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[1] The possibility of self-reversal of chemical remanent magnetization (CRM) is studied
on synthetic samples of titanomagnetites (Fe3−xTixO4, where x = 0.2, 0.4, and 0.6) that
experienced multiphase oxidation in air at 500◦C in the presence of the constant magnetic
field H = 0.1 mT. The self-reversal was fixed in accordance with anomalous behavior of
CRM curves of cooling (in H = 0) and heating (in H = 0). Complete self-reversal of CRM
is discovered experimentally in samples of oxidized titanomagnetites with initial x = 0.6,
while partial self-reversal is revealed in other titanomagnetite compositions. Superposition
of a partial thermoremanent magnetization (pTRM) on CRM showed that heating curves
of CRM+pTRM are also anomalous, but negative values of the total magnetization are not
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Introduction

[2] Self-reversal (the phenomenon orienting the remanent
magnetization in the direction antiparallel to an external
magnetizing field) is a phenomenon alternative to an Earth’s
magnetic field reversal as a factor responsible for a reversed
direction of the natural remanent magnetization (NRM or
Jn) in rocks. In this respect, an anomalous magnetization of
rocks can lead to an incorrect idea concerning the variation
of the ancient geomagnetic field and, therefore, an inade-
quate interpretation of magnetic data obtained from paleo-
magnetic studies of the rocks. This is why elucidation of the
origin of the NRM self-reversal effect and prediction of this
phenomenon are of great importance for solving paleomag-
netic problems (in particular, the identification of spurious
paleomagnetic zones).

[3] L. Néel [Néel, 1951] was the first who substantiated
theoretically the possibility of self-reversal with reference
to thermoremanent magnetization (TRM or Jrt) and this
undoubtedly stimulated the interest of paleomagnetologists
in experimental studies of this phenomenon. Cases of the
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TRM self-reversal were discovered in rocks the ore fraction
of which is represented by assemblages of minerals belong-
ing to isomorphous series and to series of the solid solu-
tions hematite–ilmenite (hemoilmenite) [Bina et al., 1999;
Hoffmann and Fehr, 1996; Kennedy, 1981; Minibaev et al.,
1965; Nagata, 1961; Ozima and Funaki, 2001; Ozima et al.,
2003; Prevot et al., 2001] and magnetite–ulvospinel (titano-
magnetite) [Gapeev and Gribov, 2008a; Havard and Lewis,
1965; Heller, 1980; Hoffman, 1982; Ozima and Larson,
1968; Trukhin et al., 2004; Westcott-Lewis and Parry, 1971;
Zhilyaeva et al., 1970, 1971]. The effect of anomalous behav-
ior in Jrt(T ) was also observed on synthesized analogues of
these ferromagnets [Bugaev et al., 1972; Gapeev and Gribov,
2002b; Havard and Lewis, 1965; Lewis, 1968; Petersen and
Bleil, 1973; Tucker and O’Reilly, 1980; Trukhin et al., 1997;
Zvegintsev and Grankin, 1973]. However, until recently the
self-reversal effect has been very poorly studied in relation
to the chemical remanent magnetization (CRM or Jrc) di-
rectly associated with magnetomineralogical alterations of
rock-forming minerals at various stages of their evolution.
In general, one may state that CRM is the least studied
and difficultly diagnosable NRM component mainly because
many stages of its formation (particularly at relatively low
temperatures of reactions) cannot be reproduced on usual
laboratory time scales.

[4] At present, the reality of the total CRM self-reversal
has been demonstrated experimentally only in two case stud-
ies of the maghemite-hematite transformation [Hedley, 1968;
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McClelland and Goss, 1993]. Under the conditions of lack-
ing information on the recurrence extent of the CRM self-
reversal, it is desirable and appropriate to conduct long-term
laboratory experiments designed for the creation of CRM
and examination of its possible self-reversal using real types
of reactions involving magnetomineralogical alterations of
main magnetic carries in rocks.

[5] This work continues our cycle of investigations de-
voted to experimental simulation of titanomagnetite mul-
tiphase transformation processes (oxidation and decomposi-
tion) and the study of properties of related remanence types
in newly formed phases. In particular, experiments on multi-
phase oxidation of synthetic titanomagnetites (Fe2.4Ti0.6O4)
revealed the possibility of the partial TRM self-reversal in
two temperature intervals. The partial TRM self-reversal
in a high temperature interval is realized in the spinel phase
due to magnetostatic interaction between regions of different
magnetic properties because of both heterogeneity of com-
position and the presence of stresses, while a low tempera-
ture self-reversal (near the Curie point TC of newly formed
hemoilmenite) is caused by interphase interaction between
spinel and rhombohedral phases: during cooling of titano-
magnetites subjected to multiphase oxidation, lamellae of
the low temperature hemoilmenite phase are thermally mag-
netized in the demagnetizing field of the higher temperature
spinel phase (however, in discussing the effect, we did not
exclude the possibility of anomalous TRM behavior in the
rhombohedral phase itself, as concentration and continen-
tal heterogeneities develop during its decomposition). We
should also emphasize here that in both cases, as was shown
experimentally [Gapeev and Gribov, 2002b], the magnetic
rigidity of the component directed along an external magne-
tizing field is always higher compared to the reverse-polarity
TRM component. On the other hand, our earlier studies of
CRM properties [Gapeev and Gribov, 1996, 1997, 1998, 1999,
2002a] also showed that, regardless of the titanomagnetite
transformation, the acquired CRM is always magnetically
more rigid than the corresponding pTRM. On the whole,
these patterns suggest that the CRM self-reversal effect is
even more pronounced during cooling of titanomagnetites,
at the earlier stages of their multiphase oxidation, when the
anomalous behavior of TRM (and pTRM) is best expressed
[Gapeev and Gribov, 2002b]. Results of direct experimental
verification of this suggestion are described in the present
work.

Results of Experiments

[6] Experiments were performed on 10- to 13-mg mono-
lithic pieces of synthetic titanomagnetites (Fe3−xTixO4,
where x = 0.2, 0.4, and 0.6) placed in the central part of a
1-cm kaolin cube. Note that, precisely on duplicates of these
samples, partial TRM self-reversal was fixed experimentally
in products of multiphase oxidation of titanomagnetites of
the given compositions [Gapeev and Gribov, 2002b].

[7] In the present study, initial samples were preliminarily

demagnetized by an alternating magnetic field (H̃ = 0.2 T)
along three mutually orthogonal directions, after which they

were subjected to multiphase oxidation in air in a thermo-
magnetometer at 500◦C over exposure times (t) of 2 min to
240 h in a constant magnetic field. The CRM forming in
these experiments was measured at the temperature of its
acquisition in the thermomagnetometer shields with an un-
compensated field being no more than 10 nT. After removal
of the field, the samples were cooled in the same shields
to room temperature (T0 = 20◦C). A self-reversal was de-
termined from anomalous behavior in curves of cooling (at
H = 0) and subsequent heating (also in the absence of the
field) of laboratory CRMs.

[8] Behavior of Jrc(500
◦C, t). Figures 1a, 1b, and 1c

(curves 1) plot the time dependence of Jrc at 500◦C mea-
sured on titanomagnetite samples of the respective compo-
sitions x = 0.2, 0.4, and 0.6. All plots clearly display the
following pattern in the behavior of Jrc(500◦C, t): an initial
rise in the CRM to its maximum value, its subsequent de-
crease and, with the further exposure of the sample at the
given temperature, a new rise followed by a decrease if the
annealing time is sufficiently long. As was shown in [Gapeev
and Gribov, 2002b; Gribov, 2004], such a behavior pattern
of Jrc(500◦C, t) clearly reflects titanomagnetite alteration
stages: the initial rise in CRM is associated with single-
phase oxidation (commonly at cracks and edges of grains) of
the initial titanomagnetite, and the subsequent changes in
Jrc(500◦C, t) are related to the transformation of the spinel
phase from a metastable (cation-deficient) into a two-phase
state through nucleation and growth of hemoilmenite lamel-
lae coherently associated with the titanomagnetite matrix.

[9] Behavior of Jrc(20
◦C, t). In the given layout of experi-

ment, a positive magnetization (i.e. directed along the exter-
nal magnetizing field H0) could have been acquired in the
process of titanomagnetite annealing only by spinel phase
regions that had a blocking temperature (Tb) above 500◦C.
The fraction of such regions for low-Ti titanomagnetites is
larger compared to high-Ti varieties, and the fraction of ferri-
magnetic phases with Tc < 500◦ C, on the contrary, smaller.
Therefore, one might expect that, upon the transition from
the x = 0.2 titanomagnetite to the x = 0.6 titanomagnetite,
the effects of anomalous behavior of Jrc(T ) during cooling of
a sample in the absence of a field will only be enhanced due
to an increase in the relative amount of the negative (with
respect to ~H0) component of Jrc(T0) produced by lower tem-
perature ferrimagnetic regions of a grain. As is evident from
Figure 1 (curves 2) and Figure 2 (curves 1), the given ex-
periment completely confirmed this suggestion. Actually,
samples of titanomagnetites with x = 0.2 and 0.4 that ex-
perienced multiphase oxidation in the field H0 exhibit par-
tial self-reversal of Jrc(T, H = 0) during their subsequent
cooling, while the Jrc(T, H = 0) self-reversal is complete
in samples of the x = 0.6 initial titanomagnetite (i.e. the
values Jrc(20◦C) were always negative (Figure 1c, curve 2),
although the anomalous behavior of Jrc(T, H = 0) does not
become more pronounced with an increase in Jrc(500◦C)
(Figure 3)). It is natural to suppose that, during titano-
magnetite oxidation at different temperatures, the relation
between grain regions magnetized along the field and in the
opposite direction will change, as will also be true of the
relation between normally and reversely magnetized compo-
nents of Jrc(20◦C).
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Figure 1. Time behavior of Jrc(500◦C) (1) and Jrc(20◦C)
(2) for titanomagnetite samples of different initial composi-
tions (x) subjected to isothermal annealing in air at 500◦C
in a field of 0.1 mT (the time is plotted on a logarithmic
scale).

Figure 2. Thermal demagnetization of the components Jrc

(1), Jrc+rpt (2), and Jrpt (3) acquired in a field of 0.1 mT
by titanomagnetite samples of different initial compositions
(x) that underwent multiphase oxidation at 500◦C during
the time t: (a) x = 0.2, t = 6 h; (b) x = 0.6, t = 240 h.

[10] Properties of Jrc(20
◦C, t). Figure 4 shows that dis-

tinctions are also observed in AF demagnetization curves
of Jrc(H̃, 20◦C) (created in multiphase-oxidized (at 500◦C)
titanomagnetite samples with different initial compositions
cooled to room temperature in the absence of a field). Thus,
in the case of low-Ti samples, the destruction of a vis-
cous component during H̃-demagnetization is followed by
demagnetization of the negative low-temperature component
Jrc(20◦C), bringing about a rise in Jrc(H̃) observed in Fig-
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Figure 3. Thermal demagnetization of components Jrc ac-
quired by titanomagnetite samples (initial x=0.6) that un-
derwent multiphase oxidation at 500◦C in a field of 0.1 mT
during time intervals of (1) 48, (2) 96, (3) 168, and (4) 240 h.

ure 4a (curves 1–4). The further H̃-demagnetization of the
sample leads to the destruction of magnetically more rigid
positive component and, as a result, to a drop in CRM. On
the other hand, an increase in the time of oxidation of the
given titanomagnetites leads to a gradual disappearance of
ferrimagnetic regions with Tc < 500◦C in a grain. Accord-
ingly, the amplitude of Jrc(H̃, 20◦C) gradually decreases,

and only a decrease in Jrc(H̃, 20◦C) (curve 5 in Figure 4a)
is observed at t > 11 h; therefore, this decrease can be re-
lated to the fact that the state with Tb > 500◦C is attained
in all grain regions.

[11] In the case of high-Ti samples, with a predominant
contribution to Jrc(20◦C) of the softer reversely magnetized
low-temperature component, AF demagnetization of the lat-
ter gradually decreases its value, up to the transition into the
region of negative values (Figure 4b).

[12] We should note that median fields (H̃m) of AF de-
struction of Jrc(20◦C) in both examples considered above
will reflect the rigidity of its different components. Thus,
in the first case (low-Ti samples), the value H̃m reflects the
magnetic rigidity of the Jrc(20◦C) component magnetized
along the field H0, whereas in the second case (high-Ti sam-

Table 1.

Annealing H̃m[Jrc(20◦C)], H̃m[Jrpt(500◦C, 20◦C)],
time, h mT mT

0.5 – – – 4.2 4.8 –
2 5.0 29.6 – 4.2 5.3 4.7
6 5.6 34.0 1 3.0 5.2 7.8
12 11.4 30.0 – 3.0 8.2 10.1
24 17.3 29.0 7 7.1 10.3 11.4
48 20.0 27.2 – 10.4 11.3 12.0
96 21.2 28.0 6 11.6 10.9 11.8
240 21.4 27.0 14 12.0 10.5 10.8

Initial
composition, 0.2 0.4 0.6 0.2 0.4 0.6

x

ples) the corresponding component is directed in the oppo-

site direction. Results of H̃m measurements presented in
the Table 1 show that the rigidity of the along-field com-
ponent is two to three times higher than the rigidity of the
reversely magnetized component of CRM. For comparison,
the table also presents the values of median fields of AF de-
struction of pTRMs acquired in the field H0 during cooling of
multiphase-oxidized samples (of course, with the use of du-
plicates) from 500◦C to 20◦C, i.e. in the temperature inter-
val in which the reversely magnetized component Jrc(20◦C)

forms. As expected, the resulting values of H̃m for pTRM
and the low-temperature CRM component are commensu-
rate.

[13] Further experiments were intended to asses the role
of CRM in the self-reversal of the resulting magnetization
Jrc+rpt. For this purpose, samples of multiphase-oxidized
titanomagnetites that acquired Jrc(500◦C, H0) during an-
nealing were cooled to room temperature in the magnetic
field H0. Results are presented in Figure 2 (curves 2). It
is well seen that the superposition of the partial remanence
Jrc(500◦C, 20◦C; H0) on Jrc(500◦C) make the heating curve
Jrc+rpt(T, H = 0) anomalous as well, but negative values of
the total magnetization are not observed.

[14] Figure 5 presents transformations of the curves
Jrc+rpt(T ) for multiphase-oxidized (at 500◦C during 168 h
in a field of 0.1 mT) titanomagnetite samples (initially with
x = 0.6) under different conditions of their subsequent cool-
ing also in a field of 0.1 mT. The anomalous behavior of
Jrc+rpt(T ) is clearly seen to become more pronounced with
a decrease in the cooling rate. It is natural to suppose that
this is associated with an increase in the contribution of
the magnetically soft viscous component of the resulting
magnetization.

[15] To gain constraints on the relative contributions of
magnetically rigid and soft components to the remanence
Jrc+rpt(T0), we constructed the dependences Jrc+rpt(H̃, T0)

shown in Figure 6. The curves Jrc+rpt(H̃) are seen to be
multicomponent curves. With a decrease in the cooling rate
of samples, the fraction of the magnetically soft component
of Jrc+rpt reflecting an increasing contribution just of its vis-
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Figure 4. Demagnetization of the component Jrc(20◦C) by an alternating magnetic field (H̃) for
titanomagnetite samples with different initial compositions (x) and different times (t) of their exposure
in air at 500◦C in a field of 0.1 mT.

cous component increases. However, the measured integral
value H̃m is always evidence for the contribution of magnet-
ically rigid regions in a grain.

Discussion

[16] As noted above, partial self-reversal of TRM was al-
ready observed during multiphase oxidation of the given ti-
tanomagnetite samples [Gapeev and Gribov, 2002b]. Based

on the evident dependence of this effect on the level of in-
ternal elastic stresses, the authors stated that, in this case,
the cooling-related anomalous behavior of the thermal curve
Jrt(T ) can be accounted for by magnetostatic interaction
between sample volumes differing in the level of stresses
accommodating elastic deformations of the crystal lattice
in the junction plane of phases that form during oxida-
tion, the rhombohedral phase segregated as a network of
ilmenite lamellae and the spinel phase forming a system
of cells whose composition continuously varies from almost
pure magnetite in the direct neighborhood of a lamella to
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Figure 5. Temperature dependence of various types of
remanence under different conditions of cooling of titano-
magnetite samples (initial x = 0.6) that underwent mul-
tiphase oxidation at 500◦C in a field of 0.1 mT during
168 h: (1) CRM, cooling rate of 1000◦C/h at H = 0; (2–5)
CRM+pTRM, cooling rates of (2) 1000, (3) 100, (4) 10, and
(5) 1◦C/h in a field of 0.1 mT.

the initial titanomagnetite far from it. A possible method of
this phenomenon of TRM self-reversal is considered in detail
in [Shcherbakov et al., 1976] and is based on the well-known
fact of diffuse ferri-paramagnet phase transition in struc-
turally heterogeneous ferrimagnets [Belov, 1959]. According
to [Shcherbakov et al., 1976], we have a situation in which
stressed (deformed) and unstressed volumes of ferrimagnetic
material play a role of physically different phases (cf. [Ver-
hoogen, 1959]) that have somewhat different Curie points.
In this case, the cooling-related self-reversal of TRM can be
effected due to magnetostatic interaction (magnetically les
rigid unstressed regions of the ferrimagnet are magnetized
in the demagnetizing field of higher-temperature stressed
regions) and different temperature behavior of spontaneous
magnetizations (JS) of the given regions (we emphasize that,
according to [Shcherbakov et al., 1976], smaller JS(T0) cor-
respond to higher TC , which is very favorable for the validity
of self-reversal conditions).

[17] In the framework of the given model, the total TRM
experiencing partial self-reversal during thermal demagneti-
zation of the multiphase-oxidized titanomagnetite fraction of
the samples under study [Gapeev and Gribov, 2002b] can be
tentatively subdivided into three components: (a) a magnet-
ically rigid or high-temperature positive component whose

Figure 6. Curves of AF (H̃) demagnetization of vari-
ous types of remanence created in titanomagnetite sam-
ples (initial x = 0.6) under different conditions of their
cooling that underwent multiphase oxidation at 500◦C in
a field of 0.1 mT during 168 h: (2–4) CRM+pTRM, cool-
ing rates of (2) 100, (3) 10, and (4) 1◦C/h; (1) pTRM cre-
ated in sample 4 (after demagnetization of its components

CRM+pTRM by the field H̃) during its cooling from 500◦C
at a rate of 1000◦C/h in a field of 0.1 mT.

carriers are spinel regions adjacent to lamellae, (b) negative
component acquired under the action of component (a) and
related to titanomagnetite volumes directly contacting with
stressed zones, and (c) positive magnetically soft component
whose carriers are unstressed titanomagnetite regions that
are not involved in the self-reversal process.

[18] A gradual attenuation and disappearance of a self-
reversal in the spinel phase recorded in laboratory exper-
iments [Gapeev and Gribov, 2002b] is evidently related to
a decrease in the volume of this phase during the subse-
quent oxidation of a sample. In this case, the volume of the
rhombohedral phase increases and a self-reversal should be
expected in it due to the interaction between stressed and
unstressed volumes. This is a characteristic feature of the
magnetostatic self-reversal of TRM of both, low and high
temperature types [Gapeev and Gribov, 2002b] during mul-
tiphase oxidation of titanomagnetite samples in which a self-
reversal is discovered in the present work in curves of cooling
and subsequent thermal demagnetization Jrc(T, H = 0).

[19] In principle, the aforediscussed causes of the TRM
self-reversal can be similar to those of the CRM self-reversal.
Actually, in the case of CRM formation, the Curie points
of forming material move away from the chemical reaction
temperature Tr (on the geological time scales, even at rel-
atively low temperatures of the medium), with the mag-

6 of 8



ES6003 gapeev and gribov: self-reversal of chemical remanent magnetization ES6003

netic moments of the ferrimagnet being blocked along the
direction of the external magnetizing field. In other words,
with a fixed temperature of reaction, the Curie point of the
newly formed material, rather than the cooling tempera-
ture (as in the case of the pTRM formation), is a variable
value. This means that chemical magnetization accompa-
nied by a rise in TC with fixed Tr is actually similar to the
thermal magnetization in the analogous temperature inter-
val TC − Tr of stable ferrimagnets. On the other hand, as
was expected, anomalous behavior of curves of cooling and
heating Jrc(T, H = 0) was fixed in our experiments just
at the stage of titanomagnetite multiphase oxidation asso-
ciated with development of significant elastic stresses in a
sample (cf. [Gapeev and Gribov, 2002b]). In accordance
with these facts, it seems therefore quite natural to apply
the aforementioned considerations to the treatment of the
CRM self-reversal with appropriate modifications: during
chemical magnetization, the magnetization order in an ox-
idized structurally heterogeneous grain will be determined
not by Curie points but by the succession of blocking tem-
peratures of segregations (in the form of different phases
or even separate pseudo-single-domain regions of a higher
coercivity). Although in the present experiments we failed
to obtain negative values of the resulting magnetization, it
is important that the values of Jrc+rpt measured at 20◦C
were invariably smaller than the corresponding values of the
“pure” magnetization Jrpt(500◦C, 20◦C) (cf. Figures 2b and
5). Evidently, the complete CRM self-reversal requires that
the earlier forming resulting Jrc must be less intense and less
rigid than the magnetization forming later.

[20] The physical mechanism of the self-reversal of rema-
nent magnetizations (both TRM and CRM) considered here
and previously proposed for the explanation of a particu-
lar case of the TRM self-reversal in titanomagnetites at the
stage of coarsening of titanomagnetite spinodal decomposi-
tion structures [Melnikov and Khisina, 1976] appears to be of
a more general significance. This is also indicated by results
derived from studies of the TRM and CRM self-reversals at
the spinodal stage (the formation stage of a modulated struc-
ture) of the natural titanomagnetite decomposition process
[Gapeev and Gribov, 2008a], (A. K. Gapeev and S. K. Gri-
bov, in press, 2008b).

[21] In particular, as was established in [Gapeev and Gri-
bov, 2008a], a stressed state can be preserved in a ferri-
magnetic fraction representing finely disperse magnetite-
ulvospinel segregations of the primary solid solution in
∼250-Ma trap formations. Moreover, it is significant that
samples of this doleritic collection generally had one or two
antipodal components of the NRM vector. However, ther-
mal treatment of the given natural samples revealed a partial
self-reversal of TRM only in samples at the stage of semico-
herent interfaces between segregations and, accordingly, at a
relatively low level of stresses in the structure. In this case,
laboratory-induced homogenization led to diffusional redis-
tribution of cations and, as a result, generation of additional
stresses in a nonequilibrium solid solution; i.e. conditions re-
quired for the realization of TRM self-reversal were created
in the experiment. On the other hand, samples stabilized
under in situ conditions at earlier decomposition stages (be-
fore the coherence loss in segregations) did not reveal the

Jrt self-reversal effect because of rapid homogenization dur-
ing thermal treatment of the samples. Therefore, we have
every reason to suggest that the Jn self-reversal property
can be lost at some stages of the titanomagnetite evolution
but the reversed remanent magnetization is preserved. As
a result, an undiscovered neglected self-reversal will lead to
incorrect paleomagnetic and geochronological correlations,
inadequate geostructural interpretations, and so on.

[22] Thus, the comparison of results obtained in [Gapeev
and Gribov, 2002b, 2008a; Melnikov and Khisina, 1976];
(A. K. Gapeev and S. K. Gribov, in press, 2008b) and in
this study shows that the presence of concentration hetero-
geneities of the short-range layering type and the presence
of significant inhomogeneous deformations of a crystal lat-
tice are, on the one hand, features characteristic of products
of titanomagnetite decomposition of both spinodal and ox-
idative types and, on the other hand, factors responsible for
anomalous behavior of TRM and CRM.

[23] Results of this work imply that the NRM self-reversal
effect is not a unique case but a general phenomenon caused
by physicochemical processes post-crystallization transfor-
mations (decomposition and oxidation) of a primary titano-
magnetite solid solution.

[24] Acknowledgments. This work was supported by the

Russian Foundation for Basic Research, project nos. 00-05-65242

and 03-05-64477.

References

Belov, K. P. (1959), Magnetic Transformations (in Russian),
260 pp., Fizmatgiz, Moscow.

Bina, M., J. Tanguy, V. Hoffmann, M. Prévot, E. Listanco,
R. Keller, K. Fehr, A. Goguitchaichvili, and R. Punongbayan
(1999), A detailed magnetic and mineralogical study of
self-reversed dacitic pumices from the 1991 Pinatubo eruption
(Philippines), Geophys. J. Int., 138, 159, doi:10.1046/j.1365-
246x.1999.00865.x.

Bugaev, M. S., A. G. Zvegintsev, and I. A. Belobrova (1972),
Magnetization self-reversal in magnesian titanomagnetites, Izv.
Akad. Nauk SSSR, Fiz. Zemli (in Russian), no. 5, 53.

Gapeev, A. K., and S. K. Gribov (1996), Behavior of chemical
remanence forming during single-phase oxidation and subse-
quent decomposition of titanomagnetites, in Paleomagnetism
and Magnetism of Rocks, Abstracts of reports (in Russian), p.
22, OIFZ RAN, Moscow.

Gapeev, A. K., and S. K. Gribov (1997), Decomposition of
solid solutions in the magnetite-ulvospinel system, in Paleo-
magnetism and Magnetism of Rocks: Theory, Practice, and
Experiment, Abstracts of Reports (in Russian), p. 27, OIFZ
RAN, Moscow.

Gapeev, A. K., and S. K. Gribov (1998), Behavior of chemical
and thermoremanent magnetizations during multiphase oxida-
tion of titanomagnetites, in Paleomagnetism and Magnetism of
Rocks: Theory, Practice, and Experiment, Abstracts of Reports
(in Russian), p. 19, OIFZ RAN, Moscow.

Gapeev, A. K., and S. K. Gribov (1999), Multiphase oxidation
implications for magnetic characteristics of titanomagnetites,
in Paleomagnetism and Magnetism of Rocks: Theory, Practice,
and Experiment, Abstracts of Reports (in Russian), p. 15, OIFZ
RAN, Moscow.

Gapeev, A. K., and S. K. Gribov (2002a), Patterns of varia-
tion in magnetic ruptures of titanomagnetites as evidence for

7 of 8



ES6003 gapeev and gribov: self-reversal of chemical remanent magnetization ES6003

processes of their single-phase oxidation and subsequent decom-
position, in Paleomagnetism and Magnetism of Rocks: Theory,
Practice, and Experiment, Abstracts of Reports (in Russian), p.
32, GEOS, Moscow.

Gapeev, A. K., and S. K. Gribov (2002b), Partial self-reversal
of the thermoremanent magnetization created by titanomag-
netites subjected to multiphase oxidation, Izv. Phys. Solid
Earth, 38, 713.

Gapeev, A. K., and S. K. Gribov (2008a), Magnetic proper-
ties of intrusive traps of the Siberian platform: Evidence for a
self-reversal of the natural remanent magnetization, Izv. Phys.
Solid Earth, 44, 822.

Gribov, S. K. (2004), Processes of single-phase oxidation and
subsequent decomposition of titanomagnetites and their impli-
cations for rock magnetism and paleomagnetism, Cand. Sci.
(Phys.-Math.) Dissertation, p. 151, OIFZ RAN, Moscow.

Havard, A. D., and M. Lewis (1965), Reversed partial thermo-
magnetic remanence in natural and synthetic titano-magnetites,
Geophys. J. R. Astron. Soc., 10(1), 59.

Hedley, I. G. (1968), Chemical remanent magnetization of the
FeOOH, Fe2O3 system, Phys. Earth Planet. Inter., 1(1), 103,
doi:10.1016/0031-9201(68)90055-1.

Heller, F. (1980), Self-reversal of natural remanent magne-
tization in the Olby-Laschamp lavas, Nature, 284(5754), 334,
doi:10.1038/284334a0.

Hoffman, K. A. (1982), Partial self-reversal in basalts containing
mildly low-temperature oxidized titanomagnetite, Phys. Earth.
Planet. Inter., 30(4), 357, doi:10.1016/0031-9201(82)90044-9.

Hoffmann, V., and K. Th. Fehr (1996), Micromagnetic,
rockmagnetic and mineralogical studies on dacitic pumice from
the Pinatubo eruption (1991, Philippines) showing self-reversed
TRM, Geophys. Res. Lett., 23(20), 2835, doi:10.1029/96GL013
17.

Kennedy, L. P. (1981), Self-reversed thermoremanent magnetiza-
tion in a late Brunhes dacite pumice, J. Geomagn. Geoelectr.,
33(8), 429.

Lewis, M. (1968), Some experiments on synthetic titanomag-
netites, Geophys. J. R. Astron. Soc., 16, 295.

McClelland, E., and C. Goss (1993), Self reversal of chemical
remanent magnetization of maghemite to haematite, Geophys.
J. Int., 112(3), 517, doi:10.1111/j.1365-246X.1993.tb01185.x.

Melnikov, B. N., and N. R. Khisina (1976), Spinodal decom-
position and the related partial self-reversal of magnetization
in titanomagnetites from African rift zones, Izv. Akad. Nauk
SSSR, Fiz. Zemli (in Russian), no. 10, 84.

Minibaev, R. A., V. S. Myasnikov, and G. N. Petrova (1965),
On a self-reversal of remanent magnetization, Izv. Akad. Nauk
SSSR, Fiz. Zemli (in Russian), no. 8, 96.

Nagata, T. (1961), Rock-Magnetism, 348 pp., Maruzen, Tokyo.
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