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INTRODUCTION

The magnetic record of ferromagnetic minerals formed be-
low their Curie temperature offers a wide spectrum of environ-
mental and petrological applications. In natural rocks, this type
of magnetization, termed Chemical Remanent Magnetization
(CRM), usually overlaps the primary remanence and is com-
monly considered a disturbance. On the other hand, based on
the geomagnetic timescale, the polarity of natural CRM is com-
monly used to constrain the duration of its acquisition and,
consequently, the duration of the corresponding chemical event
(Woods et al. 2000; Cioppa et al. 2002). Laboratory experi-
ments designed to investigate CRM acquisition and properties
mostly deal with the magnetic characterization of solid-state
oxidation and reduction reactions either performed in air or
under a specific gas composition at atmospheric pressure (e.g.,
Haigh 1958; Kobayashi 1959; Hoye and O’Reilly 1973). These
experiments were performed under a weak magnetic field of
constant polarity and demonstrated that: (1) laboratory CRM
can be produced; (2) the magnitude of CRM increases as the
reaction proceeds (for single-domain grains) and as the applied
field intensity increases; and (3) CRM has the same direction
as the external field.

Kobayashi (1961) characterized a laboratory CRM associ-
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ABSTRACT

Hematite reduction in the presence of pyrite and CaO led to the formation of anhydrite and
magnetite at 30 MPa and 723 K under hydrothermal conditions in a sealed gold container. For the
first time, hydrothermal magnetite production was monitored magnetically at the run conditions.
Sample magnetic susceptibility was found to follow an Avrami kinetic law with k = 1.5 10–5/s and n
= 2.07. Application of up to two external field reversals in the course of the magnetite production
reaction shows that partial Chemical Remanent Magnetizations (CRM) are recorded by the sample.
The intensity of each partial CRM acquired within a given time interval (under a given field inten-
sity) is proportional to the amount of magnetite produced during that time interval. Alternating
magnetic field demagnetization failed at separating these partial CRMs, which are believed to su-
perpose in the (V, Hc) diagram of Néel. Additional TEM, SEM, and magnetic characterizations
suggest that continuous nucleation and fast magnetite growth (to a maximum size of ca. 10 mm),
compared to the field polarity duration, can account for the evolution of the sample CRM with time.
This study demonstrates that one should be cautious when using natural CRM apparent polarity to
infer timing of the corresponding chemical event.

ated with the formation of ferromagnetic Co precipitates within
a Co-Cu alloy matrix aged at 1023 K. The amount of ferro-
magnetic Co precipitate produced in the early stage of the ex-
periment is believed to have remained constant upon aging of
the alloy. Then, changes in CRM intensity with time is the only
result of increasing the size of individual Co-precipitates. This
type of experiment has demonstrated that CRM acquisition by
growing crystals (grain-growth CRM; see Dunlop 1995 for
definition) can be understood in the context of the domain struc-
ture and Néel’s thermal-fluctuation theories (Néel 1949, 1955).
The CRM will be blocked when, after nucleation, the volume
of the magnetic grains reaches the blocking volume (i.e., tran-
sition from superparamagnetic to single-domain state). Since
the magnetic properties (magnetic stability, intensity, and di-
rection) of grain-growth CRM are controlled by the grain vol-
ume but do not depend on the way this volume is reached,
experimentally produced and natural grain-growth CRMs are
therefore expected to share the same magnetic properties. It
should be noted that the chemical replacement of a ferromag-
netic phase by another (e.g., magnetite/maghemite) corresponds
to another type of CRM with different properties. The magne-
tization of the parent phase can influence the CRM held by the
daughter ferromagnetic phase (Dunlop and Özdemir 1997).
Inheritance of remanence direction, sometimes called parent-
daughter CRM, is well known for the oxidation of
titanomagnetite into titanomaghemite, as it satisfactorily ex-


