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Apparent synfolding magnetization as a result of overlap of

pre- and post-folding magnetizations
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Abstract. In most rocks, Natural Remanent Magnetization
(NRM) can involve two or more superimposed components.
Demagnetizations hopefully result in the separation of these
components, which may then be resolved using least-squares
regression methods. In a study of Cretaceous redbed sites from
Qaidam (China), thermal demagnetization of most specimens
revealed 3 rectilinear segments in orthogonal plots, giving
the appearance of a 3-component magnetization. In order to
help deciding if the intermediate straight segments could have
resulted from overlap between post-folding low temperature
(LTC) and pre-folding high temperature components (HTC),
we modeled the overlap using a priori information on the
directions and relative intensities of LTC and HTC derived
from the actual observations. We constructed typical
synthetic Zijderveld (1967) diagrams for each site, which
could be compared with those obtained from the real samples.
We conclude for the Qaidam samples that the intermediate
temperature component (ITC) is most likely an artefact
resulting from overlap between the LTC and HTC.

1. Introduction.

Demagnetization techniques routinely wused by
paleomagnetists are expected to either confirm the primary
nature of a natural remanent magnetization (NRM) or to
unravel successive phases of remagnetization and
overprinting. When demagnetization steps are suitably
chosen, demagnetization paths can often be divided into
rectilinear segments in orthogonal projection, and the
directions of individual components determined with a
principal component line fitting method (Kirschvink, 1980).
The number of segments is usually taken to be the number of
magnetization components (although, as noted by R. Butler -
pers. comm., 1996 - the degree of difficulty in deciphering
NRM increases as some rather large power of the number of
components). Overlap of unblocking temperature or
coercivity spectra tends to produce a curved trajectory on the
vector component diagrams within the interval of overlap.
This is how such overlaps are generally recognized (e.g.
Dunlop, 1979).

During thermal demagnetization of Cretaceous redbeds from
the Gansu Corridor, in the Qaidam block (China; Halim et al,
in preparation), we obtained Zijderveld diagrams consisting of
3 rather clear linear segments in 9 out of 13 sites (Figure 1.
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The first segment represents a lower temperature component
(LTC), unblocked by 280-350°C, which is close to the present
earth field (PEF) direction; the third segment represents a
higher temperature component (HTC) which becomes
unblocked above 550°C (see Table 1). The intermediate
segment can be interpreted in (at least) two different manners.
It could correspond to an intermediate temperature component
(ITC) with an unblocking temperature spectrum ranging from a
lower temperature between 300 and 400°C to an upper
temperature between 550 and 600°C. Alternately, it could have
resulted from overlap between the HTC and the LTC, hence be
an artefact with no useful paleomagnetic meaning. But then
this would be a rather unusual overlap with straight rather than
curved trajectory. The purpose of this letter is to briefly report
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Figure 1. A typical demagnetization diagram (Zijderveld,
1967) from a Cretaceous redbed specimen (58-455A) from the
Qaidam block (China; Halim et al, in preparation) displaying
three quasi-linear demagnetization segments, apparently
corresponding to three distinct components of magnetization
at lower (LTC, stars), intermediate (ITC, diamonds) and higher
(HTC, circles) temperatures. Some demagnetization
temperature steps are indicated. Correction for bedding has
been applied (see table 1). Closed (resp. opened) symbols are
for projections onto the horizontal (resp. NS-vertical) plane.
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Table 1. Magnetization characteristics for the lower and higher temperature components

Site Bedding LTC
Strike Dip Ti-Tql M D 1 Ti2-Tp M D 1

R 38 18 0-580 030 291 523 350680 340 435 465
3 157 75 0-580 040 299 455 350680 039 589 -223
35 126 32 0-580 021 212 568 350680 033 343 176
55 18 42 0-580 145 115 545 350680 260 212 155
56 1nsg 42 0-580 182 172 434 350-680 1.03 177 319
58 249 44 0-580 7.68 106 586 350680 951 890 456
59 261 52 0-580 263 71 510 350680 347 976 412
[ 263 56 0-580 2.04 6.5 515 350-680 3.5 1146 438
Charactenstics of low (LTC) and high (HTC) (in situ for 8 sites of

Crweousredbedsfanuidam(Chim:Mlmuﬂ.lnmmn).smmm.beddh;m(s)mmp(d)m
fitst given. Por cach component, the range of the temperature spectrum (Ti-Ty), M; 10-2A/m),

(D) and inclination (1) are given next. The HTC is a pre-folding and the LTC a post-folding magnetization (sce text
and Table 2). Subscnpts "1™ and “f" for "initial” and “final".

our analysis and modelling of this problem, which does not
seem to have been previously encountered. A full report of the
Qaidam study is given elsewhere (Halim et al, in preparation).
In the following, the intermediate linear part of the vector
plots is termed ITC, with no a priori implied interpretation as
to whether this is a real component or an artefact.

2. Analysis

The ITC was determined on the intermediate temperature
linear portions of the demagnetization diagrams, where it was
clearly not parallel to either the LTC or the HTC, at the
specimen level. Site-mean directions of the ITC from the 9
sites in which it was isolated are illustrated in equal-area
projection in Figure 2 (a and b), which shows that data cluster
upon total unfolding, although significant scatter remains.
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Figure 2. Equal area projection of the apparent intermediate
temperature component (ITC) site-means and overall mean
(star with shaded 95% cone of confidence) obtained from the
Cretaceous redbeds sites in Qaidam (China; Halim et al, in
preparation) before (a) and after (b) bedding correction.
Squares (resp. dots) are site-mean directions from North (resp.
South) dipping limbs. (c) stepwise unfolding of the observed
apparent ITC, showing a maximum Fisher (1953) precision
parameter k for 70% of unfolding (N=9 sites); the resulting
site-mean directions and overall mean are shown in (d).
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Figure 3. (a) Simplified schematic representation of the
determination of LTC and HTC intensities; M1y and Mjp, (
resp. M2y and Mpjp) represent the north-vertical and
horizontal components of the lower temperature (resp. higher
temperature) component. (b) A simple model of the uniform
overlapping temperature spectra of the LTC (between Tjj and
Tf1) and HTC (between Tj2 and Tg3), with respective
magnetization densities (dM/dT); and (dM/dT)3. The integral
of each spectrum (area of the corresponding rectangle) is
determined from the intensities in (a). Same conventions as in
Figure 1.

Average directions before and after full bedding correction are
respectively Dg=46.8°, [g=50.1° (0195=21.8°), and Ds=26.1°,
I5=58.2° (0.95=10.6°). Furthermore, it may be seen that data
from north dipping limbs (sites 57, 59, 60; squares in Fig.2a
and 2b) cross over data from south dipping limbs (all other
sites; circles in Fig. 2a and 2b) upon unfolding. This holds
not only for sites from different limbs, but also for data from
south dipping limbs with different dip angles (see in particular
sites 32, 33, and 35). This kind of behaviour is often
interpreted as resulting from a remagnetization during folding.
We thus performed a progressive stepwise unfolding of these
data (in 5% steps), and followed the evolution of the grouping
through the k precision parameter (Fisher, 1953) as a function
of unfolding percentage. The results of this stepwise
unfolding are shown in Figure 2(c and d). Maximum clustering
occurs at 70% of unfolding, with k=64.5. This clustering is

Table 2. Magnetization characteristics for the observed versus modelled 1 di
component
Sie Observed Modelled A
N D 1 k ags D 1
2 4 338 496 1029 76 386 488 32
33 4 55.2 69 193 62 493 4.0 65
35 6 308 346 614 98 38 291 5.6
55 7 + 186 2917 1420 41 191 276 2.1
56 4 220 330 1950 40 174 387 6.8
58 13 836 611 1070 54 65.1 568 104
59 13 110.2 513 2424 24 731 55.2 205
60 12 1186 573 735 47 941 578 31
Mean 3 504 46.8 44.1 425
(ka5 5, 095=23.5%) (k=9 5, 0iggu19 0°)
Mean i and i (in situ i and of the observed and modelled
apparent itermediate temperature component (ITC). N is the number of specrmens used in each site. k and ags are
the Fisher precision and the radius of the 95% cone of confidence for the observed 1TC site-means A 15 the

parameter
angle between the modelled and the observed ITC directions.
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significant at the 99% probability level with respect to
uncorrected directions, and at the 95% probability level with
respect to the fully tilt-corrected directions. Following the
classical interpretation, we should therefore conclude that the
ITCs from this formation are a remagnetization acquired early
(about 30%) in the folding of this series. The corresponding
average ITC direction would be D=32.9°, 1=56.8° (k=64.5,
095=6.4°, N=9).

For the same sites, the LTC yields a negative fold test (at
the 99% confidence level) and a post-folding direction of
Dg=15.3°, Ig=53.9° (0g5=5.3°). With bedding correction one
finds Dg=353.1°, [{=50.3° (0195=28.6°). In the same way, the
HTC yields a positive fold test (at the 99% confidence level)
and a pre-folding direction of Dg=38.5°, 13=50.2°
(0,95=11.8°). Before bedding correction, one finds Dg= 51.2°,
Ig= 38.0° (tg5=28.2°). The ITC therefore lies between the
pre-folding HTC and post-folding LTC directions and yields an
"in-between" apparent synfolding remagnetization test. These
observations are of course a cause of some concern. Moreover,
a few Zijderveld diagrams do show some amount of curvature.

In effect, if we now go back to the demagnetization curves,
we note that the ITCs generally make a small angle with
respect to the HTCs at the specimen level. When they are
present in a single specimen, LTC, ITC and HTC all have
Northerly downward directions. We should therefore consider
the possibility that the ITC could result from overlapping
unblocking temperature spectra of the LTC and HTC.

3. Modelling and Discussion

In order to investigate these possibilities, we have
attempted to model the demagnetization behaviour of two
coniponents with overlapping spectra, and to compare results
from the model to the observed data.
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Figure 4. Orthogonal vector plots of three actual and one
synthetic demagnetization diagrams for samples from site 58,
after tilt correction. The synthetic case is based on the model
of Figure 3 where the LTC is assumed to be post-folding and
the HTC pre-folding. The slight differences in NRM
magnitudes or orientations are due to the fact that the modelled
specimen is an average of intensities and directions
determined from all specimens of the given site. Same
conventions as in Figure 1.
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Figure 5. Stepwise unfolding of the observed and modelled

apparent intermediate temperature component for the N=8

sites in which the three components LTC, ITC and HTC had

been observed. Maximum grouping occurs at 70% of

unfolding for the observed ITC and 55% of unfolding for the

modelled one. The two average directions are close but

distinguishable, mostly because of an inclination difference
(Al=7.8°49.7°; see text).

We start by determining the site-mean directions and the
average magnitudes of the LTC and HTC for the 8 out of 9 sites
where all three LTC, ITC, and HTC were found to co-exist. The
intensities of LTC and HTC were estimated graphically, as
shown in Figure 3a. The directions of LTC and HTC were
continued linearly and intensities evaluated from NRM to the
intersection point for the LTC, and from that point to the
origin for the HTC. For site 57, both the ITC and HTC were of
very small amplitude and rather noisy, and we were unable to
determine the intensity of the HTC.

For the purpose of the model, we next made the simple
hypothesis that the unblocking temperature spectra were
uniform in the range of existence of each component (i.e. Tj1
and Ty for the LTC, Tj2 and Tgp for the HTC; see Figure 3b). A
uniform temperature increment dT was chosen to construct
synthetic demagnetization diagrams. The integrals of each
spectrum distribution (i.e. the areas of the two corresponding,
overlapping, rectangles) were constrained by the intensities
as determined in Figure 3a:

Tn —
I (dM/dT)dT =L
T.

-

Te2 .
j (dM/AT)dT =HTC
Ta

allowing the determination of the magnetization densities
(dM/dT)1 and (dM/dT)3. Given the direction of the LTC and
HTC vectors, it is then a simple matter to construct a
synthetic Zijderveld demagnetization diagram.
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Table 3: Overall mean magnetization directions for the lower, intermediate and higher
temperature components.

b Ig «95 D 1 95 Dy Is 95
LTC 173 535 55 3494 529 326
ITC 504 468 235 361 574 62 285 601 11
HTC 556 327 28.8 43S 50.5 Hs

Means are calculated for N=8 sites (sec text and Tables 1 and 2) The first three columns give dechnation (Dg),
mchnation (Ig) and 95% confidence mterval (ags) before beddng comrection The last three columns give declination
(Dg). (Ig) and 95% interval (xgs) afier beddng correction The middle columns (D, I, ags) are
for the ITC only for partial unfolding at 70%, mimmizing g5 (see text and Figure 5). Subscripts “g” and “s” for

In our study, we selected a temperature increment dT of
20°C; dM/dT, Tj, and Tf corresponding to each pair (LTC,
HTC) were obtained from real samples, as listed in Table 1.
The LTC was considered to be entirely post-folding and the
HTC pre-folding, and the appropriate bedding attitudes were
used for each site. We constructed in this way a typical
synthetic Zijderveld diagram for each site. Results of this
simulation are given in Table 2, where they are compared to
the mean ITC in each site. As an example, we present in Figure
4 observed orthogonal vector plots corresponding to three
additional specimens from site 58 (see also Figure 1) and the
synthetic diagram for that site. As expected from the spectra
of Figure 3b, the synthetic vector plots consists of 3 linear
portions, which could erroneously be interpreted as three
independent magnetization directions. We see in Table 2 that
the observed and modelled ITC overall mean for 8 sites are
quite similar in geographic coordinates: Dg=50.4°, Ig=46.8°
Vs Dg=44.1°, Ig=42.5°. The same is true in stratigraphic
coordinates: Dg=28.5°, [3=60.1° vs Dg=27.3°, Ig=53.5°.
When performing stepwise unfolding, the overlapping model
gave a maximum k parameter for the ITC at 55% of unfolding,
confirming that overlap of the two actual directions can
produce an apparent synfolding magnetization component
(Figure 5). The synthetic ITC would seem to have been
acquired after 45% of folding, and the recorded direction would
then be D=35.4°, 1=49.6° (0.g95=7.4°). This compares very
favorably with the actual data where k has its maximum value
at 70% of unfolding, and with ITC direction D=36.1°, [=57.4°
(095=6.2°) (Table 3). The actual and synthetic ITC are
slightly different in inclination (Al=7.8°+9.7°), in part
because unfolding is not exactly at the same level. Also, the
hypotheses for the intensities of LTC and HTC and shape of
their unblocking temperature spectra are clearly
oversimplifications.

This simple model shows that two magnetization
components with overlapping unblocking temperature
spectra, one acquired prior to folding and the other after
folding, may yield in some cases (that is for certain values of
the temperature range and shape of the spectra), a linear
magnetization component with apparent intermediate
temperature range and an apparent positive synfolding
remagnetization test, which is actually an artefact. This rather
unusual situation contrasts with the more commonly
encountered situation when overlaps produce curved
trajectories. Here, the proportions of the high and low
stability components removed within each increment of
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demagnetization stay roughly constant throughout the
overlapping interval. Given the data uncertainties, there is no
point in devising a more complex and realistic unblocking
temperature spectrum for the LTC or HTC. Also, it is
reasonable to conclude in the case of our Qaidam data, where
the red beds were deposited in the Cretaceous, folded as a result
of the Cenozoic India-Asia collision and to some extent
overprinted in the direction of the recent field, that the
apparent synfolding ITC has no useful geological meaning.
We could clearly have been (and were originally) tempted to
use this apparently well dated component to deduce a pole and
relative displacements of Qaidam with respect to
neighbouring blocks as a result of the ongoing collision.

A somewhat related warning was given by Dinarés and
McClelland (1991): in that case complete overlap in constant
proportions of two magnetization components resulted in a
single vector component upon thermal demagnetization. AF
demagnetization and Lowrie tests however allowed to separate
the two components to some extent. Such tests were
unsuccessful in our study (Halim et al, in preparation). We
hope that this letter will be yet another cautionary example of
some use in other similar studies.
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