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The age of lithospheric mantle underlying cratons and its relationship to the overlying crust 
remain a major goal in the study of crust-mantle evolution. Crustal ages are widely documented in 
many areas, particularly in the Superior Province of the Canadian Shield but we have very little 
information on the nature and age of the underlying mantle. Using measurements of seismic 
anisotropy defined by shear-wave splitting, Silver & Chan (Silver and Chan, 1988) found 
seismically distinct mantle lithosphere beneath the Superior Province and the Canadian Shield in 
general to depths of 200 km. Furthermore, these experiments showed that the anisotropy 
preserved in the mantle lithosphere at depth correlated in many cases with the dominant geological 
fabric in the crustal rocks and implies that the fabric and thus age of the mantle lithosphere is at 
least that of the last major orogenic event affecting the crustal rocks, i.e., the Kenoran Orogeny, 
2.73 to 2.65 Ga (Goodwin, 1991). Lack of samples from the lithospheric mantle beneath this 
region has hitherto prevented this model being tested. 

Recently, Meyer et. al. (1994) described a suite of 10 small, <10 cm, peridotite xenoliths from 
a drill core through the C-14 kimberlitic tuffisitic breccia in the Kirkland Lake area, N. Ontario. 
The xenoliths are coarse grained (^ 6mm) and two display porphyroclastic textures. Most 
xenoliths are coarse granular Iherzolites ± garnet, mg numbers of olivines vary between 91 and 
92 (Meyer et al., 1994), i.e., the xenoliths are depleted in basaltic elements relative to Bulk Earth. 
Garnets in the xenoliths are of the chrome-pyrope variety and are Ca-saturated in that they plot 
within the lherzolite field defined by Sobolev et al. (1973). A low proportion of concentrate 
garnets (<10%) fall within the sub-calcic garnet field (Meyer et al., 1994). Thermobarometrically 
derived equilibration conditions for the peridotites plot between the 40 to 44 mWnr2 reference 
geotherms depending on the formulation used and most of the xenoliths appear to have been 
derived from the diamond stability field (Meyer et al., 1994). Derivation of the xenoliths from 
within the diamond stability field is supported by the subeconomic occurrence of diamond the C- 
14 kimberlite (Meyer et al., 1994). Thus, the samples appear to be fragments of the deep 
lithospheric mantle "keel'' identified by Silver and Chan (1988). The data appear consistent with 
equilibration conditions derived from other peridotite cratonic xenolith suites e.g., those from the 
Kaapvaal craton (Finnerty and Boyd, 1987). 

The xenoliths recovered from drill core by Meyer et. al. (1994) were too small for 
representative bulk analyses and most were severely altered. However, recent successful 
applications of the Re-Os isotope system in estimating lithospheric mantle formation ages (Carlson 
and Irving, 1994; Pearson et al., 1994; Pearson et al., in press; Pearson et al., 1995a; Reisberg et 
al., 1991; Walker et al., 1989) prompted us to analyse three of the most amenable samples in 
order to estimate their age. Normal application of the Re-Os isotope system to estimating the age 
of peridotite suites involves analysing 20 or so xenoliths to reveal the likely full range of ages. 
Obviously this study is limited in this regard because of the previously mentioned sampling 
problems. Three xenolith samples were sawn from the drill cores and any adhering kimberlite 
removed. Powders were prepared in a small alumina ball mill and were dissolved in Carius Tubes 
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(Shirey and Walker, 1994) to ensure spike-sample equilibration . The results are presented in 
Table 1. 

Table 1: Os isotopic analyses of peridotite xenoliths from the Kirkland Lake area. Ages and yos 
values are calculated relative to the mantle evolution curve given by Walker et al. (1994). The age 
estimations are minimums in that they are calculated assuming Re/Os = 0, i.e., all Re was 
removed during the initial melting event. 

Sample Os ppb 187Os/188Os YOs Minimum age, Ga 

22002 2.58 0.12046 ± 40 -5.2 1.1 
22003 6.00 0.11761 ± 14 -7.5 1.5 
22006 2.02 0.11054 ± 14 -13.0 2.6 

Unfortunately, Re concentrations have not been determined, yos values range from -5.2 to - 
13.0, the later value being considerably less radiogenic than any samples of oceanic lithosphere or 
mantle beneath young orogenic areas thus far measured. The unradiogenic Os isotope 
composition of 22006 is within the range of other peridotite xenoliths erupted in the cratons 
(average yos for Kaapvaal peridotites —10, Pearson et. al., in press). Thus, from mineral 
compositions, equilibration conditions and Os isotope systematics the Kirkland Lake xenoliths are 
similar to other mantle beneath cratons. 

Estimating the likely age of the cratonic mantle beneath this part of the Superior Province 
region is not straightforward with just 3 samples. Two samples give minimum Re depletion ages 
of 1.1 and 1.5 Ga whereas 22006 gives a minimum age of 2.6 Ga. The small size of these 
xenoliths makes it highly probable that they have experienced Re addition from the host 
kimberlite. U/Pb analyses of perovskites from an unspecified Kirkland Lake kimberlite dyke 
yielded an emplacement age of 158 ± 2 Ma (Heaman, 1989). If the C-14 intrusion is of a similar 
age then radiogenic Os in-growth in the peridotites since kimberlite emplacement will lower the 
calculated ages. This means that the values given in Table 1 are probable underestimates of the 
“minimum” age by about 0.1 Ga if they have even average cratonic peridotite Re contents. If a Re 
content of 50 ppt is assumed for 22006, comparable to that expected for Kaapvaal peridotite, or 
massif peridotite with a similar mg number this results in a Re-Os model age of 3.2 Ga. This is a 
possible age for this sample and thus the lithospheric mantle in this region. Although 3.2 Ga is 
within the range of crustal ages reported for the Superior Province (Goodwin, 1991), it is 
considerably older than the age of the crust in the extensive Abitibi granitoid-greenstone belt 
(2.73 to 2.67 Ga, Corfu et. al., 1989) into which the Kirkland Lake kimberlites intrude. In fact 
the 2.6 ± 0.3 Ga (likely 2.7 Ga) minimum Re depletion age for the peridotite xenolith (22006, 
Table 1) overlaps this major period of crust building and greenstone belt formation in the Abitibi 
Belt. 

Previous Re-Os isotope studies of xenolith suites from the Kaapvaal, Siberian and Wyoming 
cratons (Carlson et al., 1994; Pearson et al., in press; Pearson et al., 1995a; Pearson et al., 
1995b; Walker et al., 1989) have concluded that formation of lithospheric mantle keels overlaps 
the period of major crust building. This notion is further supported by the coincidence of 2.1 Ga 
Re depletion ages in peridotites from Namibian kimberlites and the stabilisation of regional crust 
in southern Namibia at 2.1 Ga (Pearson et al., 1994). Although caution should be exercised in 
the interpretation of the 3 Kirkland Lake xenoliths studied here, it is possible that the lithospheric 
mantle keel beneath this part of the Superior Province formed contemporaneously with the Abitibi 
crustal units. Certainly, the finding of a peridotite xenolith of at least Late Archaean/Early 
Proterozoic age indicates that the crust and mantle have been coupled over Ga time scales, to 
depths in excess of 150 km, confirming the hypothesis of Silver and Chan (1988) based on 
seismic studies. 

428 



Carlson R. W. and Irving A. J. (1994) Depletion and enrichment history of subcontinental 
lithospheric mantle: Os, Sr, Nd and Pb evidence for xenoliths from the Wyoming Craton. 
Earth Planet. Sci. Lett. 126, 457-472. 

Corfu F., Krogh T. E., Kwok Y. Y. and Jensen L. S. (1989) U-Pb zircon geochronology in the 
southwestern Abitibi greenstone belt, Superior Province. Can. J. Earth Sci. 26, 1747- 1763. 

Finnerty A. A. and Boyd F. R. (1987) Thermobarometry for garnet peridotite xenoliths: a basis 
for upper mantle stratigraphy. In Mantle Xenoliths (eds. P. H. Nixon), 381-402. Wiley. 

Goodwin A. M. (1991) Precambrian Geology. Academic Press, 666pp. 
Heaman L. M. (1989) The nature of the subcontinental mantle from Sr-Nd-Pb isotopic studies on 

kimberlitic perovskite. Earth Planet. Sci. Lett. 92, 323-334. 
Meyer H. O. A., Waldman M. A. and Garwood B. L. (1994) Mantle xenoliths from kimberlite 

near Kirkland Lake, Ontario. Can. Min. 32, 295-306. 
Pearson D. G., Boyd F. R., Hoal K. E. O., Hoal B. G., Nixon P. H. and Rogers N. W. (1994) 

A Re-Os isotopic and petrological study of Namibian peridotites: contrasting petrogenesis 
and composition of on- and off-craton lithospheric mantle. Min. Mag. 58A, 703-704. 

Pearson D. G., Carlson R. W., Shirey S. B., Boyd F. R. and Nixon P. H. (in press) The 
stabilisation of Archaean lithospheric mantle: A Re-Os isotope study of peridotite xenoliths 
from the Kaapvaal craton. Earth Planet Sci Lett 

Pearson D. G., Shirey S. B., Carlson R. W., Boyd F. R., Pokhilenko N. P. and N.Shimizu 
(1995a) Re-Os, Sm-Nd & Rb-Sr isotope evidence for thick Archaean lithospheric mantle 
beneath the Siberia craton modified by multi-stage metasomatism. Geochim. Cosmochim. 
Acta 59, 959-977. 

Pearson D. G., Snyder G. A., Shirey S. B., Taylor L. A., Carlson R. W. and Sobolev N. V. 
(1995b) Archaean Re-Os age for Siberian eclogites and constraints on Archaean tectonics. 
Nature 374, 711-713. 

Reisberg L. C., Allegre C. J. and Luck J.-M. (1991) The Re-Os systematics of the Ronda 
ultramafic complex in southern Spain. Earth and Planetary Science Letters 105, 196-213. 

Shirey S. B. and Walker R. J. (1994) Carius tube digestions for Re-Os chemistry: An old 
technique applied to new problems. EOS 75, 355-356. 

Silver P. G. and Chan W. (1988) Implications for continental structure and evolution from 
seismic anisotropy. Nature 335, 34-39. 

Sobolev N. V., Lavrent'yev Y. G.,-Pokhilenko N. P. and Usova L. V. (1973) Chrome-rich 
garnets from the kimberlites of Yakutia and their paragenesis. Contrib. Mineral. Petrol. 40, 
39-52. 

Walker R. J., Carlson R. W., Shirey S. B. and Boyd F. R. (1989) Os, Sr, Nd, and Pb isotope 
systematics of southern African peridotite xenoliths: Implications for the chemical evolution of 
subcontinental mantle. Geochim Cosmochim Acta 53,1583-1595. 

Walker R. J., Morgan J. W., Horan M. F., Czamanskke G. K., Krogstad E. J., Fedorenko V. 
A. and Kunilov V. E. (1994) Re-Os isotopic evidence for an enriched-mantle source for the 
Noril'sk-type, ore-bearing intrusions, Siberia. Geochim. Cosmochim. Acta 58, 4179-4197. 

429 


