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A Rb-Sr whole-rock isochron age of 1159±11 m.y. for the small Klokken intrusion sug­
gests that it may well be the youngest of a series of central complexes in the Gardar 
Igneous Province. Chronologically, Klokken appears to represent an extension of the 
magmatic episodes which produced the larger, undersaturated, intrusive centres of Igaliko 
to the north. An initial 87Sr/86Sr ratio of 0.7031 ± 0.0003 suggests an origin from primitive 
mantle material with little or no contamination by older crust. 
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The Klokken intrusion is a small ( 3 X 2 km), 
oval, layered gabbro-syenite intrusive complex 
situated at 60°56'N, 45°05'W in the Gardar 
igneous province of south-west Greenland. It 
reaches (fig. 1) to within 1 km of the SE mar­
gin of the Igdlerfigssalik centre, the most 
southerly of the series of large plutons which 
comprise the Igaliko nepheline syenite com­
plex (Emeleus & Harry, 1970). The several 
intrusive centres making up this complex are 
seen, on the basis of. field relationships, to 
become progressively younger in an anti­
clockwise direction beginning with the Motz-
feldt centre and terminating in Igdlerfigssalik. 
Rb-Sr isotopic studies (Blaxland et al., in prep­
aration) confirm this progression and suggest 
that the four centres were emplaced at about 
1310 m.y., 1295 m.y., 1185 m.y. and 1167 
m.y. respectively (based on a value X = 1.39 
X lO-^y1 for the decay constant of 97Rb). 
Geographically, the Klokken body would be 
the next and final point in this progression, but 
in contrast to the Igaliko centres Klokken is 
chemically slightly over-saturated, and its most 
fractionated members are aplites and pegma­
tites of alkali granite composition. Like the 
Igaliko centres, Klokken intrudes the base­
ment Julianehåb Granite of Ketilidian age, 
about 600 m.y. older than the major Gardar 
activity (van Breemen, Aftalion & Allaart, 

1974; Blaxland et ah, in preparation). How­
ever, there is no contact between Klokken 
and the Igaliko intrusions and so age rela­
tionships between these later bodies cannot 
be determined by field evidence. 

Despite its small size, the Klokken intrusion 
contains a great diversity of readily distin­
guishable rock types which cover a wide spec­
trum from gabbro, through syeno-ferrodio-
rites to strikingly layered ferrosyenites. The 
geology has been briefly described by Parsons 
(1972) and detailed mineralogical work is in 
preparation. The body has sharp contacts with 
the surrounding Julianehåb Granite and there 
exist substantial protrusions, roof pendants and 
rotated xenoliths, suggesting that stoping may 
have been important during intrusion. Al­
though the transition from a marginal gabbro 
to syenite takes place over a short distance, 
there is no intrusive junction between these 
two units, and all intermediate types may be 
found. The existence of a basic syenitic liquid 
intermediate between gabbro and the more 
fractionated syenites is amply demonstrated by 
a late discordant biotite-syenite which cuts 
(and is chilled against) the ferrosyenites, but 
is cut by acid aplites. Fractionation of gabbro 
to syenite was demonstrably a single, conti­
nuous event, if not wholly in situ. In this re­
spect, Klokken differs from other Gardar gab-
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Fig. 1. Sketch map showing relationship of the Klok­
ken intrusion to other intrusive centres in the eastern 
part of the Gardar Province. The four Igaliko centres 

45° 
(from Emeleus & Harry, 1970) are shown with cross-
hatching. Approximate ages for these complexes are 
from data given by Blaxland et at. (in preparation). 

bro-syenite-alkali granite central complexes, 
where sharp breaks are observed between gab-
bro and other members. At Alångorssuaq in 
the Nunarssuit (western Gardar) complex 
(Harry & Pulvertaft, 1963) the layered gab-
bro is truncated by granite (and by implica­
tion predates the syenites), while at Kungnåt 
(Upton, 1960), gabbro forms a late ring-dyke 
structure. Both in bulk composition and in 
fractionation trends observed, Klokken more 
resembles the large composite dykes occurring 
in the Gardar province, such as the Hviddal 
Dyke on Tugtutoq Island (Upton, 1962). It 
has been proposed (Upton, 1974) that there 
may be a progression from simple dilational 
basic dykes, which are widespread in the Gar­
dar, to major central complexes. Perhaps sig­
nificantly, the Klokken intrusion lies well away 
from basic dyke swarms. 

Outline of geology and sample 
descriptions 

Sample localities and simplified geology are 
given in fig. 2. The Klokken body is well ex­

posed and most rock-types readily afford fresh 
specimens. Slight iron-staining may occur on 
the surfaces of some samples, but deuteric al­
teration of feldspar is negligible in all but 
three cases, the micro- or crypto-perthitic 
alkali feldspars being free of alteration. In 
hand-specimen such feldspars are transparent 
and dark green in colour. In some leuco-
syenite layers the feldspar is cloudy and trans­
lucent white in colour. As this type of al­
teration is restricted to certain layers and also 
associated with more advanced unmixing and 
ordering in the feldspars, it seems likely to 
have been immediately post-magmatic. 
Samples 140122 and 140026 show alteration 
of this type; the former lies on, the latter off. 
the isochron (fig. 3). All specimens of gabbro 
show alteration in the plagioclase (ca. An5U) 
from which the selected sample (140053) is 
almost free. Finer-grained gabbros near con­
tacts with the Julianehåb Granite also fre­
quently show evidence of contamination in 
the form of rounded inclusions showing grano-
phyric quartz-feldspar intergrowths; such ma­
terial was absent in 140053. 

The outer gabbro ring gives way gradation-
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Fig. 2. Geological map of the Klokken complex show­
ing the localities of specimens used in the present stu­
dy. Only mafic horizons which have been traced on 

the ground are shown in the layered series; many 
more layers actually exist. 
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Fig. 3. Rb-Sr whole-rock isochron for Klokken. Samples 
140194 and 140026 are not included in the regression 
treatment. 

ally inwards, via a restricted suite of types in 
which alkali feldspar occurs as continuously 
zoned rims to plagioclase, to unlaminated, al­
kali feldspar-augite syenites forming a zone up 
to 750 m wide. This coarse-grained type is 
relatively susceptible to weathering, poorly ex­
posed, and has not been included in this 
study. 

The central part of the intrusion com­
prises a remarkable layered syenite series, in 
the form of downward pointing cones with 
inward dips of 30-50°. Two main interleaved 
rock types form this series; a sequence of 
granular syenite layers from 0.1-30 m thick 
(140183 and 140018) is interleaved with a ser­
ies of coarser, well laminated syenites. The 
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granular layers form about 15 °/o of the 600 
m thickness of exposed layered series and all 
major mineral species show that they are 
slightly less fractionated than the enclosing 
laminated syenites. The latter show mineral 
layering of an unusual type, in which the con­
tent of mafic minerals increases gradually up­
wards, over ca 2 m, before rapidly decreasing 
or being truncated by a granular layer (see 
fig. 4 in Parsons, 1972). The main type of 
mafic layer shows upward increase in heden-
bergite-rich clinopyroxene (electron micro-
probe data, Parsons, in preparation) at the 
expense of alkali feldspar followed in some 
complete examples by a narrow horizon of an 
ultramafic fayalite-magnetite rock. The latter 
types were low in both Rb and Sr and are not 
included in this study. Specimens 140138, 
140194, 140047, 140128, 140049, 140122, 
140026 and 140093 represent members of the 
laminated series varying largely in the heden-
bergite to alkali feldspar ratio and, as listed, 
represent a series becoming increasingly leuco-
cratic (140138 contains 30 %CIPW norma­
tive feldspar, 61 % clinopyroxene; 140093 
contains 80 % and 10 °/0 of these compo­
nents, respectively). 

The layered series is cut by the fine-grained 
feeder of a late augite-biotite syenite (140081) 
which forms a coarser grained sheet-like body 
near the topographic summit of the intrusion. 
This represents a less fractionated phase of 
injection intermediate between the unlaminated 
syenites and the gabbros; the specimen 140081 
is perfectly fresh with clear green alkali feld­
spars and conspicuous poikilitic biotites in hand 
specimen. 

Analytical Procedures and Results 

Analytical procedures were similar to those 
used by van Breemen et al. (1974). After dis­
solution, the sample is transferred to a teflon 
beaker containing "double spike" aliquots of 
Rb and Sr spike solutions. Such beakers are 
previously prepared in batches of about 75, 
giving a suitable range of Rb/Sr ratios, and 
this procedure eliminates many problems as­
sociated with calibration during individual 
sample spiking. Isotope dilution analyses were 
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Table 1. Rb-Sr Isotopic Data 
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0.009 
0.010 
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0.075 
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0.392 
0.765 
0.813 
1.022 
1.102 
1.040 
2.086 
2.114 
2.409 
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0.0263 
0.0290 
0.2194 
0.2160 
0.5397 
1.1352 
2.2203 
2.3599 
2.9697 
3.2039 
3.0249 
6.0910 
6.1748 
7.0438 

CO 

u 
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0.70339 
0.70353 
0.70668 
0.70652 
0.71196 
0.72213 
0.73720 
0.74128 
0.75068 
0.75477 
0.75676 
0.80270 
0.80374 
0.81771 

All sample numbers refer to Grønlands Geologiske 
Undersøgelse sample files, 

(r) = repeat analysis 
* sample lies off isochron and is not included in 

regression treatment 

performed using a AEI-GEC MS-12 solid-
source mass spectrometer with a 12" radius 
and 90° sector, and using a Faraday cup and 
a Cary 401 vibrating reed electrometer. Val­
ues obtained for Rb and Sr concentrations, 
Rb/Sr ratios and "Rb/s^Sr and- 87Sr/86Sr ratios 
are shown in table 1. Values obtained for Ei-
mer and Amend standard SrCOs were 0.70813 
± 0.00013 (one standard deviation), based on 
an average of 11 analyses made over the gen­
eral period of study. 

The 87Rb/86Sr and s7Sr/86Sr results shown in 
table 1 were regressed by the least squares 
method developed by York (1969) using a de­
cay constant value I = 1.39 X lO'^y1. For 
the purposes of the regression analysis, the 
duplicate analyses of samples 140053 and 
140081 were averaged to yield single values. 
Samples 140194 and 140026 clearly fall off 
the isochron (shown in fig. 3) and were not 
included in the regression treatment. Ana­
lytical errors on 87Rb/86Sr and 8'Sr/8«Sr were 
taken to be 0.5 °/o and 0.02 % respectively 
(based on previous replicate analyses). The re­
gression parameters obtained were as follows: 

Age: 1159±11 m.y. 
Initial siSr/seSr ratio: 0.7031*0.0003 
Number of points on isochron: 10 
[SUMS/n-2)]'/2; 1.66 
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All uncertainties are shown at the 2a (95 % 
confidence) level. The value of [SUMS/(n—2)]^ 
was found to be 1.66 indicating, within the 
applicable certainty limits, that a true isochron 
exists (see Brooks, Hart & Wendt, 1972, for 
discussion of the value [SUMS/(n — 2)]^.) 

Discussion 

Previous age determinations on Gardar intru­
sions have been summarised by Bridgwater 
(1965) and by Emeleus & Upton (in press). 
The early work referred to in these summa­
ries consisted of K-Ar determinations arid Rb-
Sr mineral ages and these suggested that that 
Gardar activity was spread over an interval 
of time, 1400-1000 m.y. before present. More 
recently, van Breemen & Upton (1972) showed 
a much more restricted range of 1245 ± 16 -
1180 ± 37 m.y. for three intrusions at Kung-
nåt, Hviddal Dyke and Tugtutoq Central Com­
plex, based on the much more reliable Rb-Sr 
isochron method. More detailed isochron work 
(Blaxland, van Breemen & Steenfelt, in press; 
Blaxland et al., in preparation) on 10 other 
Gardar central complexes has revealed that 
Gardar activity did indeed occur in a more re­
stricted time interval of 1325-1150 m.y. before 
present. Moreover, this word suggests that mag­
matism may not have been a continuous pro­
cess over that time period but that two rel­
atively discreet periods of activity (at about 
1300 and 1160 m.y.) were separated by a 
period of relative quiescence. There are thus 
Early and Late Gardar stages. 

The Igaliko complex (fig. 1) lies at the 
easternmost edge of the Gardar province and 
consists of 4 distinct centres (Emeleus & Har­
ry, 1970). Isotope data support field evidence 
that the centres were emplaced in an anti­
clockwise direction and show, moreover, that 
the two oldest centres (Motzfeldt and North 
Qoroq) belong to the Early Gardar period 
whereas the younger centres (South Qoroq and 
Igdlerfigssalik) belong to the Late Gardar. As 
mentioned earlier, the age relationships be­
tween the Igaliko group and Klokken cannot 
be determined on the basis of field evidence, 
and the oversaturated nature of Klokken tends 
to suggest that it may not be related. The 

isotopic data shows, however, that Klokken is 
indeed one of the last intrusions of the Gar­
dar, following the chronological progression of 
the Igaliko centres, and its age may well re­
present the termination of Gardar magmatism 
in South Greenland. 

The initial ratio of 0.7031 ± 0.0003 in­
dicates that Klokken may be derived from a 
relatively primitive magma from a source re­
gion in the mantle or lower crust, showing 
evidence of little or no higher crustal con­
tamination. In this respect also, it resembles 
most of the Igaliko centres (North Qoroq 
stands alone in having a relatively high initial 
ratio of 0.705). 
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Dansk sammendrag 

Klokken gabbro-syenit-intrusionen synes geologisk at 
repræsentere en fortsættelse af den række af intrusive 
faser, som førte til dannelsen af det store, undermæt-
tede Igaliko nefelin-syenit komplex; dette på trods af 
Klokkens generelt overmættede natur. En Rb/Sr bjerg-
artsisokron på 1159±11 m. år indebærer, at Klokken 
intrusionen er en af de yngste i Gardar magma pro­
vinsen. Et initialt 8?Sr/8«Sr forhold på 0.7031±0.0003, 
som ligger nær forholdene for de andre intrusive 
centre i Igaliko komplexet, tyder på en genetisk sam­
menhæng med materiale fra jordens kappe, medens 
skorpemateriale ikke har spillet nogen rolle. 
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