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Ultrahigh Resolution Marine Magnetic Anomaly Profiles:
A Record of Continuous Paleointensity Variations?

STEVEN C. CANDE1 AND DENNIS V. KENT

Lamont-Doherty Geological Observatory of Columbia University, Palisades, New York

A distinctive pattern of small-scale marine magnetic anomalies (25-100 nT amplitude, 8-25 km wavelength:
tiny wiggles) is superimposed on the more generally recognized seafloor spreading pattern between anomalies
24 and 27 in the Indian Ocean. By normalizing and stacking multiple profiles, it is demonstrated that this
pattern of tiny wiggles is a high-resolution recording of paleodipole field behavior between chrons C24 and
C27. The pattern of tiny wiggles between anomalies 26 and 27 is compared to an ultrafast spreading (82 mm/yr
half rate) profile from the southeast Pacific where a similar signal is observed, confirming the paleodipole field
origin of the anomalies. Two basic models are considered in which the tiny wiggles are attributed either to short
polarity intervals or to paleointensity fluctuations. We conclude that tiny wiggles are most likely caused by
paleointensity fluctuations of the dipole field and are a ubiquitous background signal to most fast spreading
magnetic profiles. The implications of this study are that (1) tiny wiggles may provide information on the
temporal evolution of the geomagnetic dynamo; (2) the small-scale anomalies observed in the Jurassic quiet
zones may be due to paleointensity fluctuations; (3) tiny wiggles are potential time markers in large regions of
uniform crustal polarity such as the Cretaceous quiet zones; and (4) much of the variance in anomaly profiles
normally attributed to crustal emplacement processes, particularly at fast and ultrafast spreading rates, is

actually due to intensity variations in the paleomagnetic field.

INTRODUCTION

Occasional short polarity intervals, in addition to those
originally identified by Heirtzler et al. [1968] in their magnetic
polarity time scale, have been documented in detailed studies of
marine magnetic anomaly data [e.g., Blakely and Cox, 1972;
Blakely, 1974; Rea and Blakely, 1975; Wilson and Hey, 1981;
Cande and Kent, 1992]. Marine magnetic surveys of fast
spreading (> 50 mm/yr half rate) oceanic crust, however, often
reveal a continuous pattern of small amplitude, linear magnetic
anomalies superimposed on the more generally recognized
seafloor spreading anomaly pattern [Cande and LaBrecque,
1974]. The origin of these small-scale anomalies, which are
referred to as “tiny wiggles” [LaBrecque et al., 1977], has been
controversial. Blakely [1974] and Cande and LaBrecque [1974]
proposed that small-scale anomalies represent a high-resolution
recording of the Earth’s paleomagnetic field behavior, either
short polarity events or paleointensity variations, whereas
Schouten and Denham [1979] argued that they are caused by
local variations in the magnetization of the source layer. The
resolution of this question has important implications both for
the nature of the geomagnetic field and for the structure of the
magnetized layer.

There are two critical questions we address in this paper. A
fundamental issue is whether tiny wiggles are actually a
recording of paleomagnetic field behavior or, alternatively, if
they are simply due to local variations in the magnetic source
layer. If the former, the second question is whether they are
caused by complete reversals of the field or, alternatively,
reflect some other aspect of the paleomagnetic field such as
paleointensity fluctuations.

We proceed by first analyzing magnetic anomalies over the
Indian Ocean generated during a period of rapid seafloor
spreading in the early Cenozoic [Patriat, 1983]. We find a very
distinctive and coherent pattern of tiny wiggles superimposed
on the long reversed intervals between anomalies 24 and 27. A
stack of profiles from several different areas of the Indian Ocean
supports their field related origin. We also show that the same
distinctive signal between anomalies 26 and 27 is observed
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over fast spreading oceanic crust several thousand kms distant
in the southeast Pacific. Thus we conclude that these anomalies
represent a remarkably high fidelity recording of the Earth’s
dipole magnetic field during the Paleocene.

We then demonstrate through a modeling exercise that the tiny
wiggles are not likely due to complete reversals of the field and,
instead, appear to be due to intensity variations of the
paleodipole field. We show that they may be due to the same
spectrum of intensity fluctuations of the dipole field that are
recognized over the last 5 Ma from paleointensity studies [e.g.,
Merrill and McElhinny, 1983].

The recognition of tiny wiggles in the early Cenozoic
suggests that the dipole field intensity fluctuations responsible
for them may be a normal background aspect of the geomagnetic
dipole field recorded by the ocean crust. We propose that a
more complete model of the texture of the magnetic source
layer, particularly when modeling the character of fast spreading
anomalies, should include not only temporal and spatial
variations in the extrusion process as suggested by Schouten
and Denham [1979], but also magnetization fluctuations due to
paleointensity variations.

DATA FROM THE CENTRAL INDIAN OCEAN

High fidelity recordings of the Earth’s magnetic field require a
combination of fast spreading rates, uniform plate motion, and
a favorable orientation relative to Earth’s magnetic field. The
Central Indian Ocean was characterized by these three
conditions in the Paleocene. Starting in the late Cretaceous,
spreading rates accelerated on the Central Indian Ridge to a half
rate of over 60 mm/yr at around anomaly 30 time [Patriat,
1983]. Major adjustments in spreading occurred between
anomalies 30 and 28 as the ridge axis jumped from the
Mascarene basin to the north side of the Seychelles. Around
anomaly 24 time India started to collide with Asia and spreading
slowed down and changed direction. The interval between
anomalies 27 and 24, however, marked a period of uniform fast
spreading when particularly distinct patterns of tiny wiggles
were recorded by the oceanic crust.

We have analyzed 21 magnetic profiles crossing anomalies 24
to 27 in the Indian Ocean (Figure 1), encompassing the time
interval between 62 and 53 Ma according to the time scale of
Cande and Kent [1992]. The profiles come from five distinct
geographical regions: north of the Seychelles on the south
flank of the Carlsberg Ridge, southeast of Madagascar in the
Madagascar Basin, in the Crozet Basin, south of India in the
Indian Basin, and east of the Ninety-East Ridge in the Wharton
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Fig 1. Location of detailed maps shown in Figure 2.

Basin. Thus the profiles together reflect spreading on ridges
separating Africa from Indian and India from Antarctica. The
locations of the profiles relative to the regional magnetic
anomaly pattern are shown in the detailed tectonic maps in
Figure 2. The profiles were carefully selected to avoid
anomalous topographic features and fracture zones. The data
consist primarily of magnetic profiles collected by U.S. and
French research vessels over the last 25 years.

An examination of the profiles in Figure 3 reveals a pattern of
small scale anomalies, with amplitudes of 25 to 100 nT and
wavelengths of 8 to 25 km, between the larger magnetic
anomalies attributed to recognized magnetic reversals.

ANALYSIS

In order to determine if there is a coherent pattern of small-
scale anomalies at different geographical regions in the Indian
Ocean, the profiles were reduced to the pole, stretched to a
common width, and stacked [Blakely and Cox, 1972]. The
reduction to the pole process removes the anomaly skewness or
shape asymmetry [Schouten, 1971] due to the variable strike of
the lineations and the variable direction of the remanent and
present day field vectors at the different sites. Accordingly, we
calculated theoretical skewness and amplitude values for each
profile using the formulation of Schouten and McCamy [1972],
and then inverse phase filtered the profiles and normalized the
amplitudes. A Paleocene pole for the African plate of latitude
70.1°N and longitude 213.0° E [Schneider and Kent, 1990] was
used to calculate the skewness and amplitude parameters for
profiles on the African plate. The finite rotation parameters of
Royer and Coffin [1992] for the relative motion of Antarctica to
Africa at anomaly 26r time (3.8°N, 39.7°W, -10.63°) and
Molnar et al. [1988] for the relative motion of India to Africa at
anomaly 25 time (22.79°N, 26.56°E, 39.88°) were used in
conjunction with the Schneider and Kent [1990] pole to
calculate the skewness and amplitude parameters for the other
profiles.

We divided the interval from anomaly 24 to anomaly 27 into
three separate segments (anomaly 24 to 25, 25 to 26 and 26 to
27). The profiles for each segment were stretched to a uniform
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distance between the major positive anomalies bounding each
The stretching
points were determined in a separate procedure by bandpassing
and downward continuing the deskewed (inverse phase filtered)
profiles and then fitting a boxcar function to the zero crossings
of the profiles. The reduced-to-the-pole profiles were then
stacked for each of the three segments and are shown in Figures
4,5, and 6.

Before examining the tiny wiggles, it is interesting to first
examine the residual skewness of the stacked profiles. It has
been observed that many marine magnetic profiles, after being
reduced to the pole, display a residual skewness or anomalous
skewness [Cande, 1976]. The cause of anomalous skewness is
uncertain, although several different mechanisms have been
proposed. Possible mechanisms include tectonic rotation of the
source layer [Verosub and Moores, 19811, contributions from
deeper layers in which the acquisition of magnetization is
delayed [Cande and Kent, 1976], the overprinting effects of
chemical remanent magnetization [Raymond and LaBrecque,
1987] or thermoviscous remanent magnetization [Arkani-
Hamed, 1989], or systematic, long-period variations in the
intensity of the dipole field [Cande, 1978].

It is evident from Figures 4, 5, and 6 that, although individual
profiles occasionally have residual skewness, the stacked
(averaged) profiles from the Indian Ocean are within 5° of
theoretical symmetry and display very little if any anomalous
skewness. The virtual lack of anomalous skewness in the Indian
Ocean profiles suggests that the magnetic source at this fast
spreading rate is relatively simple, without the obvious
complexities observed at slower spreading rates, and may
explain why tiny wiggles are particularly well recorded in this
region.

The only other skewness observations for this time interval
are by Petronotis et al. [1989], who observed about 11° of
anomalous skewness in anomaly 25r in slower spreading rate
(~30 mm/yr) profiles from the Pacific. This result is consistent
with previous findings of an apparent spreading rate dependency
for the magnitude of anomalous skewness: for the same
anomaly, faster spreading rate profiles generally have less
anomalous skewness than slower spreading rate profiles [Cande,
1978; Roest et al., 1992]. The implication of this spreading
rate dependency is subject to debate, since the cause of
anomalous skewness itself is still unclear, but it supports
conventional wisdom that the magnetic source layer at faster
spreading rates is less complex than at slower spreading rates.

We now turn to the tiny wiggles. For each time interval a
distinctive pattern of small-scale anomalies is observed in both
the individual profiles and in the stacked profiles: over the 2.8
Ma interval between anomalies 24 and 25, we recognize a
pattern of 10 tiny wiggles (Figure 4); a pattern of five tiny
wiggles in the 1.2 Ma interval between anomalies 25 and 26
(Figure 5); and a pattern of seven tiny wiggles in the 3.0 Ma
interval between anomalies 26 and 27 (Figure 6). One can argue
with the individual picks for each stack, but we maintain that
the overall pattern is well represented by our particular
selection.

The tiny wiggle patterns observed between anomalies 24 and
27 are not as obviously coherent as the tiny wiggle pattern
observed within anomaly 5 [Blakely, 1974; Cande and
LaBrecque, 1974]. However, we believe that this is a
reflection of the difference in the data coverage rather than a
difference in the fundamental source of the tiny wiggles. The
tiny wiggles observed within anomaly 5 were principally
documented on profiles from the region of the 1971 National
Oceanic and Atmospheric Administration (NOAA) Surveyor-
SEAMAP survey off the coast of Washington and Oregon. The
data shown by Blakely [1974] and Cande and LaBrecque [1974]
are from closely spaced lines, collected as part of a uniform
survey and sampling essentially a single spreading corridor on
the west flank of the Juan de Fuca ridge. In comparison, the
lines in Figures 4, 5, and 6 are from widely separated regions of
the Indian Ocean (Figure 1), sampling several different
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Fig. 2. Detailed maps showing location of magnetic profiles from the Indian Ocean used in this study. Cruise identifications are
as follows: prefix C: R/V Conrad; V: R/V Vema; GAL: Gallieni; MDF: Marion Dufresne; SUR: Suroit; INM and ANT: R/V

Washington; WI: USNS Wilkes.

spreading corridors on two ldifferent ridge systems (Figure 2).
These widely separated lines may very well reflect slightly
different tectonic histories, perhaps caused by small ridge jumps
or unmapped propagators, that will degrade the quality of the
stack and obscure the coherence of the field-related signal.

The lack of an ideal data set was apparent when we attempted to
rigorously demonstrate the coherence of the tiny wiggles
between anomalies 24 and 27 using a test suggested by
Schouten and Denham [1979] in which the the variance of the
stack of observed profiles is compared to the variance expected
for a stack of random profiles. The results were ambiguous, a
fact that we attribute to small lateral displacements of the
anomalies caused by minor ridge jumps and navigation errors.
In fact, careful scrutiny of the profiles in Figures 4, 5, and 6
reveals several small offsets that, if compensated for, would
enhance the variance of the stack. Although a stack may work
well on closely spaced lines collected as part of a uniform
survey in a limited region [e.g., Blakely, 1974], in many areas
where we would most like to search for tiny wiggles, such
uniform coverage does not presently exist.

COMPARISON WITH PROFILES FROM OTHER OCEANS

An additional test of the paleomagnetic field origin is to
search for the same distinctive pattern in other oceans. A

classical area to look for tiny wiggles is in the North Pacific
[Blakely and Cox, 1972]. In Figure 7 (bottom) we show a
representative deskewed profile (P7103) across anomalies 26
and 27 between the Murray and Mendocino FZs. With a
spreading rate (31 mm/yr) that is only 57% of the rate in the
Indian Ocean, the resolution of tiny wiggles in the North Pacific
is much less than in the Indian Ocean. Only two or three broad
variations are observed between anomalies 26 and 27 as
compared to the eight distinctive small-scale anomalies
observed on the representative profile (MDF23P1) from the
Indian Ocean (Figure 7, center). This large apparent decrease in
resolution may explain why Blakely and Cox [1972] were not
able to recognize any correlatable short polarity intervals in the
North Pacific in this time interval.

The fastest known spreading ridge in the Paleocene was a short
(roughly 100 km wide) section of the mid-ocean ridge system
between the Pacific and Aluk plates in the South Pacific. A
small (100 km by 300 km) piece of the Pacific Plate that formed
at the Pacific-Aluk Ridge was broken off at anomaly 21 time and
became attached to the Antarctic Plate. A record of anomalies
26 to 27, generated at a half rate of roughly 82 mm/yr, is found
on this piece of crust [Cande et al., 1982]. A representative
deskewed profile (C2107) over the fast spreading Pacific-Aluk
crust between anomalies 26 and 27 is shown in the top of Figure
7.



15,078

AREA 1

24 25 267
SURO3 P \/\/*M/J\/»Nv/y/‘*

26
SURO3 P2 M
OWEN P1 \/“*f/\//\[‘\
SURO3 P3 /\v““‘/\/f/\[—ﬁ/‘\
AREA 2 25 26 27
GALO2 P1 MJM
24

MDF10 Pt JMM
MDFO1 P2 /\/MJ\,J\/,\,WJ\J
Cc1104 P3 /\,/\/—vv/\-/\,\/\/v’"-/\\/\*

AREA 3 25 26 27

Cc1104 P2 W\/\MA"/
24 6 o7
MDFOS P /\\/\\/‘WN\/\\/

GALO3 P1

CANDE AND KENT: HIGH-RESOLUTION MARINE MAGNETIC PROFILES

AREA 4 o5 26 277

w1827 P \/\/\/\MM\\M/\A\

MDF23P1 24 W
MDF15 P3Wj\/\“"“/\/\/ 2

6
c1402 P1 o7

V2902 P1 25 M
V2902 P2

27
INMO7 P1/\/\NV'\’_\/\‘\/W

MDF15 P

AREAS
24 25 26 27
ANTI2P1 //\/\,-/-’«/»J\,»/\rwv-w/\/\r
—_— :[750 nT
100 km

Fig. 3. Magnetic profiles crossing anomalies 24 to 27 from five regions of the Indian Ocean. Location of profiles shown in

Figure 2.

In Figure 8, the profiles between anomalies 26 and 27 in the
Indian Ocean, North Pacific and southeast Pacific are stretched
to a common distance and compared. It is clear that the
continuous pattern of tiny wiggles observed in the Indian Ocean
profile is also observed in the southeast Pacific profile, with
some additional shorter wavelength anomalies on the faster
spreading rate profile. The similarity in detail between profiles
from the Indian Ocean and the southeast Pacific is compelling
evidence that these tiny wiggles are due to variations in the
paleomagnetic dipole field. The question that remains is what
aspect of dipole field variation is being observed.

ORIGIN OF TINY WIGGLES: SHORT POLARITY INTERVALS
OR INTENSITY FLUCTUATIONS?

Generally, it has been assumed that tiny wiggles are records of
short polarity intervals [Blakely and Cox, 1972; Blakely,
1974]. The “short event” model does an acceptable job of
modeling tiny wiggles that are observed at a spreading rate of
54 mm/yr in the Indian Ocean. In Figure 9 we have constructed a
sequence of short polarity intervals that models the tiny
wiggles observed between anomalies 26 and 27 in the Indian
Ocean. The duration of the short polarity intervals in this
model are either 9 kyr or 18 kyr, cormresponding to crustal
blocks 0.5 km and 1 km wide, respectively, in the Indian Ocean.
A magnetic model and the MDF23P1 profile from the Indian
Ocean are shown in the second from the top line of Figure 9.

The same set of polarity intervals, however, does a poor job of
modeling the character of the tiny wiggles observed on the
C2107 profile from the southeast Pacific (top line of Figure 9).
At the ultrafast spreading rate, where we expect to have the
highest temporal resolution, the tiny wiggles synthesized by
the model form discrete, narrow anomalies that are often too
spikey to match the more continuous character of the observed

tiny wiggles. The character of the observed profile can be
matched, of course, by inserting additional and shorter polarity
intervals into the model. However, the exceedingly large
number of reversals required to match the character of the
ultrafast spreading rate profile requires that the reversal
frequency in the early Cenozoic was many times greater than
recognized from magnetostratigraphic studies [e.g., Lowrie ef
al., 1982]. In addition, the durations of the shortest polarity
intervals are approaching the time it takes for the field to
reverse (e.g., ca. 6 kyr) [Clement and Kent, 1987], implying
there is insufficient time for the geomagnetic field to occupy the
opposite polarity state.

The alternative model that we prefer is that tiny wiggles are a
continuous record of paleointensity variations of Earth’s
magnetic field. Cande and LaBrecque [1974] showed that the
tiny wiggles within anomaly 5 and between anomalies 12 and
13 in the North Pacific could be attributed to long period (100 to
250 kyr) variations in the intensity of the paleomagnetic field.
A difficulty with their model was that such long periodicities
required an implausibly long memory for dynamo processes.
Here we will present a modification of the paleointensity model
of Cande and LaBrecque [1974)] and suggest that tiny wiggles are
a filtered component of broad spectrum intensity variations
compatible with observations of paleointensity of the field
over the last 5 Ma.

A compilation of paleointensity data by McFadden and
McElhinny [1982] showed that over the last 5 Ma the dipole
field intensity has fluctuated about the mean with a standard
deviation of 42% of the mean over characteristic time scales of
10 kyr and longer. In Figure 9 (bottom) we have simulated this
field behavior by using a Gaussian random number generator to
model horizontal variations in the magnetization of the source
layer. Independent values were assigned to the source layer
every 0.5 km, corresponding in the Indian Ocean to a time
interval of 9 kyr. The values were distributed with a 42%
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Fig. 4. Tiny wiggles on magnetic profiles crossing the reversed interval
between anomalies 24 and 25. The profiles have been stretched to a
common width, reduced to the pole and their amplitudes normalized. A
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Fig. 5. Tiﬁy Wigglm on magnetic profiles crossing the reversed interval
between anomalies 25 and 26. The profiles have been processed as
described in Figure 4. Dots above the stack indicate location of five

stack of the profiles is shown on the top line. Dots above the stack
indicate location of 10 coherent tiny wiggles.

standard deviation about the mean magnetization. Note that the
distribution of magnetization values is actually skewed slightly
to the high side since values less than zero are truncated. The
short wavelength variations in the source layer are earth filtered
to produce a model profile corresponding to the spreading rate
in the Indian Ocean (Figure 9, lowermost profile). For the
faster spreading rate in the southeast Pacific, the model was
stretched so that magnetic source layer has an independent
magnetization value every 0.7 km, preserving the same
temporal sampling interval (Figure 9, second to lowermost
profile).

Even though the exact pattern cannot be duplicated because the
magnetization distribution is generated by a Gaussian process,
the synthetic anomalies in Figure 9 (bottom) closely match the
character of the observed tiny wiggles between anomalies 26
and 27 in two critical features. First, because of the
bandpassing effect of the earth filter, the observed wavelengths
at the sea surface are always in the range of 8 to 25 km,
corresponding to apparent periodicities (at a spreading rate of
54 mm/yr) of 150 kyr to 450 kyr. Second, at faster spreading
rates, the observed wavelengths (still 8 to 25 km) correspond to
shorter apparent periodicities, thus revealing a higher-
resolution version of the paleointensity variations.

A key virtue of the paleointensity model for tiny wiggles is
that it requires no special attribute of paleomagnetic field

coherent tiny wiggles.

behavior. The rate of reversals does not need to be dramatically
increased with the insertion of a dense sequence of very short
polarity intervals for which there is no independent,
magnetostratigraphic evidence. Instead, our nominal model
only requires that the frequency and amplitude of field intensity
variations in the Paleocene are similar to those that are
documented to characterize the geomagnetic field for the last 5
Ma. Our magnetic models indicate that if the ocean crust can
record short polarity intervals with high fidelity it should also
record paleointensity variations. In fact, we would argue that it
probably requires less fidelity to record broadband
paleointensity variations than to record discrete polarity
intervals of only 10 kyr duration. If tiny wiggles are only a
record of discrete polarity intervals, what has happened to the
paleointensity variations?

DiscussioN

It is clear that some coherent, small wavelength anomalies
are due to short polarity intervals. Short polarity intervals with
durations of around 30 kyr, such as the Reunion subchron
between chrons 2 and 2A [Gromme and Hay, 1971], show up
clearly on magnetic anomaly profiles on the East Pacific Rise
[Rea and Blakely, 1975]. Shorter polarity intervals, such as the
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Cobb Mountain subchron between the Jaramillo and chron 2
[Mankinen et al., 1978; Mankinen and Gromme, 1982],
thought to be of roughly 10 kyr duration based on
magnetostratigraphic studies [Clement and Kent, 1987], also
can be observed in magnetic profiles although identification is
more tenuous [Rea and Blakely, 1975]. The small wavelength
anomalies associated with both of these polarity subchrons,
however, could also be simulated by the paleointensity
variation model. Thus discriminating between a reversal or
paleointensity origin for short-wavelength anomalies
ultimately requires confirming magnetostratigraphic evidence.

Nevertheless, the similarity in character of the tiny wiggles
between anomalies 24 and 27 with the tiny wiggles observed
within anomaly 5 and between anomalies 12 and 13 [Blakely,
1974; Cande and LaBrecque, 1974] leads us to speculate that the
paleomagnetic field behavior responsible for most tiny wiggles
is paleointensity variations. In particular, when observed at
faster spreading rates, the same time interval is characterized by
a larger number of tiny wiggles. This is clearly seen in Figure 9
in the comparison of anomalies 26 to 27 from the North Pacific
(31 mm/yr), Indian Ocean (54 mm/yr), and the southeast Pacific
(82 mm/yr). Similarly, anomaly 5, which was shown by
Blakely [1974] to include four small scale anomalies in the
North Pacific (~35 mm/yr), was shown by Cande and LaBrecque
[1974] to consist of at least twice that number of tiny wiggles
on the ultrafast spreading East Pacific Rise (~80 mm/yr).
Although an ultrafast spreading rate record of anomalies 12 to
13 has yet to be found, even in the moderately fast spreading
rate North Pacific profiles, Cande and LaBrecque [1974]
recognized eight tiny wiggles in an interval of approximately 2
m.y. While there is evidence for some additional short polarity
intervals that may correspond to a few of the tiny wiggles {e.g.,
McDougall et al. [1984] in anomaly 5, Hartl and Tauxe [1991]
between anomalies 12 and 13, and Gee et al. [1991] between
anomalies 24 and 25), associating all tiny wiggles to short
polarity intervals would require an increase in reversal frequency
many times that established from conventional magnetic
polarity time scales. In addition, the character of tiny wiggles,
where they have been best documented superimposed on
anomaly 5, between anomalies 12 and 13, and between
anomalies 24 to 27, does not seem to vary over the Cenozoic,
while the average frequency of established reversals varies by a
factor of three or more [Lowrie and Kent, 1983; McFadden and
Merrill, 1984]. This implies to us that tiny wiggles represent a
uniform, background variation of the geomagnetic field. If tiny
wiggles are attributed to complete reversals of the field, they
represent short periods of one polarity embedded in much longer
periods of opposite polarity. Such a phenomenon can be
likened to a monostable oscillator [Cande and LaBrecque, 1974]
in contrast to the generally Poisson distributed nature of
established geomagnetic reversals [Cox, 1968; McFadden and
Merrill, 1984]. We believe a more plausible explanation for the
consistent character of tiny wiggles is that they represent an
earth-filtered record of a broad spectrum of paleointensity
variations.

As a consequence of the inherent ambiguity in interpretation
of tiny wiggles, short polarity intervals which are identified
solely on the basis of marine magnetic anomaly data should be
treated with a great deal of caution. It is always possible and
often convenient to model the observed tiny wiggles as if they
were due to short polarity intervals. Such a procedure is useful
to specify the age and apparent duration of a candidate short
polarity interval for magnetostratigraphic testing, and as a
practical matter, to construct more detailed magnetic models
that aid in the identification of problematic anomaly sequences.
However, in order to emphasize the uncertain origin of tiny
wiggles, we proposed the designation cryptochron for short
polarity intervals that are modeled only from magnetic
anomalies and that have apparent durations of less than 30 kyr
in the calibrated time scale [Cande and Kent, 1992]. With
confirming magnetostratigraphic evidence a cryptochron can be
elevated to the status of a polarity subchron, such as for the
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Cobb Mountain. In Table 1 we present the ages and apparent
durations of the short polarity intervals (cryptochrons) that
model the tiny wiggles between anomalies 24 and 27 in the
Indian Ocean. Note that the age of the major anomalies are
taken from the revised time scale of Cande and Kent [1992].

The selection of a 30 kyr cutoff for the designation
cryptochron reflects our feeling that most tiny wiggles which
can be modeled with short polarity intervals of less than 30 kyr
duration, such as all of the tiny wiggles between anomalies 24
and 27, are likely to be due to paleointensity variations. It also
seems likely that most tiny wiggles which can be modeled by
short polarity intervals longer than 30 kyr are likely to be due
to true polarity intervals. However, the inherent ambiguity in
their interpretation must be recognized by noting that it is
possible that some tiny wiggles modeled by short polarity
intervals approaching 50 kyr are conceivably due to
paleointensity variations. A second reason for selecting 30 kyr
as a cutoff for the designation cryptochron is that for durations
shorter than 30 kyr the marine magnetic anomaly record has
been investigated in detail over only a few relatively discrete
time intervals.

CONCLUSIONS AND IMPLICATIONS

Tiny wiggles are observed as a ubiquitous background on fast
and ultrafast spreading rate profiles and appear to contain a
unique, high-resolution recording of the geomagnetic dipole

field. The type of field behavior recorded in the tiny wiggles
cannot be unambiguously determined from sea surface magnetic
profiles. However, indifect arguments suggest that the tiny
wiggles are, in general; a-record of continuous variations in the
paleointensity of the field.

The paleointensity model for tiny wiggles has several impli-
cations: :

1. Because tiny wiggles reflect a continuous high-resolution
recording of the geomagnetic field they may provide a unique
window for analyzing the temporal evolution of the
geomagnetic dynamo. It would be interesting to compare the
character of tiny wigglé8 ih the Cretaceous quiet zones, which
formed during a long time interval of apparently no reversals, to
the Cenozoic record. Differences, including the absence of tiny
wiggles in the Cretaceous quiet zones, could be related to current
ideas relating secular variation and the origin of geomagnetic
polarity reversals [Merrill and McFadden, 1988].

TABLE 1. Cryptochrons From C24 to C27

Interval, Ma Cryptochron
53462 - 53471 C24r-1
53.604 . 53613 C24r-2
53.821 - §3.830 C24r-3
53.967 - 6§3.976 C24r4
54.170 - 54.180 C24r-5
54.490 - 54.500 C24r8
54.739 - 54.749 C24r-7
54.953 - 54.963 C24r-8
55.071 - 66.081 C24r9
55.309 - 55.319 C24r-10
55811 - 56.622 C24r-11
56.827 - 56.845 C26r-1
67.002 - §7.020 C25r-2
57.160 - §7.169 C25r-3
57.426 - 57435 C25r4
57.586 - 57.604 C25r-5
58.756 - 58.777 C26r-1
59.382 - 69.403 C26r-2
59.612 - 59.622 C26r-3
69.821 - 659.832 C26r4
60.261 - 60.282 C26r-5
60.638 - 60.648 C26r-6
60.931 - 60.941 C26r-7

2. Our model provides an alternative interpretation for the
small scale anomalies that have been mapped within the Pacific
Jurassic quiet zone and regarded as reflecting frequent field
reversals [e.g., Cande et al., 1978; Handschumacher et al.,
1988; Nakanishi et al., 1989]. In Figure 10 we compare the
tiny wiggles between anomalies 26 and 27 in the southeast
Pacific to the small scale anomalies between anomalies M25
and M29 on the Japanese lineations in the Pacific, two areas
that formed at nearly the same high spreading rate. The
similarity in character is striking, suggesting a common origin
related to paleointensity variations. Small-scale anomalies
have also been observed over short distances within the
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Fig. 9. Comparison of two basic models for the source of the tiny wiggles
between anomalies 26 and 27. The top set of models assume the tiny
wiggles are due to short intervals (9 kyr to 18 kyr) of normal polarity. The
light-weight profiles drawn above the model profiles are traces of the
representative profiles shown in figures 7 and 8. The lower set of models
assume the tiny wiggles are caused by random fluctuations in the
paleointensity of the dipole field in the Paleocene with a temporal
variation compatible with the observed intensity variations over the last 5
Ma. The lower set of models better simulate the character of the observed
tiny wiggles.
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Fig. 10. A comparison of magnetic profiles across anomalies M25 to M29

on the Japanese lineations in the Pacific Jurassic quiet zone (top) and
Pacific-Aluk anomalies 26 to 27 in the southeast Pacific (bottom). The

similarity in character of the small-scale anomalies older than M25 to the

tiny wiggles between anomalies 26 and 27 suggests that the pre-M25
anomalies are also due to paleo-intensity variations. Cruise
identifications: prefix C: R/V Conrad; V: R/V Vema.

Cretaceous quiet zone in the Central Atlantic [Vogt and
Johnson, 1971] and may also reflect paleointensity variations.

3. Like the distinctive patterns formed by the “random”
reversals of the magnetic field, “random” intensity variations
should also form distinctive patterns. Tiny wiggles therefore
represent potential time markers over large regions of uniform
crustal polarity such as the Cretaceous quiet zones.

CANDE AND KENT: HIGH-RESOLUTION MARINE MAGNETIC PROFILES

4. Much of the variance observed in magnetic anomaly
profiles, particularly at fast spreading rates, comes from
paleointensity fluctuations in the dipole field. Studies that infer
attributes of the crustal emplacement process based on the
character of marine magnetic anomalies (e.g., Schouten and
Denham type models) need to remove the contribution to the
variance that comes from the dipole field variations before
analyzing the emplacement process.
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