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A second age of 615 Ma has been obtained for the Long Range dykes in Labrador. This age removes uncertainty, 
introduced by anomalous paleomagnetic results, that more than one age of.dykes trending north-northeast is present in the 
region. It also establishes that the age of the primary magnetization of the-Long Range dykes is 615 Ma.

On a obtenu un deuxieme age, fixe a 615 Ma, par rapport aux dykes de Long Range, au Labrador. Celui-ci elimine 
l’incertitude, qu’avaient amenee des resultats paleomagnetiques anomaux, au sujet de la presence de dykes de Long Range 
d’une direction nord-nord-est de plus d’un age dans la region. On a en outre etabli l’age de la magnetisation originelle des 
dykes de Long Range a 615 Ma.

[Traduit par la redaction]

Introduction

This short study is a follow-up of the work of Kamo et al. 
(1989), who reported the age of a Long Range dyke in south
eastern Labrador to be 615 ± 2 Ma. The objective of this work is 
to resolve an uncertainty that arose as a result of subsequent 
paleomagnetic investigations (Murthy et al., 1992) on the same 
dykes. Of six dykes investigated by Murthy et al. (1992), three 
gave a remanence direction of D (declination) = 124.8° and I 
(inclination) = 55.5°, interpreted to be primary on the basis of 
a positive baked contact test. Three other dykes, including the 
previously dated dyke, gave anomalous directions. It was, there
fore, not completely certain that the interpreted primary rema
nence direction could be linked to the 615 Ma age. The present 
investigation sought to resolve the doubt by dating another Long 
Range dyke, in this case from one of the localities where the 
interpreted primary remanence was obtained.

Sampling locality

The locality investigated (Fig. 1, annotated as ‘this paper’) 
is Dyke 4 of Murthy et al. (1992) and was chosen for further 
geochronological study for two reasons. The first is that, from a 
paleomagnetic standpoint, it is the most thoroughly studied dyke 
in the area. It has been investigated at seven sites at various 
points along its length, all of which yielded a consistent rema
nence direction, averaging D = 133.1°, I = 51.2°. The second 
reason is that a K-Ar (biotite) age of 553 ± 22 Ma had been 
previously reported for the dyke (Wanless et al., 1970), although 
the location of the sample was erroneously reported to be far
ther west in the original publication, (W.D. Loveridge, personal 
communication to C.F. Gower, 1985).

The sample site is at the north end of an unnamed island 
and corresponds to the paleomagnetic sites PR84-191, PR84- 
199, and PR84-206 (Fig. 1). The geographic co-ordinates are 
53° 46.2’N, 56° 37.1’W.

The sample selected for U-Pb geochronology is a coarse
grained olivine gabbro. Although in many Long Range dykes 
primary olivine is preserved, in this dyke it has been completely 
altered to serpentine and opaque minerals. Plagioclase forms 
euhedral, well-twinned, but moderately to extensively sericitized 
euhedral to subhedral laths. Primary clinopyroxene forms 
anhedral grains between plagioclase laths and olivine grains. 
Other primary m inerals include biotite, apatite, zircon, 
baddeleyite and pyrite. Greenschist facies alteration is perva
sive and, apart from the previously mentioned secondary min
erals, clusters of fibrous amphibole are also present.

G eochronological results

U-Pb baddeleyite and zircon isotopic results are presented 
in Table 1 and Figure 2. All age errors quoted below and error 
ellipses in Figure 2 are given at the 95% confidence level. Er
rors in Table 1 are la . Chemical decomposition of the grains 
and isolation of Pb and U was achieved using the method of 
Krogh (1973) modified for small samples by using miniatur
ized dissolution bombs and anion exchange columns. Details 
of the procedures used at the Jack Satterly Geochronology Labo
ratory are given by Heaman and Machado (1992).

Baddeleyite occurs as striated, brown, euhedral laths and 
plates. Many of the crystals exhibit pitted, frosty surfaces; how
ever, care was taken to exclude this type of grain from the frac
tions analysed. Only clear, crack- and inclusion-free grains with 
shiny, smooth surfaces were selected for analysis. Zircon oc-

Atlantic Geology 
3 0 ,2 5 9 -2 6 2  (1994)

0 8 4 3-556I/94 /030259-4S 1 .60 /0



2 6 0 K amo and  G ower

Fig. 1. Distribution of Long Range dykes, Neoproterozoic rift-related supracrustal rocks, brittle faults and associated quartz veins in southeast 
Labrador.

Table 1. U-Pb isotopic data for baddeleyite and zircon from a Long Range dyke, Labrador.

Sample
Weight

(mg)
U

(ppm)
Pb

(ppm) Th/Ua

Common
Pbb
(Pg)

2°6Pb/c
204Pb

206pb/d
238y

207pb/d
235a

207pb/d
206pb

Age (M; 
207pb/ 
206pb

1. baddeleyite (33) 0.056 328 33 0.03 156 749 0.09932110 0.8256 1 19 0.06029 1  12 614.0
2. baddeleyite (17) 0.030 234 21 0.03 10 4177 0.09860 1 19 0.8184115 0.06020 1 7 610.8
3. zircon (20) 0.044 359 40 0.81 3 28557 0.098491 11 0.8184110 0.06027 1 4 613.2
4. zircon (17) 0.042 567 72 1.38 6 22875 0.09753 1 16 0.8099 1 14 0.06023 1 3 611.7
5. baddeleyite (14) 0.049 428 38 0.03 7 18935 0.09719132 0.8066 125 0.0601918 610.5

Notes: All samples selected from the least magnetic fractions separated using a Frantz magnetic separator (0° forward and side tilt at 1.7A); numbe 
in brackets is number of grains or fragments in fraction; a, model Th/U ratio is calculated using the amount of ̂ 08pb and the ^07pb/206pb age; )• 
total common Pb present from sample and laboratory contributions; c, corrected for spike and fractionation; d, corrected for spike, fractionatio 
(0.10%/AMU for Pb and U), blank (2 pg Pb, 0.5 pg U), and initial common Pb. The isotopic composition of common Pb in the sample is calculatei 
using the model of Stacey and Kramers (1975); errors on the ^O^pb/^^Pb and '^ P b / '^ P b  (x10'^) and 207pb/235pj (x]q^ )  ratios are la .
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Fig. 2. Concordia diagram showing U-Pb results for the Long Range 
dyke dated in this study. Ellipses represent 2cr errors. Data from Kamo 
et al. (1989) were obtained from zircon and baddeleyite and give a 
lower intercept of ca. 255 Ma.

curs as pale yellow, clear to hazy, skeletal fragments. Due to the 
platy habit of these minerals, no air abrasion treatment (Krogh, 
1982) was given to any of the analysed fractions.

Data points obtained from three fractions of baddeleyite 
and two fractions of zircon range from 0.8 to 3.5% discordant. 
A regression calculation using all five data points yields an up
per intercept age of 614 +22/-4 Ma. A lower intercept age of 
ca. 130 Ma is also given. Due to the limited spread of these 
data points, it is useful to define the range in the upper inter
cept age by assuming that Pb loss occurred between 0 and 300 
Ma. In this case, an age of 614 +6/-4 Ma is given, and this is 
considered a more reasonable upper age error given the consis
tency with concordant data (shown in Fig. 2) obtained previ
ously by Kamo et al. (1989).

D iscussion

Precise ages for mafic dykes are extremely valuable for con
tinental plate reconstructions and for establishing the time of 
continental breakup, and these data also provide the critical 
information necessary for calibrating the apparent polar wan
der path. Unfortunately, previous U-Pb dating (Kamo et al., 
1989) and paleomagnetic data (Murthy et al., 1992) for the Long 
Range dykes failed to give clear information on the Late Prot
erozoic polar wander path for North America.

The paleomagnetic data reported by Murthy et al. (1992) 
yielded anomalous results for which two explanations were of
fered: either (i) two dyke sets are present, or (ii) the ‘anoma
lous’ directions are not primary. Murthy et al. (1992) argued, 
from field, petrographic and chemical criteria, that only one 
dyke swarm is present and this conclusion is substantiated by 
the result reported here.

The new date is pertinent to the re-interpretation of Long 
Range dyke paleomagnetic signatures made by Meert et al. 
(1994). They argued that the ‘anomalous’ magnetization ob
tained by Murthy et al. (1992) from the dyke (Dyke 1) previ
ously dated at 615 ± 2 Ma by Kamo et al. (1989) is the primary 
remanence direction. They also re-interpreted the magnetiza
tion that was regarded as primary by Murthy et al. (1992) as 
having been acquired at ca. 550 Ma, on the basis of the 553 ± 
22 Ma K-Ar biotite age previously obtained from that dyke (Dyke 
4). It is from this dyke that we report the 615 +6/-4 Ma crystal
lization age.

If the remanence preserved in Dyke 4 is interpreted as sec
ondary and linked to the time of K-Ar biotite closure, rather 
than the time of dyke crystallization, then the same approach 
should be applied to Dyke 1. At present no K-Ar ages are avail
able from Dyke 1, but at the paleomagnetically sampled site 
Dyke 1 is intruded by Carboniferous mafic dykes from which a 
K-Ar whole-rock age of 327 ± 13 Ma has been obtained (from a 
locality 3 km to the southeast; Murthy et al., 1989). For consis
tency, this would have to be the preferred age to which Meert et 
al. (1994) should have related the anomalous magnetization, 
rather than the 615 MaU-Pb age. However, Murthy etal. (1992) 
indicated that the anomalous magnetization was not a Carbon
iferous overprint.

Furthermore, if the remanence direction in Dyke 4 is to be 
considered secondary and acquired at ca. 550 Ma then so must 
it be in Dykes 2 and 6 (35 km west and 75 km east of Dyke 4, 
respectively) and in the Double Mer Formation (200 km to the 
west), as similar results were obtained from all of these units. 
However, the occurrence of a significant regional thermal event 
at ca. 550 Ma appears to be excluded by a baked contact test 
carried out adjacent to Dyke 2 (Murthy etal., 1992).

The data reported here confirm that there is no age differ
ence between the two paleomagnetic groups and that the previ
ously interpreted primary remanence direction can, indeed, be 
referred to a 615 Ma age. The ‘anomalous’ group, which in
cluded the dyke previously dated at 615 ± 2 Ma, therefore pre
sumably represents disturbed data.

It should be noted that red beds from the Double Mer For
mation in the Lake Melville rift system (Fig. 1) carry a rema
nence direction that is, within error, the same as that in the 
dyke dated in this study. Hence, the date gives quantitative con
firmation of a Late Precambrian depositional age for the Double 
Mer Formation. Finally, the data here also establish that the K- 
Ar age of 553 Ma does not date the time of emplacement of the 
dyke, but is related to a younger event.
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