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an example of extreme fractional crystallization of a 
miaskitic peralkaline granite
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The high-fi eld-strength-element (HFSE) enriched McKeel 
Lake miaskitic peralkaline granitic pegmatite-aplite dyke 
system is hosted within the Late Silurian mantle A-type, 
multiphase peralkaline Welsford alkali-feldspar granite (422 
± 1 Ma) in southwestern New Brunswick; both share similar 
major minerals and textures. The pegmatite-aplite dykes (419 
± 20 Ma) are up to 40 cm wide, closely spaced (10–20 cm), with 
sharp contacts (170°/90°) within the host granite. Fine-grained 
saccharoidal quartz, perthitic K-feldspar, and albite with zircon 
and other numerous rare minerals form a rhythmic layering 
with the long riebeckitic amphiboles (up to 3 cm) in the aplite 
extending towards core of the dykes. Micrographic to grano-
phyric texture is also common. These textures are consistent 
with a predominantly magmatic growth history probably 
related to pressure quenching (depressurization) of the melts, 
with a volatile phase involved. These mineralized pegmatite-
aplite dykes represent a late magmatic, extremely fractionated 
part of the Welsford alkali granite intrusion, with Ta (74 to 220 
ppm), Nb (750 to 3040 ppm), Zr (1450 to 36000 ppm), Y (540 

to 3070 ppm), Th (170 to 870 ppm), U (60 to 250 ppm), Ce 
(430 to 1950 ppm), Yb (110 to 290 ppm), and Be (20 to 103 
ppm). Zoned zircon crystals are characterized by enrichment in 
Hf, Th, and U, corresponding to peralkaline melt evolution. In 
addition, Ta-Nb-oxide, euxenite, fergusonite, aeschynite, (Y)-
aeschynite, REE-fl uorocarbonate, and fl uorite mainly occur in 
the aplitic parts of the dykes, although they also are sparsely 
distributed in the pegmatitic sections.

Bulk distribution coeffi cients (D) of these elements, assum-
ing Ta as the most incompatible element and using the Rayleigh 
fractionation equation, were calculated for the extreme frac-
tionation of these peralkaline granitic melts (Welsford alkali 
granite to McKeel Lake dykes), in terms of the Allégre method: 
Sr & Rb (0.96), TiO2 (0.895), La (0.69), Be (0.54), W (0.53), Pb 
(0.35), Y (0.26), Yb (0.25), Th (0.17), Zr (0.129), Nb (0.111), U 
(0.092), and Hf (0.069). The covariation of the observed trends 
between the two populations reaffi rms the genetic parental re-
lationship of the host Welsford intrusion to these pegmatite-
aplite dykes. The coherent behaviour of these HFSE suggests 
a common enrichment process. This suggests that these ele-
ments occur as very incompatible elements in the magmatic 
evolution until the injection of the dyke swarm, with negligible 
ferromagnesian or HFSE mineral fractionation consistent with 
their peralkaline composition, i.e., no fl uids are required to 
produce this extreme Ta-Nb-Zr-REE-Y-Th-U enrichment.
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