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Abstract
In this study, we examine the effects of reheating on finely exsolved hematite-ilmenite intergrowths
from the ~91 Ma Ecstall pluton using reflected light microscopy, scanning electron microscopy (SEM),
and transmission electron microscopy (TEM). As a result of the emplacement of the younger adjacent
~52 Ma Quottoon pluton, samples closer to a thermal boundary have experienced greater degrees of
thermal alteration. Five main microstructural features characterize hematite-ilmenite intergrowths from
the Ecstall: (I) exsolution lamellae of hematite and ilmenite; (II) oxidation of ilmenite to form hematite,
rutile, and other Ti-rich phases; (III) 20–50 nm magnetite precipitates in hematite; (IV) rutile blitz
texture; and (V) exsolution of hematite in rutile. Based on spatial relationships, textures II through V
appear to be related to reheating of the Ecstall by the Quottoon, and samples up to ~14 km from the
thermal boundary intrusive contact have been affected. We propose a mechanism, similar to that of
Kontny and Dietl (2001), in which reheating has driven T-fO2 conditions across the hematite-magnetite
buffer to lower fO2 resulting in the reduction of hematite. Higher temperatures also enhanced oxidation in ilmenite. The formation of magnetite altered the bulk magnetic properties of these samples,
increasing NRM intensity. This study underscores the need to consider a pluton’s post-emplacement
thermal history before making tectonic interpretations based on paleomagnetic data.
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Introduction
Previous investigation of the ~91 Ma Ecstall pluton, located
near Prince Rupert, British Columbia, has shown that paleomagnetic inclinations and magnetization intensities increase
systematically toward the eastern margin of the intrusion. Near
horizontal inclinations in the western part of the Ecstall pluton
are consistent with low latitude formation, while steep (~80°)
inclinations in the eastern part of the Ecstall pluton are consistent
with formation at its current location on the Canadian shield
at about 50 Ma (Fig. 1a). The origin and importance of these
paleomagnetic directions has been in dispute since Butler et al.
(2002) interpreted the data to be the result of post-magnetization
deformation. If this interpretation is correct, then the Ecstall
pluton experienced considerably less latitudinal translation than
that suggested by the Baja-BC hypothesis (Umhoefer 1987;
Umhoefer and Dorsey 1997; Cowan et al. 1997). The Baja-BC
hypothesis proposes that the westernmost superterrane of northern British Columbia is composed of terranes that have been
translated northward up to several thousands of kilometers from
the time they formed, about 90–110 Ma, until about 50 Ma. The
Baja-BC hypothesis is one of several models that may reconcile
anomalously shallow paleomagnetic inclinations observed in the
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western terranes of British Columbia. Other explanations invoke
more local scale structural deformation (Butler et al. 2002), or
(in the extreme) consider paleomagnetic data from large volume
intrusive igneous rocks as unreliable.
The Ecstall pluton is a large (~22 × 100 km) granodiorite to
diorite pluton with U/Pb zircon ages of ~91 Ma (Butler et al.
2002). It has high natural remanent magnetization (NRM) intensity and magnetic remanence characterized by high coercivity,
making it a high-quality paleomagnetic recorder. Paleomagnetic
results from silicic plutonic rocks are often difficult to interpret
because the intensity of their magnetic remanence is often weak,
and there is generally no clear paleo-horizontal indicator. Deformation, whether sub-, or post-solidus can also be difficult to
identify in plutonic rocks, precluding application of a fold test.
This unusual situation has led to some debate over the roles of
tilt vs. translation in explaining paleomagnetic results (Monger
and Price 1996; Beck et al. 1981), and makes the results from
the Ecstall pluton difficult to interpret.
The intra-pluton paleomagnetic discordance observed in the
Ecstall pluton could have multiple causes, including internal
deformation, and/or mineralogic alteration induced by thermal
and/or chemical processes. Microstructures within the Fe-Ti
oxide phases play an important role in the Ecstall pluton, where
the principle remanence carrying Fe-Ti oxide is hematite-ilmenite
(Butler et al. 2002) with exsolution lamellae resulting from slow

