
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 110, B06103, doi:10.1029/2004JB003445, 2005

Thermochemical remanent magnetization in
Precambrian rocks: Are we sure the geomagnetic
field was weak?
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[i] Thellier paleointensity determinations from two dikes of the Early Proterozoic
(~2.46 Ga) Matachewan dike swarm (Canada) yield field values of 2.14 ± 0.18 and
9.81 ± 1.65 microT. Corresponding values of virtual axial dipole moment are very low
(0.54 ± 0.05 x 1022 and 2.49 ± 0.42 x 1022 Am2, respectively) when compared with
the modern field. The characteristic remanent magnetization (ChRM) was isolated over
a narrow range of high unblocking temperatures (~520-580°C). Detailed rock
magnetic analyses indicate that the ChRM is carried by nearly stoichiometric pseudo
single domain magnetite. Scanning electron microscopy (SEM) reveals that the
magnetite is in the form of fine intergrowths with ilmenite, formed by oxyexsolution
during cooling. The high-temperature oxidation defined in the SEM images could have
continued at temperatures below the Curie point of magnetite. In this case, the ChRM
would be a thermochemical remanent magnetization (TCRM) rather than a thermal
remanent magnetization (TRM). Estimates of the TCRM/TRM ratio show that the Thellier
data could underestimate the true field value by a factor of 4 without violating experimental
selection criteria. This uncertainty in TRM fidelity translates into a potential range of field
values that spans that defined by the modern field (~8 x 1022 Am2) and proposed low
Precambrian levels (~2 x 1022 Am2). Therefore understanding further how TCRM is
acquired and records the field represents a major challenge if these and many other similar
rocks are to be used in Thellier studies aimed at defining the strength of the Precambrian field.
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1. Introduction

[2] The long-term history of geomagnetic field strength
may provide crucial insight into the evolution of the geo-
dynamo. For example, some thermal models predict the onset
of the modem compositionally driven geodynamo [e.g.,
Hollerbach and Jones, 1993; Labrosse and Macouin, 2003]
and growth of the inner solid core [e.g., Labrosse etal, 2001;
BrodholtandNimmo, 2002] in the Precambrian. An attendant
sharp increase in the geomagnetic field intensity has also been
predicted [Stevenson et al, 1983; Breuer and Spohn, 1995;
Labrosse et al, 1997]. In other models, the geodynamo is less
sensitive to the presence of the inner core [e.g., Wicht, 2002].

[3] Experimental data on the strength of the Precambrian
field could shed some light on these issues, but unfortu-
nately the database is limited. Precambrian data form only
~5% of all available paleointensity values and they are
characterized by an uneven temporal distribution. More-
over, few of the paleointensity values demonstrably repre-
sent the time-averaged field, and some clearly reflect
alteration processes [e.g., Yoshihara and Hamano, 2004].
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[4] Notwithstanding these limitations, several authors
have reported relatively low field intensities for the Pre-
cambrian [e.g., Selkin et al., 2000; Yu and Dunlop, 2002]
and some have suggested it was a general characteristic of
the field [e.g., Macouin et al., 2003]. Others have reported
values for the Precambrian field that are consistent with
present-day strengths [Yoshihara and Hamano, 2000;
Smirnov et al., 2003]. Hence, at the very least, the
existing database must be supplemented with additional
robust paleointensity determinations.

[5] However, significant weathering and low-grade meta-
morphism in many Precambrian rocks hamper paleointen-
sity studies [e.g., Hale, 1987]. The Thellier technique
[Thellier and Thellier, 1959], arguably the most reliable
method of paleointensity determination, often fails on such
altered rocks because of mineralogical changes induced by
the successive heating steps required by the method.

[6] To identify experimental alteration, a set of reliability
criteria has been developed on the basis of the character-
istics of the natural remanent magnetization (NRM) and
thermoremanent magnetization (TRM) data [e.g., Coe et al.,
1978], In some cases the data may not be free of alteration
effects [e.g., Tanaka and Kono, 1991; Calvo et al., 2002;
Yamamoto et al., 2003], so additional tests based on
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