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Motions of the Earth's Core and Mantle, and 
Variations of the Main Geomagnetic Field 

Abstract. Theoretical work on the magnetohydrodynamics of the earth's liquid 
core indicates (a) that horizontal variations in the properties of the core-mantle 
interface that would escape detection by modern seismological methods might nev- 
ertheless produce measurable geomagnetic effects; (b) that the rate of drift, relative 
to the earth's surface, of nonaxisymmetric features of the main geomagnetic 
field might be much faster than the average zonal speed of hydrodynamic 
motion of core material relative to the surrounding mantle; and (c) why magnetic 
astronomical bodies usually rotate. Among the consequences of (a) and (b) are 
the possibilities that (i) the shortest interval of time that can be resolved in pale- 
omagnetic studies of the geocentric axial dipole component of the earth's magnetic 
field might be very much longer than the value often assumed by many pale- 
omagnetic workers, (ii) reversals in sign of the geomagnetic dipole might be 
expected to show some degree of correlation with processes due to motions in 
the mantle (for example, tectonic activity, polar wandering), and (iii) variations 
in the length of the day that have hitherto been tentatively attributed to core 
motions may be due to some other cause. 

The interpretation of a variety of 
phenomena at the earth's surface in 
terms of hydrodynamic and magneto- 
hydrodynamic motions in the earth's 
interior is an important problem in 
modern geophysics. 

Through their work on the "homo- 
geneous dynamo" theory of the earth's 
magnetism, Bullard, Elsasser, and oth- 
ers have convinced most geophysicists 
that the main geomagnetic field is due 
to magnetohydrodynamic motions, at 
rather less than 0.1 cm/sec, occurring 
in the earth's liquid core, and that 
fluctuations in the main field are best 
regarded as manifestations of the fluc- 
tuating component of these motions. 
Core motions are responsible not only 
for the creation and destruction of lines 
of force of the earth's magnetic field, 
but also for their rearrangement. Field 
changes on time scales of years to cen- 
turies-the geomagnetic secular varia- 
tion-may be largely due to the re- 
arrangement process (1, 2), but the 
creation and destruction of magnetic 
field lines cannot be ignored in the 
theory of slower field variations, in- 
cluding reversals in the sign of the 
dipole component of the main field. 
[Extensive lists of pertinent references 
can be found in two recent review 
articles (3, 3a).] 
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In addition to material motions in 
the core, magnetohydrodynamic wave 
motions there may contribute to the 
distortion and displacement, including 
the well-known "westward drift" (3-4) 
of the geomagnetic field pattern at the 
earth's surface. Although wave motions 
have not been considered seriously in 
most theoretical work on the geomag- 
netic secular variation, a recent study 
of free magnetohydrodynamic oscilla- 
tions of the core (1) suggests that such 
motions may be quite important. The 
characteristics of these free oscillations 
depend on the earth's angular velocity 
of rotation about its axis, the (un- 
known) strength, B, of the toroidal 
magnetic field in the core, and the size 
and shape of the core (1). The "free 
oscillations" model accounts for the 
general time-scale of the geomagnetic 
secular variation if B has the reason- 
able value of 100 gauss, and it may also 
account for the westward drift (see, 
however, 4 and 5). If the westward 
drift of nonaxisymmetric features of 
the geomagnetic field is largely a mani- 
festation of wave motions in the core, 
then the observed rate of drift-0.03 
cm/sec-could be much faster than the 
average speed of hydrodynamic motion, 
relative to the overlying mantle, of the 
material of the core (see 1); the "avail- 

able" angular momentum in the core 
might, therefore, be much less than 
the value that is usualy assumed in dis- 
cussions of the effects of core motions 
on the rotation of the mantle (6, 6a). 

Core motions are very strongly in- 
fluenced by Coriolis forces due to the 
earth's rotation (see 1, 3, 6a, 7). These 
forces align core eddies, thus giving 
the geomagnetic field its approximate 
symmetry about the earth's axis of ro- 
tation. Less obvious, but probably very 
important, is the role played by Corio- 
lis forces in ensuring that, irrespective 
of the size of the energy-producing 
eddies in the core, the largest eddies 
that occur there are comparable in 
size with the dimensions of the core 
(1); thus may be achieved the low 
degree of symmetry necessary for the 
"homogeneous dynamo" mechanism 
(7) to work efficiently (3a). These large 
eddies gain kinetic energy by nonlinear 
interactions with smaller eddies-a pro- 
cess which, though impossible in iso- 
tropic homogeneous turbulence (where 
energy cascades in the opposite direc- 
tion, from large to small eddies), should 
be quite common in large-scale natu- 
ral systems, where anisotropy (due to 
the earth's rotation in the case of the 
core) is the rule rather than the ex- 
ception (1, 3a). This type of mecha- 
nism may underlie the observational 
result that magnetic astronomical bod- 
ies (stars, planets) usually rotate. 

It has recently been recognized that, 
owing to the earth's rotation, quite 
weak horizontal temperature variations 
at the boundaries of the core, and 
horizontally extensive topographical 
features of the core boundaries that 
are so shallow [vertical dimensions 
about a kilometer or so, possibly even 
less (8)] that they would escape detec- 
tion by modern seismological methods, 
might nevertheless produce pronounced 
hydrodynamical effects throughout the 
core (1, 9). Consequently, it is con- 
ceivable that the conditions prevailing 
at the core-mantle interface could be 
reflected in the main geomagnetic field. 
Gravitational effects at the earth's sur- 
face due to the presence of such topo- 
graphical features at the core-mantle 
interface, and concomitant stresses 
within the earth, could be significant, 
but would not be excessive. 

Various lines of geological and geo- 
physical evidence suggest that relative 
motions of the order of 1 cm/year 
(3 X 10-8 cm/sec) occur in the earth's 
upper mantle, but the cause and verti- 
cal extent of these motions are still 
highly controversial (10). Relative mo- 
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tions in the lower mantle, if they 
occur, could produce horizontal varia- 
tions in the properties of the core- 
mantle interface. Vertical displacement 
velocities of parts of this interface rel- 
ative to other parts might amount to 
1 km in 105 or 106 years if the speed 
of lower-mantle motions is between 
10-1 and 1 cm/year (3 X 10-9 to 3 X 
10-8 cm/sec). 

Doell and Cox (11) have adduced 
paleomagnetic evidence that the secu- 
lar variation over the Pacific hemi- 
sphere has been systematically weaker 
than elsewhere on the earth's surface 
for the past 106 years, and I have 
attempted to account for this and re- 
lated observations by invoking the in- 
teraction of core motions with hypo- 
thetical "topographical features" of the 
core-mantle interface (1). If such inter- 
actions are important, then a typical 
interval of time, r, over which non- 
axisymmetric features of the geomag- 
netic field can safely be assumed to 
average out to zero at a point on the 
earth's surface will be governed not 
by the secular variation-time-scale, 
years to centuries-as has often been 
assumed in the interpretation of paleo- 
magnetic data (12), but by the dy- 
namical processes affecting the core- 
mantle interface-time-scale, 105 to 
106 years (?). The observational and 
theoretical bases for taking 7 as low 
as 103 years should, therefore, be re- 
examined. Further tests of Doell and 
Cox's conclusions concerning the geo- 
magnetic secular variation over the Pa- 
cific hemisphere, and the careful study 
of the relationship, if any, between 
features of the earth's magnetic field 
and features of its gravitational field, 
will be particularly important. 

Because only minor variations in 
core motions are required to reverse 
the sign of the dipole field (7, 13), 
it would not be surprising to find that 
"reversals" are correlated to some ex- 
tent with other phenomena that may 
be affected by motions in the mantle, 
such as tectonic activity (mountain 
building, ocean-floor spreading, conti- 
nental drift, and so forth) and the 
movement of the earth's poles of ro- 
tation relative to the earth's surface 
("polar wandering") (9). The search 
for such correlations might, therefore, 
lead to results of direct theoretical im- 
portance. 
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Romeriscus, the Oldest Known Reptile 

Abstract. The description of Romeriscus, a new genus of limnoscelid reptile, is 
based on a partial skeleton from the Early Pennsylvanian (Westphalian A) of 
Nova Scotia. Although it is the earliest and most primitive reptile yet known, 
it is probably already too late and too specialized to be ancestral to the more 
advanced Carboniferous and Permian captorhinomorphs and pelycosaurs. 
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The most primitive described genus 
that is also unquestionably reptilian is 
Limnoscelis (1, 2) from the Lower 
Permian of Texas. Both Romer (2) 
and Watson (3) have indicated that, 
morphologically, Limnoscelis is more 
or less intermediate between anthraco- 
saur amphibians and typical capto- 
rhinomorph reptiles and not far from 
the ancestry of pelycosaurs. Two other 
genera of the family Limnoscelidae are 
known from the Lower Permian (4). 
A somewhat earlier genus, based on 
very incomplete material from the 
Middle Pennsylvanian of Nova Scotia, 
is being described elsewhere (5). 

Numerous other reptiles are known 
from the Pennsylvanian (6), the ear- 
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Numerous other reptiles are known 
from the Pennsylvanian (6), the ear- 

liest being two romeriid captorhino- 
morphs and one pelycosaur from the 
Lower Pennsylvanian of Joggins, Nova 
Scotia (7). All of these forms are 
more advanced in their morphology 
than is Limnoscelis and show little evi- 
dence of affinity with anthracosaurs. 
This indicates that forms related to 
Limnoscelis must have been living 
throughout the Pennsylvanian and pos- 
sibly even in the late Mississippian. 

A single specimen that evidently 
represents an early member of the 
limnosceloid lineage is described here. 
It was found in 1959 by D. Baird and 
W. F. Take near Port Hood on the 
northwest shore of Cape Breton Is- 
land, Nova Scotia, Canada. Its source 
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