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Abstract
The geochemistry of kyanite and orthopyroxene eclogites (7 samples) indicate that they are gabbroic cumulates. Incompatible trace elements in these rocks occur at low concentrations compared
to regionally associated eclogites that are compositionally similar to basaltic magmas (11 samples).
Eclogites with cumulate protoliths commonly contain <10 ppm Zr, <1.2 ppm Sm, and <0.2 ppm Lu,
compared to generally >100 ppm Zr, >4 ppm Sm, and >0.4 ppm Lu for basaltic eclogites. Because
of low Zr concentrations, igneous and metamorphic zircons are rare or absent in these eclogites.
Samarium and Lu concentrations are also low in the kyanite and orthopyroxene eclogites, but they
have parent/daughter Sm/Nd ratios of 0.23–0.51 and Lu/Hf ratios of 0.22–0.60, higher than most associated basaltic eclogites at 0.22–0.38 and 0.11–0.18, respectively. These results suggest that kyanite
and orthopyroxene eclogites are poor targets for zircon geochronologic work, but are good targets for
Sm/Nd and Lu/Hf mineral/whole rock geochronology because of their high parent/daughter ratios.
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Introduction
The Scandinavian Caledonides are a complex Silurian-Lower
Devonian (Scandian) orogenic belt representing the multi-stage
closing of part of the Iapetus Ocean (e.g., Roberts and Gee 1985).
The Western Gneiss Region, Norway, is an enormous window
eroded through Scandian thrust sheets, in which Proterozoic
Baltican basement rocks and deep synclinal remnants of the
thrust sheets are exposed (Fig. 1; Robinson 1995). Although
extensive zircon geochronologic work has been carried out on
eclogites in the Western Gneiss Region and related areas (e.g.,
Essex and Gromet 2000; Tucker et al. 2004; Krogh et al. 2004;
Hacker and Gans 2005; Root et al. 2005), few high-precision
ages (2σ errors of 1 to 2 Ma) have been obtained.
Kyanite eclogites are particularly attractive targets for
geochronologic work because their low variance metamorphic
assemblages allow more-precise determination of metamorphic
conditions (Terry et al. 2000; Ravna et al. 2004). Precise geochronology, combined with good constraints on metamorphic
conditions, can yield metamorphic pressure-temperature-time
paths that are valuable for understanding Caledonide tectonics
(e.g., Mørk et al. 1988; Gromet et al. 1996; Hacker and Gans
2005; Walsh et al. 2007). Although some kyanite eclogites have
yielded zircons and have been successfully dated (e.g., Root et
al. 2004; McClelland et al. 2006), an outstanding problem is that
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kyanite eclogites generally yield few or no zircons, and those
present are very small. Why should this be?
Major- and trace-element analyses of selected Norwegian
eclogite whole rocks, from deeply folded synclinal remnants of
Scandian thrust sheets in the coastal part of the Western Gneiss
Region (Fig. 1), explain this difficulty. The new geochemical
data give insight as to which isotopic systems in addition to
U-Pb zircon are most appropriate for dating different types of
eclogites, and how to recognize them. This issue is important for
efficient application of field and analytical efforts to understand
the history of high-pressure (HP) and ultrahigh-pressure (UHP)
eclogite metamorphism and tectonic evolution of the Scandinavian Caledonide mountain chain.

Kyanite eclogites and zircon: Western gneiss
region

Kyanite eclogites have proven to be useful for thermobarometry, and phase relations have made it possible to estimate UHP
metamorphic conditions of, for example, 820 °C and 34–39 kbar
for the pristine core of a body discovered on Fjørtoft (Terry et
al. 2000; Robinson et al. 2003; Ravna et al. 2004). The garnets
in this body contain polycrystalline pseudomorphs after platy
crystals of coesite. In addition, the omphacite in this rock contains apparently exsolved needles of quartz and hornblende.
This is evidence of a possible Ca-eskola vacancy substitution
(Gasparik and Lindsley 1980) combined with OH– substitution
(Terry et al. 2000, 2003; Terry and Robinson 2001) that could
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