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The Middagstind Quartz Syenite is a massive, unfoliated pluton within the Precambrian basement 
terrane of east Hinnøy, North Norway (68" 45'N ., 16" 30'E.). It is discordant to structures in wall rocks 
and is surrounded by a hornfelsic contact aureole reaching to pyroxene hornfels facies. Petrograph; 
indicates a complex thermal history for this rock despite its Jack of tectonic fabric. The most important 
metamorphic reaction recognized is the replacement of inferred primary igneous orthopyroxene by 
biotite + quartz, which is considered to have occurred prior to the main Caledonian metamorphism. 
Rb/Sr whole rock studies yielded an age of 1726 ± 97 Ma with initial87Srf"6Sr =O. 7061 ± 0011. The se data 
and the syenitic composition support a dose relationship between the Middagstind Quartz Syenite and 
the

_ 
widespread mangeritic plutons of Lofoten-Vesterålen to the west (Griffin et al. 1978), which 

mdtcates the basement rocks of east Hinnøy belonged to the Lofoten terrane in pre-Caledonian time. 
Rb/Sr biotite/whole rock cooling ages from the syenite of 361 ± 3 and 347 ± 4 Ma indicate that Caledonian 
reheating occurred prior to late Devonian time. 

The setting of the Middags tind Quartz Syenite in amphibolite facies wall rocks, and its well-developed 
contact aureole, indicate that it was emplaced at a shallower crustal level than the mangerites exposed to 
the west in Lofoten-Vesterålen, and at a similar or shallower levet than the related mangerites to the 
south on Hamarøy (Malm & Ormaasen 1978). 
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East Hinnøy (68° 45'N., 16° 30'E) is located at 
the contact between the western Precambrian 
gneiss terrane of Norway and the metamorphic 
nappes of the Scandinavian Caledonides (Fig. l). 
Work by Griffin et al. (1978) further west in 
Lofoten-Vesterålen demonstrated that the west
em Precambrian terrane at this latitude (here 
termed the Lofoten terrane) experienced only 
minor deformation and metamorphism during 
Caledonian events. The author's work on Hinnøy 
has focused on the structural relationship be
tween the Lofoten terrane and the Caledonian 
nappes. The interpretation of the structural rela
tionships observed on east Hinnøy within this 
larger scale picture, summarized below (for 
more detail, see Bartley 1979, 1980, in prep.), is 
based on the premise that the basement rocks of 
east Hinnøy belong to the Lofoten terrane. This 
paper presents evidence that .the Middagstind 
Quartz Syenite pluton exposed on east Hinnøy, 
and consequently also the rocks it intrudes, 
belong to the Lofoten terrane, thus affirming that 
premise. 

Geologic context 

Rock units of east Hinnøy can be divided into 
three tectonic assemblages: (l) pre-Caledonian 
crystalline basement rocks; (2) the Storvann 
Grmip, a sequence of metasedimentary rocks in 
depositional or modified depositional contact 
with the pre-Caledonian basement, and which is 
believed to be its Cambrian or Eocambrian 
sedimentary cover (Bartley 1979, 1980, in prep.); 
and (3) Caledonian allochthons, which in the 
study area include at !east three distinct assem
blages of metasedimentary and lesser metaig
neous rocks. 

The lithostratigraphic complexity of basement 
rocks of east Hinnøy is markedly greater than 
previously recognized. All metasedimentary 
rocks and most amphibolite units had previously 
been assigned a Cambro-Silurian age and 
assumed to be for the most part allochthonous 
along Caledonian thrusts (e.g. Gustavson 1972, 
1974a, b, c). Many of these rocks are intruded by 
Precambrian granitoid bodies and hence are 
themselves part of the pre-Caledonian basement. 
In this study, six diffferent assemblages of rocks 



238 J. M. Bartley 

� CALEDONIAN NAPPES 

QJ LOFOTEN TERRANE 

Cl BALTIC SHIELD 

25 km 

NORSK GEOLOGISK TIDSSKRIFT 3-4 (1981) 

. . . . . . . 
. . . . . . 

. . . . . . . 

. . . . 
. . . . . . . . 

. . 

. .  

. . 

. . 

. . . . 

Fig./. Simplified tectonic map showing location ofMiddagstind Quartz Syenite in North Norway. 

have been considered elements of the base ment 
complex. These are, from oldest to youngest: (l) 
Archaean gneisses, which include migmatitic 
gneiss, a homblende diorite body possibly re
lated to the migmatites, and the Gullesfjord 
Granodiorite Gneiss (Hakkinen 1977, Griffin et 
al. 1978; (2) the Hesjevann assemblage, com
posed of quartzite, schists, marbles, and 
amphibolite, which may not constitute a pet
rogenetic suite but are commonly associated in 
blocks within the basement granitoid gneisses; 
(3) the Kvæfjord Group, a sequence of quart
zofeldspathic, micaceous, and mildly calcareous 
terrigeneous metasedimentary rocks of at least 
middle Precambrian and perhaps of greater age; 
(4) the Middagstind Quartz Syenite; (5) the 
Austerfjord Group, a diverse group of 
metasedimentary rocks dominated by biotite
rich schist and calcareous para-amphibolite, 
with subordinate quartzite, quartzofeldspathic 
schist, and marble; and (6) the Melå and LØding
en Granites, which are considered correlative. 
Because this latter correlation cannot yet be 
proven, the local terminology is retained for the 
present. These Precambrian rocks and their con-

tacts are discussed in detail in Bartley (1980). 
Age relationships between these units are not all 
well established; the order above is in some 
cases more a matter of best guess than hard data. 
However two statements appear to be valid: (l) 
all these units form a single continuous pre
Caledonian terrance, and (2) this terrane is con
tinuous with the Lofoten terrane. Hence, con
clusions reached about the structural position 
and tectonic significance of the basement terrane 
of east Hinnøy are valid for the entire Lofoten 
terrane. 

The Archaean gneisses are probably correla
tive with the migmatites of Lofoten-Vesterålen 
studied by Griffin et al. (1978) and Jakobsen and 
Wasserburg (1978); it is this correlation which 
leads to the Archean age assignment given here. 
However, the most distinctive unit which pro
vides the strongest argument for continuity of 
the basement of east Hinnøy with the Lofoten 
terrane is the Middagstind Quartz Syenite. 

The same sequence (Storvann Group) appears 
as the autochthonous cover of the basement 
rocks of east Hinnøy, and the Precambrian base
ment underlying the Caledonian nappe stack to 
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Fig. 2. Geologic map and cross-section of Middagstind Quartz Syenite. 

the southeast on the mainland of Norway. Con
sequently, the nappes cannot have been derived 
from between these two basement terranes: the 
correlation of the cover sequences opposes the 
closure of an ocean between these basement 
terranes, yet ocean-derived rocks occur within 
the nappes (K. V. Hodges unpubl. data). The 
conclusion that the basement rocks of east Hin
nøy are continuous with the Lofoten terrane 
requires that the Caledonian nappes have been 
thrust over the entire Lofoten block. The ab
sence of evidence for significant Caledonian 
deformation or metamorphism within the 
Lofoten terrane, noted by Griffin et al. (1978), 
appears to be in direct conflict with the author's 
field observation that the nappes were emplaced 
over the Lofoten terrane at middle amphibolite 
facies conditions (Bartley 1980). It has been 
proposed elsewhere (Bartley 1979, 1980, in 
prep.), that the absence of Caledonian tectoniza
tion of the Lofoten terrane is a result of the 

absence of water to drive retrograde metamor
phic reactions. Consequently, the conflict may 
be more apparent than real. 

Field relations 

The Middagstind Quartz Syenite is Iocated in the 
northeastem portion of the Lofoten crystalline 
terrane, on the island of Hinnøy (Fig. l). It is a 
massive, coarse-grained syenite pluton which 
appears to be largely post-kineinatic. Apart from 
rare, local shear zones of protomylonitic to 
mylonitic texture, the syenite is completely with
out tectonic fabric. It crosscuts structure in 
surrounding country rocks, which include 
assemblages (l) to (3) above. Related dikes and 
apophyses are unfolded and generally unfoli
ated. It developed an extensive homfelsic con
tact aureole (Fig. 2). The homfels is also general-
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ly massive and unfoliated, although some areas 
are distinctly sheared, as are the contacts be
tween the syenite and its wallrocks in many 
localities on the east side of the pluton. 

The Middagstind syenite pluton appears to be 
scarcely unroofed by erosion. On Middagstind, a 
small erosional remnant of the roof is perched 
directly on top of the mountain, with a subhori
zontal contact with the underlying syenite (Fig. 
2). 

The syenite pluton is quite homogeneous. In 
hand specimen, it is generally pink to tan with 
rounded dark dots of mafic minerals 5 mm across 
(Fig. 3). It is not extremely resistant to weather
ing, perhaps due to its low quartz content, and 
forms extensive talus slopes and boulder fields. 
Chilled border zones are slightly more fine
grained and slightly more mafic, but are only a 
few meters to a few tens of meters thick. The 
southwestem portion is slightly more leucocra
tic; amphibole is less prominent, and one sped
men (291) may have contained primary quartz. 

The only area where the syenite is deformed 
significantly is the apophysis 2 km southeast of 
the summit of Middagstind, where steep north 
dipping shear zones are present (Fig. 2). Here a 
mylonitic fabric is developed, imparting an au
gen gneissic texture to the rock. Porphyroclasts 
of feldspar are separated by mylonite hands l-5 
mm thick which nucleated on and then obliter
ated mafic clots. 
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Petrography 

Fig. 3. Hand specimen of Mid· 
dagstind Quartz Syenite. Scale 
bar�5 cm. 

Middagstind Quartz Syenite 

The syenite is composed of complexly exsolved 
alkali and plagioclase feldspars, surrounding 
mafic clots with complex mineralogy and strik
ing textural relationships. Microcline is the 
dominant feldspar, comprising 50 to 70% of the 
rock. It is invariably perthitic, in every stage of 
plagioclase exsolution. Stringers and blebs of 
plagioclase in perthite grains can be traced into 
areas of subequal patchy intergrowth of two 
feldspars, and further into separate grains of 
plagioclase. Some microcline grains suggest as 
many as three phases of plagioclase exsolution 
on the basis on different morphology and 
orientation of exsolution lamellae, and cross
cussing lamellae (Fig. 4). The complexity of 
these relations argues for a complex thermal 
history, which is consistent with relationships of 
mafic minerals. 

Plagioclase is relatively abundant for a syenite 
(15-35%); some individual specimens might be 
more correctly termed monzonite. The present 
composition is estimated to be calcic oligoclase 
(An21rAn30) determined by optical extinction 
angle. The complex exsolution textures make it 
difficult to determine how much plagioclase was 
present in the primary igneous mineral assem
blage. Minor alteration of plagioclase to form 
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Fig. 4. Photomicrograph (eros
sed polars) of perthitic exsolution 
textures in syenite. Three habits 
are recognized: (l) rounded 
blebs (visibly saussuritized); (2) 
irregular laminae, oriented verti
cally here; and (3) very fine plan
ar lamellae, oriented horiwntally 
here. View is 1.6 mm long. 

fine-grained, disseminated clinozoisite is ubi
quitous; polysynthetic twinning is only mod
erately developed. Consequently, the easiest 
way to distinguish plagioclase from microcline in 
orientations not favorable for .observation of 
twinning is by the retrogression of plagioclase to 
clinozoisite. 

The mafic clots appear to be corona-like struc
tures, but replacement of the original mineralogy 
has generally been nearly complete (Fig. 5). The 
Middagstind syenite was almost certainly 
pyroxene-bearing at the time of its crystalliza
tion (see below), though no pyroxene relicts 
have been found in any of the thin sections 
examined. The central elements in these annular 
structures are either an opaque oxide 
(magnetite ± ilmenite) or a mesh of bio
tite + quartz. The opaque oxide is invariably 
rimmed with sphene or leucoxene, as granular 
aggregates or radiating bladed collars. The 
sphene is then commonly overgrown by biotite 
in radiating sprays. Intergrown meshes of quartz 
and biotite may be peripheral to· the opaque/ 
sphene/biotite aggregates, or may grow 
independently. Small, equant grains of clino
zoisite are commonly dispersed in minor 
amounts in both types of biotite aggregates. 

Small amounts of ferrohastingsite (0-5%) are 
common, and typically occur as rims of the 
quartz-biotite mesh-like aggregates. Grains now 
physically separated by quartz and biotite are in 
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optical continuity, sugge sting partial replace
ment. Textures are not conclusive, but ferro
hastingsite is a common amphibole in alkalic 
plutonic rocks, and the preferred interpretation 
is that this is primary amphibole which formed as 
late igneous.overgrowths on orthopyroxene. The 
orthopyroxene has been replaced entirely by 
retrogressive metamorphism to biotite and 
quartz, but the amphibole was still a stable phase 
and persists, rimming the pseudomorphs. 

Muscovite and gamet occur in accessory 
amounts. Muscovite generally appears as coarse 
euhedra within the mafic clots, growing across 
the other grains. It appears to represent a later 
metamorphic phase. Gamet also generally 
occurs in association with other mafic phases, 
especially as a rim on sphene. Gamet may also 
occur as isolated grains in the feldspar matrix; its 
paragenetic significance is not clear. 

The most prominent other accessory phase is 
apati te which locally makes up nearly l% of the 
rock. It commonly occurs as euhedra, up to l 
mm in diameter, which are poikiloblastically 
enclosed in all other phases described above. 

Hornfels 

The eastern and southern sides of the Middags
tind pluton, and to a lesser extent the western 
side, preserve a hornfelsic contact zone in wall 
rocks. The hornfels consists mostly of mafic to 
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intermediate rocks, possibly developed from the 
Archaean hornblende diorite, although quart
zofeldspathic metasedimentary rocks of the 
Kvæfjord Group are also affected. The hornfels 
is a massive charcoal-gray or black, fine-grained, 
generally structureless rock in the field. Locally, 
pre-contact metamorphic compositional banding 
can still be faintly recognized. In some areas, 
especially southeast of Middagstind, the hornfels 
has been sheared to form a fine-grained foliated 
and lineated amphibolite. This effect is very 
zonal, and appears to be the result of ductile 
shearing. • 

The areal extent of the hornfelsic rocks is 
surprising on the east and southeast sides of the 
pluton: the exposed width of the contact zone is 
one to two kilometers. This is most likely due to 
low dip of the contact. The actual thickness of 
the contact zone is much less than its outcrop 
width, perhaps only a few hundred meters (see 
cross-section, Fig. 2). 

The hornfels was not extensively sampled, so 
that only general comments about the character 
of the rocks can be made. No isograds could 
readily be mapped in the field, but different 
grades of contact metamorphism were recog
nized in petrographic study. The highest grade 
assemblage observed came from the immediate 
contact zone of the pluton on the east side of 
Middagstind itself (sample 160, see Fig. 2). 
Iron-rich hypersthene (2V = 40°), green-brown 
hornblende, plagioclase (Ail(;o, by Michel-Levy 
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Fig. 5 Photomicrograph (plane 
polarized light) of textures in 
mafic clots in syenite. Note 
biotite + quartz intergrowths 
which are probably pseudomor
phous after orthopyroxene, and 
ferrohastingsite rim. View is 5 
mm long. 

optical method), and opaque oxide coexist in a 
granoblastic aggregate (Fig. 6). Retrogressive 
reaction is very limited, developing thin garnet 
(?) rims on the opaque phase, surrounded by 
aggregates of plagioclase. Hypersthene is often 
sieved with plagioclase. 

Other thin sections of the homfels were not 
orthopyroxene-bearing. A typical assemblage is 
blue-green hornblende + plagioclase + sphene + 
opaque ± biotite. One thin section included two 
coexisting amphiboles, actinolite and grunerite. 
Actinolite may rim the grunerite, or the two may 
be irregularly or tabularly intergrown. Textures 
are generally granoblastic to decussate; rocks 
with mesoscopically visible relict compositional 
banding otten preserve some preferred orienta
tion, both dimensional and crystallographic, of 
the amphibole, which suggests static metamor
phic overprint occurred at conditions not very 
different from those of the synkinematic meta
morphism which predated the syenite intrusion. 

Samples of the hornfels which have been 
subsequently foliated in shear zones also display 
amphibolite facies mineralogy, but the textures 
clearly indicate synkinematic metamorphism, 
with strong dimensional and lattice preferred 
orientation of hornblende. The lack of any static 
overprint on thes.e samples implies that deforma
tion post-dates the pluton and may well be 
Caledonian in age. This is supported by the fact 
that sheared contact rocks from the immediate 
contact of the pluton have the same assemblage 
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Fig. 6. Photomicrograph (plane 
polarized light) of hypersthene 
hornfels. hy= hypersthene; 
pl= plagioclase; 
hb= hornblende. View is 1. 6 mm 
long. 

as those away from the contact, i.e. blue-green 
horn blende + plagioclase + sphene, all traces of 
pyroxene having disappeared. Structural argu
ments for a Caledonian age for these shear zones 
are presented separately (Bartley 1980, and in 
prep.). 

Metamorphism 

Petrographic evidence indicates that both 
amphibolite and pyroxene homfels facies miner
al assemblages developed in the Svecofennian 
(1800-1700 Ma) metamorphism on east Hinnøy. 
The innermost part of the homfels along the east 
and south sides of the pluton locally bears the 
assemblage hypersthene + homblende + labra
dorite + opaque, typical of the lower tempera
ture part of the granulite or pyroxene homfels 
facies, where same hydrous phases (in this case 
homblende) are still stable. In particular, this 
assemblage is on the high temperature side of the 
reaction: 

hornblende + almandine + quartz = 
hypersthene + plagioclase + H20 (l) 

which is o ne of those suggested by De W aard 
(1965) to define the granulite facies. The coexist
ence of plagioclase and orthopyroxene also puts 
a rough maximum of 8 to 10 kb on the metamor
phic pressure (Winkler 1973); at higher pres
sures, these phases react to form gamet + clino-
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pyroxene + quartz, the anhydrous equivalent of 
the left side of reaction (1). 

The arguments for amphibolite facies metamor
phic assemblages being pn!served from the Sve�
cofennian are more circuitous since the Caledo
nian metamorphism is demonstrably of similar 
grade (Bartley 1980, in prep.). Other than in the 
inner part of the contact zone of the Middagstind 
Quartz Syenite, no orthopyroxene is observed, 
nor any textures suggestive of pseudomorphs 
thereof. The rocks in the vicinity of the syenite 
pluton can be demonstrated to have little or no 
Caledonian fabric because the fabrics in these 
rocks are truncated by the Precambrian syenite 
pluton. The static retrogression of these wall 
rocks to form dispersed grains or granular aggre
gates of epidote is probably · a Caledonian 
event. However, the primary amphibolite facies 
mineral assemblages of these rocks, e.g. 

quartz + microcline + oligoclase + biotite 
homblende + plagioclase 
(andesine) ± biotite ± quartz 
actinolite + grunerite + plagioclase + biotite 

are unlikely to be Caledonian. For this to be the 
case, the rocks would have bad to have under
gone a thorough static crystallization mimetic 
after the Precambrian schistosity, followed by a 
partial static, non-mimetic recrystallization. For 
the rocks to håve recrystallized this much in 
response to Caledonian events, yet never de
veloped a Caledonian fabric, seems unlikely. 
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Consequently, the primary amphibolite facies 
assemblages in these rocks are considered to be 
Precambrian. 

The Middagstind Quartz Syenite is thus consi
dered to have been intruded into rocks having 
amphibolite facies mineral assemblages, upgrad
ing these locally in its thermal aureole to 
pyroxene homfels facies. 

The Middagstind Quartz Syenite has been 
thoroughly retrograded to an amphibolite facies 
assemblage. Griffin et al. (1978) suggested that 
widespread retrogression of the granulites in 
Lofoten reported by Griffin and Heier (1%9) 
occurred at 1100 to 1000 Ma and was unrelated 
to Caledonian events. However, on east Hinnøy 
there is no direct structural, petrographic, or 
geochronologic evidence of an event at 1000 Ma, 
and it is possible that retrogression of the Mid
dagstind syenite was primarily a Caledonian 
event. However, the shear zones developed in 
the syenite, inferrred to be of Caledonian age on 
structural grounds (Bartley 1980, in prep.), are 
superimposed upon the retrograde mineral 
assemblage described below, so a Precambrian 
age of retrogression is plausible. 

The two mineral reactions that were most 
important in retrogression of the syenite are: 

hypersthene + K feldspar + H20 = biotite + quartz (2) 
ilmenite + clinopyroxene (clinoamphibole?) + 02 (3) 

=sphene + magnetite + quartz 

Reaction (2) is implied by the interpretation of 
the biotite + quartz meshes in Fig. 5 as pseudo
morphs of orthopyroxene. Similar biotite 
+quartz meshes which are demonstrably 
pseudomorphic after orthopyroxene have been 
observed by E. Padovani (pers. commun. 1980) 
in granulite nodules from volcanic rocks of the 
Four Comers region of the southwestem U.S. 
Reaction (3) is basically the oxidation of ilmenite 
to magnetite and sphene to produce the observed 
rimming of opaques by sphene in Fig. 5. The Ca 
in sphene may have come from either the ferro
hastingsite now present as relicts (?) in the rock, 
or from clinopyroxene now completely con
sumed by the reaction. It is worthy of note that 
the higher Ca/(Mg + Fe) ratio in clinopyroxene is 
more compatible with a balanced reaction. 
However, without a chemical analysis of the 
amphibole, the interpretation remains uncertain, 
although natural hastingsites are generally near 
end-member composition (W. Thomas, pers. 
comm. 1980). 
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Metamorphic effects in the syenite thus in
clude hydration and oxidation yielding a mineral 
assemblage stable under amphibolite facies con
ditions. 

Geochronology 

Sample collection 

Sample locations are shown on Fig. 2. Samples 
were collected mainly in the course of lithologic 
and structural mapping, so that the number and 
size of specimens were perhaps smaller than that 
typical of a concerted geochronologic study. Sam
ples were 3 to 5 kg blocks, trimmed of weathered 
material as much as possible while on the out
crop. The standard field criterion for sample 
freshness was the author's inability to further 
crack the specimen with repeated blows of a 3 
pound sledge. Petrographic examination appears 
to justify this criterion. 

Sample preparation 

Whole rocks: Samples were split into several 
subequant pieces about 5 cm on a side, and all 
weathered-appearing material removed with a 
diamond saw (including along any cracks which 
occasionally were not noticed during sample 
collection). The pieces were washed with water, 
and then the entire specimen was crushed in a 
jaw crusher and disc mill (steel crushing sur
faces) to maximum grain size of approximately 2 
mm. A 'representative' 50 to 100 grams of this 
material was selected for powdering by remov
ing several small scoopfuls of the crushed mate
rial. Powdering was done in a steel shatterbox 
for 2 to 3 minutes, until the powder appeared fine 
and uniform. Powders were stored in glass jars 
or polyethylene bags. 

Biotite separates: Two biotite separates were 
prepared. The crushed material was sieved for 
grains smaller than 35 mesh and larger than 60 
mesh, from which individual biotite grains were 
hand-picked. The only significant impurity in 
these separates is quartz in the syenite sped
mens, which is often intimately intergrown with 
biotite (see above). However, quartz should 
have no effect beyond dilution of the sample, 
and a high degree of purity (>99%) is believed 
to have been achieved. 
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TABLE 1: Rb/5r whole rock analyses from the Middagstind Quartz 5yenite. 
5ee Figure 2 for sample 

5ample Rb (ppm) 5 r(ppm) 

17A 52.3 243.2 

170 47. l 252. l 

16A 58.8 247.8 

178 54.4 244.9 

27F 54.4 219.0 

16E 57.5 185.8 

26R 50.9 137.2 

171 73.7 100.3 

2:;, 80.0 57.6 

TABLE 2: Rb/5r biotite analyses 

5amp1e Rb (ppm) 5r(ppm) 

26R 203 9.89 

?.7F 227 5.41 

Analytical procedures 

l o eat i ons. 

87 Rb/865 r 875 /865 + 2 r r _ o 

0.6013 0.72053 � .00005 

0.5402 0.72142 + .00006 

0.6707 0.72146 + .00006 

0.6279 0.72183 � .00009 

0.7021 0.72414 + .00006 

0.8946 0.72848 + .00008 

1.051 0.73466 + .00006 

2.046 0.75632 + .00008 

3.96 0.80137 + .00006 

from the Middagstind Quartz 5yenite. 

87 Rb/865r 875rt865r + 2o 

59.4 1.03442 � .0005 

121.4 1.32051 + .0006 

Results and discussion 

Whole rocks 

A�e(Ma) 

361 � 3 

347 � 4 

245 

+ 2o 

Sr isotopic compositions were determined on 
spiked samples on NIMA-B, a 9 inch-60° solid 
source mass spectrometer built �t the Camegie 
Institution of Washington and now in use at 
M.I.T. All values are normalized to a value of 
87 Srfl6Sr = . 70800 for Eimer and Am end SrC03• 
Results and analytical precision are given in 
Tables l and 2. 

Rb and Sr concentrations were determined by 
isotope dilution. A mixed 87Rb/84Sr spike solution 
was used. Analytical precision is considered 
hetter than ± l% in all cases, and probably close 
to O.l% for Sr for which a mass fractionation 
correction was made, using 86Sr/88Sr = 0.1194 as 
a normalizing standard. 

The Rb/Sr whole rock data from the Middags tind 
Quartz Syenite (Table l) are plotted on an 
isochron diagram (87Srfl6Sr vs. 87Rbf86Sr) in Fig. 
7. Linear regression of these data using a com
puter program modelled after York Model l 
(York 1966, Brooks et al. 1972), gives an age 
of 1726 ± 97 Ma with initial 87Sr/86Sr of 
0.7061 ±0.0011 (2CT confidence level). While the 
points define a reasonably good linear arra y, 
departures from the best fit line exceed analytic
al error and must be attributed to geological 
causes, hence the use of the York Model l 
treatment; the error stated here is deemed rather 
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Fig. 7. Rb/Sr whole roe� and biotite ages for Middagstind Quartz Syenite. Decalf constant for 87Rb = 1.42 x 10-11 yr-1 

pessimistic. The most likely source of scatter is 
the metamorphic overprint. White no apparent 
deformation affected any of the samples analyz
ed, mobility of fluids, perhaps as an intergranu
lar phase, was adequate for water to permeate 
the intrusion to the extent that all primary 
pyroxene was replaced by biotite + quartz. Con
sequently, the re is good reason to believe that 
såme movement of Rb and Sr also occurred, 
accounting for the mild scatter of the data. 

Both the age and initial ratio suggest that the 
Middagstind Quartz Syenite is a product of the 
period of granulite facies intrusions (mainly man
gerite) widely developed to the west of Hinnøy 
in the Lofoten terrane (Griffin et al. 1978). 
Griffin et al. (1978) report ten Rb/Sr whole rock 
ages from intermediate to acidic plutons of simi
lar overall chemistry ranging from 1805 to 1695 
Ma, and initial 87Srf!6Sr ranging from 0.7030 to 
O. 7051. White the initial ratio obtained here is 
above this range, most of these initial ratios Iie 
above probable inferred mantle evolution paths 
of 87Sr/86Sr at 1700 Ma (e. g. Faure 1977), sug-

gesting involvement of some continental crust in 
the magma genesis of ·the entire intrusive suite 
(Griffin et al. 1978). As a consequence, the 
slightly higher initial 87SrJ86Sr determined for the 
Middagstind syenite does not significantly weigh 
against this correlation. It is also possible that 
the isochron has been rotated slightly by meta
morphic overprinting, consequently raising the 
apparent initial ratio. 

It is believed that this age reflects the time of 
igneous crystallization of the Middagstind 
syenite rather than closure after metamorphic 
homogenization of Sr. The uniformity of both 
initial 87SrJ86Sr and ages now determined for 
eleven plutons of the suite is good: all of the ten 
ages in Griffin et al. (1978) have error ranges 
which overlap that presented here. Since most of 
the mangerites bodies dated have not suffered 
major metamorphic recrystallization (Griffin et 
al. 1978, Malm & Ormaasen 1978), it is likely 
that the later metamorphism of the Middags tind 
syenite only served to slightly disturb Rb/Sr 
systematics at the whole rock scale. 
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Biotite ages 

Two biotite separates from the Middagstind 
Quartz Syenite were analyzed for Rb/Sr isotopic 
systematics to determine if the Middagstind 
syenite, given its lack of Caledonian fabric, had 
suffered Caledonian thermal effects, and to place 
a younger time limit on Caledonian metamorph
ism. 

The data are plotted in Fig. 7. The ages 
calculated from these data, 361 ± 3 and 347 ± 4 
Ma, show reasonable agreement with Rb/Sr 
biotite/whole rock ages from elsewhere on Hin
nøy (362 ± 5 and 358 ± 4 Ma; Bartley 1980), and 
agreement with several Kl Ar muscovite and 
biotite ages from the Ofoten area 60 km to the 
southeast (380 to 360 Ma; Hodges et al. 1980). 
The lower age of sample 27F is not understood, 
since it is not significantly different in grain size 
from the other syenite, 26R, and was collected 
only l km away. 

The late Devonian ages from the biotites in the 
Middagstind syenite indicate that these base
ment rocks experienced temperatures above a 
mi11:.num of about 280°C during Caledonian 
events (Hodges et al. 1980). The interpretation 
that the shear zones at Middagstind, which 
formed at amphibolite facies conditions, de
veloped during Caledonian deformation (Bartley 
1980, in prep.) implies considerably higher tem
peratures were reached. These isotopic data con
stitute an independent check that elevated tem
peratures did develop in the pre-Caledonian 
basement at Middagstind during Caledonian 
time. The relatively low closure temperature of 
these biotite Rb/Sr systems calculated by Hodges 
et al. (1980) implies the actual thermal peak of 
Caledonian metamorphism was significantly ear
lier. This is consisw.nt with stratigraphic observa
tions further south in the Scandinavian Caledo
nides (Nilsen 1973, Gee 1975) which indicate 
that Caledonian deformation was completed in 
early Devonian time. These ages probably reflect 
post-kinematic uplift of the area. 

Discussion 

The age, initial 87Srfl6Sr, and inferred bulk com
position of the Middagstind Quartz Syenite all 
strongly suggest the inclusion of the syenite as 
part of the suite of mangerites and chamockites 
which were intruded 1800-1700 Ma ago in 
Lofoten-Vesterålen (Griffin et al. 1978). The 
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presence of biotite + quartz meshes, probably 
pseudomorphic after orthopyroxene, also favors 
this conclusion. Consequently, inclusion of the 
basement rocks of east Hinnøy as part of the 
Lofoten terrane seems reasonable. 

There is a significant difference between the 
settings of the Middags tind pluton and the other 
Svecofennian mangerites of Lofoten. The re
gional orthopyroxene isograd trends southeast
ward across central Hinnøy about 25 km south
west of the Middagstind pluton. No contact 
metamorphic effects have been reported associ
ated with these plutons. The Middagstind 
syenite was intruded into amphibolite facies 
country rocks, and generated a significant con
tact aureole. 

Apparent! y, the Middagstind Quartz Syenite 
was emplaced at a shallower leve! than the 
mangerites further west. This is consistent with 
the suggestion of Malm and Ormaasen (1978) 
that the mangeritic rocks of Hamarøy, located 
directly south of the present study area, were 
emplaced at a shallower crustal leve! than the 
plutons in Lofoten-Vesterålen. Malm and 
Ormaasen' s interpretation was based primarily 
on the presence of pigeonite in the Hamarøy 
mangerites and its absence in the Lofoten man
gerites. This was suggested to indicate some
what lower pressure paragenesis in the Hamarøy 
mangerites (op. cit., p. 104-5). However, this 
conclusion was compromised by the absence of 
a significant difference in crystallization condi
tions inferred from geothermometry and geobar
ometry (T = 1000 ± 50°C, P= 10-12 kb in 
Lofoten, T = 950-980°C, P= 10-14 kb on 
Hamarøy; op. cit., p. 103). This study contri
butes direct field evidence to support the conclu
sion of Malm & Ormaasen (1978) that the Pro
terozoic crustal level exposed in the eastem part 
of the Lofoten terrane is shallower than that 
exposed in Lofoten-Vesterålen. 

The Svecofennian metamorphic pattems of 
east Hinnøy may be analogous to the rela
tionships of the Bergell granitic complex in east
em Switzerland (e.g. Ernst 1973). The upward 
transfer of heat by the rise of the Bergell body 
stretched out the isotherms on the east end of the 
Ticino thermal dome to produce contact-like 
metamorphic zones which are continuous with 
the regional metamorphic zones of southem 
Switzerland. Similarly, the rise of the Middag
s tind syenite pluton above the regional granulite 
facies boundary probably stretched the 
isotherms upward into a local dome, producing 
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pyroxene hornfels facies contact effects in the 
regional amphibolite facies rocks. 
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