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Magnetic susceptibility anisotropy as an indicator
of sedimentary fabric in the Gurnigel Flysch1)

By James Channell2), Friedrich Heller2) and Jan van Stuijvenberg3)

ABSTRACT

Magnetic susceptibility anisotropy in magnetite-bearing Gurnigel Flysch sandstones reflects the

sedimentary settling of grains and in some cases the predominant current direction during deposition.

ZUSAMMENFASSUNG

Die Anisotropie der magnetischen Suszeptibilität in den magnetitführenden Sandsteinen des

Gurnigel-Flysches widerspiegelt die sedimentäre Anordnung der Körner und in einigen Fällen die
während der Sedimentation vorherrschende Strömungsrichtung.

RÉSUMÉ

L'anisotropie de susceptibilité magnétique dans les grès du Flysch du Gurnigel contenant de la
magnetite reflète l'arrangement sédimentaire des grains et, dans quelques cas, la direction prédominante
des courants pendant la sédimentation.

1. Introduction

The Gurnigel nappe is exposed between Lake Thun and Lake Geneva (Fig. 1).

It consists of a 1200-1600 m thick series of Gurnigel Flysch, alternating sandstones
and shales, deposited in a deep-water ("oceanic") environment. This sedimentation
took place from Maastrichtian to Middle Eocene, probably in the South-Penninic-
Ligurian realm (Caron 1976, Morel 1978, van Stuijvenberg 1979).

Samples for palaeomagnetic measurement were collected from fine-grained
sandstones from four outcrops in the Gurnigel Flysch: Bärgli (Maastrichtian),
Fayaux (Early Thanetian), Zollhaus (Early Ilerdian) and Falli Hölli (Early Ilerdian)
(Fig. 1). Current directions from flute casts and other sedimentary textures were
measured, after Crowell (1955) and Hsü (1960), by van Stuijvenberg et al.
(1976, Fayaux), van Stuijvenberg (1979, Bärgli) and the authors (Zollhaus, Falli
Hölli). The palaeocurrent directions, after simple tilt correction for dipping beds, are

') Publikation Nr. 241, Institut für Geophysik, ETHZ.
2) Institut für Geophysik. ETH-Hönggerberg, CH-8093 Zürich.
3) Institut de Géologie, Université de Fribourg. CH-1700 Fribourg.
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Fig. 1. Location of the Gurnigel nappe and outcrops studied.

generally from NW to SE (Fig. 2). As Figure 2 shows, there is often considerable
scatter in the observed current directions. At Bärgli, an alternating secondary
current direction from E to W is apparent.

2. Natural remanent magnetization

Whereas the coarse sandstones gave inconsistent remanent magnetization
directions of very weak intensity, the fine-grained sandstones gave consistent
magnetization directions not only within, but also between outcrops. The natural
remanent magnetization (NRM) is weak (~10~4 A/m) and of low coercivity. The
magnetization directions are close to the present earth's field direction before
tectonic correction; and it has been shown (Channell & Heller 1980) by monitoring

the build-up of viscous remanent magnetization (VRM) in the laboratory that



Magnetic susceptibility anisotropy (Gurnigel Flysch) 783

the NRM can be accounted for by viscous acquisition during the present (Brunhes)
epoch of normal geomagnetic polarity. Therefore the remanent magnetization
cannot be associated with the time of deposition of the sediment and cannot give
magnetostratigraphic or tectonic information.

3. Introduction to susceptibility anisotropy

The sample magnetization (Jt) induced in an applied field (H}) is given by the

relationship: Jx — y.vH where the susceptibility term (x.) is a second-rank tensor.
and can be geometrically represented by an ellipsoid with major axes xmax>

xint>xmin. Magnetite and haematite are the most common contributors to magnetic
susceptibility in rocks. As the intrinsic susceptibility of magnetite is several orders of
magnitude greater than that of haematite, magnetite (if present) will dominate the
observed susceptibility ellipsoid. Magnetite has a cubic crystal structure such that
the susceptibility is crystallographically anisotropic, with the maximum axis coinciding

with the diagonal of the cube. However, as the grain shape of magnetite does not
usually bear any consistent relationship to crystallographic axes, an assemblage of
magnetite grains rarely shows preferential orientation of crystallographic axes, and
therefore there is usually no anisotropy due to magnetocrystalline effects. On the
other hand, the magnetic properties of magnetite-bearing rocks can be strongly
anisotropic simply due to the preferred orientation of elongated grains. This shape

anisotropy of magnetite is due to the fact that the demagnetizing field, generated by
an applied field within an elongated grain is greater when the external field is

perpendicular to the long axis of the grain than when it is parallel to the long axis.
The demagnetizing field reduces the effectiveness of the applied field, and therefore
the ease by which an elongated grain can be magnetized is maximum along its long
axis.

There are various ways in which grains may become aligned according to shape,
and hence give rise to a susceptibility anisotropy. When detrital grains are deposited,

they tend to lie on their flat surfaces and there is a statistical alignment of small
axes of grains perpendicular to bedding planes. Hence susceptibility minima tend to
be oriented perpendicular to bedding. The orientation of long axes of magnetite
grains may be due to the interplay between water currents and the geomagnetic field
(Rees 1961, Hamilton 1967) or to the slope of the depositional surface (Rees 1966).

Laboratory experiments have shown that hydrodynamic grain orientation usually
dominates any orientation effect of the geomagnetic field although in quiet conditions

of deposition statistical orientation of long axes in the direction of the field is

observed (Rees 1961, Hamilton & Rees 1968).

4. Magnetic susceptibility measurements

Oriented cores (2.5 cm diameter) were collected from the four outcrops. Cylindrical

samples 2.15 cm long, corresponding to the optimum length-to-diameter ratio
of 0.86 for susceptibility measurements (Scriba & Heller 1978), were sliced from
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the cores. Alternating field demagnetization of the samples, blocking temperature
spectra and acquisition curves of isothermal remanence show that the principle
magnetic mineral present is always magnetite (Channell & Heller 1980). Therefore,

shape anisotropy of the assemblage of magnetite grains will dominate the
shape and orientation of the susceptibility ellipsoid. The magnetic susceptibilities
were measured using a ScT cryogenic magnetometer adapted for measurement of
susceptibility anisotropy (Scriba & Heller 1978). The orientations of the major
axes of the susceptibility ellipsoids for each sample, after tilt correction for inclined
beds, are given in Figure 3 and the mean values in the Table.

Table : A zimuth. dip and angular standard deviation ofmean principal axes ofsusceptibility.

Outcrops

(samples)

K
max

K.int K
min

K
max

K
min

K
max

Kint

Kint
K
minAz Dip ¥63 Az Dip >f63 Az Dip Ï63

Bärgli (23)

Falli Hölli (25)

Fayaux (38)

Zollhaus (59)

251.3

314.4

323.8

232.0

5.8

4.3

9.7

2.8

44.3

34.5

40.4

41.0

168.2

45.1

233.3

129.9

0.3

1.0

3.2

2.9

44.8

34.8

40.4

45.2

53.7

143.7

114.7

49.5

86.0

86.1

79.7

87.6

18.2

20.0

18.4

26.6

1.03

1.03

1.01

1.02

1.01

1.01

1.00

1.01

1.03

1.02

1.01

1.01

The predominant feature is that the susceptibility minima are oriented perpendicular

to the bedding planes, indicating that gravitational settling of grains has

produced a statistical alignment of minimum elongation axes perpendicular to
bedding. The maximum and intermediate susceptibility axes are generally more
poorly defined. In other words, the ratio (xraax/^int) is close to unity (Table) and the
susceptibility ellipsoids are oblate (tending to be disc shaped). It should be noted
that the shape of the overall susceptibility ellipsoid does not reflect the shape of the
individual grains contributing to the susceptibility of a sample, however, statistical
alignment of grain elongation axes can be observed.

In the case of Zollhaus (Fig. 3), the maxima and intermediate susceptibility axes
are indistinguishable. This may be a result of the variable current direction indicated

by the large scatter in flute cast orientations at this site (Fig. 2). The maximum
and intermediate susceptibility axes of samples from Falli Hölli, Fayaux and Bärgli
are more distinct (Fig. 3). At Fayaux, the maxima have similar orientation to the
flute casts indicating preferred orientation of long axes of grains parallel to current
direction. At Falli Hölli, a similar orientation of susceptibility maxima is found
(Fig. 3), but this differs from the flute cast direction at this locality by 45° (Fig. 2).
The explanation for this discrepancy is unclear. It should, however, be noted that
the samples collected for anisotropy measurement came from the finer-grained
material, and flute casts observed in the coarse base of beds may be recording water
current directions which differ somewhat from those which affected the finer (upper)
parts of the beds. In the case of Bärgli, where two distinct flute cast directions are
apparent (Fig. 2), the number of anisotropy measurements was too small, and the
scatter too large to establish a coincidence.
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5. Conclusion

The susceptibility ellipsoids from the Gurnigel Flysch reflect the gravitational
settling of magnetite grains as well as some statistical alignment of long axes of
grains by hydrodynamic torque parallel to flow direction, as given by flute casts. A
one-to-one relationship between flute cast orientations and orientation of susceptibility

axes could not be established as the number of flute cast measurements is low
and the susceptibility measurements rarely come from the same beds as the flute
casts. However, as shown by von Rad (1970) for graded and for cross-laminated
sandlayers in Southern California, and by Argenton et al. (1975) for flysch in
Southern France, the orientation of the maximum susceptibility axes appears to
reflect the predominant current (flow) direction of the turbidites in a general way.
and may provide an useful sedimentological tool where flute casts are rare or absent.
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