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1. Introduction

Since 1959 when Harland and Bidgood [1] first
suggested that Neoproterozoic glaciation oc-
curred in low palaeolatitudes, palaeomagnetic re-
search into Neoproterozoic glaciation has led to a
major palaeoclimatic paradox. Early palacomag-
netic studies of Neoproterozoic glaciogenic rocks
in Norway, Greenland, Scotland and Canada in
general suggested low palacolatitudes of glacia-
tion, although some of the data were equivocal or
contentious. In 1980, when assessing the first two
decades of palacomagnetic work on Neoprotero-
zoic glaciogenic deposits including their new data
for Australia, McWilliams and McElhinny [2]
stated: “What we find most compelling is that in
each study, a low latitude for glaciation is the
preferred interpretation. Rather than invoking
different special conditions to negate the validity
of an individual result, we feel that the consis-
tency of the available data argues for the validity
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of the low latitude interpretation.” They con-
cluded that “the late Precambrian distribution of
cold climate may have been quite different than
the better known Phanerozoic glaciations.” Sub-
sequent studies of Neoproterozoic glaciogenic
rocks and contiguous strata in Australia, South
Africa, West Africa and China have consistently
argued for low (< 12°) palaeolatitudes of glacia-
tion (e.g., [3-10D and thus have provided further
support for a paradoxical Neoproterozoic glacial
climate. Indeed, palacomagnetic studies carried
out directly on Neoproterozoic glaciogenic rocks
have yet to provide unequivocal evidence for
high-palaeolatitude glaciation on any continent.
By contrast, Meert and Van der Voo [11] do
not present new palacomagnetic data for Neo-
proterozoic glaciogenic or interglacial rocks, but
instead attempt to resolve the climatic paradox by
claiming the invalidity of all the palacomagnetic
studies and that Neoproterozoic glaciation did
not extend equatorward of 25° palaeolatitude. In
attempting to fit the Neoproterozoic palacomag-
netic data into a climatic scenario that can be
duplicated by climate modellers using present
computing systems and prevailing paradigms [12],
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namely circumpolar glaciation with ice sheets not
extending equatorward of 25° latitude, Meert and
Van der Voo [11] take an extreme stance that is
contrary to much geological and palaeomagnetic
evidence provided by detailed studies of the
glaciogenic rocks in question. There is much in
Meert and Van der Voo’s [11] paper that we
would dispute but we will restrict our comments
to several of their main assertions, in particular
their remarks concerning the palaecomagnetism of
the Elatina Formation and contiguous strata in
South Australia, the Neoproterozoic glacial envi-
ronment, and the large-obliquity hypothesis for
low-latitude glaciation.

2. Palacomagnetism of the Elatina Formation
and the Adelaide Geosyncline

Meert and Van der Voo [11] make misleading
comments regarding previous palaeomagnetic
studies of the Elatina Formation, which is part of
the Marinoan glaciogenic sequence (about 620
Ma) in the Adelaide Geosyncline. Palaeomag-
netic study of outcrops and drillcores of unmeta-
morphosed, fine-grained clastic rhythmites of the
Elatina Formation have indicated a mean bed-
ding-corrected inclination of —9.6° {4]. This study
provided strong evidence that the remanence is
primary. The magnetisation of the rhythmite
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Fig. 1. Tidal rhythmites of the Neoproterozoic Elatina Formation, South Australia, showing the uppermost part of a cuspate
soft-sediment fold that was studied palaeomagnetically by Schmidt et al. [9,10). The photograph spans nine vertically accreted
fortnightly (neap-spring) cycles of diurnal graded laminae of fine sand to silt grade; the thin, darker bands (arrow) bounding the
cycles are drapes of fine-grained material deposited at neap tides. During deposition by ebb-tidal currents, truncation of laminae
occurred at the fold crest and lenses of fine sand accumulated on the lee (right-hand) side of the crest, causing the crest at the top
of the specimen to migrate downcurrent. These sedimentary features (which are enhanced by viewing the photograph obliquely)
demonstrate that the fold was partly developed during deposition of the beds and hence is of soft-sediment origin. Soft-sediment
folding, evidently seismically induced gravity sliding on a gentle palaeoslope, continued after deposition of the beds. Thin section

viewed with transmitted light. Scale bar = 1 cm.
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member is extremely stable, typically showing ap-
preciable decay only after heating above 660°C.
There is no evidence of secondary overprinting.
A key point made by Embleton and Williams [4]
but ignored by Meert and Van der Voo [11] is
that the magnetic carriers are mainly silt-grade
detrital grains of haematite and martite of high-
temperature, igneous or metamorphic origin;
some of the haematite grains are rounded and
contain exsolution blades and bodies of rutile and
ilmenite. Magnetic overprinting of such detrital
carriers would require metamorphism under con-
ditions appropriate to at least upper amphibolite
facies. Because the haematite and martite grains
are detrital and the rocks sampled have under-
gone only burial diagenesis (estimated diagenetic
temperatures < 135-160°C in this zone of the
Adelaide Geosyncline (see [4]), it was concluded
[4] that the remanence must be primary and date
closely to the time of deposition.

These findings were supported by positive field
tests on soft-sediment folds carried out indepen-
dently on different specimens by two laboratories
[5,9,10]. The analysis by Sumner et al. [5] passed
the fold test at a high level of confidence. The
more detailed study by Schmidt et al. [9,10] con-
firmed that the remanence is indeed primary and
was acquired very soon after deposition, prior to
and/or during formation of the soft-sediment
folds.

The suggestion of Meert and Van der Voo [11]
that the small-scale folds displayed by the Elatina
rhythmites and studied palaeomagnetically are of
tectonic origin and formed during the Cambro-
Ordovician Delamerian Orogeny is demonstrably
wrong. Unequivocal evidence indicates that the
folds are indeed of soft-sediment origin: Individ-
ual folds usually affect a strata thickness of less
than 1 m, commonly have crests that are trun-
cated by suprajacent beds, and display lenses and
cross-laminae of sandstone deposited on the lee
(downcurrent) side of the crests. These and other
features clearly indicate that the folds were form-
ing at the sediment-water interface during depo-
sition. The cuspate folds studied by Schmidt et al.
[9,10] were initiated at the sediment—water inter-
face, as shown by the truncation of laminae at a
fold crest and the deposition of sand lenses on

the lee side of the crest (Fig. 1). The soft-sedi-
ment structures in the Elatina rhythmites, which
will be described in detail elsewhere, are inter-
preted as seismically induced disturbances and
related gravity slides recording seismicity during
deposition. The very early acquisition of rema-
nence (DRM) may be explained by the deposition
of detrital haematite grains partly from suspen-
sion below storm wave base [9,10]; the acquisition
of a DRM was followed by further soft-sediment
folding. The Elatina rhythmites in the area sam-
pled are fine-grained arenites (mainly fine to very
fine sand grade) and dewatering structures are
absent; hence post-depositional compaction is not
significant.

Palacomagnetic latitudes indicated for the
Elatina rhythmites are 4.8 +2.2°N {4] and 3.0 +
1.8°N for 67% unfolded data for the soft-sedi-
ment field test [9,10]. As emphasised by Schmidt
et al. [9,10], the Elatina pole is a virtual geomag-
netic pole (VGP) because the rhythmites studied
are of tidal origin (distal ebb-tidal delta) and
represent only 60-70 yr of deposition [13-16].
Importantly, however, the mean pole position is
similar to other Neoproterozoic poles for the
Adelaide Geosyncline [2] and for the Amadeus
Basin in central Australia [17] and accords with
cleaned directions and inclinations for Neopro-
terozoic strata in the Ngalia and Georgina Basins
farther north [18]. Such agreement implies that
the low inclination obtained for the Elatina
rhythmites does not record a geomagnetic excur-
sion or transition, or inclination error. Moreover,
the Elatina pole position differs by about 35° in
declination from the Delamerian pole position
(see [19]). The Amadeus Basin and other central
Australian basins were not affected by the De-
lamerian Orogeny, and hence the agreement of
Neoproterozoic palacomagnetic data for three
central Australian basins and the Adelaide
Geosyncline further militates against tectonic
overprinting in the latter. The Elatina palaeo-
magnetic data are consistent with the mean
palaecomagnetic pole for Australia for the late
Neoproterozoic, which places the Adelaide
Geosyncline at 10-12°N palaeolatitude.

We are continuing with our palaeomagnetic
study of the Elatina Formation to define a






