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Structural, geochemical and isotopic investigations have been car ri ed out a cross the contact zone between the Precambrian rocks of the Lindås 
Nappe (Lindås Complex) and Palaeozoic rocks (Major Bergen Are Zone) at Ostereide in the Caledonides of western Norway. T he Lindås Com
plex structurally overlies the Totland Unit of the Major Bergen Are Zone. The Totland Unit consists of amphibole-garnet-mica-schists, and gar
net-biotite geothermometry from this unit yield metamorphic temperatures in the range 600-645 °C. This corresponds to upper amphibolite 
facies, whereas underlying units show peak metamorphism no higher than lower amphibolite facies. Syntectonic granitoid dykes - the Ostereide 
Dykes - intruded in to the Lindås Complex and into the Totland Unit dose to the base of the overlying unit. The dykes are characterized by high 
contents ofS r and Ba, 87Srf86Sr42oMa of 0.7046-0.7057 ande of -0.7 to -1.2. Zircons from one of the dykes analysed by ion microprobe data indi
cate an U-Ph age of 410-440 Ma for the latest p hase of crystal overgrowth interpreted as the age of intrusion. Zircon cores yield U-Ph ages in the 
range 920 to 1478 Ma, and are evidence of widespread Proterozoic inheritance. The geochemical and isotopic compositions indicate that the gra
nitoid intrusions may have formed by anatexis of metasediment similar to the garnet-amphibole mica schists from the Totland Unit in the pre
sence of a water-rich fluid phase. The heat source for the high temperatures is suggested to be dissipative heating from the contact zone generated 
during the juxtaposition of the Lindås Complex with the Totland Unit. 
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lntroduction 

In the Caledonides of western Norway granitoid intrusi
ons are predominantly found in units at high tectono
stratigraphic levels, and they are associated with the out
board terranes, i.e. ophiolites and island-are complexes 
(Andersen & Jansen 1987, Pedersen & Hertogen 1990, 
Skjerlie 1992). Although the oceanic affinity of the host 
rocks is not in doubt, isotopic data show that material 
with lang crustal residence time has been involved in the 
generation of the granitoids (Pedersen & Dunning 1997, 
Skjerlie et al. 2000). Such involvement of crustal mate
rial may be related to the oceanic stage prior to conti
nent-continent collision, a result of amalgamation of 
island arcs and micro-continents. Alternatively the 
intrusions may be associated with collisional contrac
tion, such as the obduction of ophiolite complexes. 

Caledonian granitoid intrusions are also found in the 
Lindås Complex and in the underlying Totland Unit of 
the Major Bergen Are Zone at Ostereide north of Bergen 
(Fig. 1). These granitoid intrusions occur mainly as 
dykes and have been termed the Ostereide Dykes. In 
this paper, structural data (such as structural position, 

deformation pattern and relative timing of intrusion) 
have been used in combination with geochemical and 
isotopic data to constrain models of the generation of 
these intrusions, and analyse the tectonic implications of 
this magmatism. 

Geological setting 
Caledonides of western Norway 

The Caledonian Orogeny of Scandinavia is a result of the 
closure of the Iapetus ocean (pre-Scandian phase) and 
the subsequent continent-continent collision between 
the cratons of Laurentia and Baltica (Scandian phase). 
The pre-Scandian phase (Ordovician to early Silurian) 
includes subduction with formation of island-arcs, back
and fore-are basins (Pedersen et al. 1988, Furnes et al. 
1990). In south Norway the subsequent Scandian phase 
is characterized by large-scale nappes thrust south-east
wards onto the Baltoscandian Platform during late Silu
rian to early Devonian times (Sturt & Thon 1978, 
Roberts & Sturt 1980, Milnes et al. 1997). The main 
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Fig. l. Tectonic map of the area between Bergen and Sogn, western Norway. Study area is framed. H indicates the location of Hyllestad. Modi
fied from Mil nes & Wennberg ( 1997). See Milnes & Wennberg ( 1997) and Wennberg ( 1998) for discussion of tectonostratigraphic correlations. 

Caledonian eontraetional deformation was followd by 
an extensional event, that resulted in the thinning of the 
orogenieally thiekened crust and modifieation of the 
earlier nappe strueture (Hossaek 1984, Norton 1987, 
Andersen & Jamtveit 1990). 

The Bergen Arcs 

The Bergen Are System is eomposed of several distinetive 
tectonostratigraphic units displaying different metamor
phic grades, and bounded by tectonic contacts with an 
areuate outcrop pattern surrounding Bergen (Fig. l; Kol
derup & Kolderup 1940). The contacts between the main 

tectonic units have been interpreted as thrust faults by 
most authors, and as a result of a polyphase deformation 
history of the Caledonian Orogeny (Færseth et al. 1977). 
Recent studies have shown, however, that the Bergen Are 
System is bounded to the east by a curved, large-scale, 
normal to oblique shear zone called the Bergen Are Shear 
Zone (BASZ) by Fossen (1992). The top-to-W to NW 
extensional ( dextrallnormal) nature of this shear zone has 
been confirmed by detailed analysis of kinematic indica
tors, and it has a significant impact on the areuate outcrop 
pattern in the Bergen Area (Wennberg et al. 1998). 

The present study area is situated in the hanging wall 
of the BASZ and represents a proftle across the contact 
between the Lindås Complex and the underlying Major 
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Fig. 2. Geological map of the investigated area. See figure l for location. BASZ = Bergen Are Shear Zone. Stippled frame shows the ouline of Figure 3. 

Bergen Are Zone (Fig. l and 2). This contact is interpre
ted to have developed during the Caledonian contractio
nal phases (Wennberg & Milnes 1994), and shows struc
tural and metamorphic relations, which are not affected 
by late/post-Caledonian extension along the Bergen Are 
Shear Zone. 

The Major Bergen Are Zone 

The Major Bergen Are Zone (MaBA) can broadly be 
divided in to the following three units: l) The Gulfjellet 
Ophiolite Complex (Thon 1985) with an Early Ordovi
cian age (Dunning & Pedersen 1988). 2) The Samnanger 
Complex east of the Gulfjellet Ophiolite Complex repre
sents a large-scale imbricate structure, which consists of 
Lower Palaeozoic schists with slices of ophiolitic rocks in 
the west and slices of basement gneisses in the east (Fær
seth et al. 1977. Thon 1985). 3) The Holdhus and Ulven 
Groups consist of conglomerates, limestones and phylli
tes (Færseth et al. 1977) of Ashgillan to middle Llando
verian age (Ryan & Skevington 1976). They are suggested 
to have been separated from the underlying Samnanger 
Complex and Gulfjellet Ophiolite Complex by a major 
stratigraphic unconformity, and are deposited after 
much of the deformation of these complexes (Færseth et 

al. 1977). Earlier studies suggest that the MaBA under
went peak metamorphism dose to the upper greens
chist/lower amphibolite facies transition (Færseth et al. 
1977, Fossen 1988). 

In the present study area the deformation was so 
intense that the units described above cannot be recogni
zed. Here the strongly sheared and thinned MaBA is 
subdivided into an upper and a lower part (Wennberg & 
Milnes 1994, Wennberg et al. 1998). The lower part - the 
Dyrsvika Unit - Iies within the BASZ, and displays 
fabrics that have been strongly reworked during retro
grade metamorphism related to late/post Caledonian 
extensional movements along the shear zone (Wennberg 
1996, Wennberg et al. 1998). The upper part - the Tot
land Unit - is situated in the hanging wall of the BASZ. 
The structures and metamorphism here are older than 
the shearing along the BASZ, and related to the Caledo
nian contractional deformation. The rest of this paper 
concerns the Totland Unit and its relationships to the 
overlying Lindås Complex, i.e. prior to the development 
of the BASZ. 

Totland Unit 
The Totland Unit (Fig. 2) consists mainly of garnet
amphibole-mica-schist with veins and lenses of carbo
nate and quartz, and psammitic hands. Zones of amphi-
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Fig. 3. Map of the upper part of the MaBA with T-estimates and 
sample location from garnet-biotite thermometry. BASZ = Bergen 
Are Shear Zone. 

bolite and granitoid dykes are also common, especially 
towards the top of the unit. In the lower part, dose to the 
BASZ, zones of mylonite and phyllonite are common. 
The main foliation in the Totland Unit has a rather con
stant orientation with a dip of 40° to 60° towards SW 
(Fig. 2), which is sub-parallel to the lithological bounda
ries within this unit. The main foliation in the garnet
amphibole-mica-schist is defined in thin sections by 
parallel orientation of mica and quartz-feldspar aggrega
tes and with elongated amphiboles lying in the foliation 
plane. Locally, the foliation is affected by tight to isodi
nal micro-folds with axial planes parallel to the main 
foliation in the undisturbed parts. 

The majority of garnets are interpreted as syn-tecto
nic, but a few examples of post-tectonic garnets growing 
across the main foliation are locally observed. Amphi
bole occurs as elongate, anhedral and commonly poiki
loblastic crystals and with sub-parallel pleochroism and 
extinction. Observations in the field and in thin sections 
parallel to the main foliation show that the amphiboles 
have a random orientation within the foliation plane, 
often with bow-tie arrangements (garben-schist). Mus
covite is the most common mica in the garnet-amphi
bole-mica-schist. Muscovite and biotite wrap around 
the garnet and amphibole crystals, and both are primary 
components of the main foliation as syn-tectonic mine
ral phases. Post-tectonic muscovite growing across the 
main foliation also occurs. Quartz and feldspar nor
mally occur as fine-grained, elongated aggregates paral
lel to the main foliation. The main foliation is also defi
ned by quartz veins (3 mm -10 cm) with sharp bounda
ries to the wall rock. These are characterized by larger 
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grains than quartz in the rock matrix, with irregular 
grain boundaries, undulose extinction and subgrain for
mation (see Wennberg 1998 for further details of the 
micro-structures). 

Kinematic indicators are best developed in a zone 
dose to the BASZ (Fig. 3). Shear hands and quartz bou
dins have an asymmetry consistently indicative of sinis
tral non-coaxial shear, which is accompanied by a sub
horizontal stretching lineation (see Wennberg 1996 for 
details). However, the shear hands occur as a late stage 
feature, suggesting that the (sinistral top-to-SE) shearing 
continued at lower metamorphic grades. Across the mar
gin of the BASZ the sinistral structures are modified, 
overprinted and finally obliterated by the later dextral 
shear (Wennberg 1996). Locally, asymmetric boudins 
indicating sinistral non-coaxial deformation are obser
ved at higher levels of this unit. The sinistral shear is 
interpreted to be related to Caledonian contractional 
deformation (Wennberg & Milnes 1994). 

Garnet-biotite thermometry 
Temperature estimates of the garnet-amphibole-mica
schist were obtained from electron microprobe analyses 
of garnet and biotite in contact. The garnets were analy
sed in the rim zones dose to the analysed biotite, and 
equilibrium between the rim zone of the garnet and the 
biotite was assumed due to the lack of corona formation. 
Eight samples defining a traverse through the Totland 
unit at various distances from the overlying Lindås 
Complex were analysed (Fig. 3 and Appendices l and 2). 
Two garnet-biotite pairs were analysed in each sample. 
The temperatures were calculated using the GABIT pro
gram based on the work of Patifio Douce et al. (1993). 
Calculation of pressure was not possible, since this only 
can be done in rocks saturated in an aluminosilicate 
polymorph. Fixed pressures of 5, 6 and 7 kb were used in 
the calculations, but this variation in the pressure did 
not influence the calculated temperatures significantly 
(± 3°C). Most of the temperature estimates are in the 
range 600-645 °C (Fig. 3), i.e. well within the amphibo
lite facies. 

The Lindås Complex 

The Lindås Complex is a Caledonian nappe which com
prises meta-anorthosites and gabbros in addition to fei
sic, intermediate and mafic gneisses, induding mangeri
tes (Kolderup & Kolderup 1940, Griffin 1972). Two 
major events affected these rocks (Austrheim & Griffin 
1985): a Proterozoic (Sveconorwegian) event characteri
zed by magmatic activity, deformation and granulite 
facies metamorphism (Austrheim 1990), and a Caledo
nian event characterized by complex polyphase defor
mation and metamorphism. Of particular interest is the 
occurrence of the Caledonian edogites (Austrheim & 
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Fig. 4a. Fig. 4 b. 

Fig. 4c. Fig. 4d. 

Fig. 4. Occurrences of granitoid dykes, a) late tectonic dyke cutting across isoclinally folded foliation in the Lindås Complex (from Sauvågen), 
b) asymmetric folds and asymmetric boudins both indicating sinistral shear, Lindås Complex, c) deform ed, discordant dyke from the Totland 
Unit, d) folded and boudinaged dykes from Totland Unit. For a) see figure l for location. For b-d see figure 2 for location. 

Griffin 1985, Austrheim 1987, Jamtveit et al. 1990, 
Boundy et al. 1996 and 1997, Austrheim et al. 1996). Sub
sequent deformation under amphibolite- facies conditi
ons is related to exhumation after the high-pressure event 
and/or to the later collisional contraction, and resulted in 
the formation of the main foliation in this unit. 

In the area of the present study, the Lindås Complex 
comprises heterogeneous gneisses, anorthosites/amphi
bolites, metagabbros and homogeneous granitic gneisses 
(Fig. 2). All these lithologies contain a foliation defined 
by compositional layering and preferred mineral orien
tations. In the vicinity of the Totland Unit the foliation is 
oriented with a SW dip parallel to the contact and the 
foliation within the Totland Unit. This suggests that the 
foliation is of Caledonian age. Stretching lineations in 
the foliation plane have variable orientations, but the 
majority show a shallow southwards plunge. Kinematic 
indicators are in general poorly developed in this unit. 
Asymmetric folds and boudins in the granitoid veins do 
not give an unambiguous sense of shear, although in 

several cases sinistral non-coaxial deformation seems to 
dominate. The Lindås Complex is also affected by a few 
narrow dextral shear zones parallel to the BASZ, which 
are oblique to and post-date the main foliation. 

Granitoid rocks 
Field relationships 
The rocks of the Lindås Complex and the structurally 
upper part of the Totland Unit are intruded by granitoid 
dykes and sheets (Kolderup and Kolderup 1940, Bøe 1978, 
Henriksen 1979 and Borthen 1995). Similar granitoid 
intrusions do not occur in the lower tectonic units, i.e. 
within or in the footwall of the Bergen Are Shear Zone. 
In this study these intrusions are termed the Ostereide 
Dykes. Granitoid intrusions generally occur as dykes with 
a thickness ranging from 10 centimetres and up to several 
meters, but occasionally larger intrusions occur with an 
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Table l 
Ostereide Dykes Totland Unit 

89-10 80-3A 79-lA l5-3B 80-4A 80-5A 106-14 106-18 21-3A 31-lA 

Unit Lin C Lin C Lin C contact MaBA MaBA MaBA MaBA 

69.73 

Si02 69.73 72.55 72.19 69.96 73.61 67.66 72.33 67.37 68.39 63.92 

Ti02 0.20 0.08 0.03 0.04 0.07 0.18 0.17 0.14 0.63 0.68 

Al203 17.21 15.41 15.03 17.06 15.15 18.16 15.47 19.60 12.20 12.52 

Fet3 1.43 0.95 0.54 0.60 1.03 1.46 1.31 1.33 5.02 5.42 

Mn O 0.02 O.Ql O.Ql O .o! 0.01 0.03 O.Ql 0.03 0.07 0.09 

MgO 0.34 0.14 0.13 0.12 0.12 0.23 0.29 0.25 2.61 3.22 

Ca O 1.74 0.90 0.84 1.14 1.01 1.91 1.47 1.07 3.42 5.43 

Na20 5.90 6.09 6.24 9.28 8.55 7.76 6.98 8.95 2.70 2.03 

K20 3.93 3.82 4.30 1.55 0.17 1.47 1.16 1.50 1.76 1.76 

P205 0.06 0.03 0.02 0.03 0.04 0.06 0.08 0.03 0.12 0.15 

LO! 0.20 0.23 0.22 0.34 0.52 1.70 0.80 0.78 3.14 4.40 

total 100.74 100.20 99.33 99.79 100.28 100.63 99.28 100.28 100.05 99.64 

con tro! 100.76 100.21 99.55 100.13 100.28 100.62 100.07 101.05 100.06 99.62 

V 20 9 7 4 7 23 20 28 87 105 

Co l -l o o l l l 12 18 

C u 6 14 7 11 48 12 80 7 26 30 

Zn 30 12 4 7 6 8 6 20 60 70 

Rb 31 32 41 13 l 24 20 21 68 62 

Sr 1943 923 895 1206 905 1333 749 1379 283 162 

y 5 l o 2 3 4 2 3 24 27 

Zr 161 118 98 101 137 187 146 182 180 209 

Ba 3067 2193 1600 1106 278 1553 1367 1228 372 306 

La 1.70 4.80 1.70 4.00 35.00 35.00 

Ce 5.80 2.90 5.20 55.00 65.00 

Nd 1.70 2.90 28.00 27.30 

Sm 0.50 0.50 0.70 1.00 4.50 5.50 

Eu 0.20 0.20 0.10 0.20 1.10 1.10 

Gd 

Tb 
Ho 0.40 0.20 0.10 1.30 LO 

Tm 0.06 0.50 

Yb 0.40 0.30 0.50 0.30 2.80 2.50 

L u 0.06 0.07 0.05 0.40 0.50 

Se 1.20 1.20 0.70 1.00 11.60 13.00 

Hf 3.60 2.90 2.70 4.00 4.60 5.10 

Ta 0.01 0.10 0.40 0.70 0.90 

Th 0.20 1.40 0.30 2.80 17.50 16.00 

u 1.10 0.80 0.50 2.70 1.80 1.70 

Table l. Major and trace element data for granitoids and garnet-amphibole-mica-schists. Major elements are in weight% and trace elements in parts per 
million (ppm). n.d = not detected. Fet3 =total Fe calculated as FeO, W! =loss on ignition, LinC =Lindås Complex, MaBA =Major Bergen Are Zone. 
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Table 2 Sr and Nd isotope composition of samples of Lindås dykes and associated metasediments 
Sam p le Sm Nd l-47$m/144Nd !ONdfi44Nd '"Ndi""Nd(i) ENd(i) TCHuR ToM Rb Sr 87Rb/86Sr 87Sr/86Sr 87Sri"Sr(i) 

Granites 

79-IA 0.36 2.24 0.0975 0.511925 (17) 0.511644 -8.6 1095 1453 41 895 0.1876 0.705788 (12) 0.7047 

80-3A 32 923 0.1421 0.705473 (9) 0.7046 

15-3B 0.21 1.00 0.1244 0.512000 (16) 0.511642 -8.6 1344 1736 13 1206 0.0442 0.705729 (10) 0.7055 

80-4A 0.65 3.05 0.1292 0.512081 (9) 0.511709 -7.2 1256 1692 l 905 0.0045 0.705720 (12) 0.7057 

80-5A 1.18 5.60 0.1271 0.512093 (8) 0.511726 -6.9 1193 1636 24 1333 0.0738 0.705251 (14) 0.7048 

100-18 1.10 6.51 0.1017 0.511776 (14) 0.511483 -11.7 1382 1692 21 1379 0.0624 0.705002 (12) 0.7046 

Sehists 

21-3A - 68 283 0.9743 0.713437 (12) 0.7076 

31-1A 5.68 29.99 0.1146 0.512045 (9) 0.511715 -7.2 1101 1515 62 162 1.4709 0.716975 (13) 0.7082 

Nd isotopic ratios are normalized to 1«iNdJ144Nd = 0.7219. The decay constant for 147Sm = 6.54xl()'-12y-1. ENd values are calculated relative to CHUR (chondritic uniform reservoir) with present day 
147Smi"'Nd � 0.1967 and 10Nd!"'Nd � 0.512638 (Jacobsen & Wasserburg, 1984). The decay constant used for "Rb � 1.42x10·"y-'. Initial isotope ratios (i) and eNd values are calculated back to 420Ma. 
Numbers in parentheses represent two standard deviations. 
T DM: Crustal residence age calculated assuming a depleted mantle rcservoir; T CHUR: Crustal residence age calculated assuming a chondritic uniform reservoir. 

outcrop width up to 70 m. The granitoid dykes cut 
through and are dragged into a single foliation (Figure 4a 
and 4b ). They typically crosscut each other, and locally up 
to four phases of intrusions can be identified. Locally in 
the Lindås Complex the dykes are relatively undeformed, 
occurring as simple, sub-planar intrusives with small vari
ations in thickness. Some of the thinner dykes wedge out. 
Branching and irregular dykes also occur. The majority 
are aplitic, although coarser grained dykes also exist. 

In general the dykes show complex deformational 
patterns. At some localities dykes have been deformed by 
later non-coaxial strain with the orientation of shortened 
and elongated dykes indicating a sinistral sense of shear 
(Fig. 4b). Isoclinally folded dykes are cut in both limbs by 
less deformed dykes suggesting that deformation and 
intrusion were contemporaneous. In the Lindås Com
plex the deformation of the dykes exhibit marked strain 
gradients from felsic to mafic layers. In the felsic layers 
the dykes are undeformed to moderately folded and 
boudinaged. This deformation is stronger in the mafic 
layers where the boudins are rounded, folded and rotated 
in a biotite- and/or amphibole-rich matrix. At the peak 
stage of deformation this results in a rock with a pseudo
conglomeratic appearance. 

In the Totland Unit the dykes occur in the upper part 
dose to the contact to the Lindås Complex, and here the 
dykes are more deformed than in the latter unit. The 
dykes are usually isoclinally folded with the long limbs 
parallel to the main foliation, but dykes discordant to the 
foliation have also been observed (Fig. 4c). They are fol
ded and boudinaged (Fig. 4d) in a similar way to the dykes 
of the Lindås Complex, commonly with an asyrnmetry 
indicating sinistral or top-to-SE sense of shear. 

Micro-structures 
The Ostereide Dykes consist mainly of plagioclase and 
quartz with lesser amounts of potassium feldspar. Mus
covite is the most abundant mica, and biotite and epi-

dote are present in relatively small amounts. The Oste
reide Dykes in the Lindås Complex do not normally 
show any deformation fabric development in the field, 
although dykes which contain a foliation and/or linea
tion, have been observed especially in the Totland Unit. 
In thin sections the granitic dykes show variable degrees 
of recrystallization. Even the least deformed dykes (not 
folded and with no field evidence of shear deformation) 
show some evidence of intracrystalline deformation of 
feldspars, as displayed by deformation twins in plagio
clase, hending of twin lamellae, undulose extinction and 
subgrain formation, especially along the grain bounda
ries. More deformed dykes (folded and/or sheared) suf
fered further grain-size reduction leading to a seriate
interlobate fabric (Passchier & Trouw 1995) with a com
plete gradation from fine- to coarse-grained and irregu
lar grain boundaries. The larger grains are feldspars, and 
the fine-grained groundmass consists of recrystallized 
quartz and feldspar. A foliation is developed along the 
margins of the most strongly deformed dykes, defined by 
parallel orientation of mica and a tendency to a fine 
compositional layering. 

Geochemical and isotopic composition 
Analytical metods 

Eight representative dykes and two samples of the Tot
land Unit garnet-amphibole-mica-schists have been 
analysed for major and trace elements. Four of these 
samples were analysed for the REE. Isotopic compositi
ons (Rb-Sr, Sm-Nd) were determined for five of the 
samples (Tables l and 2). 

The major and trace elements were analysed by XRF 
at the University of Bergen. Major elements were analy
sed on glass beads and the trace elements on pressed 
powder pellets. International standards and values 
recommended by Govindaraju (1984 and 1989) were 
used for calibration. 
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Fig. 5. a) Harker variation 
diagram for selected major 
elements (wt %) and trace 
elements (ppm) for the Oste
reide Dykes. The AICNK
ratio is also shown. 
b) B7Srf86Sr -eNd (t=420) 
diagram for the Ostereide 
Dykes and metasediments 
compared with data from 
Sogn- Sunnfjord area. 
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Fig. 6. a) REE con tent relative to Cl chondrites. Stars = grn-amp-mica-schists. squares = granitoids. b) modelled REE pattern of melt deri ved 
from a source rock like the garnet-amphibole-mica-schist compared with the pattern measured in a representative granitoid sample. 

The rare-earth elements were determined by instru
mental neutron activation (INA) at the University of 
Bergen, using international standards for calibration. 
The gamma-ray activities were measured with a large 
Ge(Li) detector. Methods are described by Brunfelt and 
Steinnes (1969, 1971). Instrumental precisions for the 
elements are as follows: ca 5 o/o: Sm; 5-l O o/o: La, Eu, Tb, 
Yb; l 0-15 o/o: Ce, N d; ca 20 o/o: Ho, Tm. 

Rb-Sr and Sm-Nd isotopic composition were deter
med on a Finnigan 262 mass-spectrometer at the 
Department of Geology, University of Bergen. The che
mical processing was carried out in a dean room with 
HEPA filtered air supply and positive pressure, and the 
reagents were purified in two-bottle Teflon stills. Sam
ples were dissolved in a mixture of HF and HN03. Sr, Rb 
and the rare earth elements were separated by specific 
extraction chromatography using the method descriebed 
by Pin et al. (1994). Sm and Nd were subsequently sepa
rated using a modified version of the method of Richard 
et al. (1976). Sr, Sm and Nd were loaded onto a double 
filament and analysed in static mode. Nd isotopic ratios 
were corrected for mass fractionation using a 
146NdJ144Nd ratio of 0.7219. Sm and Nd concentrations 
were determined using a mixed 150NdJ149Sm spike. 

Results 

Figure Sa shows that none of the selected major and 
trace elements show any pronounced systematic trends 
in the Harker diagrams. However, the granitoids share 
some important geochemical features that are important 
for the petrogenesis and regional correlations. Most 
samples are rather rich in Sr and Ba and all are rich in 
Na20, while the K20 content varies substantially. The 
Al203 concentrations are high, reflecting high normative 
plagioclase contents. 

Table l and Figure 6a show that the granitoids are 
poor in the rare earth elements (REE), and the four 

selected samples share similar patterns that are flat from 
Lu through Eu and then increase towards La. Because 
there is no analysis available for Gd it is difficult to eva
luate if Eu-anomalies are present. It is reasonable to 
assume however, that at }east samples 15-3B and 80-4A 
have negative Eu-anomalies. The two garnet-amphibole 
mica schists have patterns that are sub-parallell to those 
of the granites, but are considerably richer in all the REE. 
They probably possess negative Eu-anomlies. The grani
toids show limit ed variation in both ENd4zoMa ( -11.7 to -
7.2) and 87Sr/86Sr42oMa (0.7046 to 0.7057). The garnet
amphibole-mica-schist has ENd4zoMa = -7.2 and 
87SrJ86Sr42oMa = 0.7082 (Fig Sb). 

Age 
Several attempts have been made to date the Ostereide 
Dykes. Conventional U/Ph zircon dating was unsuccess
ful due to inheritance. The fraction analysed was 
strongly discordant and yielded a Pb/Pb age of ca 650 
Ma. Cathodoluminiscence imaging of zircons from a 
dyke (sample 89-10) show that they are composed of 
smaller and larger cores surrounded by euhedral over
growth (Fig. 7a). This feature is believed to represent old 
detrital cores with later magmatic (Caledonian) over
growth. In an attempt to date only the mantles, zircons 
were analysed by the ion microprobe at the Naturhisto
riska Riksmuseet in Stockholm (NORDSIM). This 
attempt yielded considerable scatter in the obtained 
more or less concordant ages with the majority between 
410 and 440 Ma (Fig. 7b and c, Table 1). Despite this 
large spread the data indicate a Scandian age for the 
dykes, and that they crystallized sometime between 410 
and 440 Ma. This is in accordance with the U/Ph zircon 
age of 418±9 Ma obtained by Austrheim (1990) on a 
dyke from the Lindås peninsula. The cores gave U-Ph 
ages ranging from 920 Ma to 1478 Ma (Table 3), indica
ting Proterozoic inheritance. 
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Discussion 

Origin of granitoid intrusions 
The Caledonian dykes in the Lindås Complex and in the 
Totland Unit have similar geochemical and isotopic cha
racteristics (Tables l and 2), which suggests that they are 
of the same generation and mode of origin. The dykes cut 
through and are dragged into a single foliation (Fig. 4a 
and b). This suggest that they are syn-tectonic relative to 
the juxtaposition of the two units. The granitoid intrusi
ons only occur in the Lindås Complex and the Totland 
Unit of the MaBA, which are the highest tectonostrati
graphic units in this area, and are absent in the underly
ing units (Dyrsvika unit of the MaBA. Kvalsida Gneiss 
and WGC). This indicates that the granitoids were intru
ded before the Lindås Complex and the Totland Unit 
were thrust on top of the underlying units. An alternative 
explanation is that the granitoids were generated in the 
contact zone between the Lindås Complex and the Tot
land Unit during their juxtaposition. However, these two 
possibilities are not necessarily mutually exdusive. 

The analysed granitic dykes duster fairly tightly in 
the ENd42oMa vs 87Sr/86Sr42oMa diagram (Figure 5b ). 
indicating either that the granitoids were derived from 
melting of a common source rock or by mixing of simi
lar proportions of mantle and crustal components. In 
this diagram geochemically similar granitic sheets from 
Sunnfjord are also plotted which are of the same age and 
occur in the same tectonostratigraphic position as the 
Ostereide dykes (Skjerlie et al. 2000). The relatively low 
ENd42oMa values of the Ostereide granitoids suggest 
involvement of continental crustal material, which is 
supported by the presence of abundant Proterozoic zir
con cores. The low 87Sr/86Sr42oMa ratios that characterize 
the dykes suggest either involvement of mantle-derived 
material or involvement of long-term Rb-depleted crust. 
The compressive regime during emplacement of the 
dykes is not compatible with basaltic magmatism, and 
crustal mel ting thus appears most likely. 

It is noteworthy that the garnet-amphibole-mica
schist that characterize the host rocks to some of the 
dykes have an isotopic composition dose to those of the 
granitoids. The rather high temperatures recorded by the 
garnet-biotite pairs (600-645 °C) suggest that partial 
melting of such metasediments may have been involved 
in the genesis of the granitoids in the Lindås Complex. 
There are no signs of anatexis in the field area, and the 
granites are dearly intrusive. This implies that melting 
took place at lower crustal levels, possibly from geoche
mically similar metasediments. The metasediment has a 
somewhat higher 87Sr/86Sr42oMa-ratio than the granite 
dykes but similar ENd42oMa value. This suggests that the 
sediments have variable isotopic composition, but could 
also result from alteration. Note that the Stavfjord meta
greywackes show low and uniform ENd42oMa values, but 
the 87Sr/86Sr42oMa-ratios (Fig. 5b) vary from identical to 
the associated granites to >0.740. 
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Dehydration-melting 

Partial melting of metasediments containing quartz, pla
giodase, micas and amphibole has been well studied 
experimentally and can take place either at water-satura
ted, water-undersaturated or fluid absent conditions. 
Skjerlie & Johnston (1996) showed that dehydration
melting of biotite and amphibole from quartzofeldspat
hic metasediments at l 0-15 kbar produces granitic 
melts, but that the residual is dominated by abundant 
plagiodase. These granitoid melts would be rather deple
ted in Sr and would presumably display pronounced 
negative Eu-anomalies. Dehydration-melting of such 
metasediments also requires significantly higher tempe
ratures (>850 oc, Skjerlie and Johnston 1996), than the 
temperatures recorded in the Totland Unit (600-645 °C). 
Dehydration-melting at higher pressures produces 
abundant garnet. Such melts would also be Sr-rich, but 
would display steep REE patterns with severe HREE 
depletion due to abundant garnet. Steep REE patterns 
are not consistent with the REE patterns of the Lindås 
dykes. Dehydration-melting is thus not considered likely 
and crustal melting in the presence of a water-bearing 
fluid phase must be considered. 

Melting in the presence of a hydrous fluid p hase 

Melting of crustal rocks in the presence of a water-bearing 
fluid phase tends to stabilize residual hydrous phases 
whilst plagiodase and quartz preferentially melt (i.e. 
Conrad et al. 1988, Beard and Lofgren 1991). This process 
would explain most of the geochemical characteristics of 
the granitoids if a metasediment such as sample 31-1A 
(Table l) is considered as a source rock. Preferential mel
ting of plagiodase explains the high abundances of Sr, 
Al203 and Na20 in the granitoids and the melt would be 
expected to be poor in all REE as well as in the elements 
Ti, Fe and Mg, in accordance with the data. Residual 
amphibole and garnet are indicated by the flat and low 
HREE patterns and low abundances of Se in the grani
toids as compared to the metasediments (Table 1). The 
solidus temperature in the presence of an aqueous fluid 
phase is only slightly higher than those recorded by the 
garnet-biotite bearing rocks. Conrad et al. (1988) showed 
that partial melting of a greywacke ( 40 % plagiodase, 30 
% quartz, 20% biotite, l O %  amphibole) in the presence 
of a fluid phase (xvapH2o = 0.5) forms ca. 70% melt at 
780-790 oc and 10 kbar. At these conditions the residue 
contains only garnet and amphibole. Anatexis of garnet
amphibole-mica-schists in the presence of a water-rich 
fluid phase is thus a plausible petrogenetic explanation 
for the granitoid rocks of the Lindås Complex. 

There are no signs of melting at the present erosion 
level. Assuming a geothermal gradient of 20 oc melting 
may have started 2-3 km deeper in the Totland Unit at 
about 700 °C whilst pronounced melting would prevail 
ca 5-10 km deeper at ca 800 °C(if an external water-bea
ring fluid is supplied). Fluids in the lower crust are loca-
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Table 3 u-Ph isOtope comp&sitior:l of the zir�(jhs,fiorrt sorripfe,,89�'16 . Jf '' 
;. " 

<!erivedag� (Ma) 
Sam p le/ 207Pb ±s 206Pb ±s 2.07Pb ±s 
spot# 206Pb 238U 235U 

n401-1a 1180 22 1329 20 1273 15 

n401-2a 248 48 416 8 391 9 

n401-2b 434 25 442 7 441 7 

n401-3a 487 14 434 4 442 4 

n401-8a 386 131 403 4 401 20 

n401-9a 418 13 454 5 448 4 

n401-lla 411 26 427 4 424 5 

n401-llb 404 29 425 5 421 6 

n401-llc 414 33 453 5 447 7 

n401-12a 277 28 428 4 405 5 

n401-13a 397 18 431 3 426 4 

n401-17a 461 23 437 4 441 5 

n401-19a 183 28 429 3 393 5 

n401-2lc 408 36 466 8 456 9 

n401-2lb 583 102 371 6 402 16 

n401-23a 428 94 414 4 416 15 

n401-23b 643 635 550 12 569 124 

n401-35a 368 !51 386 3 384 

n401-36a 358 71 437 3 425 

n401-36b 485 92 417 3 428 

n405-104a 920 51 854 14 873 

n405-24a 1478 45 1410 34 1438 

n405-24b 1115 60 1077 14 1090 

n-405-36a 423 25 451 7 446 

n-405-36b 364 25 443 5 430 

n405-49a 1135 14 1201 28 1178 

lized to shear zones which may suggest that melting took 
place within the shear zones that were active during jux
taposition of the Lindås complex and the Totland Unit. 
In an active shear zone, where the melts will channel and 
migrate upwards along the zone of highest deformation, 
the final dyke compositions can be expected to reflect 
melts formed at various pressures. Fig. Sa shows that 
there are significant geochemical variations which are 
not reflected in the initial isotopic ratios (Table l, Table 
2). This may indeed support common source rocks but 
variable melting conditions. 

Figure 6b shows that the REE patterns as well as the 
concentrations of Sr, Ba and Y to the granitoid dykes can 
be modelled by 20-30 o/o water-rich melting of metasedi
ment 31-lA leaving a residue of amphibole and garnet. 
Minor amounts of residual allanite and zircon are indi
cated, and is supported by the presence of these phases in 
the metasediments. Although solutions to trace element 
modelling are not unique, and equilibrium batch mel
ting may not prevail on shear zones, the calculation 

21 

Il 
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18 

28 

22 
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18 

elementa! data 
[U] [Pb] [Th] Th/U Th/U 208Pb ±s 

p pm p pm p pm calc. meas. 206Pb 

52 IS 27 0.645 0.517 1461.6 13.7 

215 IS IS 0.102 0.070 360.4 12.8 

243 19 25 0.110 0.104 460.0 8.1 

520 39 33 0.061 0.063 470.8 4.8 

659 59 85 0.062 0.128 188.8 1.9 

949 75 88 0.105 0.093 475.1 4.0 

148 Il 4 0.013 0.625 218.3 9.8 

248 18 12 0.041 0.049 339.2 7.4 

184 14 5 0.033 0.029 473.2 15.6 

198 14 14 0.051 0.071 196.3 9.8 

867 65 82 O.l OI 0.094 424.6 5.3 

300 23 16 0.054 0.054 460.2 8.4 

177 13 18 0.216 0.100 394.0 6.9 

1371 116 !56 0.126 0.114 449.7 11.5 

867 62 166 0.114 0.192 349.4 11.8 

2251 194 255 -0.013 0.113 -47.8 -0.9 

326 57 226 0.324 0.692 304.3 6.7 

1453 103 209 0.137 0.144 350.8 14.3 

984 79 91 0.021 0.093 82.4 3.2 

646 48 23 0.026 0.036 361.7 37.1 

44 7 Il 0.235 0.252 859.6 13.6 

295 97 247 0.799 0.839 1410.4 43.4 

243 59 184 0.682 0.756 1009.4 29.8 

223 17 9 0.045 0.039 491.0 10.8 

197 15 8 0.040 0.039 379.2 9.3 

142 36 78 0.587 0.551 1208.9 12.6 

nevertheless indicates that melting in the presence of a 
hydrous fluid p hase may be a likely process. Based on the 
above discussion we propose that water-rich anatexis of 
a metasediment similar to the garnet-amphibole-mica 
schists of the Totland Unit did occur 5-10 km down-dip 
on the thrust zone where both the hanging wall and 
footwall were hotter than in the investigated profile. The 
granitoid melts then migrated up-dip along the thrust 
zone, possibly mixed with lower fraction melts higher 
up, and intruded the overriding Lindås complex, i.e. to 
their structural position where they are found today. 

Shear heating 
Temperatures of 600-645 oc (i.e. approaching the 
amphibolite-granulite facies boundary) are estimated in 
the garnet-amphibole-mica-schists in the Major Bergen 
Are Zone dose to the Lindås Complex. A temperature of 
600 °C ± 50 o and a pressure of 9 ± 2 kbar has earlier 
been calculated in the Major Bergen Are Zone also dose 
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to the Lindås Complex by Fossen (1988). This relatively 
high metamorphic grade is related to the contact zone to 
the Lindås Complex, and represents a higher-grade sole 
to the Lindås Complex. The metamorphic grade in this 
sole is considerably higher than the rest of the MaBA, 
which reached the upper greenschist/lower amphibolite 
facies transition (Færseth et al. 1977. Fossen 1988). 

The eclogites in the Lindås Complex formed at 700 °C 
at > 18 kbar corresponding to a crustal depth of > 55 km 
(Jamtveit et al. 1990). The formation of eclogites in the 
Lindås Complex occurred at ca. 460 Ma according to 

l 
l 

..... 
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b) 

c) 

Fig. 7. a)  Cathodoluminiscence images of zircons from sample 89-
1 O, see figure 2 for location. b) U-Pb concordia plots (Tera & Was
serburg 1972) of ion microprobe analyses of zircons from the same 
sample (filled circles are from rim zones, squares are from cores). c) 
close-up ofb with error bars. Analyses from the rim zones only. 

U-Ph data on sphene and epidote presented by Boundy 
et al. (1997). Further, data presented by Boundy et al. 
(1996) indicate that the Lindås Complex cooled through 
the 40 Ar/39 Ar closure temperature of hornblende (about 
500 °C) at ca. 450 Ma and at ca. 430 Ma for muscovite 
(350 °C). More recent U-Pb data from zircons from the 
Lindås eclogites gave an lower intercept age of 419 ± 4 
Ma firstly interpreted to represent the age of eclogite for
mation (Bingen et al. 1998). However, reinterpretation of 
the data indicated that this age was affected by Pb loss, 
and instead an U-Ph zircon age of 456 ± 7 Ma was sugge-
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sted to represent the eclogite metamorphism (Bingen et 
al. 2001), in accordance with the data of Boundy et al. 
(1996 and 1997). 

The maximum age of the juxtaposition of the Lindås 
Complex with the MaBA may be constrained by the 
Ashgillian to Llandoverian fossils in the latter unit (Ryan 
& Skevington 1976) which corresponds to 449-428 Ma 
according to the time scale of Gradstein & Ogg (1996). 
Further, the timing of the juxtaposition is constrained by 
the 410-440 Ma age of the syntectonic grantoid dykes. 
Therefore, the present radiometric data (see above) sug
gests that the Lindås Complex had cooled below 500 °C, 
and possibly also 350 °C prior to the juxtaposition with 
the MaBA. Rapid emplacement of hot rocks on top of 
colder material cannot, therefore, explain the relatively 
high temperatures found by garnet/biotite pairs in the 
Totland Unit. Instead, the high temperatures are more 
likely to be caused by dissipative heating (shear heating) 
due to the movement on the basal thrust of the Lindås 
Complex during the juxtaposition of the two units. 

Shear heating or strain heating is the result of mecha
nical work converted into heat during deformation, and 
may be particularly important in the development of 
major faults and shear zones, where large amounts of 
deformation are accumulated in a relatively short period 
of time (Pavlis 1986, Scholz 1990). Shear heating is a 
secondary thermal process that causes perturbations in 
the thermal profile through the crust, and may result in 
an inverted thermal profile through the crust which may 
be preserved as an inverted metamorphic gradient (Eng
land & Molnar 1993, Stiiwe 1998). 

Numeric modelling (Stiiwe 1998) and geothermome
try (Johnson & White 1983, Camire 1995) indicate that 
shear heating can elevate the temperature 100-200 °C 
from initial background temperatures of 500-600 °C. A 
temperature increase from upper greenschist/lower 
amphibolite facies to upper amphibolite facies, as indica
ted by the present data in the Totland Unit, is therefore 
within the range that can be expected from shear heating. 
A localized heat source caused by shear heating in a thrust 
zone has also elsewhere been suggested to lead to partial 
melting and formation of syn-tectonic intrusions (Harri
son et al. 1997). These intrusions are typically emplaced 
into the shear zone and overlying nappes as found in the 
Lindås Complex and in the underlying Totland Unit. 

Dissipative heating due to slip on a thrust is a locali
zed heat source that may cause an inverted temperature 
profile and an inverted metamorphic gradient in the 
footwall (England & Molnar 1993). However, the inve
stigated profile is not complete due to the later superim
posed shearing on the late/post Caledonian oblique-slip 
Bergen Are Shear Zone. Furthermore, the MaBA has 
undergone a complex and polyphasal deformation path 
during the main Caledonian contractional phases, in 
which units with different structural histories were juxta
posed (Milnes & Wennberg 1997). Therefore, the present 
study is not conclusive about whether or not an inverted 
thermal profile was established below the Lindås Com-
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plex. However, the significantly higher metamorphic 
grade in the contact zone than elsewhere in the MaBA is 
an indication that such conditions were present. 

Com�arison with the granitoids of the Hylle
stad-Stavfjord area 
There are many occurrences of granitoid intrusions in 
the Upper Allochton of the west Norwegian Caledoni
des, but many of these, like the Karmøy Igneous Com
plex and the Sunnhordland Batholith, formed in a sub
duction zone setting and are thus not related to the Oste
reide Dykes. The Krossnes granite in Hordaland has been 
dated to 430 ± 6Ma by the Rb/Sr whole rock method, but 
available analyses show that this granite is dissimilar to 
the Ostereide Dykes in having low Sr and high Rb con
tent (Fossen & Austrheim 1988). 

Numerous minor granitoid dykes and sheets occur in 
the Upper Allochthonous units of Sunnfjord, to the 
north of the Bergen Arcs (Skjerlie 1992, Skjerlie et al. 
2000). A comparison of the age, structural setting and 
geochemical composition between the Ostereide Dykes 
and the Sunnfjord intrusions, reveals many similarities 
indicating a genetic connection. In particular, both 
occurrences show characteristic high Sr, Ba and Na20 
content and very low Rb concentrations. The REE abun
dances of the Sunnfjord granitoids vary from strongly 
enriched to as depleted as the Ostereide Dykes, but all 
the samples are HREE depleted and no samples show 
any pronounced Eu-anomalies (Skjerlie et al. 2000). The 
87Srf86Sr42oMa values are similar to those of the Lindås 
dykes, and the eNd4zoMa values vary from ca -2.3 to ca -9 
(Fig. 5b ). As in the Ostereide Dykes, the zircons are 
invariably composed of Precambrian co res with Caledo
nian mantles. Magmatic overgrowth mantles of zircons 
from granitoids in the Sunnfjord area gives U-Pb ages in 
the same range as the U-Pb mantle age from the present 
study (Skjerlie et al. 2000). Skjerlie et al. (2000) interpre
ted the granitoids of the Sunnfjord area to have form ed 
by melting of immature greywackes in the presence of a 
water-bearing fluid phase. The Sunnfjord granites pro
bably formed on shear zones during obduction of the 
Solund-Stavfjord Ophiolite Complex at ca. 420Ma. The 
strong similarity between the granitoids of the Lindås 
complex and those of the Stavfjord area, suggest a com
mon mode of origin. Skjerlie et al. (2000) proposed that 
the regional extent of these granites reflect the extent of 
the marginal basin that is now represented by the 
Solund-Stavfjord Ophiolite Complex. 

Conclusions 

High metamorphic temperatures of 600-645 °C are 
recorded by garnet-biotite pairs in the Totland unit of 
the MaBA dose to the contact to the Lindås Complex. 
These temperatures are within upper amphibolite facies. 
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which is significantly higher than the peak metamor
phism of lower amphibolite facies found elsewhere in 
the MaBA. The zone of high temperatures is restricted 
to the sole of the Lindås Complex, and is likely to be eau
sed by shear heating during the juxtaposition of the Tot
land Unit and the Lindås Complex. 

The granitoid intrusions probably originated by ana
texis of a metasediment similar to the garnet-amphi
bole-mica-schists of the Totland Unit in the presence of 
a water-rich fluid. This process demands temperatures 
only slightly higher than those recorded by the garnet
biotite pairs ( 600-645 °C). U-Pb isotopic composition of 
the rim zones to the zircons indicate an age in the range 
410-440 Ma interpreted to represent the age of intrusion. 
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Appendix l Exomples of electron mkroprobe onolysis of garnet. Elements in %. Sample locotion is shown in Figure 3. 

Sample Si02 Ti02 Al203 Mg O Mn O FeO Ca O Cr203 Total 

21-7all 37.82 0.12 20.62 2.93 1.46 27.43 8.53 0.05 98.96 

21-7a Il 38.22 0.18 20.79 2.90 1.38 27.79 8.47 0.10 99.82 

31-1a I 37.89 0.05 20.53 2.77 1.73 27.46 8.29 0.01 98.73 

31-1a I 37.51 0.06 20.72 2.85 1.96 28.81 8.16 0.00 100.07 

31-1a Il 37.82 0.09 20.48 2.75 1.53 28.01 8.58 0.07 99.33 

31-1all 37.72 0.04 20.60 2.76 1.49 27.78 8.63 0.00 99.01 

31-3a Il 37.46 0.10 20.24 2.54 2.20 28.98 7.15 0.06 98.74 

31-3all 37.35 0.10 20.53 2.64 2.19 28.76 7.14 0.00 98.72 

31-3a Il 37.79 0.05 20.39 2.46 2.32 29.14 7.37 0.03 99.55 

31-2all 37.71 0.05 20.72 3.39 1.23 29.33 6.46 0.01 98.89 

31-2a Il 37.43 0.05 20.59 3.38 1.13 29.32 6.72 0.00 98.62 

31-2a Il 38.29 0.04 20.80 3.37 1.22 29.25 6.79 0.01 99.76 

31-2a I 37.89 0.03 21.03 3.17 1.25 28.97 7.22 0.00 99.56 

Appendix 2 Examples of el�trc>n microprobe analysis of biotite: Elements in %. Sample location is shown in F�gure 3. 

Sample Si02 Ti02 Al203 MgO Mn O FeO Na20 K20 Total 

21-7all 37,30 1,51 18,51 11,89 0,03 17,07 0,20 9,11 95,61 

21-7a Il 36,95 1,60 17,56 12,29 0,00 16,85 0,13 9,30 94,68 

31-1a I 36,98 1,59 17,86 12,32 0,02 16,24 0,17 9,43 94,60 

31-1a I 36,95 1,37 17,92 12,45 0,09 16,55 0,12 9,12 94,56 

31-1a Il 37,07 1,81 17,91 12,29 0,00 16,34 0,16 9,49 95,07 

31-1a Il 37,00 1,64 17,91 12,00 0,07 17,36 0,08 9,37 95,43 

31-3aii 36,94 1,76 16,72 12,36 0,17 17,38 0,15 9,44 94,92 

31-3all 37,22 1,51 16,93 12,88 0,06 17,00 0,13 9,79 95,51 

31-2a Il 38,33 1,46 17,51 12,99 0,04 15,51 0,18 8,86 94,87 

31-2a Il 38,51 1,50 17,48 13,17 0,12 14,82 0,12 8,99 94,70 

31-2a I 37,59 1,45 17,30 12,46 0,09 15,66 0,14 8,94 93,62 

31-2a I 37,82 1,96 17,20 12,47 0,00 15,33 0,13 9,11 94,02 

31-2a I 37,64 1,54 17,86 12,28 0,00 15,37 0,17 9,10 93,95 




