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Over fifty years ago, the new Department of Geophysics of the Australian National University in
Canberra pursued research in paleomagnetism which was to be fundamental to the major developments
in Earth Sciences now known as the plate tectonics revolution. In the setting of some then unexplained
phenomena such as reversely magnetized rocks, and slightly in advance of fundamental developments
in the dating of rocks using radioactive decay schemes of naturally-occurring isotopes, a team led by
Edward Irving obtained data for the Australian continent which, accepted and combined with data from
Europe and North America, demanded that major continents of the globe had moved relative to each
other over geological time. Generally these facts are recognised in histories of science, however such
histories usually do not record the local Australian National University setting, which it is intended to
describe in this paper. Essential for the paleomagnetic work was the skilled support of a wide range
of Australian geologists, who guided collection strategy and supplied oriented samples that had been
collected continent-wide. It may also be little appreciated that the first paleomagnetic measurements at
the Australian National University were carried out by J. C. Jaeger on samples of Tasmanian dolerite,
following work on the same rock by P. M. S. Blackett’s group in England. Because these cores
were vertical and the magnetization in them approximately vertical, that they were not oriented with
regard to horizontal direction was unimportant. Their vertical magnetization gave a forerunner of the
continental-drift result.

Introduction
The remarkable developments in the understanding of geology and wider branches of science
that followed from what is commonly referred to
as the plate tectonics revolution have now withstood the tests of the passage of half a century.
They have been well reported in books, including school text-books such as Perspectives of the
Earth1 published by the Australian Academy of
Science.
There are now histories such as those by
Glen,2 Menard3 and Le Grand4 that record the
discoveries leading to the development of plate
tectonics. A forthcoming publication, in four
volumes, is by Frankel.5 Recent books written for the public that introduce some of the
points arising are by Turner6 and Merrill.7 The
contributions of the fledgling Department of
Geophysics at theAustralian National University
(ANU) to this campaign are usually acknowledged in such histories, but often briefly. An
important exception is the paper by Le Grand,8

which gives a careful account from an Australian
perspective and provides details of the setting in
which the research described in the present paper
took place.
The purpose of the present paper is thus to
record the history of the research that took place
on the ANU campus over the period 1952–1964,
the early years of paleomagnetism. The first year
(1952) marks the appointment of John C. Jaeger
to the chair of geophysics at ANU9 ; the second
year (1964) marks the movement of paleomagnetic research to a newly-constructed laboratory
at a disused quarry on the eastern side of Black
Mountain in Canberra. The 1964 move marked
the beginning of further stages in paleomagnetic
research that still continue.
The period 1952–1958 leads up to the publication of a paper which collected together
past and fresh evidence that continental drift
must have occurred. This period started at ANU
with Jaeger, in collaboration with petrologist
Germaine A. Joplin, making measurements of
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the magnetization of a Tasmanian dolerite core.
The immediate objective was to check and augment results obtained for the same rock by Blackett’s group10 at Imperial College in England, and
the larger purpose was to initiate a programme of
fundamental studies in rock magnetism. Somewhat serendipitously, as the dolerite samples
were from a core drilled vertically but without knowledge of original horizontal direction
(as recovered core may have been rotated during drilling) the magnetization of the Tasmanian
dolerites was found to be nearly vertical. The
magnetization was thus in a direction demonstrably different from that in which similar rocks
would be magnetized if formed in Tasmania
in modern times. Also, sections of the core
were found to be reversely magnetized, drawing
attention to the quite different but equally perplexing matter of the cause or causes of reversely
magnetized rocks. Sensing the significance of
these Tasmanian results, Jaeger expedited the
work of Edward Irving and research student
Ronald Green. As part of a wide first study
of Australian paleomagnetism, these researchers
demonstrated the need for continental drift to
jointly explain the discordance of paleomagnetic
results obtained for the continents of Australia,
Europe and America.
In the second period of this paper,
1959–1964, ‘demagnetization’ techniques were
developed that extended the coverage and
improved the general reliability of results. The
Department’s non-magnetic hut was expanded in
steps that marked these developments in equipment. The coverage of the paleomagnetic survey
of Australian rocks was expanded geographically across the continent and in the geological
ages of rocks collected and measured, thus augmenting and strengthening the apparent polar
wander path for Australia. Coverage was also
extended to Antarctica and to islands of the
Pacific Ocean.
This story of some twelve years is extraordinarily rich. The period 1952–1964 has clear
starting and finishing points and within this timespan arise matters of technical detail, geological
detail, personal detail, the wider setting of the
research of the time, the scientific results, Australian history with competition from overseas
laboratories, and profound ‘mobilist’versus ‘fixist’ geological debates. There are matters such
as what lessons may be drawn regarding the

successes of the inaugural research schools of
the newly founded ANU, where the Department
of Geophysics was part of the Research School
of Physical Sciences.
For the philosopher of science, in retrospect
perhaps the biggest question arising is how
the evidence for relative continental movement
could remain unaccepted by so many geologists
for so long.

The geological time scale
For reference, a basic geological time scale is
shown in Figure 1. In the text of this paper,
the common practice will be followed of generally omitting as understood the nouns ‘epoch’,
‘period’, ‘era’ and ‘eon’. Thus reference to ‘the
Cretaceous’ will mean ‘the Cretaceous Period’.
Another point of style is that the spelling
‘paleo’ will be adopted except where citations
are made of material incorporating ‘palaeo’.

Summary of the Science
Primarily the work was aimed at determining a
paleomagnetic history of the continent of Australia, with extensions to Antarctica and to the
Pacific Islands. Such an objective, by itself, was
clearly appropriate for a laboratory at a national
university and there was particularly the prospect
of comparing this paleomagnetic history with the
histories of Europe and North America to check
for agreement or disagreement. Agreement, as
explained below, would mean no relative continental movement or ‘drift’; disagreement, with
a geocentric axial dipole (GAD) field model
accepted, would demand relative continental
movement, or drift.
However, as is typical of a new field of
research, just how this paleomagnetic survey
task was addressed changed as experience accumulated, both in Australia and internationally.
The major result, of demonstrating continental
drift, was achieved early on by measuring samples with strong primary remanence. Techniques
developed for ‘cleaning’ or ‘washing’ samples
for secondary remanence then became part of
the measuring routine. After 1958, earlier results
were both confirmed and improved by wider
sampling, repeated measurements and additional
test procedures.
Rocks of weaker magnetic properties, typically sediments, were avoided at first. As methods developed, however, confidence grew in the
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Figure 1. A time scale for the geological periods referred to in this paper, covering the most recent 600
million years of Earth history. The ages in brackets for the boundaries of the periods and epochs are recent
determinations from Gradstein11 based on isotopic dating. The age of the Earth is estimated to be some
4,500 million years.

measurement of weak magnetizations, and sedimentary rocks became part of the range of
samples providing paleomagnetic information.
Major research thrusts were made into the
physics of rock magnetism, one particular objective being the clarification of whether the paleomagnetic results obtained could be influenced
by rock stress. It was shown that stress was not a
major factor. This was an important result, fundamental to confidence in the polar wander paths
that summarized the paleomagnetic results.
A further stage of the work developed with the
radiometric dating of the rocks. The initial rock
collection was based on traditional stratigraphic
and paleontological determinations of rock age.
Later, as radiometric methods were developed
and applied, the magnetic results were increasingly allocated numerical ages. A new research

topic was born when it became evident that
these methods could provide dates for worldwide reversals of Earth’s magnetic field. It led
within a few years to a fundamental tenet of the
plate tectonic theory: that the magnetic stripes of
the seafloor were caused by seafloor-spreading
occurring while the geomagnetic field from time
to time underwent reversals. Proof that the main
geomagnetic field did indeed reverse also settled any remaining questions about the validity
of ‘reversed’ magnetizations which, only a few
years earlier, had seemed difficult to accept.
Geologically, the applications of paleomagnetism were evident from the start and were a
continual and rich part of the story. Thus the
paleolatitudes of rocks as determined by paleomagnetism, using a geocentric axial dipole field
for interpretation, were a frequent theme.
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North Pole

Notes on the Methods of
Paleomagnetism
Put very simply, in paleomagnetism the magnetization of a rock sample is measured. Due to
iron minerals the rock may contain, the magnetization will have a direction and a strength.
Its direction is taken to be that of Earth’s ambient magnetic field at the site when the rock was
formed (for example, by cooling from a lava
which had been erupted from a volcano). Thus in
Figure 2 a rock gaining its magnetization at point
P will record a magnetic dip I that is related to
the latitude λ of P by the equation:
λ = arctan(0.5 tan I)

H
I P
F

λ
M

(1)

The horizontal bearing of the magnetic pole
from P is given by the direction of the horizontal component of the magnetization H. Thus a
magnetic pole position can be obtained from the
measurements of I and H. For an Earth for which
the magnetic poles coincide with the geographic
poles, this position is also the geographic pole
position as seen from the rock at the time the
rock was magnetized.
Assuming the geomagnetic field to be generally that of a geocentric axial dipole, with
magnetic poles which on average coincide
with geographic poles, the averaged results for
rocks of different ages from a single continent
or piece of continent are conveniently presented
as a series of pole positions which, if different,
when joined together define an apparent polar
wander path.
The component of magnetization of a rock
described thus far in this section is the ‘remanent’
component. Ideally, it is remanent from the time
of rock formation. In the case of a cooling lava it
is remanent from the time the lava, already solid,
cooled through the temperature (known as the
Curie temperature) at which the magnetization
‘freezes in’.
Generally in addition a rock will have a component of magnetization that is the result of iron
minerals, now at ambient temperature, responding to the ambient magnetic field in which they
find themselves at any time. This component is
known as the ‘induced’ magnetization, and the
quantity that controls its strength is termed the
magnetic susceptibility.
A complete study of rock magnetization,
especially for purposes such as the interpretation

South Pole

Figure 2. Diagram illustrating the principles of
paleomagnetism. The magnetic field of Earth is
modelled as being due to a geocentric axial dipole of
moment M. A rock at point P becoming magnetized
at the time of its formation ‘freezes into itself’ the
direction of the magnetic field F. At point P the dip
angle I is related to the latitude λ by eq (1). Thus a
pole position can be found for the observed magnetization. For a series of magnetizations of different
ages the pole positions, if different, can be joined
together to define an apparent polar wander path.

of magnetic surveys, requires the measurement
of both remanence and susceptibility. However,
it is the remanent component that is of prime
importance for paleomagnetic purposes.

Polar wander, continental drift, and
apparent polar wander
The term ‘polar wander’in what might be termed
its ‘classical’ sense refers to the possibility that,
while Earth’s axis of daily rotation remains fixed
in space, the planet (on a time scale much longer
than one day) slowly rotates about some other
axis. Seen from space, the surface features of
Earth then slowly move relative to the positions
of the north and south poles of rotation.
Seen from Earth, the positions of the north
and south poles of rotation move across the
surface. The surface features of Earth remain
unchanged, and all continents on Earth see the
same polar motions.
Where rocks preserve appropriate information on the latitude of their formation, it should
be possible by paleoclimatic studies to track such
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polar motions from any, and all, continents. Such
latitude information might be fossils known
to have lived in a warm climate, or sedimentary rocks containing glacial erratics indicating
formation in a cold climate.
Quite separately, for a planetary magnetic
field which has the form of a geocentric axial
dipole as in Figure 2, it should be possible to track
such polar motions paleomagnetically. Again the
paleomagnetic tracking of polar motion should
be possible from any, and all, continents.
Tracked relative to just one continent however, motions of the geographic pole could represent either polar wander in its ‘classical’sense, or
they could represent the different phenomenon
of continental drift. In the continental drift case
the surface features of Earth change laterally,
and the motion of just a part of Earth’s surface
(including the continent of measurement) may
have been tracked relative to the Earth’s pole
of rotation. Because of this ambiguity in interpretation, polar motions tracked relative to just
one region of Earth are described as paths of
‘apparent polar wander’ (APW).
The paleomagnetic test (and indeed also the
paleoclimatic test) for continental drift can then
be posed very simply. If ‘classical’ polar wander only has occurred, apparent polar wander
paths from all continents should be the same.
If, however, continental drift has occurred, apparent polar wander paths from different continents
will not agree.
The first apparent polar wander path, for
Britain, was drawn in 1954 by Kenneth M. Creer,
a research student at Cambridge.12 Edward
Irving, Creer’s fellow student at Cambridge,
arrived in Australia at the end of that year. His
purpose was to pioneer Australian paleomagnetism, and to obtain paleomagnetic results for
Australia that could be tested against those for
Britain and other continents. The construction of
apparent polar wander paths proved to be a most
effective way of making this intercontinental
comparison.
Apparent polar wander paths, that showed
systematic change of magnetization direction
with age, also helped allay prejudices which
had arisen from earlier results of geophysical
prospecting. Prospecting case histories showed
some rock formations to be magnetized in
directions that were unexpected, and which
were interpreted as resulting from a variety of
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unquantified causes. Such interpretations had
implicitly encouraged a view that rock magnetizations were unreliable; this view was now
shown to be unjustified.

The Wider Scene
The setting following the Second
World War
After the Second World War, there was in
Australia, as elsewhere, a new appreciation of
the need for both defence science and resource
science. There was a fresh need to survey, monitor and understand the continent of Australia and
its geographical and geological setting. A new
phase in the development of geophysical equipment accompanied a new appreciation of good
fieldwork practice. There was a wave of returned
service personnel into the universities as mature
students, ready to question traditional wisdom.
The Australian National University, set up in
194613 as part of Australia’s post-war situation
in the Pacific, included, in its Research School
of Physical Sciences led by Marcus L. E.
Oliphant,14 a Department of Geophysics. The
head of the Department of Geophysics was John
C. Jaeger. Le Grand15 gives a clear and detailed
statement of the origins of geophysics at ANU,
and the threads followed.
Day16 gives a summary of developments
leading up to this post-war scene. There had been
consistent and significant geophysics research
in Australia since the time of its European discovery and exploration. One twentieth-century
milestone was the Imperial Experimental Geophysical Survey,17 the experience of which contributed to the establishment in 194618 of the
Bureau of Mineral Resources, Geology and
Geophysics (BMR). The BMR was national in
scope, complementing and drawing together the
work of the state geological surveys and departments of mines, already established. A review
of geophysics in Australia at the end of the
1950s decade is given19 by Jaeger and Robert F.
Thyer, the chief geophysicist of the BMR. Fresh
resources discoveries in Australia followed the
impetus in exploration.20
The international setting of the time is
described by Bates, Gaskell and Rice,21 especially their chapter 5 (‘The 1950’s – A Burgeoning Era of Geophysics’). A most significant
international achievement was the collaboration
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and co-ordinated observations that took place in
the July 1957 – December 1958 International
Geophysical Year (IGY). The IGY also marked
the launching of the first Earth artificial satellite,
‘Sputnik’, in October 1957. Two years later the
first rocket to reach the moon, ‘Lunik 2’, did so
in September 1959.
Introductions to the extensive scientific
advances and excitements of the IGY are given
in books by two of the IGY leaders, Sydney
Chapman22 and J. Tuzo Wilson.23 Chapman was
president of the International Union of Geodesy
and Geophysics (IUGG) for the period 1951–
1954. Amongst his widespread contributions to
mathematical geophysics he is known particularly for his work in geomagnetism24 and his
interest in the IGY was especially the simultaneous observation of the geomagnetic field at
an enhanced set of observatories over Earth’s
surface.
J. Tuzo Wilson was president of the IUGG for
the period 1957–1960. He was host in his home
city of Toronto of the 1957 IUGG meeting that
arises below. Wilson is an important figure in the
present history. His advice to Oliphant earlier (in
1950) on recommended topics for geophysical
research was effective in shaping geophysics at
ANU for decades to follow.25
Thus the paleomagnetic research described
in the present paper took place and especially
culminated at a time of considerable ferment
in international geophysics. The contemporary
advances in space physics encouraged a fresh
view of Earth as a planet.

The ANU Annual Reports for 1952–1964
The annual reports of the Research School of
Physical Sciences form a skeleton history for
the material of this paper. Excerpts relevant
to paleomagnetism are given in an Appendix
below. The purpose of the present paper is to
collect the reports together with contemporary
photographs, and to add detail.
The present paper is intended to be narrative
in style, with adequate but not comprehensive
references to the published work of the time.
More formal and complete reviews of early paleomagnetism (both at ANU and generally) can be
found in literature such as cited below, especially
the books by Irving26 and McElhinny.27
A relevant historical point, subsequent to the
period covered by this paper, is that in 1973 the

(by then) Department of Geophysics and Geochemistry of the Research School of Physical
Sciences moved to form a new Research School
of Earth Sciences at ANU.

Pre-1955: Jaeger and the Tasmanian
Dolerites
John C. Jaeger was appointed to ANU from the
University of Tasmania where he was Professor of Applied Mathematics. His geophysical
speciality was heat-flow, demonstrated by the
contents and success of his book with his mentor H. S. Carslaw.28 His book on engineering
mathematics29 was also widely used. In Tasmania he was strongly influenced by Samuel
Warren Carey, the Professor of Geology.30 Carey
was a strong advocate of continental drift, having been a student of T. W. Edgeworth David,
whose advocacy under the influence of Alfred
Lothar Wegener (1880–1930) is described by
Branagan.31 The first edition of Wegener’s book
The Origin of Continents and Oceans had been
published (in German) in 1915.
The dolerite rock of Tasmania was emplaced
as thick basaltic sheets and dykes into nearly flatlying Permian and Triassic sediments, and has
a dominating effect on the landscape.32 Residents of the island are generally very aware of
dolerite exposures, which are clear for example in the ‘Organ Pipes’ cliffs of Mt Wellington
above Hobart. At the University of Tasmania,
Jaeger would have had an extra familiarity with
the Tasmanian dolerites from his studies of
their cooling at the time of emplacement. He
is also likely to have been consulted regarding
their rock-mechanical properties by organizations concerned with engineering works.
With this background a leading pioneer in
rock magnetism studies, Patrick M. S. Blackett,
was reported by Jaeger and Joplin33 as having studied the paleomagnetism of a drill core
(‘No. 5001’) of Tasmanian dolerite. Their report
stated that
a number of samples from this core were collected by Professor Blackett, of Imperial College, London, and these were measured on his
return to England. Some of them were found to
exhibit reverse magnetization…

Blackett’s group had particularly found that
the magnetization of the cores was nearly
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Figure 3. Aerial view of the Australian National University looking north, c.1956. Jaeger’s small hut (A) is
on the extreme left of the photograph, just down the hill from his office (C) which is at the western end of
the buildings of the Department of Geophysics. Irving’s 1955 hut (B) is central, beyond the northern limits
of the university buildings as they then existed. In the foreground are the stables and track of the Canberra
racecourse, still in use at the time. Photograph provided by ANU Archives (code ANUA115/117/16-20).

vertical. Thus the primary paper reporting these
results34 could say
this result is believed to furnish strong evidence
to support the hypothesis that a relative movement has occurred between the land mass of
Tasmania and the geographic poles…

Jaeger took up his appointment at ANU in
January 1952. Soon afterwards, to initiate rock
magnetism studies, Jaeger had a small hut constructed, quite near his office though sufficiently
distant from it to be undisturbed by cultural
magnetic effects such as construction iron and
vehicles. This hut is shown in Figure 3 and also,
below, in Figure 11.
Stimulated particularly, it appears, by the
results obtained by Blackett’s group, the remanence of the Tasmanian dolerite core No. 5001
was then measured again using a ‘simple astatic

magnetometer’,35 for the loan of which the
BMR was thanked.36 Some 300 individual
rock cylinders cut from the core were measured, and
In all cases it was found that the dip was
near ±90◦ in agreement with the results of …
[Blackett and Clegg].

Reversals were again found in the core, and
the possibility that they were spurious and simply due to lack of care at the drilling site
was considered. Several years later, after further
measurements of core No. 5001 with improved
instrumentation, Jaeger and Green37 modelled
the dolerite as a cooling intrusive sheet. They
concluded that the pattern of magnetization
showed the rock to have not been subject to a
reversing magnetic field while cooling. Mistakes
in the handling of the core, perhaps at the drilling
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site, thus remained the likely explanation of the
reversals found in this case.
The magnetic susceptibility of the samples,
a different quantity from the remanence, was
measured ‘by inserting the cylindrical specimens
on a sliding holder into a standard position inside
a Schmidt horizontal component field balance.’
The method was practical and relatively rapid.
Test results were checked against more accurate
determinations made by Smellie,38 who had constructed an apparatus made following the design
of Bruckshaw.39 A diagram of a Schmidt balance
is shown in Figure 4.
Thus in the small hut below his office, Jaeger
evidently first set up a magnetometer on loan
from the BMR to measure the remanence of
the dolerite core samples. He then measured
their magnetic susceptibility, adapting a Schmidt
balance for the purpose.

1955–1958: Edward Irving and the
(Non-magnetic) ‘Mag Hut’
Constructing the hut
With Jaeger thus keen to advance this promising
research pursuit, Edward Irving was appointed
to a research fellowship in 1954, as he was completing his doctoral thesis at the University of
Cambridge. Coming out from England by ship,
Irving arrived in Canberra just before Christmas
1954. Irving’s research at Cambridge had been
on the paleomagnetism of the Precambrian Torridonian sandstone of Scotland, and he had the
basic goal of wanting to see if Australian data
matched the British results.
Upon Irving’s arrival in Canberra, a primary
task was to have a new paleomagnetic laboratory constructed in a suitable and undisturbed
part of the university grounds. Irving’s design
for the new hut in Canberra was similar to the
hut (constructed 1952) that he had just left in
Cambridge.40 However this new Canberra hut
was slightly longer and wider than the Cambridge hut, and designed to take coils 8 ft in
diameter. It was very carefully constructed of
non-magnetic materials such as wood and copper
nails, to minimize the introduction of spurious
magnetic fields. However in the way of such
things, being intended to house magnetometers,
it became known as the ‘mag hut’. It was still
referred to as such five decades later when, used
for other purposes, two wings of it survived

Figure 4. A Schmidt magnetic balance, the standard prospecting magnetometer of the time. The
instrument is simple in principle, balancing the
magnetic torque experienced by a magnet in Earth’s
magnetic field against the gravitational torque due
to the centre of mass of the magnet system being
offset from its axis of suspension. In the figure
the sensing magnet is horizontal, to be responsive
to changes in the vertical component of magnetic
field. To be responsive to changes in the horizontal component of magnetic field, a similar sensing
magnet is set up aligned vertically. It is thought
that one such instrument, borrowed from the BMR,
was used by Jaeger to measure the remanent magnetization of core samples of Tasmanian dolerite.
Later another such instrument, possibly an Askania
type Gf 6 by then purchased by the Department
of Geophysics, was adapted by Jaeger to measure
the magnetic susceptibility of the same rocks. For
scale, the outside casing of the instrument as shown
is 150 mm across (i.e. in diameter).
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Figure 5. Photograph of the Irving hut in the ANU grounds. The view is looking west, with the skyline of
Black Mountain in the background. The poplar trees behind the hut form a landmark (still present at the
time of writing) that can also be seen in Figures 3 and 11. Photograph supplied by E. Irving.

as part of the Research School of Biological
Sciences.
A photograph of Irving’s 1955 hut, in a sheep
paddock, is shown in Figure 5. Its position on the
ANU grounds is evident in Figure 3 and (below)
in Figure 11. Figure 3 also shows how those
walking to and from the hut from the main university buildings had to cross Sullivans Creek, a
major obstacle in times of heavy rain.
It is appropriate to note here, as a marker
in the history of science, that Irving’s thesis,
‘Palaeomagnetism of the Torridonian sandstone
series of NW Scotland’, submitted to the University of Cambridge and based on paleomagnetic
results, was not passed for the degree of PhD
by the university. In explanation it is possible that the methods of paleomagnetism were
insufficiently understood by the examiners. Possibly also the implications of the results obtained
(which included pole positions for some rocks
from India) seemed unacceptably radical. However, just ten years later, in 1965, Irving’s submitted publications on paleomagnetism led to
his award by the University of Cambridge of the
degree of ScD.41 In 1979 Irving was elected to
the Fellowship of the Royal Society of London
for his contributions to paleomagnetism.
Leading the team that produced the results
to be described in this paper placed Irving in
a position where there was great opposition to
the acceptance of his work. His resilience and

dedication to science were perhaps nowhere better displayed than during the pioneering period
of paleomagnetism covered in this paper.

The direct-read astatic magnetometer:
of low sensitivity, for igneous rocks
In early 1955, in addition to the project of the
construction of the new hut, Irving set to work
assembling a small direct-read low-sensitivity
astatic magnetometer. Some of the parts for this
instrument had been made in advance of his
arrival, and some parts he brought with him from
England.
This instrument was modelled after the Cambridge prototype.42 It was installed on two concrete blocks set into the floor of the new building.
A set of ‘degaussing’ coils were wound, comprising two pairs of diameters 59 and 77 cm. The
purpose of the coils was the compensation of the
vertical and horizontal components respectively
of the geomagnetic field, to produce a field-free
space. These coils were wound on circular formers, made by glueing together arcs cut out of
plywood. A lead-acid battery system supplied
electric current to the coils to give the required
magnetic fields at their centres. Susceptibility
measurements were made by applying small
fields generated by currents through secondary
windings on the degaussing coils.
The new astatic magnetometer was operational in the new laboratory by September 1955.
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The first rocks measured were more Tasmanian
dolerites, collected by Irving in February of that
year (which gives an indication of the urgency
and excitement with which the earlier Tasmanian results were regarded). The earlier results
of near-vertical magnetization for the Tasmanian
dolerite were confirmed.43 However all magnetizations found were normal, leaving the earlier
observations of reversed magnetization in the
Tasmanian dolerite unsupported (and increasingly suspected of resulting from lack of care
in the handling of drill core).

Ronald Green and the second astatic
magnetometer: high sensitivity, for
sedimentary rocks
In mid-1955 Ronald Green was recruited from
BMR to ANU as a research student. A graduate
in physics and an experimentalist, he was experienced in geophysical observatory work and field
work. As a practical physicist, he made a very
good combination with the geologist Irving.
To Green fell the task of the construction
and commissioning of a second astatic magnetometer, more sensitive than the first and
intended to measure weakly magnetized sedimentary rocks.44 It was positioned at the southern end of the hut shown in Figure 5 (as one looks
at Figure 5, the left-hand end) and employed a
light beam 5 m in length. Degaussing coils of 2 m
diameter were constructed, as before on wooden
formers. Generally the magnetometer followed
the design of Blackett,45 and its sensitivity was
checked using standard samples that Irving had
measured on the Imperial College and Cambridge magnetometers in England. A distinctive
and important feature in the design and construction of this instrument was the use of a new
ferroxdur material for the magnets in the astatic
sensing system. These magnets were magnetized
transversly rather than longitudinally, giving an
astatic system that was stable and efficient with
an optimally-reduced response time. A photograph of the instrument is shown in Figure 6.
The Tasmanian dolerite matter settled
for the time being (Schmidt later obtained
improved results46 ) the task was now addressed
of collecting and measuring the magnetizations
and properties of a suite of Australian rocks,
continent-wide. Initially, rocks collected from
the Older (Eocene) and Newer (Pliocene to

Recent) Volcanics of Victoria were measured.
These were collected by Irving and Green themselves, with advice from Owen P. Singleton of the
University of Melbourne. The Older Volcanics
gave a pole position different from the present
geographic pole position, while the Newer Volcanics agreed with the present geographic pole
position. Together with the Tasmanian results,
a skeleton polar wander path for Australia now
had three points. It became clearer that the polar
wander path for Australia was different to that
for Europe.
That the Newer Volcanics results agreed with
the present geographic pole position gave support to the assumption of a geocentric axial
dipole field model generally. This result was
the first instance when measurements gave a
southern hemisphere GAD result.
Reversed magnetizations, which at that time
remained unexplained, were also found in
the rocks.

Late Paleozoic work initiated
The Gondwana System (Late Carboniferous to
Late Triassic) was central to theories of postulated continental drift, and therefore a prime
sampling target of global stratigraphic interest.
Irving, thoroughly steeped in the red beds of the
northern hemisphere, the red colouring of which
resulted from the iron mineral hematite that was
favourable for paleomagnetism, had to adjust to
a different situation in Australia. Here, local reddening was secondary, a result of the weathering
of rock long after the rock’s formation. Indeed it
had been pointed out by Koppen and Wegener
that the absence of (warm-weather) red beds
in the Gondwana system was in fact evidence
for high-latitude origins of the formation, and
hence of continental drift. In the absence of sedimentary red beds of the right age in Australia,
Irving’s attention was drawn to the classic
Gondwana sequences of New South Wales.
These sequences comprised Permian mafic lavas
and Late Carboniferous andesitic lavas. There
were also Carboniferous glacial beds.
These Gondwana sequences of New South
Wales were, then, the next rocks to be addressed.
Important guidance came from senior Australian
geologist William R. Browne, who had retired
from the University of Sydney. He accompanied Irving on collecting trips both north and
south of Sydney. Though a ‘fixist’, that is, not
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Figure 6. Photograph of a general view of the sedimentary magnetometer from Green, op. cit. (n. 44), p. 41.
The large coils (2 m diameter) are prominent. The detector is mounted on three legs and directly below it is
a rock disk mounted on a piston for raising and lowering the disk. In the lower left-hand corner can be seen
the strings that control the raising of the specimen, and the rod that controls the east-west traverse.

a person who considered it possible that continents would have moved relative to each other,
he nevertheless was of the view that Irving’s collections should be as well-informed as possible,
that is properly identified and located. Browne
thus gave great support to this collecting task.
With Browne as guide, Irving collected the Permian Gerringong Volcanics south of Sydney and
the red/brown Narrabeen strata (Triassic) at the
north end of the Illawara coast. Upper Paleozoic
rocks from the Hunter Valley were also collected.

Ronald Green’s further work:
Siluro-Devonian
Moving now to investigate older rocks, Green
studied the well-dated fossiliferous Devonian sequences in southeast Australia, again
advised by Browne. Based on basic remanent

magnetizations (before cleaning techniques
were introduced) he obtained low paleolatitudes, 10◦ –20◦ , much lower than the PermoCarboniferious results. These results, a change
from low to high latitudes in the early Carboniferous, were consistent with the climatic evidence
of Devonian fossils indicating a warm climate.
Green also studied Lower Paleozoic rocks (older
than Devonian) from southern New South Wales,
and obtained low values for paleolatitude.

Precambrian and Cambrian
To extend results earlier than the Devonian,
help in the field sampling of rocks was forthcoming from the Bureau of Mineral Resources.
Senior BMR geologists Norman H. Fisher and
Lynn Noakes gave instructions to field parties
going to northern Australia to collect oriented
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Figure 7. The continent-wide rock distribution at the basis of the results of Irving and Green, op. cit. (n. 50),
Figure 1. Mentioned particularly in the present paper are ‘10’, the volcanics of the Illawarra coast including
the ‘Blowhole Flow’ at Kiama; ‘12’, the dolerite sills of Tasmania; ‘13’, the Older Volcanics of Victoria; and
‘14’, the Newer Volcanics of Victoria. The other sites are ‘1’, Edith River Volcanics; ‘2’, Nullagine Lavas; ‘3’,
Buldiva Quartzite; ‘4’, Antrim Plateau Basalts; ‘5’, Elder Mountain Sandstone; ‘6’, Mugga Phorphry; ‘7’,
Ainslie Volcanics; ‘8a’, Kuttung Lavas; ‘8b’, Kuttung Sediments (red varvoid); ‘9’, Hunter River Volcanics;
and ‘11’, Brisbane Tuff.

samples of mafic lavas and red beds. Three
units from the Precambrian and two from the
Cambrian were thus sampled between 1955 and
1957. All gave directions very different from
the present geomagnetic field, indicating major
latitude changes in the Proterozoic and Early
Paleozoic. The rock sampling sites are shown in
Figure 7.
Later James C. Briden, a research student
at ANU 1961–1964, refined the results for the
early Paleozoic field in Australia using demagnetization techniques.47 Briden also commenced
paleointensity studies, in which the strength of
the paleofield is estimated in addition to its
direction.

An apparent polar wander path
for Australia
In the early months of 1955, while initiating
paleomagnetic studies in Australia, Irving had
prepared a manuscript that presented polar wander paths for Europe and North America, based
on his own and other published data of the time.
The manuscript included a Tasmanian dolerite
pole, and a pole from his thesis for India.
The manuscript particularly included analyses

of global climates and latitudes using the new
paleomagnetic methods. Differences between
the European and North American polar wander
paths were pointed out, as were the general discordances of the Tasmanian and Indian results,
and the explanation of relative continental movement was advanced.48 After first being submitted
to but rejected by the Journal of the Geological
Society of Australia, the paper was published in
1956.49
The culmination of the Australian paleomagnetic work by 1957 was thus the production of
a full APW path for Australia, from the Late
Precambrian to the Present, which achieved the
Australian contribution to the global paleomagnetic test of continental drift. The quantitative
test of drift could be made by comparing the
apparent polar wander paths of Australia with
those for Europe and North America. This comparison is shown in Figure 8.50
Separately, paleomagnetic latitudes could be
compared to paleoclimates determined from
geological evidence. Further again, paleogeographical grids for continents could be compared,
individually or when re-constructed to form past
supercontinents such as Gondwanaland.
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Figure 8. The results of Irving and Green, op. cit. (n. 50) showing how, when plotted on a modern map,
the position of the apparent polar wander path for Australia (left) is greatly displaced from the positions of
the apparent polar wander paths for Europe and North America (right). The European and North American
paths are also displaced from each other, though to a lesser degree. The numbers for the Australian path
correspond to the rock samples given in Figure 7. The European path is defined by pole positions numbered
24–29, and the North American path by pole positions numbered 15–23.

Figure 8 makes clear that the apparent polar
wander path for Australia is very greatly displaced from the paths for the northern continents
of Europe and North America. Whereas the
paths for Europe and North America are similar
and close together, such that they had initially
been interpreted by some as being the same and
demonstrating classical polar wander, the displacement of the Australian path from these two
is close to the maximum possible of 180◦ in
longitude. Continental drift was demanded by
this evidence, and the differences between the
European and North American paths are also
significant, corresponding to the opening of the
Atlantic Ocean.
As also reported for 1958 (see Appendix
below) these paleomagnetic results led to estimates of ‘large scale relative continental movements of order 10 cms per year’, and such speeds
are consistent with modern results for plate
motion. Further, the paleomagnetic results indicated that drift had been in action earlier than
the Phanerozoic, and so earlier than had been
included by Wegener in his analysis. Otherwise
the paleomagnetic results generally supported
Wegener’s predictions.

These results, especially the great difference
in the APW paths shown in Figure 8, inevitably
became a major issue. If accepted, then the continents had drifted. However, for several centuries
the basis of geology had been ‘fixist’ with every
continent having an immutable position, and
generally the opposition to the acceptance of
such evidence for drift was great. There were
many ‘fixists’ who opposed the whole subject of
paleomagnetism. In many cases it may have been
because they did not feel they had a comfortable
understanding of paleomagnetic principles and
procedures. Further difficulties lay in fundamental matters such as reversals of the geomagnetic
field in the past not being clearly established or
understood.

Presentation of the results at meetings,
and publication
Dissemination of the Australian results continued as it had before, by presentation to meetings, national and international. The submission
of manuscripts to scientific journals continued.
However the material being presented now had
an importance that could not be ignored.
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Irving recalls, for example, the meeting
of the IUGG in Toronto in 1957 at which
he presented the polar wander path comparison, emphasising the huge differences between
the APW paths from Australia and the northern continents. The session was chaired by
the English geophysicist Edward C. (‘Teddy’)
Bullard. After his talk, Irving recalls that criticism came from John Graham, a paleomagnetist
from the Carnegie Institution of Washington,
who brought up uncertainties in paleomagnetic
results, especially stress effects. In reply Irving
called attention to the very good agreement of
near-vertical directions in Tasmanian dolerites,
Permian lavas and Carboniferous glacial strata
supported by tilt and conglomerate tests and
all with widely differing stress histories. How,
Irving asked, could such uniformity in results
arise if stress were a factor in the data? Irving
argued that field evidence trumped unsupported,
speculative theory (as he categorized Graham’s
criticisms to be).
Criticism also came from Martin Rutten, a
Dutch geologist. Rutten believed the ages of
the Australian rocks were insufficiently wellknown and errors in age could account for
the Australian path being so different. Irving
replied (to this somewhat patronizing implication about Australian geology!) that the geological sequences, because of their economic
importance, had been studied by several generations of highly competent Australian geologists
whose written accounts of the geology had been
consulted carefully. In any case, the differences
between the Australian poles and those from the
northern hemisphere were so large that misdating by a geological era (hundreds of millions of
years) would not explain them!
Irving recalls that after the talk Bullard spoke
to him of his ‘spirited defence’, and remarked
‘God would not have put those magnetizations
there just to confuse us’. Judging by Bullard’s
frequent later mention of the Australian results,
Irving suspects that it was at this point that
Bullard began to take drift seriously.
A paper carrying the material of Figure 8 was
submitted to the (American) Journal of Geophysical Research in 1957. It was rejected by
that journal in the same year, a result which may
be interpreted as a demonstration of the opposition to continental drift in the USA. The material
was then submitted in 1957 to the new (English)

Geophysical Journal of the Royal Astronomical
Society; it was accepted and published.51

Initiation of global compilations
As a natural extension of the global compilation that was fundamental to the apparent polar
wander paths in Figure 8, and as support for
the development of paleomagnetism generally,
Irving commenced a tradition of compiling and
publishing lists of paleomagnetic results. Now
there would be an aid for new recruits to paleomagnetism, and no excuse for critics not to know
what had been done. The first list appeared in the
Geophysical Journal of the Royal Astronomical
Society in 1959. From 1967 the tradition was
carried on by Michael W. McElhinny.

1959–1963: Additions to the Irving Hut
During the years 1959 and following, additions
to the Irving non-magnetic hut marked steps of
progress in paleomagnetic methods and techniques. The first instrument installed had been
an astatic magnetometer, with sensitivity able
to measure what would now be regarded as
strongly magnetized rocks. A second magnetometer, more sensitive and adequate for sedimentary rocks, had then been added to the same
building. Subsequent equipment was intended
for demagnetization purposes. The objective was
to remove unwanted secondary magnetizations
of recent origin, leaving the original (primary)
magnetization to be measured. Extensions to the
hut were needed to house this new equipment.

The new wing of 1959
In 1959 the first extension was added to the Irving hut. It was built east-west, extending west
from the northern end of the hut. Intended to hold
equipment that would require Helmholtz coils to
nullify the ambient geomagnetic field, the design
took into account the spacing of such coils at sufficient distances from existing magnetometers to
make mutual interference negligible.

The AF demagnetizer
In the 1959 wing, first an alternating magneticfield (AF) demagnetizer was constructed,
following one constructed at King’s College,
Newcastle, England, where K.M. Creer was now
pursuing paleomagnetic research.52 The device
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Figure 9. Photograph of the thermal demagnetization apparatus from Robertson, op. cit. (n. 53), p. 46,
showing specimens in the oven with the insulating jacket raised, the nulling coils and the controls.

had a two-axis tumbler. Specimen and tumbler
were held in position and an AF coil, mounted
on a trolley, was pulled away slowly to ensure
smooth field reduction at the tumbling specimen. Such demagnetization had to be carried
out in field-free space, and for this purpose selfsupporting square coils were built and installed,
to oppose Earth’s ambient magnetic field.
Peter Stott (Irving’s second research student, recruited like Green from the BMR) constructed the AF coil and power supply, and Irving
copied the mechanical tumbler from the Newcastle example. Frank D. Stacey, who had commenced a research fellowship in the Department
of Geophysics in 1956, developed a theoretical
understanding of what happened during the AF
demagnetization of a rock specimen.

Thermal demagnetizer
While the AF demagnetizer followed an example
from elsewhere, the thermal demagnetizer, built
next in the 1959 extension, was an original ANU
development. Various small furnaces for thermal
demagnetization work had been built, but no-one
had yet built a system that would demagnetize
specimens in bulk in a routine way for standard
paleomagnetic surveys.
The ‘degaussing’ coils required for the thermal demagnetizer were built by William A.

Robertson, who also came as a student from
the BMR. Robertson then incorporated thermal
demagnetization in his research.53 Because of
the high temperatures involved, the coil formers, which were square, were built of aluminium
rather than wood. As in the AF system, the specimens were stationary and the furnace was lifted
off upwards.
The design of the ‘muffle’ furnace itself originated from much discussion with F. C. James,
head of the main Physics School workshop, and
was constructed by R. Mulcaster. The heating
element was non-inductively wound and surrounded by reflective metal baffles separated by
air spaces. The inner two baffles were copper
and the outer three aluminium. The specimens
were held on a copper stand spaced about their
dimensions apart to avoid magnetic interference. The stand was surrounded by a removable copper pot that ensured that heating was
uniform; the stand held twenty specimens of
dimension 3.5 cm in both diameter and height.
The furnace was lowered and raised with a
counterweight, and temperatures were measured
with a thermocouple. It was found that 300◦ C
was a sufficient temperature to remove field viscous remanent magnetization (VRM) in most
rocks. A photograph of the apparatus is shown in
Figure 9.
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The system was used for step-wise demagnetization. An early success showed the collapse
of smeared distributions in sedimentary rocks
when the thermal demagnetization removed
recent VRM.

Consolidating the Mesozoic APW path
In the late 1950s, facilities for the dating of rocks
were under development at ANU. Up until this
time, ages of rocks were based on the traditional
geological methods of sedimentary succession.
But beginning in 1960, the various intrusions
from eastern Australia, which had been sampled
for paleomagnetic purposes and were known on
standard geological grounds to be Jurassic or
Cretaceous, had their ages fixed accurately by
K–Ar radiometric dating. In addition to being
placed on a more secure age footing, these Mesozoic paleomagnetic results also now had the
benefit of demagnetization studies.
Thus coverage of the Mesozoic from midTriassic to mid-Cretaceous was as or more comprehensive than for any other continent at the
time. Empirically there was no doubt the difference between the APW paths shown on Figure 8
was real. Continental drift as a geological
phenomenon which had occurred was strongly
supported by these additional and improved
results. Some results (Tasmanian dolerites and
Narrabeen mudstones) were later shown to be
affected by Cretaceous overprint,54 but such
magnetizations were nevertheless Mesozoic and
the great discrepancy (>60◦ ) with Mesozoic
poles from the Northern hemisphere held.

reversed magnetizations in rocks were due to
geomagnetic field reversals, and not some other
cause.
The time of reversal was named the ‘Kiaman’ (and subsequently termed a ‘superchron’)
after the location at the ‘Blowhole Flow’ at
Kiama, where W. R. Browne had in the mid1920s collected a sample in response to the
request by Paul L. Mercanton in France to
T. W. Edgeworth David, then at the University
of Sydney. Mercanton in 1926 had found the
magnetization to be reversed. Thus by chance
Browne, collecting a rock for testing for reversed
magnetization, had not only collected one that
was indeed reversed, but he had collected an
extreme example in the sense of its having come
from the ‘superchron’.
Irving regarded it to be his great good fortune to be personally guided by Browne to
many of his collecting localities. Browne was
perhaps the best informed Australian geologist of his time, as he had just edited and
supplemented the three volumes of David’s
Geology of the Commonwealth of Australia55 on
behalf of its now deceased author. Especially,
Browne had great familiarity with the Carboniferous to Triassic geology of the east coast of
Australia.
It is also significant that defining ‘the Kiaman’ on the basis of magnetic polarity broke
new ground in the development of geological
time-scales, which had hitherto been based on
the traditional tools of fossil identification and
stratigraphic superposition.

Antarctic work
Consolidating the Permian and Late
Carboniferous results: the Kiaman
More work on the New South Wales east
coast, supported by demagnetization techniques,
revealed that there was a long period for which
the magnetic field had remained reversed. Further, this phenomenon was evident globally in a
compilation of data from the Late Carboniferous
to the Late Permian. This result was significant
not only in discovering a time of tens of millions
of years for which Earth’s magnetic field was
unchanged in polarity, but also for showing that
the reversal of the field during all this time was
global. The discovery of the period of reversed
field, globally, carried the strong implication that

Extending the work to another suspected Gondwana fragment, three studies of Antarctic rocks
were made in Canberra at this time. Two in the
late 1950s56 were of rocks from an extensive
collection by Colin Bull of Victoria University
of Wellington, New Zealand. Bull, who visited
ANU for several weeks in mid-1959, had collected Antarctic rocks in the summer of 1958–9.
The site of his collection was the Dry Valleys of
South Victoria Land, the largest rock exposures
on the Antarctic continent. A smaller Antarctic
rock collection, of R. L. Oliver, was studied in
the early 1960s by Briden.57
The prime aim of Bull’s collection was
the Ferrar Dolerite, the Antarctic equivalent of
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the huge sills that intruded the basement and
overlying beds of the Gondwana system in all
southern continents with the break-up of Gondwanaland, and of which the Tasmanian dolerites
were a part. Taking into a comparison results
from the Karroo rocks of southern Africa and
the Rajmahal traps from India, the pole results
for the dolerites of the southern continents were
widely scattered, and agreed better on a reconstructed Gondwanaland.

Work on the Pacific Islands
In a major new initiative, a paleomagnetic study
of the Pacific Islands was addressed by Donald
H. Tarling, who arrived in September 1959 as
a research student from England. Tarling first
studied the paleomagnetism of the Aden volcanic pile (Aden had been a convenient sampling
stop on his voyage to Australia by ship), and
with Irving demonstrated a 7◦ rotation of the
Arabian peninsula58 consistent with a prediction
by Carey.59
Tarling then addressed eight island groups
in the Pacific Basin, an area covering one-third
of the surface of Earth. The eight island groups
were Hawaii, Society, Cook, Samoa, Tonga, New
Hebrides, Fiji and New Caledonia.60
That the Pacific Islands were all geologically young meant that Tarling was led to study
characterisitics of the geomagnetic field over
the limited time-scale of the last several million
years. It was expected that during this geologically short recent interval, neither classical polar
wander (if any) nor continental drift (if any)
would have affected the observed paleomagnetic
results.
Clear of the possible complications of polar
wander or continental drift, Tarling was thus able
to concentrate on the evidence he found for his
paleomagnetic results fitting a GAD model of the
main geomagnetic field. Especially, he obtained
a clear picture of the most recent geomagnetic
reversal.
Notably, Tarling found Pleistocene sites with
‘normal’ magnetic polarity in the New Hebrides,
and with a mean pole position that agreed
with the present GAD. He found ‘normal’ and
‘reversed’ sites on both Samoa61 and Hawaii.62
Tarling63 pointed out that paleomagnetic
reversals allowed polarity zones to be used
as marker horizons in the Pacific Basin, to
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supplement standard stratigraphic marker horizons that were otherwise imprecise or missing.
This concept developed by Tarling, of an interisland correlation of a prominent magnetic
field reversal, was significant, even though the
original application of it in Samoa was later
corrected.64
Ian McDougall, who was working on isotopic dating methods in the Department of Geophysics, at the same time collected lavas from
Hawaii for dating purposes. McDougall and
Tarling in collaboration produced evidence to
determine the age of the last geomagnetic reversal, about one million years ago.65 This result
was most significant in that the demonstration
that reversals occurred in several places in the
world at the same time demanded that they be
a result of the main geomagnetic field itself
reversing. It was a well-documented and more
tightly-constrained version of the earlier result
for the Kiaman, which showed that the reversed
fields at that time were global.

1962: Second extension to the Irving hut
comprising new wings for studying
magnetization processes in sedimentary
rocks
Need for further extensions to the Irving hut
arose when initial experiments on sediment magnetization showed promising results.
Slump beds had been found with magnetizations parallel to those in enclosing bedded strata,
suggesting that after the slumping the detrital
magnetic grains rotated back into the magnetic
field direction while the sediment still had sufficient water content to allow them to do so.
This process of post-depositional grain rotation,
giving rise to ‘post-depositional detrital remanent magnetization’ (DRM) was a fresh field for
laboratory experimental research.
The results obtained in the preliminary
experiments were clear: grains of relevant sizes
rotated swiftly (overnight) into the magnetic
field direction, but these experiments referred
only to the case of grains randomized in zero
field followed by flooding as the field was
applied. The plan was to extend this work to other
depositional and post-depositional processes.
To accomodate such research, starting from
the western end of the earlier extensions, new
wings were constructed heading both west and
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Figure 10. Layout of the paleomagnetic laboratory showing approximate positions of the major instruments,
with the years marked for the various building additions.

north (magnetic bearings), in the shape of an
‘L’. This 1962 extension was constructed of concrete blocks. Figure 10 shows the layout of the
hut including the 1962 extension, and Figure 11
shows an aerial view of the hut in this, its final
stage of development.
Several glass settling-chambers were made to
study how the magnetic minerals in sediments
line themselves up with the ambient magnetic
field upon settling. Before the 1962 wings and
equipment came fully into use, however, a major
break in the work occurred when the paleomagnetic equipment and measurement activity was
shifted to a new building on Canberra’s Black
Mountain.

The Early Connections of
Paleomagnetism and Geochronology
at ANU
Initially, paleomagnetic results relied on dating
rocks by the classical geological methods of
stratigraphy and fossils, which was one reason
for paleomagnetic research to focus on sediments in the 1950s. Igneous rocks then were by
and large not well-dated. However the rarity in

Australia of sedimentary ‘red beds’ that were
not produced by deep weathering meant perforce a strong tendency for paleomagnetists to
sample igneous rocks. It was then found that
igneous rocks were excellent recorders of the
geomagnetic field and it was natural, when it
became possible to date them, to put sedimentary and igneous data together. Because of the
focus on mineral ages (especially K-Ar ages),
large-grained intrusive rocks were the first to
be dated, but later whole-rock dating (requiring
careful field and laboratory selection), especially
of mafic lavas, assumed greater importance for
paleomagnetic work. The collaborative work of
McDougall and Tarling mentioned above is an
example of the scientific benefits which thus
became possible.
At ANU there were three early points of contact between paleomagnetism and geochronology.
The first was a by-product of the BMR programme to date rocks by contract with the
Massachusetts Institute of Technology (MIT).
The BMR, very well aware of surface alteration,
routinely blasted outcrops to get fresh rock, samples of which were then despatched to MIT for
dating by the K-Ar method. Especially dates
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Figure 11. Aerial view of the Australian National University looking north, c.1962. Jaeger’s small hut (A)
is at the lower boundary of the photograph. Irving’s hut (B), with the series of extensions to the west and
north completed, is left of centre. Photograph provided by ANU Archives (code ANUA16-18).

thus obtained of Carboniferous and Devonian
intrusions to the west and south of Canberra were
useful for paleomagnetism.
The second point of contact between paleomagnetism and isotopic dating arose with the
1958 visit to ANU of Garniss H. Curtis from California. Curtis and Jack F. Evernden had built
a very good K-Ar isotopic dating laboratory
at Berkeley, California, based on a Reynolds
mass spectrometer. Their main interests were
hominid dates and the geological time scale.
Discussions with Curtis revealed common interests with paleomagnetists in obtaining rocks
with good stratigraphic control. For the isotopic daters, the purpose of such samples was to
determine numerical ages for the traditional geological time scale. For the paleomagnetists, the
purpose was to give ages to the points forming
the apparent wander path.
The third point of contact was between Evernden and John R. Richards of ANU. By the early

1960s Jaeger had decided, with BMR support,
to set up a geochronological laboratory in the
Department of Geophysics. A Reynolds mass
spectrometer was purchased, and installed in
Canberra by Evernden. Returning to Berkeley,
Evernden took for dating there many Australian
rocks which had good fossil control. Most of the
Australian rocks thus dated were from the BMR
collection. However there were also a significant
number from theANU paleomagnetic collection,
and the numerical ages obtained were of benefit
in Australia to both the isotopic dating and the
paleomagnetism projects.

Early Important Questions
A simple introduction to paleomagnetism has
been given above, to allow an appreciation of the
results of Figure 8 by a reader new to the subject. However, there were a number of important
questions, on which some notes follow, that were
of concern to the pioneers of paleomagnetism.
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Samples not tilted?
Rocks were collected ‘oriented’ by magnetic
compass and spirit level. There was the question of whether tectonic action might have tilted
a rock structure since the rock formed. As a control on this matter, field procedures at the time of
sampling measured the dips of sedimentary and
volcanic strata. Corrections for tilt could then be
made on the basis that such strata would have
been horizontal when originally formed.

Rock samples faithfully record the
direction of the original magnetizing field?
Paleomagnetism initially depended upon measuring the magnetization of rocks that were
strongly and stably magnetized and preserved the
direction of the magnetic field in which the rock
was formed.
A range of laboratory experiments and field
tests preceding the period covered by this paper
established the principle that a rock preserves
the direction of the magnetic field at the time it
is formed, and a review of the support for this
principle is given in the book by Irving.66 The
characteristic could also be tested by obtaining
repeatable results from rocks from a range of
sites of the same age. Thus the samples that gave
the Irving and Green results67 were generally
strongly and stably magnetized, and ‘overprinting’by secondary components was not a problem
regarding the main conclusions of that paper.
However, as experience in paleomagnetism
accumulated, the understanding of secondary
(later) components of magnetization, of various
origins, became more clear. Various techniques
such as AF demagnetization and thermal
demagnetization, described above, were developed to remove from a rock sample these secondary and unwanted components of magnetization.

Magnetostrictive effects?
An early criticism of paleomagnetic data was
based on a concern that cooling of an igneous
rock would impose stress, which would in turn
seriously deflect the direction of rock magnetization from the direction of the ambient Earth’s
magnetic field at the time.
Considerable effort was invested at ANU by
Frank D. Stacey and Peter Stott to address this
problem. Their experiments, some carried out

in the ‘mag hut’, studied the magnetization of
rock samples heated and cooled under an applied
stress. Stott and Stacey showed that the effect of
stress was negligible on the essentially isotropic
igneous rocks used for paleomagnetic surveys.
They published two influential papers68 which
essentially quelled further talk of major effects
from stress on the paleomagnetic case for drift.
Not that stress effects did not occur in some
rocks, they occurred in metamorphic rocks for
instance; but they did not occur in the magnetically isotropic rocks germane to the drift test.
The work by Stacey and Stott thus ended
the hostile attack on drift from rock physicists, and became a scientific contribution in
its own right.69 An outgrowth of the work of
Stacey’s group was a study of the magnetization
of meteorites.

Geocentric axial dipole as correct model
for the geomagnetic field?
It is well known that the magnetic poles of Earth
are not exactly coincident with the geographic
poles either for the present time or for the last
several hundred years for which the departure of
magnetic north from geographic north has been
measured.
However, early on in paleomagnetic research,
evidence was found from geologically recent
rocks that, when averaged over tens of thousands of years, the mean position of the magnetic
poles approximated the (known) geographic
pole. These rocks were sufficiently recent that no
polar wander or continental drift was shown by
their paleomagnetism. The quite youthful Newer
Volcanics results for Victoria were the first case
to show this to be so for the southern hemisphere, and there were earlier similar cases for
the northern hemisphere.
The geocentric axial dipole model was thus
used for the interpretation of paleomagnetic
results from earlier geological times. Then, as
paleomagnetic results accumulated, independent support for the GAD model came from
successful comparisons of paleolatitudes determined from paleomagnetism with paleolatitudes
indicated by paleontology and sedimentology.70
Extensive paleoclimatic studies formed part of
Briden’s thesis.71
Thus fossil plants and fauna that indicated warm conditions were consistent with low
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paleolatitudes determined by paleomagnetism,
and quite wrong for present latitudes. That is,
the assumptions of a GAD and latitude zoning
were endlessly testable, and in the event always
passed such tests very easily and beyond serious
dispute.72

The paleosecular variation
Arising from the adoption of the GAD model
are the paleomagnetically observed departures
of the geomagnetic field from the GAD form.
The variation of these departures with time are
known as the secular variation. That the geomagnetic field on average should have a GAD form
is equivalent to assuming that, on average, the
secular variation effect on paleomagnetic pole
determinations averages out.
In the early period of paleomagnetic research
at ANU, paleosecular variation received a great
deal of attention. It was an observable characteristic of the main magnetic field of Earth, the
origin of which was a fundamental problem of
physics. In particular it was from data showing the secular variation that paleomagnetic pole
positions were determined, and the approach
emerged of using the dispersion of directions
within a rock unit to give a statistical model of
the paleomagnetic field.
A related question was whether the apparent
polar wander observed in paleomagnetic data
had the form of a random walk. These matters
generally are part of the larger question of the
general form of the geomagnetic field in the past,
and how it may be described using the (mainly)
statistical data of paleomagnetism. The Tasmanian drill core No. 5001 was studied for secular
variation recorded as the rock (initially intruded
as a liquid) solidified and cooled through the
temperature at which it became magnetized.
There was evidence that the core recorded a secular variation oscillation of period some hundreds
of years.

Magnetic reversals
Perhaps the greatest difficulty in the work of
paleomagnetists at the time was the frequent
discovery of rocks with reverse magnetization.
Later, the demonstration that such reversed periods occurred simultaneously world-wide would
demand their acceptance, and give them a fundamental place in the sea-floor spreading hypothesis. Later also, it was more clearly realized
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from dynamo theory that reversed magnetizations might be expected to be found as commonly as normal magnetizations. For Irving and
Green, however, it was a matter of accepting that
rocks with reversed magnetization represented
something not clearly understood.73
Part of the debate at the time regarding reversals concerned whether (if they occurred at
all) they were periodic with time. However the
Kiaman results showed a long period (50 Myr)
without changes.

Some Other Matters
Ronald A. Fisher, Geoffrey S. Watson
and statistics
The paleomagnetic results required a statistical
basis for their analysis, and here a very productive collaboration was formed at ANU by Irving
with Geoffrey S. Watson. Watson was familiar
with the work of Ronald A. Fisher, who earlier
had published on the statistical basis of paleomagnetic results, stimulated to do so by the early
paleomagnetic data obtained by Jan Hospers of
the Cambridge group in England.
In this early paper Fisher74 discussed Hosper’s first data and advised on mean, precision
and error for pole position determination. This
first approach to the problem compared experimentally determined paleomagnetic pole positions with directions known with essentially zero
error, such as the present geomagnetic field
direction, or the direction of an axial dipole.
Watson, who wished to become a statistician associated with paleomagnetism, further
developed the theory for the comparison of two
populations each with substantial dispersion. He
covered points that included how to compare
estimates of precision, and how to test for randomness. The paper by Watson and Irving75 then
presented material basic to the important matter of the statistical analysis of paleomagnetic
results.
The early paleomagnetic work with European
rocks had generally produced low paleolatitudes.
A fundamental point faced by Irving, now in
Australia and finding high paleolatitudes, was
that more samples were needed to obtain poles
with the same accuracy. The reason can be seen
in the characteristics of eq (1) where as latitude
λ increases, the sensitivity of λ to changes in I is
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increased (by up to a factor of four, from equator
to pole).

Samuel Warren Carey, continental drift,
and expanding Earth
The importance of the influence of Samuel
Warren Carey of the University of Tasmania on the development of paleomagnetism
at ANU has been emphasized above.76 The
ANU Department of Geophysics report for
1952 notes Carey as a Visiting Reader for one
year from 1 November 1952, working on geological aspects of the flow of rocks and in particular on problems associated with the theory of
continental drift.
Carey was a strong advocate of continental
drift. In 1956 he held a symposium in Hobart
at which he presented fits of the continents
as reconstructions of Pangea and Gondwana.77
These reconstructions were based on physical
models of continental shapes which, significantly, did not stop at coast lines but also included
continental shelves. These reconstructions were
important for Irving in his testing of them
with paleomagnetic data,78 tests that effectively
confirmed their predictions.
Realizing that the continental break-up and
drift that he postulated for the surface crust of the
Earth required action of the ocean floors, Carey
had further developed a theory that the interior
of the Earth was expanding.79 It was recognized
that paleomagnetism could in principle provide
a test of such Earth expansion, which indeed it
would be fundamental to understand in any interpretation of paleomagnetic data. Martin A. Ward,
a research assistant working with Irving, developed a procedure (‘Ward’s method’) for monitoring the dispersion of paleopoles as Earth’s radius,
in the calculations, was changed. Continents
were regarded as blocks of fixed size, that is,
expansion in the model occurred below the crust.
The result of this research was minimum dispersion for Earth radius equal to the present
radius, for several different epochs.80 That is,
Earth’s radius has remained unchanged since the
Late Paleozoic, in disagreement with Carey’s
proposal. However Carey’s great successes with
his continental reconstructions based on continental drift should not be understated. Perhaps
the most celebrated example is his 1956 closing
of the South Atlantic Ocean, with Bullard’s later
computer-guided fit giving a similar result.81

Carey’s year in the Department of Geophysics
in 1953 was also significant in his contacts with
Mervyn S. Paterson, who on 1 June 1953 took
up a Senior Research Fellowship to work on the
mechanism of deformation of metal and rock
crystals. Paterson was new to geology, and his
engineering experience of flow in metals made
him sympathetic to Carey’s enthusiasm for flow
in rocks to explain mountain building, and to
Carey’s concept of ‘rheid’ material in which
plastic flow was possible.
As Paterson recalls:82
… Carey was on study leave in the Department
of Geophysics and was here at the time I took up
my appointment in June 1953. He was very busy
with moving maps around on a large sphere that
I think he had made at ANU. One of the things
I remember is his idea of oroclines, associated with concluding that the Iberian peninsula
had rotated substantially relative to the rest of
Europe. However, the discussion closest to my
interest concerned the rheology of the earth.
One of the main arguments against continental drift at the time was that the earth was rigid
rheologically and so drift was impossible; this
was Harold Jeffreys’ argument for many years
(I think he admitted in his nineties that there
might be some creep possible). However, Sam
already had the idea that the earth was a ‘rheid’
in which plastic flow was possible. This was not
new since people like David Griggs and others
had been writing about non-elastic flow in rocks
in the 1930s. And as Griggs pointed out:
the theory that our mountain systems are the
result of convection currents has been the
subject of much discussion by European
geologists, but has received relatively little
attention in this country.83
I was probably not yet aware of all this literature but the idea of flow in rocks was not alien to
me because of my familiarity with flow in metals. I remember writing, for Carey, Andrade’s
equation containing the various components of
non-elastic deformation that might arise; this
equation re-appears in his paper.84 So in the
Department of Geophysics we had no difficulty with the notion that flow in the earth
could accommodate the relative movement of
continents, in spite of Harold Jeffreys.85
… I recall very clearly that at the time of my
visit to UCLA for three months in 1956 I was
convinced about continental drift through exposure to Irving and Carey, but in the US nobody
would have a bar of it; it was total heresy.
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David A. Brown and further paleolatitude
work
It was significant that in 1958 David A. Brown,
a paleontologist, was appointed to the Foundation Chair of Geology in the School of
General Studies at the Australian National
University.86 Brown, in part due to his New
Zealand background and the evidence of active
tectonics in that country such as the lateral
movement of the great Alpine Fault, was also
a supporter of continental drift.
Brown was thus good company for Irving’s
research group. In an email to Irving dated 2002,
Brown recalled the visit to Canberra of English
geophysicist Harold Jeffreys in September 1959:
When we came to Canberra in 1959 for me to
set up the Department of Geology in the then
Canberra University College, I found views in
regard to C.D. pretty much as you describe them
in your first page, though I’m surprised to learn
that Jaeger was a ‘fence-sitter’rather then ‘anti’.
I should have thought he, as a geophysicist
and applied mathematician, would have been
an ardent disciple of Sir Harold Jeffreys and
his ‘15-degree misfit in the latitudes across the
South Atlantic’. When Sir Harold visited the
then Dept of Geophysics in Canberra — and
mentioned, with scorn, the subject of ‘C Drift’
in his lecture, I had the ‘nerve’ to ask him if he
had ever heard of Sam Carey’s work on the subject, using a gnomonic diagram of the world,
rather than a Mercator projection. This turned
most of the heads in the audience in front of
me, as if to say, ‘Who is that b-nutter and what’s
he ranting about?’ Sir Harold’s response was:
I have never read any of Professor Carey’s
work and I don’t intend to in the future.

As remarked above, Carey on that point has
been proved correct!
Irving and Brown later collaborated on the
paper87 which studies labryinthodonts, late Paleozoic to Triassic fresh-water amphibians that
are continuous across the Paleozoic/Mesozoic
boundary. These creatures show a strong preference for low latitudes in the Permian when there
were strong polar glaciations, but less so in the
Triassic when there was no evidence of permanent or glacial ice at sea-level. This case remains
a good illustration of the change from polar
glacial (icehouse) to non-glacial (greenhouse)
Earth at the Paleozoic/Mesozoic boundary. It
was a very early documentation by independent
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physical methods of a change in global climate
regime, and is regarded as an excellent example
of the combination of paleomagnetic results and
paleontology.

The fixist versus mobilist debate, and Karl
Popper at ANU
By the early 1960s, when Irving received an invitation to write the book that would become his
1964 treatise, the paleomagnetic evidence for
continental drift had initiated a major debate,
essentially a battle of continental mobilism
against fixism, the outcome of which affected all
earth sciences. It concerned topics right across
the earth sciences—continental drift, regional
structure, stratigraphy, a whole array of problems
right across geology and geophysics.
By good fortune there happened at ANU
in 1963, organised by John C. Eccles, a series
of seminars on scientific method given by the
philosopher Karl Popper. Irving found the lectures a revelation, an answer to his activities and
results over the last decade.
Irving saw more clearly how he had been
carrying out experiments that could disprove
continental drift. If all APW paths had been
identical, that would have ended the argument
in favour of fixism. That the APW paths were
not identical did not prove drift, it simply
meant that drift had survived what could now
be recognised as its first successful physical
test—a test fully and unequivocally capable of
disproving drift. In addition there were other
tests of continental drift, such as paleoclimatic
and tectonic, that could be framed along the
same lines.
Of exceptional usefulness to Irving was
Popper’s demarkation criterion, namely that
hypotheses are scientific only if they are testable
and capable of disproof. Critics of paleomagnetic results had often claimed that paleomagnetic results counted for nothing if the Earth’s
main magnetic field had in fact not been
of the simple dipole form described in Figure 2, but instead had been ‘non-dipolar’. For a
‘non-dipole’main magnetic field, paleomagnetic
poles as determined would not be geographic
poles.
In Popper’s terms88 Irving could now counter
the effect of the insidious repetition of such nondipole criticisms by labelling such ‘hypotheses’
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as unscientific, for they could not be disproved
by testing. More generally, following the influence of Popper, Irving framed the whole paleomagnetic drift test, and his book, in terms of
hypothesis testing.
It is an indication of the collegiality of ANU
at the time that Irving was aware that the anthropologist Derek Freeman also attended Popper’s
lectures, and later dedicated his book on Samoa
to Popper.89 Collegial friendships in the new
ANU arose partly because it was a small community, and indeed Canberra was a small community. Also, an important part was played in
the social life of the university by University
House,90 where Irving resided for his first years
in Canberra.

George Halford helped drill and slice samples
to produce cylinders of rock for paleomagnetic
measurement.
E. H. (‘Snowy’) Pedersen helped W. A.
Robertson with field work (especially blasting
rock to get fresh exposures).
Neil D. Opdyke visited in 1960 and worked
on rocks from America.
E.A. (‘Kip’) Manwaring studied Recent lavas
collected in Papua New Guinea in 1963.
Geologists who contributed to the Australian
paleomagnetic rock collection included (from
the BMR) N. Mackay, A. A. Öpik, M. A. Randall
and R. Stuart; (from the Geological Survey of
Western Australia) H. A. Ellis and L. de la
Hunty; and (from the University of Queensland)
I. Macleod.

Other contributions
Others who may be identified as having played
important parts in this early, relatively small
group of people include the following:
George Mezey built the Irving hut.
S. W. Carey and Max R. Banks advised on
Irving’s 1955 dolerite collection in Tasmania.
Owen P. Singleton of the University of
Melbourne advised on the Cenozoic Volcanics of
Victoria. He also advised on the Upper Devonian,
mainly felsitic, lavas of northeast Victoria, which
were well-dated by fossil fish.
Alan H. Voisey, Kenneth S. W. Campbell
and Keith A. W. Crook from the University of
New England advised on the geology of northern New South Wales. Crook offered a chemical
explanation for the red colouration in apparently
high-latitude Carboniferous varves.
J. H. (‘Gus’) Angus played a major part in the
assembly and commissioning of the first igneous
direct-read magnetometer. In particular he made
the case and goniometer for this instrument.
W. (‘Bill’) Barneveld played a leading role in
the design and manufacture of parts for the second high-sensitivity sedimentary magnetometer.
In particular, he machined high-coercivity ferroxdur material to make magnets for the astatic
magnetometers, and designed a highly effective
device to clamp the magnets in the astatic system.Another device he designed manipulated the
rock specimens being measured.
Peter Darling built de-gaussing coils for the
igneous magnetometer, and glued plywood arcs
for the coil formers.

Subsequent Developments: Post-1964
For reasons to do with new buildings and facilities planned for the ANU grounds, in 1964
the paleomagnetic measurements and equipment were moved some 1.5 km to the northwest.
Figure 12 is a photograph of the hut as it was
thus vacated.
The new site, found by Irving, was the floor
of an old sandstone quarry on Black Mountain,
which satisfied the criteria of being remote
and undisturbed magnetically. There, again to a
design by Irving, a new building was constructed
in the shape of a cross, with sufficient distance
between the ends of the cross to minimize interference between the various sets of degaussing
coils. The new building was constructed of concrete block masonry, and was larger than the one
thus vacated on the main ANU grounds. It was
completed early in 1964.
Irving, however, in 1964 resigned from the
ANU as a Senior Fellow to further his career
in Canada, and the commissioning of the new
laboratory at Black Mountain became the task
of Francois H. Chamalaun. Chamalaun commenced a research fellowship at ANU in 1964,
having arrived from England where he had been
a research student of Creer at the University
at Newcastle upon Tyne. In the commissioning
of the Black Mountain laboratory, Chamalaun
was greatly assisted by Alan Major, who had
also come from Newcastle upon Tyne, replacing
Martin Ward.
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Figure 12. The Irving hut with all extensions completed. The view is looking northeast across the
recently-filled Lake Burley Griffin, where the lake has transgressed into the university grounds, flooding Sullivans Creek. The photograph is dated 5 October 1965, by which time paleomagnetic activity had transferred
to the 1964 Black Mountain laboratory. Photograph provided by ANU Archives (code ANUA15/69).

At the time of writing, the 1964 Black
Mountain Laboratory is still in use, extended
and modified in turn, and a great deal of
national and international science has been
achieved there, beyond the scope of this paper.
Various books and papers distill much of the
science of the era that followed the pioneering
phase of fifty years ago, described in this paper.91
A recent issue of the Australian Journal of Earth
Sciences92 pays tribute to the contributions to
paleomagnetism of Michael W. McElhinny and
Phillip L. McFadden. Current paleomagnetic
research at the Black Mountain Laboratory concerns particularly environmental science.
From 1972, the site of the 1955 Irving hut
was occupied by the new Research School of
Biological Sciences (RSBS) of the Australian
National University. The RSBS foundation stone
was laid on 14 November 1970, and the building was formally opened on 10 November 1972.
Due probably to their masonry construction, the
1962 wings of the Irving hut survived the earlier
wings for some decades. Known as ‘the old mag
hut’, these 1962 wings were used as part of the
RSBS buildings.
However in 2010 these wings too were
demolished, to allow the construction of

glass-houses. A plaque celebrating the fifty-year
anniversary of the publication by Irving and
Green had been unveiled on 28 October 2008
on the west end of the 1962 wings by the President of the Australian Academy of Science, Kurt
Lambeck. This plaque is shown in Figure 13. In
August 2011, it was moved to a position on a
wall in the RSBS entry foyer, not far from the
original position of the hut shown in Figure 5.
Photographs of Irving and Green taken in 2008
are shown in Figure 14.

Conclusion
The continental drift story at the mid-twentiethcentury ANU is an extraordinary phenomenon
from many points of view. Perhaps a remarkable
point is the refusal by prominent geologists
of the day to accept with any kind of open
mind the paleomagnetic evidence for continental drift. This attitude was common around the
world, especially in America. However it should
be recognised that in Australia also, leading
geologists opposed the idea of drift. Theories
involving land bridges across oceans, for example, were favored to explain observed biological
distributions.
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Figure 13. The plaque celebrating the fifty-year anniversary of the publication of the paper by Irving and
Green, op. cit. (n. 50).

Put simply, it may be that while the ideas
of continents ‘drifting’ seemed outrageous to
geologists whose science had been built for centuries on the basis of a strong solid Earth, the
geomagnetic field seemed somewhat mystical
with its unknown origin and somewhat intangible
properties. Thus for some it was straightforward to assign the apparent contradictions with
geology of the paleomagnetic results to some
imperfect knowledge of geomagnetism in its
widest sense, especially if the geomagnetic field
itself was a quantity one did not feel completely
confident in understanding. It was thus geophysicists, more confident and competent in handling
magnetic results, who made major contributions
in firmly steering the continental drift ship home
to port.
But they were remarkable circumstances that
brought the geophysicist Jaeger, not steeped in
classical geology and thus perhaps not prejudiced by it, to ANU from Hobart where he had

been influenced by the free-thinking and creative
geologist Carey. That Jaeger could keep an open
mind perhaps came from his lack of geology;
also geomagnetism was very much a classical
topic of applied mathematics and geophysics.
It was notable too that Brown at ANU was a
supporter of drift.
When in the 1960s ‘seafloor spreading’ was
postulated, invoking further large and varied
data-sets, there was not the accumulated opposition from ‘fixists’ that the paleomagnetic evidence for continental drift had encountered. Not
that seafloor spreading was accepted without
much spirited debate, but the ideas it involved
perhaps fell upon less prejudiced ears, as the
seafloor was far less-well known geologically.
A final word regarding paleomagnetism, lest
it seem surpassed by the subsequent developments of plate tectonics, is that paleomagnetism remains able to yield information from
further back in Earth’s history. Plate tectonics
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Figure 14. Edward Irving (left) and Ronald Green (right). The photographs were taken in 2008, of Irving
at his home on Vancouver Island, Canada, and of Green at the plaque ceremony at the ‘old mag hut’ in
Canberra.

as commonly practised is limited by the age
of the oldest surviving ocean floor, which is
some 250 million years. Paleomagnetic measurements, however, can reach back ten times as
far, gleaning information from some of Earth’s
oldest rocks.

Appendix: The ANU Annual Reports
for 1952–1964
Excerpts from the Reports of the Council of the
Australian National University for the period are
given in this Appendix.
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Department of Geophysics. General Policy. It is
hoped to build the Department into one which
will combine the subjects which are fundamental in the study of the behaviour of the Earth
and its materials, namely mathematics, physics,
petrology and crustal physics, with a knowledge
of field behaviour in limited regions …
… Mechanical and physical properties of
rocks. … Work on the magnetic properties of
rocks has always been contemplated and is now
being begun …
Geotectonics. Professor S. W. Carey, Professor of Geology in the University of Tasmania,
is spending a sabbatical leave in the Department. He is working on geological aspects of
the flow of rocks and in particular on problems
associated with the theory of Continental Drift.
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1953
Magnetic measurements.- A large number of
preliminary measurements of the susceptibility
and remanent magnetism of igneous rocks has
been made with rather crude apparatus. The
results have been encouraging, and it is proposed to design and build more sensitive apparatus.

1954
Professor Jaeger has made an extensive study
of the magnetic properties of dolerites and with
Dr. Joplin has used these to study the processes
involved in the emplacement of dolerite sills.
With Mr. E. Irving, who has just joined the
department as a Research Fellow, a systematic
study of rock magnetism in Australia will be
commenced.

1955
A non-magnetic hut, built without the use of
iron, has been erected on an isolated site beyond
Sullivan’s Creek, as far as possible from sources
of magnetic disturbance. This is for measurements on rock-magnetism carried out by the
Department of Geophysics.
…
A special non-magnetic hut has been built for
the work on rock magnetism; it will house two
sets of measuring equipment, of which one is
now in operation and the other almost complete.
A comprehensive survey of the direction of the
Earth’s magnetic field in Australia throughout
geologic time is planned, and substantial collections have already been made. The first results
to be completed show that in the Jurassic Age
Tasmania was very near the South Pole. The
fact that this result is inconsistent with similar measurements made on rocks of the same
age in England probably indicates that relative
movement of continents has occurred.

1956
The astatic magnetometer for measuring the
magnetic properties of sedimentary rocks has
now been completed, following the bringing into
operation of the instrument for igneous rocks
last year. Its sensitivity is slightly greater than
that of previous instruments of this type and it
appears to be more stable than other models. A
survey of the mean position of the magnetic pole
in former geologic ages is in progress. Results
for the Upper Basalts of Victoria (Recent to
Pliocene) show a mean position identical with
the present geographical pole. These rocks also

frequently show the unexplained phenomenon
of ‘reversals’, that is, magnetization in precisely
the opposite direction to most contemporary
rocks. The north-east part of Melbourne rests
on basalt with reversed magnetization.
For the Lower Victorian Basalts (Lower Tertiary) the pole is inAntarctica (Wilkes Land) and
the Kuttung Volcanics (Upper Carboniferous) of
the Hunter Valley give a pole in Tasmania. These
results and those obtained previously suggest
that in the past 200 million years the latitude
of Southern Australia has changed from a high
value of 70◦ to 80◦ to its present intermediate
one. The fact that the pole positions for preMiocene rocks in Australia are very different
from those for English and North American
rocks suggests that relative movement between
Australia and these two continents has also taken
place.

1957
Work has been concentrated on determining the
position of the magnetic axis of the Earth in
as many former geological ages as possible.
Rocks of thirteen different ages ranging from
Recent to Upper Proterozoic have now been
studied from which a tentative curve of ‘polar
wandering’ has been constructed. The only such
curves which have been available hitherto are
those from England and North America. The
results suggest that south-east Australia was in
quite high latitudes from the Carboniferous to
the Jurassic and also, for a time, in the Upper
Proterozoic, while from Cambrian to Silurian
times it was in low or equatorial latitudes. Much
more work is needed to make these preliminary
results more precise.
A method has been developed for studying
the relatively rapid variation of the Earth’s magnetic field (secular variation) in former geologic
times by calculation of the progress of the Curie
point through a cooling silll.
Magnetic and density measurements have
been used to study the structure and depth of
dolerite talus slopes. This work may possibly be
of considerable economic importance.
Apparatus for studying the magnetic properties of rocks and minerals at elevated temperatures has been completed. It has been used, so
far, in a study of the magnetic properies of the
calcsilicate rocks at the Mt. Isa region.

1958
The survey, now four years old, of the palaeomagnetism of rock formations in Australia, has
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been extended with further work in the PreCambrian, Cambrian, Silurian, Devonian, Carboniferous and Permian, and the pattern of polar
movements relative to Australia in the remote
past is becoming clearer. It has been shown that
the results from any one land-mass when considered as a time sequence have the form of a
random-walk on a sphere. The results from different continents do not however agree and this
may be attributed to large scale relative continental movements at a rate of the order of
10 cms. per year. A method of predicting past
continental positions has been devised.
An a.c. demagnetizing apparatus for removing the unwanted secondary magnetization in
rocks has been completed.
A spinner magnetometer for heated rock
specimens has been completed and has been
in use for several months. Thermal demagnetization experiments with this equipment have
revealed several different types of behaviour
in various Australian igneous rocks, some
of which have demonstrably stable thermoremanent magnetization while in others the
results are complicated by secondary magnetic moments which make them unsuitable for
direct palaeomagnetic work. Stable magnetic
moments of apparently thermal origin have also
been found in two secondary meteorites, which
are thought to have remained cold throughout
their formation and subsequent history.
Some progress has been made towards a
theoretical explanation of the magnetic properties of rocks in terms of a multidomain
structure of the ferromagnetic minerals. Data
on thermoremanence and coercive force give
quantitative agreement with this picture.
A direct experiment has been made in which
rocks are cooled from a high temperature in a
magnetic field while under stress. Experiments
on a wide range of igneous rocks which have
been used for palaeomagnetic work in Australia show that these become magnetized in
the direction of the field in which they cool,
being negligibly affected by stress. This experiment is of considerable importance since it
has been suggested that magnetostrictive effects
might invalidate some of the conclusions of
palaeomagnetism.
The use of magnetic measurements to determine whether rock in or near talus slopes is in
situ or has moved slightly has been developed
further. This work, which has been done in collaboration with the Hydro-Electric Commission
of Tasmania has been of value in predicting
rock conditions likely to be encountered in
underground excavations.
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1959
The survey of palaeomagnetic directions ofAustralian rock formations has been continued.
Work on the Tertiary, Permian and Carboniferous of New South Wales is well under way. Work
has commenced on granite and other intrusions
of ages varying from Devonian to Tertiary. In
addition to this work on Australian rock formations, studies are also being made on rocks from
Aden, Scotland, North America and Antarctica,
the latter in collaboration with Dr. Bull from the
Victoria University of Wellington. The Antarctic
results, the first from this continent, are interesting in that they give results consistent with
the hypothesis of continental drift which suggests that Antarctica and Australia once formed
a single land mass with the other Southern continents. The Aden results, which are from rocks
of Recent or Quaternary age, confirm that the
earth’s field has been approximately a dipole in
recent times and also provide evidence of reversals of polarity in this field. This is the first
confirmation from low latitudes of these two
features of the Earth’s main field.
Equipment has been expanded considerably; the alternating current ‘washer’ has been
in operation for some time and the thermal
‘washer’ should be completed next year. An
intensive laboratory study of the important
question of stability of rock magnetism is being
made, in particular the connexion between stability under field and laboratory tests is being
studied.

1960
The year’s work has consisted chiefly of the continued development of laboratory techniques
for studying magnetic instability in rocks. Both
thermal and alternating current demagnetising
apparatus has been completed and is in full operation. The main technical problems have now
been solved, with the result that either igneous
or sedimentary rocks, which possess unstable magnetic components of magnetization, not
greatly in excess of their stable components, can
be satisfactorily treated. This increases the number of rock types available for palaeomagnetic
work by a factor of about ten.
Our old collections, and many new ones, have
been processed using these techniques, and the
path of polar movement relative to Australia
since the Lower Carboniferous is now well
established from a wide range of extrusive and
intrusive igneous rocks, as well as sediments.
A number of measurements on Antarctic rocks
has also been made.
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A study of the Aden Volcanics has been made
which suggests that the Red Sea originated as a
tensional rift.
A survey of rock magnetism in the Pacific
Islands has been undertaken, partly in order
to study the behaviour of the earth’s magnetic
field in geologically recent times, and partly
for tectonic studies. The first rocks to be measured, those from Samoa, confirm that reversals
in the earth’s field occurred at the base of the
Pleistocene.
It is proposed that an extended palaeomagnetic survey of Australia should be made
in collaboration with the Bureau of Mineral
Resources.
A translation has been made of the important
Russian work, ‘Palaeomagnetism and Stratigraphic Correlation’, by A.N. Khramov, and is
being produced by the Department.

1961
The survey of rock magnetism in the Pacific
Islands has been extended in two major field
excursions to the Hawaiian and New Guinea
groups.The measurement and analysis of results
is continuing. New results have also been
obtained for igneous rocks in Queensland and
New South Wales. The application of the previously developed methods for eliminating unstable magnetic components continues to be very
useful and more of the previous collections
of rocks have been re-studied. Other work
has included more measurements on Antarctic
rocks, bore cores for the Hydro-Electric Commission in Tasmania, and site testing for a new
magnetic observatory.
Following age determinations on rocks whose
magnetization had been previously studied, it is
likely that co-operation with the age group will
become increasingly important. Another avenue
of co-operation has been opened by the secondment of a geophysicist from the Bureau of
Mineral Resources to work on palaeomagnetism
of Australian rocks. In connection with this, a
third astatic magnetometer is being built.

1962
The Department of Geophysics … has maintained its high productivity in … the magnetic
properties of rocks, …

1963
In all, several hundred rocks were dated in 1963
by one or both of the potassium argon and
rubidium-strontium methods. Part of this work

is an Australian-wide survey in collaboration
with the Bureau of Mineral Resources, Geology
and Geophysics. One topic in which the laboratory has specialized is the dating of very recent
rocks, and, in particular, the dates of the last
two reversals of direction of the Earth’s magnetic field have been found to be one and 2.5
million years.
The Palaeomagnetic Laboratory-Geophysics,
a building under construction, has an estimated
date of completion of February 1964.

1964
… The palaeomagnetic laboratory has been
moved to its new site on Black Mountain.
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