Seafloor magnetic stripes: look again

In the mid 1960s, evidence of magnetic stripes on the seafloor convinced the geologic
community of the validity of plate tectonics theory, and it is often pointed to today as clinching
evidence for the theory. The public has not heard anything new about this pivotal find. Itis
time to look again.

The Geodynamo

Without seeing into the center of the Earth, we cannot know with certainty the source of the
geomagnetic field. The current thinking is explained by Dr. Gary A. Glatzmaier, Professor of
Earth Sciences at UCSC, Santa Cruz, on the geodynamo page of his website. His work on
computer modelling in the mid-1990s demonstrated how polarity reversals might occur in the
geodynamo. Quoting him (my emphasis in blue):

"Paleomagnetic records indicate that the geomagnetic field has existed for at least three billion
years. However, based on the size and electrical conductivity of the Earth's core, the field, if it
were not continually being generated, would decay away in only about 20,000 years since the
temperature of the core is too high to sustain permanent magnetism. In addition,
paleomagnetic records show that the dipole polarity of the geomagnetic field has reversed
many times in the past, the mean time between reversals being roughly 200,000 years with
individual reversal events taking only a couple thousand years. These observations argue for
a mechanism within the Earth's interior that continually generates the geomagnetic field. It has
long been speculated that this mechanism is a convective dynamo operating in the Earth's fluid
outer core, which surrounds its solid inner core, both being mainly composed of iron. The solid
inner core is roughly the size of the moon but at the temperature of the surface of the sun. The
convection in the fluid outer core is thought to be driven by both thermal and compositional
buoyancy sources at the inner core boundary that are produced as the Earth slowly cools and
iron in the iron-rich fluid alloy solidifies onto the inner core giving off latent heat and the light
constituent of the alloy. These buoyancy forces cause fluid to rise and the Coriolis forces, due
to the Earth's rotation, cause the fluid flows to be helical. Presumably this fluid motion twists
and shears magnetic field, generating new magnetic field to replace that which diffuses

away. However, until now, no detailed dynamically self-consistent model existed that
demonstrated this could actually work or explained why the geomagnetic field has the intensity
it does, has a strongly dipole-dominated structure with a dipole axis nearly aligned with the
Earth's rotation axis, has non-dipolar field structure that varies on the time scale of ten to one
hundred years and why the field occasionally undergoes dipole reversals. In order to test the
convective dynamo hypothesis and attempt to answer these longstanding questions, the first
self-consistent numerical model, the Glatzmaier-Roberts model, was developed. Our solution
illustrates how the influence of the Earth's rotation on convection in the fluid outer core is
responsible for this magnetic field structure. About 36,000 years into the simulation the
magnetic field underwent a reversal of its dipole moment, over a period of a little more than a
thousand years. The intensity of the magnetic dipole moment decreased by about a factor of
ten during the reversal and recovered immediately after, similar to what is seen in the Earth's



paleomagnetic reversal record. Our solution shows how convection in the fluid outer core is
continually trying to reverse the field but that the solid inner core inhibits magnetic reversals
because the field in the inner core can only change on the much longer time scale of
diffusion. Only once in many attempts is a reversal successful, which is probably the reason
why the times between reversals of the Earth's field are long and randomly
distributed. After the first magnetic reversal, we continued our simulation.” Using "a
heterogeneous heat flux similar to the Earth's present pattern”, the model "underwent two
more reversals, roughly 100,000 years apart. This demonstrates the influence the thermal
structure in the lower mantle has on the style of convection and magnetic field generation in
the fluid core below.

The popular story

The general impression is that nice, even bands of alternating polarized rock form as new
seafloor is made by the slow, steady movement of plates over millions of years and regular
reversals of the geomagnetic field about every 200,000 years. It is often illustrated with this
kind of diagram, which | call '‘piano keys":
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Reality

The stripes themselves are better described with words like irregular, blobbed, marbled,

blended, meandering, as if shaken while in a fluid state and divided by segments diverging
along transform faults.
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On the left below is the familiar global map of the age of the sea floor using presumed
magnetic isochrons. See how even the bands are. On the right is a global map of sea floor
spreading rates, based on the measurable width of rock segments. What plate tectonic forces
do you suppose caused such jerky movement in many individual segments? The chaotic
jumble on the right in many areas should be matched on the left, but it has been nicely
smoothed out.
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Now look at the frequency of reversals (data from Cande and Kent, 1995).

How long between reversals?

Geomagnetic Polarity Time Scale segments
from the present to isochron 34 (Cretaceous Normal Superchron)

Designated time Normal polarity =~ Reverse polarity
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As Dr. Glatzmaier wrote, the mean frequency of reversals is about 200,000 years. How many
would you expect to be within, say, 50,000 years of 200,000? It is 19% (35 of 185), only one-
third of what one would expect in the standard normal distribution. The reversals lie primarily
between 30,000 and 500,000 years, with another spike at 1,000,000 to 2,000,000 years and a
significant number across the rest of the spectrum. Rather than a regular tempo of reversals, it
instead seems fairly chaotic. And what does the supposed 35 million year "Cretaceous Normal
Superchron” represent? One would expect over 150 reversals in that period of time, but there
are none. "Assuming the probability of a reversal to be constant with time, the lengths of
polarity chrons should be distributed exponentially. In fact the distribution of observed polarity
chrons is not exponential but contains too few short chrons."(Lanci, 1997) Earth's magnetic
field might occasionally reverse as Dr. Glatzmaier has described, but perhaps that is not what
the magnetic stripes have recorded.



Consider the data itself. Ships or submersible vessels make a number of passes over a region
of ocean floor, recording magnetic anomalies. The profiles are displayed down the page in a
'stack’. Then lines are drawn from profile to profile where the researcher guesses common
points exist.
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A test

In 1993, these profiles (traces) reminded a doctor of math and statistics of something he had
seen before. He found their appearance to be "quite similar to what in harmonic analysis is
called band limited noise. In other words, the traces look like the result of some system that is
varying randomly but is constrained to vary neither too slowly nor too quickly with distance.” "It
is known that a fairly irregular fine-grained variation can be made to appear coarser and more
regularly varying by averaging over local regions." "If this could be the case, what could be
causing the averaging? The clear candidate here is the measurement process itself. The
intensity measurements are (generally) made from surface vessels which travel several
kilometers above the ocean floor, and more above the basement rock. The intensity measured
at any surface point is thus actually the (weighted) average effect of the intensities in the
basement rock for a horizontal distance of several times the vertical distance to the measuring
device. This is indeed about the width of the anomaly peaks in the intensity traces."(Smith,
1993)

He next used a computer to randomly generate a sequence of magnetic polarity values with
closer spacing than actual magnetic anomalies. "Variations of grain size and the nature of the
random generating process did not make much difference in the appearance of the resulting
traces. The fine variation was then filtered by a model of the measurement process.” "Four
traces were simulated using different seeds for the random generator."(Smith, 1993) Finally,
he compared the simulation with examples of real profiles: "The general appearance of the
simulated traces is quite similar to the observed traces. The peaks have about the same
degree of regularity in both. Degree of variation in peak shape is similar in both." With one



exception, "the correlations between the random simulated traces are of about the same
guality as those between the observed traces. In both, individual peak shape is of little use in
correlation. In both, to achieve a one-to-one peak correspondence, the peak counts must be
fudged a little by counting minor peaks where necessary or by lumping some somewhat
distinct peaks into one. In both, there are regions of little obvious similarity. In both,
pronounced correlations between peak groups ‘fizzle out' upon passing to yet other
traces."(Smith, 1993)

Smoothing the profiles

Here is how the ambiguous data of the profiles is processed by researchers to produce the
simple black and white binary stripes that Plate Tectonics expects. These three figures are
from the Journal of Geophysical Research.(Cande, 1992)
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The diagrams below show a remarkable comparison. Each column is a timescale produced by
different people for the same time period. With so much processed data, one would expect
more agreement.
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Fig. 5. Distances to anomalies along the synthetic flow line in the
South Atlantic. The distances are built up from a combination of finite
rotation poles (category I), averaged widths of anomalies in the South
Atlantic (category II), and detailed studies of fast spreading rate
anomalies (category III). The right-hand column shows the anomaly
spacings after the removal of the nonuniformly mapped tiny wiggles.



G

2Q

30

40

AGE
(Ma)

S0

oC

70

80

li[lllllllll}fll[lTlTTIllIllllli'lIlITIT[I[fFIIIIIIIIITIIIIII]lIJIlIIFII[!IEi!IIIII

CK9e

!
|

LT T8 W00 AT L T

GTS89 BKFV8S LASt

=

|

1]

LT T T
LTI T LT

|

LKC77 HDHPLES

LU T T LA™ T, e o

!illlllllllllil!lll[tlll]]Illllll]]IIIIIIIllillillIlIJIilJlIlJlll!llliillJ]llllllllfl




Vertical changes

Magnetic polarities also vary with depth. In the late 1990s, a team of investigators "used the
submersible ALVIN to collect near-bottom magnetic profiles up a steep scarp face that
exposes upper oceanic crust. The survey focused on the Blanco Scarp... in the northeast
Pacific."(Tivey, 1998) They measured magnetic anomalies down to about 3.5 km. Apparently
half to three-quarters of the recorded magnetic anomaly comes from the upper 3.5 km of
oceanic crust, consisting of upper pillow lava and lower lava. (Tivey, 1998) These are the
readings. Each vertical dotted line is zero, and polarity is measured by the distance the line
shifts to the left or right of zero.

This is the interpretation, which simply places the measurements on a cross-section of the
scarp. Swings to the right are in black, to the left in white. It confirms findings from deep sea
drilling as far back as 1979 (Hall, 1979) that magnetic polarity changes direction at different
depths.
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