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Palacomagnetic Evidence for the Transitional Behaviour
of the Geomagnetic Field
Peter Dagley and Eileen Lawley*

(Received 1973 September 17)t

Summary

A definition of transition intervals based on the definition of Normal,
Intermediate and Reversed pole positions proposed by Wilson, Dagley
and McCormack is used to select data for comparison with two models of
the transitional geomagnetic field. The data for twenty-three transition
intervals reported by various authors are reviewed.

The diversity of pole paths and common westerly trends lend support
to the model in which the non-dipole field becomes dominant during the
transition (Larson et al.). However, certain similarities and the sharp
east-west changes of longitude support a purely dipole model with an
independently inverting equatorial dipole but there is no common pole
path nor even a preferred sector of the globe as suggested by Creer and
Ispir. Neither model is preferred and a combination of a three-component
dipole and non-dipole fields may be needed.

Much evidence indicates that the field passes through a minimum
during a transition and the observed magnitudes suggest that the non-
dipole field decreases also.

A possible link between inversions and tectonic activity is suggested
by the detail recorded in some transitions while the fact that there are more
transitions from the reversed mode of the field than from the normal mode
implies that the two modes are not equally stable.

Introduction

Two basic models have been used to describe the behaviour of the geomagnetic
field during a polarity transition. In one the main dipole field remains axial but
decreases in strength during the transition so that the mon-dipole field becomes
dominant in the intermediate stages (see for example Larson, Watson & Jennings
1971). In the other model the non-dipole field remains a small part of the total field
but the dipole is considered to have two or three components the strength, polarity
and possibly orientation of which change during the transition (Creer & Ispir 1970a).

On the basis of the first model the paths of the Virtual Geomagnetic Poles (VGP)
for transitions would not be the same whether recorded at a different place at the same
time or the same place at a different time because of variations in the non-dipole
field. The second model, on the other hand, suggests that there could be strong
similarities between pole paths for the same transition seen anywhere on the Earth.

* Present address: C.E.G.B. Computing Branch, 85 Park Street, London, SE1.
t Received in original form 1972 December 22.
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580 P. Dagley and E. Lawley

In this paper we examine the evidence from reported transition intervals to deter-
mine the transitional behaviour of the geomagnetic field and to see if it is possible to
choose between the models.

We define a transition interval as a period during which the Earth’s magnetic
field inverts its polarity and is recorded by magnetizations which are intermediate
between Normal and Reversed. Normal, Intermediate and Reversed magnetizations
are defined as those for which the colatitude of the VGP is in the range 0 < 6 < 40°,
40° < 8 < 140° and 140° < B < 180° respectively as suggested by Wilson, Dagley &
McCormack (1972b). In order to be certain that the pole path is adequately delineated
only those sequences with three or more consecutive intermediately magnetized
specimens, between specimens of opposite polarity, are considered.

Observed transition intervals
(a) Eastern Iceland (Dagley et al. 1967)

Previously we had identified five transition intervals (Lawley 1969). Reappraisal
of the data using the new pole position criteria confirm that the six sequences
A031A-A039 (Fig. 1), BOO6C-B013, B022-027 (Fig. 2), C022-C027 (Fig. 3), LO12C-
020 (Fig. 4) and M007-MO013 (Fig. 5) are acceptable for analysis as transition intervals
(Table 1).

The site latitude for each of these six transitions is virtually the same (64°6 N,
345°-5 E) but the pole paths do not coincide (Figs 1-5). The differences may arise
because some steps of the transitions are not recorded or, since they occurred at
different times, the non-dipole field component may not have been the same for
each case.

180

Fig. 1. Palacomagnetic pole positions from a Tertiary transition interval, recorded

in A-section, Eastern Iceland. The limits of normal and reversed pole positions,

latitudes +50° N and —50° S are shown by dashed lines. Equal Area projection

centred at 0° latitude, 90° longitude. Full symbols in eastern hemisphere, open
symbols in western hemisphere.
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Transifional behaviour of the geomagnetic field

F1G. 2. Palaecomagnetic pole positions from Tertiary transitions interval recorded
in B-section, Eastern Iceland.

Fic. 3. Palaecomagnetic pole positions from a Tertiary transition interval in
C-section, Eastern Iceland.

581
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FiG. 4. Palacomagnetic pole positions from a Tertiary transition interval recorded
in L-section, Eastern Iceland.

FiG. 5. Palaeomagnetic pole positions from a Tertiary transition interval recorded
in M-section, Eastern Iceland. In this case the transition is preceded by a
Systematic Deviation (1L52-M7).
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Transitional behaviour of the geomagnetic field 583

However, we note that in all cases there are large ‘ swings’ of longitude, often
greater than 90° but less than 180°, in both eastward and westward senses. There also
appears to be a movement north westwards over either the East Pacific or the Americas
(longitudes 210°-285°), in each transition except B022-B027.

Measurements of magnetic induction for intermediately magnetized lavas (Lawley
1969, 1970) suggest that the total magnetic field decreases during a transition.

(b) Western Iceland (Sigurgeirsson 1957; Brynjolfsson 1957; Wilson et al. 1972c)

Sigurgeisson reported 45 lavas with intermediate directions (VGP latitude < 50°)
from four inversions (N, - R; - N; and R, = N, = R,) in a collection made in
Western Iceland. The R;—N; transition was studied in detail; it was made up of
24 samples and the sequence was judged to span a few thousand years from the
appearance of the lavas and lack of sediments (Fig. 6).

Brynjolfsson reports at least seven consecutive lavas with intermediate directions
showing a transition from Reversed to Normal in Iceland (Fig. 7); the pole path is
very similar to the Ry — N, transition reported by Sigurgeirsson and it is presumed
to be the same one.

This same transition has also been sampled by Wilson er al., Fig. 8. All these
R; — N, data show a strong westward movement in mid-latitudes for only a small
(~30°) change of latitude northward. The early part of the transition shows a large
shift of longitude westward which Creer & Ispir (19702) plotted as an eastward change.
Sigurgeirsson’s data provided little evidence for the sense of change but the com-
posite data (Wilson et al. 1972¢) suggests that it is westwards.

This is a quite weli-defined transition; a particular feature being the large number
of pole positions located around the present position of the East Indies (110°~120° E).

The sequences labelled N, — R5 by Sigurgeirsson (1957) (our Fig. 6) and Wilson
et al. (1972¢) (our Fig. 8) appear to be different transitions. Sigurgeirsson’s indicates
a predominantly N--S path whereas that of Wilson et al. does contain some east-west
movements.

180

Fic. 6. Palacomagnetic pole positions for four transition intervals recorded in
Western Iceland (Sigurgeirsson 1957).
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FiG. 7. Palacomagnetic pole positions from a Tertiary transition interval recorded
in Western Iceland (Brynjolfsson 1957). This transition is thought to be the
Rj3— Nj transition reported by Sigurgeirsson (1957).

FiG. 8. Palacomagnetic pole positions from three transitions intervals recorded in
Western Iceland (Wilson ef al. 1972). The Ra— N, transition is thought to be the
same as those reported by Sigurgeirsson (1957) and Brynjolfsson (1957).
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Transitional behaviour of the geomagnetic field 585

The transitions labelled R, —N,, N, — R, (Fig. 6) are not so well defined but both
suggest eastward trending pole paths.

The R;— N transition (Fig. 8) found by Wilson et al. (1972c) is less systematic but
again eastward and westward ‘ swings’ of longitude are observed, which on Creer &
Ispir’s (1970a) model could be interpreted as two changes of equatorial dipole polarity
during the reversal of the axial dipole as for the R; — N transition.

(c) Steens Mountain, Oregon (Watkins 1965a,b, 1969; Goldstein, Larson & Strang-
way 1969)

Watkins collected a profile of 71 lava flows for this transition at Steens Mountain
(Fig. 9) and Goldstein et al. sampled it at Steens Mountain and Poker Jim Ridge
(Fig. 10). Evernden & James (1964) dated the Steens basalt at between 14:6 and
15:0 Ma and Baksi, York & Watkins (1967) report a mean age for the transition of
15140-3 Ma.

The magnetic induction decreases during the transition. Coe (1967) reports
values of 0-18 10~ * Tesla for Watkins’ intermediate sample 57 and Prevot & Watkins
(1969) find 0-18, 0-25 and 0-68 10™*T for samples 42, 47 and 56 respectively which
are to be compared to 0-35 107 * T for reversed sample 69 (Coe 1967). Goldstein et
al. (1969) report magnetic inductions from 0:056 10™* T in the transition to 0-17 and
0-20 107* T at the top and bottom one of their profiles. The high value for sample
56 may indicate a genuine increase in magnetic induction just before a transition as
suggested by the data of Kaporovich et al. (1966). The transition is from Reversed
to Normal polarity and shows both eastward and westward swings along its complex
path, part of which follows a northward route over the Americas and East Pacific
(approximately between longitudes 245°-290°).

Fi1G. 9. Palacomagnetic pole positions from a Miocene transition interval recorded
in Steens Mountain, Oregon (Watkins 1969).
No. 1 corresponds to Watkins lava No. 20.
No. 45 corresponds to Watkins lava No. 64.
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586 P. Dagley and E. Lawley

STEENS 1 - =

STEENS 11 = @
POKERJIMRIOGE = W

Fic. 10. Palacomagnetic pole positions from a Tertiary transition interval recorded

in Oregon (Goldstein ef al.). These sequences are thought to be equivalent to that

sampled by Watkins (1969). Steens Mt I —Jl§—; Steens Mt II —@—; Poker Jim
Ridge —Y¢—.

It is reported by Larson et al. (1971) that the Poker Jim Ridge transition (Gold-
stein et al. 1969) (Fig. 10) has been dated by York and Strangway at 18 Ma and so is
different from the Steens Mountain transition. If this is so then the two transitions
exhibit remarkably similar pole paths.

FiG. 11. Palacomagnetic pole positions from a Tertiary transition interval recorded
in the Santa Rosa Range, Nevada (Larson et al. 1971). This may be equivalent to
the sequence sampled by Watkins (1969) and Goldstein et al. (1971).
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Transitional behaviour of the geomagnetic field 587

(d) Santa Rosa Range, Nevada (Larson et al. 1971)

This reverse to normal transition has been dated at about 15 Ma and may be the
same as that recorded in Steens Mountain. However, if pole positions are plotted
(Fig. 11) the pole path does not match those for Steens Mountain closely. This may
be due to differences in local fields.

Larson ef al. have constructed a composite transition path for the directions from
both sets of data which they claim can be explained by a constant non-dipole field
drifting westwards at 0-:2° ! while the intensity of an axial dipole decreases to 20 per
cent of its maximum value in 15 per cent of the transition time, remains at less than
20 per cent for a further 70 per cent of the time while reversing sign, then grows to
100 per cent in the remaining 15 per cent of the time. The domination of the non-
dipole field for the major part of the transition induces large east-west swings of the
local field direction.

(e) Laurel Hill Intrusion (Mt Hood, Oregon) (Ito et al. 1969)

It is reported that a sequence of local field directions progressing from clearly
reversed to normal has been found in the intrusion whose age is 8-2+0-5Ma.
Immediately before the inversion there are major changes of direction along great
circle paths. The reverse field configuration is then lost relatively rapidly, and the
slower recovery of the normal field is accomplished by major clockwise’ and
¢ anticlockwise > motions which eventually converge on the pole.

We should like to discourage the use of clockwise and anticlockwise to describe
pole paths since the sense is ambiguous depending on the position of the ¢ observer’,
and the centre of the ¢ clock face’.

(f) Tatoosh Intrusion (Mt Rainier, W ashington) (Dunn et al. 1970)
Normal, reversed and intermediate sampies found in the same intrusion indicate a

Fic. 12. Palacomagnetic pole positions from the Tertiary transition interval

recorded in the Tatoosh Intrusion, Washington (Dunn ef al. 1971). The precision

of the radiometric dating does not preclude this from being the same transition as
Steen’s Mountain (Watkins 1969).
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588 P. Dagley and E. Lawley

transition from reversed to normal at 14-7+1-0 Ma. The precision of the radiometric
ages do not preclude this from being the same transition as observed at Steens
Mountain.

The pole position is observed to ‘swing’ along great circle paths before moving
northward (Fig. 12). ¢ Clockwise’ rotations occur during the transition and the
authors suggest that these are related to drifting non-dipole field anomalies. The
general pole path lies in the East Pacific and the Americas (between longitudes 200°
and 240°) much like those for Steens Mountain (Watkins 1969; Goldstein et al. 1969).

The intensity of magnetization decreases during the transition, at first without any
significant change in direction. Before and after the change of polarity, transitory
recovery of intensity is observed.

(g) Lousetown formation, Nevada (Heinrichs 1967)

Thirty-six cores from 61 flows were sampled. Twenty-nine give normal and
reversed directions away from the expected direction and of the 34 from Lousetown
Creek, the first is reversed and the last normal, the remainder being very closely
grouped with the intermediate direction, —67° at 064° E. This set probably repre-
sents a R — N transition at ~6-8 Ma during which there was very rapid extrusion of
lavas over a short time.

(h) Turkmenia and Azerbaijan (Kaporovich et al. 1966)

It is claimed that the same Pliocene transition has been recorded in claybeds in
Azerbaijan and redbeds in Turkmenia. The composite profile reveals an inversion
from normal to reversed (labelled N5 — R;) over about 1600a as judged from rates
of sedimentation. The mean value of magnetic induction for the N and R parts at
the beginning and end of the transition is 0-13 10™*T. As the transition proceeds
there is a transitory increase to 0-3 10~* T Wbm™2 followed by a decrease to 0-04
107*T at the time of the abrupt change of field direction. The induction then in-
creases to 0-13 10™* T with a transitory maximum of 0-25 107* T.

FiG. 13. Palacomagnetic pole positions from a Tertiary transition interval recorded
at Lousetown Creek, Nevada (Heinrichs 1967).

220z 1snBny 0z uo 1senb Aq 695586/ G/€/9€/al0me/ /W00 dno"olwepeoe)/: Ay WOy papeojumoq



Transitional behaviour of the geomagnetic field

FiG. 14, Palacomagnetic pole positions from a Pliocene transition interval recorded
in Japan (Momose 1963).

FiG. 15. Palacomagnetic pole positions from a Tertiary transition interval recorded
by the Liverpool Volcano, NSW (Wellman et al. 1969).

589
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590 P. Dagley and E. Lawley

(i) Shigarami, Japan (Momose 1963)

A transition from reversed to normal appears to be defined showing a marked
westward swing. The ancient field strengths associated with the intermediate direc-
tions are much lower than those associated with the normal and reverse directions.

(j) Liverpool Volcano, NSW Australia (W ellman, McElhinny & McDougall 1969)

A R-N-R-N sequence delineated by a number of flows from the volcano traces
a rather erratic path but the first R—N transition satisfies our criteria. The path has
eastward and westward swings but the westward one is greatest.

(k) Stormberg lavas, South Afvica (Van Zijl, Grdham & Hales 1962)

A reversed to normal transition zone with at least seven lavas showing inter-
mediate directions is recorded by two profiles through the lava succession of 70 flows
of Triassic—Jurassic age.

In order to compare the pole paths with the Tertiary data the spherical triangle
defined by the collecting site, the Virtual North Geomagnetic pole for normally
magnetized rock (occurring before or after the transition) and the intermediate pole
have been rotated so that the Virtual North Geomagnetic pole moves to the north
geographic pole while the longitude of the collecting site, but not the latitude, remains
fixed. This is equivalent to restoring the continent to its ancient latitude and orienta-
tion with respect to the rotation axis while retaining the relationship between inter-
mediate pole and site; as always the absolute longitude is not knowa.

Using an ancient pole of +71-0°N 269°E for this period (Briden 1967) the
revised path does not differ greatly from the original. The south to north movement
of the pole is accompanied by an overall westward movement, although both eastward
and westward swings occur. Low intensities are associated with the transition zone.

Fic. 16. Palacomagnetic pole positions for a transition interval recorded in the

Stormberg Lavas, South Africa (Van Zijl 1962). The transition occurred during

the Triassic-Jurassic but the pole positions have been shifted (see text) for com-
parison with the Tertiary results.
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FiGg. 17. Palacomagnetic pole positions for a transition interval recorded in

Krasnoyarsk Kray, USSR (Vlasov & Kovalenko 1963). The transition occurred

during the Devonian but the pole positions have been shifted (see text) for com-
parison with the Tertiary results.

(1) Krasnoyarsk Kray USSR (Vlasov & Kovalenko 1963)

The Devonian sedimentary section sampled consists of three normal and two
reversed zones but only the two reversed to normal transitions are recorded in detail.
Each transition follows a very similar pole path, which suggests that non-dipole fields
were either not significant or were similar for the two events (Fig. 17). The ancient
pole +31-0°N, 154-0° E, quoted by the authors, was used for a rotation similar to
that done for the Stormberg lavas (item (k) above).

The adjusted pole paths indicate some swinging before the transitions while the
intermediate directions lie on a more or less northerly path near 0° longitude for the
first transition and a northwesterly path crossing the Atlantic for the second.

Discussion
(i) Pole paths

The two sedimentary sequences reported by Vliasov & Kovalenko (1963) (Fig. 17)
are almost identical, indicating that both dipole and non-dipole fields changed little
between the two occasions. Also those transitions studied by more than one author
(e.g. Brynjolfsson, Sigurgeirsson, and Wilson et al.; Watkins, and Goldstein et al.
and perhaps Dunn et gl.) are sufficiently similar that the differences could be explained
by different extrusion rates, local magnetic anomalies and perhaps experimental errors.

Further, and more generally, there are a number of similar features: The swinging
before the start of the polarity change, eastward and westward swings of longitude
during the transition and a general trend westward in many cases.

These features, particularly the sharp east-west swings, lend some support to the
dipole model of Creer & Ispir (1970a), which attributes the east-west components of
the pole paths to polarity changes of an equatorial dipole. If this equatorial dipole
is centred then a reversal of it would give a 180° longitude swing in the pole path but
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Fig. 18. Intermediate transitional pole positions. The total number of intermediate

poles taken from the reported transitions falling within each 20° square is shown.

In the lower diagram the longitude of each pole has been changed so that it
corresponds to the site being moved to 0° longitude.
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if it is offset the swings would be less than 180°. A change in intensity of a fixed
equatorial dipole relative to the axial component would only cause a N-S shift and
this model leads to preferred paths in fixed parts of the globe. However, it is clear
from the figures that there is no single common pole path for all transitions nor even
a preferred sector for transitional poles. The pole paths also do not coincide if they
are shifted to correspond to a common site longitude for all observers (Fig. 18) so
that the differences are not simply differences in the point of observation. Independent
changes of intensity and polarity of both centred dipole components could explain
dall pole paths only if the equatorial dipole was allowed to vary its orientation, or
¢drift’. This implies two independent equatorial components. Then the pole path
for the same transition observed at different sites should be closely similar, but
different transitions will in general have different pole paths. This model is consistent
with the observations if the explanation for the differences given in the first paragraph
of this section is accepted.

If the differences cannot be explained in this manner then the non-dipole field may
dominate as proposed by Larson et al. (1971). In common with Brynjolfsson (1957)
they suggest that the westerly component of pole paths is due to the westward drift
component of the secular variation and this has been used to estimate the transition
time. If this is accepted, then the easterly swings could imply that at some times there
was an easterly drift of the secular variation. The model of Larson et al. (1971)
could be easily modified to incorporate an easterly drift but the rapid eastward and
westward 1swings observed require more than a single non-dipole component drifting
at0:2°a™".

Neither model can explain the observed pole paths satisfactorily but a hybrid
consisting of independently reversing axial and equatorial dipoles together with a
steadily drifting non-dipole component might explain the observations.

(ii) Field strength

Most authors report a reduction of either the intensity of magnetization or the
ancient magnetic induction during the transition and there are several reports of a
large magnetic induction just before the polarity change (e.g. Kaporovich et al.
1966; Prevot & Watkins 1969).

159 r
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Fig. 19. Virtual dipole moment (1022 Am?) as a function of polar colatitude.
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Fic. 20. Axial and equatorial components of the virtual dipole moment as functions
of polar colatitude.

Dagley & Wilson (1971) and Wilson et al. (1972b) have discussed the evidence
from Iceland relevant to the statistical variation of the dipole moment of the Earth
with VGP colatitude. The data indicated that during a transition the strength of the
dipole moment decreases and then increases again (Fig. 19).

Treating the dipole as the sum of axial and equatorial components (Fig. 20), the
axial component decreases approximately linearly with colatitude passing through
zero when 8 = 90°. On closer inspection there appears to be a linear decrease to half
strength between 6 = 0 and = 30°. There is a similar change between 150° and 180°
but with a slightly different slope. At8 = 40° there is a peak and at § = 140° thereis a
distinct change of slope. Between these two regions (55° < 8 < 125°) there is a
linear change.

These three intervals also appear in the equatorial dipole. For 0 < § < 40° and
145° < 0 < 180° the changes of strength are linear with the same slope. Between
55° and 125° the strength of the equatorial dipole is more or less constant (could this
be a statistically constant ¢ non-dipole’ feature?).

These three intervals, corresponding to normal, intermediate and reversed
polarity, show a marked similarity to the three intensity stages proposed by Larson
et al. (1971) already noted earlier in this paper. The slope of the axial dipole moment-
VGP colatitude curve (Fig. 20) between 0° and 30° is consistent with a change of
moment from 100 per cent at § = 0° to 20 per cent at 8 = 40° where the change from
normal to intermediate is proposed.

The peak in the dipole moment at ~40° recalls the high field strengths reported by
Prevot & Watkins (1969) and Kaporovich et al. (1966) just prior to a change in
polarity.

(iii) Polarity inversions and volcanic activity

Dagley et al. (1967) estimated that allowing for the overlap of their Icelandic
profiles the total of 1079 lavas collected represented about 726 ¢ time independent’
flows. Since the overall time represented is 12 Ma (Moorbath, Sigurgeirsson &
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Goodwin 1968) one lava was extruded every 16500a on average. This means that if
the average time taken for the field to reverse is a few thousand years (4600a (Cox
1968); 2000a (McElhinny 1971)) many transitions will not be recorded.

On the other hand some of the transitions observed are recorded in considerable
detail so that either those particular transitions took a long time to complete or they
coincided with a period of increased volcanic activity.

Is there possibly a link between volcanic activity and the inversion of the magnetic
field ? (see for example Watkins 1965b).

(iv) Sense of polarity changes and stability of the field

The entries in Table 2 satisfy our criteria for transition zones. The observations
clearly show a predominance of reversed to normal transitions. Allowing for those
cases where the same transition has been sampled, there are 6 N > Rand 17R > N
(5N - R and 15 R — N minimum if entries 1 and 5 be identified with 12, and 7 with
7a). The probability of this distribution is 1:83 (1: 68 for 5 N - R; 15 R = N).
This observation should be considered together with imbalance of shallow reverse
and shallow normal directions noted by Creer & Ispir (1970b) in Japan and Ade-Hall
et al. (1972), Wilson 1970 and Wilson, Dagley & Ade-Hall (1972a) for the British
Tertiary Province as well as with the asymmetry of the virtual dipole moment—VGP
colatitude curve (Wilson et al. 1972b).

Table 2
Transition zones
Author Source and location Sense Age
Tertiary
1 Dunn ef al. Intrusion, USA R—-> N 14:7+1-0
2 Heinrichs Lavas, USA R—> N 6-8
3 Ttoetal. ’ Intrusion, USA R-> N 8:24+0-5
4 Kaporovich et al. Sediments, USSR N—R
5 Larson et al. Lavas, USA R—->N 15
6 Momose R—>N
7 Sigurgeirsson Lavas, Iceland ‘Ny—> Ry’
7a Wilson et al. Lavas, Iceland ‘Ng— R3’
8 Sigurgeirsson Lavas, Iceland Ry —> N,
Brynjolfsson
Wilson ez al.
9 Sigurgeirsson Lavas, Iceland R, —+ N,
10 Sigurgeirsson Lavas, Iceland N, >R,
11 Wilson et al. Lavas, Iceland Rs —> N3
12 Watkins Lavas, USA R—-»N 15-140-3
Goldstein ef al.
13 Wellman et al. Lavas, Australia R—> N
14 Dagley et al. Lavas, Iceland R—>N@
(see Table 1) N—>R(Q2)
Pre-Tertiary
15 van Zijl et al. Lavas, S. Africa R—+ N Triassic—
Jurassic
16 Vlasov et al. Sediments, USSR R—+N(Q) Devonian
Totals R—> N17(15)
N—->R 6(5)

all 23 (20)
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Why should there be this imbalance? If transitions in one sense are more often
recorded, do transitions in this sense take longer or are they accompanied by greater
igneous activity than those in the opposite sense? In either case why should there be a
correlation with the sense of the change?

One possible explanation is that the reversed mode is less stable than the normal
mode. In this case the system would not stay in the reversed mode for long and many
attempted inversions would be observed. Not all these would be successful if there
was a ‘ barrier ’ to the normal state which had to be surmounted.

The shallow reversed directions (Creer & Ispir; Ade-Hall et al.; Wilson; Wilson,
Dagley & Ade-Hall) may indicate a stable or metastable mode for the field different
from either normal or reversed.

Conclusions

A choice of models is not possible with the present data but we believe it is possible
to make the following conclusions.

(i) The dipole field, although a time-average axial dipole, is better described as
the sum of three-dipole components which can vary independently. A two-com-
ponent model with a fixed equatorial component is not supported by the data.

(ii) During a transition the total intensity of the field at first decreases and then
increases again as the opposite polarity is established with transitory increases in
strength just before the polarity change.

(iii) The very low magnetic inductions inferred for samples of intermediate polarity
suggest that if the non-dipole field does persist when the axial dipole field becomes
small then it too decreases in strength. 1t is not possible to say whether the non-dipole
field predominates at any time during the transition.

(iv) The reversed and normal modes are not equally stable.

There is still a relative dearth of reliable field intensity data for transition intervals.
The methods of determining ancient field strengths need to be developed so that a
reliable value can be determined for every sample collected. Then transition intervals
can be studied intensively to give a fuller picture of the field during a reversal.

The data on transition intervals discussed in this paper are those known to us at
the time of writing. We would like to receive data for any omitted or more recently
established.
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