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5. Sm-Nd WHOLE-ROCK ISOTOPE SYSTEM OF THE EYE-DASHWA LAKES PLUTON

Kiyoto Futa

ABSTRACT

An unaltered drill-core sample of the Eye-Dashwa Lakes pluton ("sample ATK-1
(990.97-996.78)) is light rare-earth-enriched, with a lilSm/liiM ratio of
0.08699 and a l43Nd/144Nd ratio of 0.510815. The depleted-mantle-model age
o£ 2.68 Ga agrees with emplacement ages, indicating that parental magma or
irs protolith was derived directly from a Jepleted mantle and that the
ciustal residence time was short.

1. INTRODUCTION

Intermediate-to-felsic igneous rocks of the continental crust are commonly
enriched in light rare earth elements (LREE) in comparison with bulk earth
or the mantle. Thus, they have Sm/Nd ratios that are lower than the
mantle, and consequently, the 143Nd/l44Nd of the continental crust
increases at a slower rate than that of the Earth's mantle. This important
geochemical feature of the crust develops when the crust-building rocks or
their protoliths (calc-alkaline island arc volcanic rocks) are extracted
from the mantle.

Sm-Nd model "crustal fractionation ages" indicate the time when crustal
materials were derived from a depleted mantle (Bennett and DePaolo, 1987;
Chauvel et al., 1986; Frost and Burwash 1986; Nelson and DePaolo, 1985;
DePaolo and Farmer, 1984; DePaolo, 1981; McCulloch and Wasserburg, 1978).
The Sm-Nd crustal fractionation age does not indicate the crystallization
age, nor is it generally affected by later geological events.

2. RESULTS

Sm and Nd concentrations and 143Nd/144Nd isotopic composition for whole-
rock sample ATK-l(990.97 to 996.78) are given in Table 1. The Sm and Nd
concentrations are not unusual for granites, and the 147Srn/144Nd ratio
shows that LREE, are enriched relative to chondrites. The low 147Sm/144Nd
ratio of this granite has increased the 143Nd/i44Nd ratio at a rate slower
than that for bulk earth, as is common for intermediate-to-felsic crustal
Locks.

The 143Nd/144Nd ratio is normalized to 146Nd/144Nd of 0.7129, and it is on
an isotopic scale where the 143Nd/144Nd ratio for present-day bulk earth is
0.512636. The present-day 143Nd/144Nd can be expressed as fractional devi-
ation from the bulk earth value in parts per 10 000. This expression,
referred to as e(Nd), is calculated in the following manner:

e««d, - {f(143Nd/144Nd)m/(
143Nd/144Nd)b] - l}10
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TABLE 1

Sm-Nd PATA FOR SAMPLE ATK-1 (990,97 TO 996-78)

Sm Nd 147Sm/144Nd 143Nd/144Nd
(ppm) (ppm)

4.90 34.3 0.08699 0.510815

where subscripts m and b refer to measured and bulk, earth, respectively.

The e | N D ) value for ATK-1 (990.97-996.78) is -35.6.

3. DISCUSSION

The low e(Nd) of -35.6 and the
 147Sm/144Nd ratio imply a Late Archean ori-

gin for the source of this granite. Using the chondritic uniform reservoir
(CHUR) model (Jacobsen and Wasserburg, 1980) with present-day 143Nd/144Nd
of 0.512636 and 147Srn/144Nd of 0.1967, the sample growth curve intersects
the CHUR line at 2.52 Ga (Figure 1) However, many calc-alkaline orogenic
granitic rocks appear to have been derived from a depleted mantle (e.g.,
see DePaolo, 1981). The intersection of the sample with the depleted
mantle curve of DePaolo (1981) yields a crustal fractionation age T ( D M ) of
2.68 Ga at an e,ND) of +2.26. The T ( D H ) age agrees closely with whole-rock
Rb-Sr age of 2637 Ma (Peterman et al., 1990), an age of 2665 Ma deduced
from U-Pb zircon and sphene data (Zartman and Kwak, 1990), and a whole-rock
U-Pb isochron age of 2676 Ma (Doe and Peterman, 1990). The Sm-Nd T ( D M ) age
is consistent with other Sm-Nd T(DM) ages determined on samples from other
parts of the western Superior Province (Peterman and Futa, 1987). The
concordance between the T (DMI age and the crystallization age is the result
of derivation of the granite from a mantle-derived source, with only a
brief crustal residence interval.

4. CONCLUSION

The Sm-Nd crustal fractionation age for sample ATK-l(990.97 to 996.78) is
2.68 Ga using the depleted-mantle curve of DePaolo (1981). This age agrees
within analytical uncertainty with the Rb/Sr whole-rock age and U-Pb zircon
and titanite ages. The model age is similar to Sm-Nd ages of other Late
Archean intermediate-to-felsic igneous rocks in the Superior Province. The
close agreement between the depleted-mantle-model age and the crystalliza-
tion oi' emplacement ages implies either direct derivation of the parental
magma from the mantle or derivation from a mantle-derived protolith with a
very short crustal residence time. Thus, the Nd isotopic data are in
accord with the Sr isotopic data (Peterman et al., 1990).
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FIGURE 1: e ( N d, Growth of Whole-Rock Sample ATK-l(990.97-996.78).

Horizontal line depicts the chondritic uniform reservoir
model of Jacobsen and Uasserburg (1980), and the curved line
is the depleted mantle model of DePaolo (1981). The growth
of the sample is shown by the heavy solid line with an
intercept of ~35.6 at the present time. The intersection
with the depleted mantle growth curve yields a model age of
2.68 Ga.
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