligible. The Sr isotopic ratio of initial magma cannot 
be deduced accurately from the diagram, but 87Sr/86Sr 
should be around 0.705. The high Sr content should make 
the AB magma fairly immune to having its Sr isotopic ratio 
raised by low Sr high 87Sr/S6Sr crustal rocks. Therefore 
the ratio of 0,705 is attributed to the upper mantle which 
is seen as the source region of these rocks. For sub-conti- 
nental mantle 87Sr/S6Sr values in this range are reported 
by Manzies and Murthy (1980). 

SHOSH whole rock samples define a steep line and the 
line connecting h-K CAB rocks GA-16 and GA-20 has a 
similar steep slope. Both are indicative of selective Sr con- 
tamination en route to the surface. Amphiboles and one 
clinopyroxene from both groups lie on a horizontal line, 
arranged to their decreasing mg-values, and were formed 
before the inferred high-level contamination took place. Re- 
maining liquid, however, assimilated Sr rich in a radiogenic 
component until the final stage of differentiation. The dif- 
ference between 87Sr/86Sr in minerals and SVSr/86Sr in 
whole rock samples gives evidence for rapid cooling which 
prevented an isotopic homogenisation between phenocrysts 
and liquid. 87Sr/86Sr around 0.707 is regarded as a primary 
feature of the parental magma of SHOSH and h-K CAB 
dykes. In addition this magma is low in silica (GA-1), and 

has high abundances of alkalies, Th, Sr, Ba, and LREE. 
If  in this case the upper mantle is also the source region, 
as expected, the introduction of the above stated elements 
has to be considered. The high content of CO 2 + H20 in 
the least evolved dykes (e.g. GA-22 with 5.36% CO2) may 
hint at a transport into the mantle by fluids. 

Some of the scatter obtained in 87Sr/86Sr in the 1-K 
as well as in the CAB group may be due to hydrothermal 
alteration. However, Sr isotopic ratios from 0.7074 to 0.709 
combined with relatively low Sr contents and low Rb/Sr 
ratios cannot be explained as a result of large scale interac- 
tions with Variscan metamorphosed gneisses and mica- 
schists. Indications for a crustal origin of this rock series 
are seen in the wide variations of trace elements (Ni, Ba, 
Rb) and in the variable corundum contents in the CIPW- 
norm. Our data are not sufficient to establish the presence 
of a mantle component in 1-K CAB and CAB dykes al- 
though a contribution of material with low radiogenic Sr 
seems very likely. 

Comparison with other Tertiary magmatites along 
the Periadriatic line (Fig. 11) 

Among several post-Paleocene intrusions and dykes in the 
region south of the Tauern Window (cf. Exner 1976), the 
geochemistry of some tonalitic to granodioritic plutons is 
well-studied. The plutons display many features identical 
with the dykes under consideration: The geotectonic posi- 
tion, almost the same emplacement ages, homogeneous dis- 
tribution of major elements and comparable Sr characteris- 
tics. 

Tonalites from Rensengpitz massif have STSr/86Sr as low 
as 0.707, although the initial value of a whole rock isochron 
defined by granite samples is 0.7097 (Borsi et al. 1978 a). 

Sr isotopic ratio obtained for the small Altenberg pluton 
is 0.711. Its intrusion age must be somewhat greater than 
the weak metamorphic overprint at 23.0 m.y. which is re- 
corded by biotite rejuvenation (Borsi et al. 1978 b). 

Two samples from the Zinsnock massif gave 0.708 
(Borsi et al. 1978b), a biotite - whole rock isochron yields 
an age of 29.5+ -1 .1  m.y. 

In the Rieserferner complex initial Sr isotope ratios of 
whole rock and mineral - whole rock isochrons range be- 
tween 0.709 and 0.7207 and rocks displaying lower Sr abun- 
dances have the highest 87Sr/86Sr (Borsi etal.  1978b). 
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Surprisingly enough REE patterns from h-K CAB rocks 
(Fig. 2b) with similar Sr isotope ratios coincide with those 
observed in tonalites from the Rieserferner plutonic com- 
plex (Bellieni et al. 1981). 

Borsi etal.  (1978b) explained magma generation of 
these young alpine plutonites by anatexis and concluded 
that the wide spread of 8VSr/86Sr had been caused by differ- 
ent degrees of partial melting of crustal material, v. Gyzycki 
and Schmidt (1978) proposed that the formation of these 
melts by anatexis might have been supported considerably 
by strain-heat caused by intraplate deformation during the 
collision of the European and the African continent. Bel- 
lieni (1980) assumed that tonalites and granodiorites had 
been generated by high-pressure crustal melting followed 
by low-pressure fractionation processes. Based on REE and 
trace element data Bellieni et al. (1981) suggested that the 
Rieserferner suite represents a high-potassium "Andean"-  
type series resulting from crystal/liquid fractionation pro- 
cesses from one parent magma, possibly of dioritic compo- 
sition. The scatter of the 8VSr/86Sr ratios might be a product 
of slight contamination with highly radiogenic crustal mate- 
rial, typical for calc-alkaline series emplaced on an active 
continental margin characterized by high crustal thickness 
(Thorpe and Francis 1979). Dupuy et al. (1982) postulated 
a similar genesis for the Adamello complex. According to 
their model the different rock types (gabbros quartzdior- 
ites) were produced from one parental magma with a com- 
position similar to that of high-alumina basalts. The wide 
range of Sr isotope ratios observed could be explained sat- 
isfactorily by assimilation combined with fractionation pro- 
cesses. Recently Kagami et al. (1983) could confirm with 

a Nd - Sr study a mantle source for the ultramafic cumu- 
lates and for the gabbros in the Adamello. In contrast the 
slightly negative end of --6.0 to --4.8 and higher 87Sr/S6Sr 
of 0.7067 to 0.7071 of the intermediate intrusives point to 
the presence of an crustal component in this calc-alkaline 
series. This conclusion is supported by the occurence of 
zircons containing an inherited old Pb component of Pre- 
cambrian origin (Hansmann and Oberli 1983). 

In the prevailing plate tectonic models considering the 
evolution of the Eastern Alps (Hawkesworth et al. 1975; 
Dietrich 1976; Frisch 1978, 1981), the Austroalpine block 
as part of a proposed Adriatic plate overrides South Pen- 
ninic units in the middle Cretacious. Except for one ande- 
sitic dyke in SW Tyrol with a questionable K - A r  whole 
rock age of 89.0 + - 7 . 0  m.y. (Gatto et al. 1976) and alkali- 
basaltic dykes of perhaps Cretaceous age in the Northern 
Calcareous Alps (Trommsdorff 1962), there is no evidence 
for a Cretaceous magmatism. 

According to Dal Piaz (1974) the widespread Tertiary 
magmatism should be linked to the Cretaceous subduction 
as a delayed affect. However, it seems more reasonable to 
connect the Tertiary magmatic rocks with the consumption 
of the North Prenninic ocean, which terminates in the late 
Ecocene with the second continent - continent collision 
(Frisch 1978). Timing and geochemical features (e.g. high- 
titanium shoshonites, intraplate alkalibasalts) clearly relate 
this magmatism to the post-collisional stage; but liquids 
initiating a partial melting of mantle material may still have 
been derived from the subducted Penninic oceanic crust. 
The different magma types - epiplutonic tonalites, hypabys- 
sal shoshonitic associations, and alkalibasaltic rocks - may 
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be related to the degree and depth of partial melting and 
to the degree of hydratisation of the mantle peridotite 
(Takahashi et al. 1981). The uprise of the magmas coincides 
with an extensional regime in the Alps within the Oligocene 
(Laubscher 1983). In the region of proposed magma genera- 
tion we have to consider an anormalous thick crust 30 m.y. 
ago caused by a pile consisting of the Austroalpine thrust 
sheet and various Penninic units. Inside the Tauern Window 
given maximum temperatures for the 40 m.y. old amphibo- 
lite metamorphism are 630 ~ C + - 2 0 ~  (Hoernes and 
Friedrichsen 1974) and the estimation of pressure for the 
deepest Penninic unit that is exposed today yields about 
6 kbar (Cliff et al. 1971). Oxburgh and Turcotte (1974) 
showed with an analytical thermal model that the tempera- 
tures required for this metamorphism can not be attained 
without a contribution of heat from the upper mantle. Eng- 
land (1978) rejected this model and argued that there is 
little evidence for a large amount of igneous activity along 
the axis of the Austrian and Swiss Alps. However, there 
are numerous intrusions of similar age in this region (cf. 
Exner 1976). 

The dykes investigated in the present study are part 
of this Oligocene-age event. Sr isotopic ratios of 0.705 for 
the primary AB melt point to an already enriched sub- 
continental mantle. For parental magma of SHOSH+h-  
K CAB dykes we have to consider the introduction of se- 
lected elements from the subducted material into the mantle 
by fluids (cf. Hawkesworth et al. 1979; Pearce 1982). Al- 
though the contribution of the downgoing slab can not 
be evaluated accurately, at least some Sr of more radiogenic 
composition and LREE, potassium and other LIL elements 
could have been introduced. The mobilization of these ele- 
ments is caused by dehydration of the subducted slab and 
escape of the released fluids. 

Conclusions 

Mafic dykes found south of the Tauern Window can be 
classified into alkalibasaltic rocks (AB), into a shoshonitic 
suite (SHOSH) which grade into more andesitic high-potas- 
sium rocks (h-K CAB), and into calc-alkaline dykes (CAB) 
with low-potassium members (1-K CAB). 

K - A r  data reported from minerals of these different 
dyke groups give clear age relationships: 

1) AB rocks belong to a single magmatic event taking 
place 30 m.y. ago 

2) rocks of the SHOSH group intruded between 30 m.y. 
and 24 my. ago 

3) amphiboles from two h-K CAB dykes yielded ages 
of 40 m.y. and 26 m.y., respectively, but significance is not 
known 

4) because of their stronger alteration CAB and 1-K 
CAB dykes are believed to be somewhat older than 30 m.y. ; 
their mineral ages indicated various amounts of excess ar- 
gon 40. 

The Rb/Sr systems show complexity: early crystallized 
mafic phases such as amphibole and clinopyroxene provide 
some information about Sr characteristics of the primary 
magmas whereas remaining liquids assimilated Sr enriched 
in a radiogenic component during their ascent. In the case 
of AB, SHOSH +h-K CAB rocks higher Sr isotopic ratios 
in rocks with higher D.I. can be explained by a combined 
process of fractionation and selective Sr contamination. 
From our data we can estimate initial 87Sr/S6Sr ratios ar- 

ound 0.705 for AB melt. This value is compatible with a 
magma generation in the enriched sub-continental mantle 
as required to fit the geochemical and mineralogical data 
of this series. Sr isotopic ratio of 0.707 for the parental 
melt of the SHOSH+h-K CAB suite is connected with 
strong enrichment in LREE, K and LIL elements, which 
could be caused by fluid transport into the mantle prior 
to fractionation. 87Sr/86Sr together with wide variations 
in some trace elements, as found in CAB and 1-K CAB 
dykes, indicate a major contribution of crustal material to 
these calc-alkaline magmas in an early stage of evolution. 

K - A r  ages and Sr data of the lamprophyres studied 
agree with results from Tertiary plutonites in the same geo- 
tectonic position. This phase of intense magmatic activity 
is linked with the continent-continent collision after the sec- 
ond subduction event in the Eastern Alps as proposed by 
various authors. 

Finally, K - A r  data obtained on whole rock samples 
in three rocks are not sufficient to evaluate an intrusion 
age. Likewise great care has to be taken in interpreting 
Sr isotopic ratios of whole rock samples from hypabyssal 
rocks regarding the nature of the magmas parental source. 
Our results clearly show that dyke rocks to not represent 
"closed" Sr systems. 
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