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Some Applications of Paleomagnetism to Geodynamics
Problems

Report by W. Lowrie*)

Abstract

The contributions of the paleomagnetism group, ETH-Ziirich, to geodynamics problems are
reviewed. Tectonic applications have shown counterclockwise rotations in the S. Alps and Italy
associated with the African plate. Magnetic stratigraphy investigations confirm and date the
oceanic magnetic anomaly sequences for most of the Cretaceous.

INTRODUCTION

Paleomagnetism can contribute in two main ways to the interpretation of
geodynamics problems. Firstly, the stable directions of remanent magnetiza-
tion in rocks can be interpreted in terms of local and regional tectonics of the
sampled area, in order to associate the region with one of the major global
lithospheric plates. Secondly, the sequence of magnetic polarity in paleontolog-
ically dated stratigraphic sections can be correlated with corresponding oceanic
magnetic anomaly sequences, thereby confirming the geomagnetic reversal his-
tory and dating the anomalies and appropriate major plate motions. This report
makes no attempt to be comprehensive, but summarizes the contributions of
the paleomagnetism group at the ETH-Ziirich to these two topics during the
International Geodynamics Project.

TECTONIC STUDIES

Tectonic problems cannot be uniquely solved by paleomagnetic studies.
However, stable paleomagnetic data serve as parameters that must be taken
into account in tectonic reconstructions. Furthermore, paleomagnetic-tectonic
reconstructions may be postulated when further supplementary geologic data
are available. The investigations summarized here were carried out in the Alps,
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Umbria, Southern Italy and Sardinia, in rocks ranging in age from Permian to
Miocene. A notable feature of these studies is the nearly ubiquitous evidence for
tectonic rotations in the counterclockwise sense.

Paleomagnetic samples were collected from Permian rocks at several sites in
the Southern Alps. The data from some localities were not usable for paleo-
reconstructions because of local tectonic disturbance for which no correction
was possible. From three areas of the S. Alps, however, reliable data were
obtained which differed from the Permian directions of stable Europe. The
directions agree closely with African Permian data, and, taken together with
data from other studies in the S. Alps, indicate that a large part of the S. Alps
must have behaved as a single tectonic unit, probably as part of the African
plate (HEINIGER, 1978).

The remanent magnetizations of samples from the Gurnigel, Schlieren and
Wigital flysch do not presently point northward. No geologically meaningful
interpretation of the amounts of rotation and transportation of these flysch
units during their emplacement can be made from these remanent magnetiza-

Figure 1 The study of Permian volcanics from the western Southern Alps yields paleomagnetic pole positions
close to the African polar wander path (HEINIGER, 1978).
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tions, which are most probably the result of very recent viscous re-magnetiza-
tion (FREEMAN, 1979). The magnetic anisotropy of the flysch is comparable with
paleocurrent directions inferred from macroscopic indicators such as flute casts
(CHANNELL et al., in press; FREEMAN, 1979).

Magnetic anisotropy proved to be an important factor in deflecting the mag-
netization of the Bergell granite from its original direction (HELLER, 1971,
1973). The corrected directions indicated about 30° counterclockwise rotation
of the Bergell Massif since the Miocene. Upper Tertiary directions, resulting
from remagnetization following high temperature metamorphism, were meas-
ured in the central Alps; these also could be interpreted in terms of counter-
clockwise rotation of the Lepontine area (HELLER, 1977 a).

Paleomagnetic directions at 50 sites throughout Umbria have been analyzed.
They indicate counterclockwise rotations relative to both European and
African directions (LOWRIE and ALVAREZ, 1974, 1975). However, a distinct dif-
ference in directions is observed between sites in the northern part of Umbria
and sites in the southern part. Between-site directional differences within each
region are most readily explained by local differences in fold axis orientations.
The overall north-south differences are compatible with oroclinal bending of
the Umbrian arc. It is therefore unlikely that either the north or south of
Umbria (or both) can be autochthonous. Thus, conclusions regarding the tec-
tonic behavior of the Italian peninsula cannot be made directly from Umbrian
paleomagnetic data (CHANNELL et al., 1978).

The paleomagnetic directions at sites in several thrust sheets in the Southern
Apennines and Sicily have been compared with directions from the stable
Iblean platform. These indicate various degrees of probable clockwise rotation
during emplacement of the thrust sheets (CATaLANO et al., 1976).

The rotation of Sardinia is known to have taken place in two phases. The
later phase is well dated and was in the Miocene. The earlier phase has been
investigated in Mesozoic carbonate rocks. The directions in Triassic and
Jurassic limestones indicate counterclockwise rotations of amounts compar-
able to those found in Permian ignimbrites and redbeds, and suggest that the
earlier phase of rotation occurred after the Late Jurassic (HORNER, 1979).

Paleomagnetic data from Italy, the Southern Alps and the Western Mediter-
ranean have been integrated into a paleogeographic reconstruction involving
impingement against the European plate of an Adriatic promontory to the
African plate (CHANNELL and HORVATH, 1976; CHANNELL et al., in press).

MAGNETIC STRATIGRAPHY AND OCEANIC MAGNETIC ANOMALIES

The relative motions of the major global plates can be reconstructed by
matching dated magnetic lineations on opposite sides of a spreading center. Of
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Figure 2 Magnetic stratigraphy studies in pelagic carbonate rocks at Gubbio (Umbria) and Cismon (S. Alps)
reveal a record of the changing latitude of the virtual geomagnetic pole (VGP) from which the history of geomag-
netic polarity, dated by planktonic foraminifera and calcareous nannofossils, has been derived for much of the
Cretaceous (LOWRIE et al., in press).
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great importance is the dating of the correlated anomalies. This can be achieved
by comparison of the magnetic reversal sequence recorded by oceanic magnetic
anomalies with that measured in dated continental rocks. In recent years Cre-
taceous pelagic carbonate rocks have given magnetic stratigraphies that closely
match the oceanic polarity sequences and permit the anomalies to be tied to a
biostratigraphic time scale (Fig. 2).

The Late Cretaceous polarity sequence found in the oceans is confirmed in
every detail in the magnetic stratigraphy of the scaglia rossa pelagic limestone
at Gubbio, Italy. The Cretaceous-Tertiary boundary determined from forami-
nifera falls in the reversed interval between anomalies 29 and 30 (LowRIE and
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Figure 3 Oceanic magnetic anomalies on three long profiles in different oceanic basins give a sequence of geo-
magnetic polarity which can be correlated directly with the magnetic reversal sequence recorded in Late Creta-
ceous pelagic limestone on land (LOWRIE AND ALVAREZ, 1977 a, 1977b).
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ALVAREZ, 1977 a, 1977b). The Cenozoic and Late Cretaceous anomaly sequence
began with anomaly 34 which ended the Cretaceous magnetic quiet zone at the
Santonian-Campanian boundary.

The Gubbio section has been established as a Late Cretaceous magnetostra-
tigraphic type section (ALVAREZ et al., 1977) and its principal features have been
confirmed in a scaglia rossa check section at Moria, Italy (ALvarez and
LOWRIE, 1978).

The Cretaceous magnetic quiet zone began with anomaly MO of the
Mesozoic anomalies sequence. The youngest of these anomalies have been
found in a paleontologically dated section of the Biancone pelagic limestone at
Cismon, in the Italian Southern Alps. The age of MO is Early Aptian, almost a
full stage older than earlier indirect interpretations had estimated (CHANNELL et
al., 1979). The Cismon dates of anomalies MO-M4 have been confirmed in
check sections in the Fucoid marls and Majolica limestone in Umbria, Italy
(LowRIE et al., in press).

The correlations of the magnetic anomaly reversal scale and the magneto-
stratigraphic record in pelagic carbonate rocks is now confirmed for much of
the Cretaceous (Fig. 3). Some additional reversals have been reported, but are
still questionable because they have not yet been confirmed in check sections.

The beginning of the Mesozoic sequence was in the Late Jurassic. According
to careful rock magnetic and paleomagnetic studies of limestones from the
Frankenjura this sequence could not have begun before the end of the Malm-y,
in the middle Kimmeridgian (HELLER, 1977b, 1978). This is a full stage older
than earlier presumed.

The calibration of the ages of the lineated Cenozoic and Mesozoic anomaly
sequences alters the values of Cretaceous sea-floor spreading rates, but does not
alter the fact that the Cretaceous quiet interval was characterized by rapid
spreading of many of the world’s oceans (LOWRIE, 1979).

The origin of oceanic magnetic anomalies has been investigated by several
means. Analysis of magnetic properties of oceanic rocks indicates that the
oceanic magnetic anomalies are not due to the uppermost layer of intensely
magnetized basalts alone. Either this layer is much thicker than supposed, or a
second layer-possibly the oceanic gabbro layer-contributes to marine magnetic
anomalies (LOWRIE, 1977, 1979).
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