
Multiphase Modeling of Contact Metamorphic Systems and
Application to a Miocene Transitional Geomagnetic Field
Record, Paiute Ridge, Nevada

J W Geissman (Department of Earth and Planetary Sciences,
University of New Mexico, Albuquerque, NM 87131-1116; ph.
505-277-3433; fax 505-277-8843; e-mail: jgeiss@unm.edu); G N
Keating (Environmental Dynamics and Spatial Analysis, EES-10,
Los Alamos National Laboratory, Los Alamos, NM 87545; ph.
505-667-5902; fax 505-667-1628; e-mail: gkea@lanl.gov)

We present a numerical model that improves our capability to
simulate multiphase, nonisothermal flow in variably saturated
porous and fractured media, in this case poorly welded to
partially fused ash flow tuff, at magmatic temperatures and
shallow crustal pressures to better understand the cooling and
hence magnetization acquisition history of these rocks.
Simulations of heat and fluid flow in variably saturated host rock
near a magmatic intrusion provide insight into processes of
dryout, condensation, and resaturation effects and implications
for host-rock alteration and the rate at which the host rock cools,
and thus magnetizations are recorded in it, following contact
metamorphism.We developed a numerical model capable of
simulating multiphase flow of heat, water and air in variably
saturated porous / fractured media near a magmatic intrusion. 
The numerical code solves nonlinear conservation equations for
mass and energy, using thermodynamic properties of water and
air in the ranges 101C , T , 1500 C, 0.00123 , P , 1000 MPa
and 101C , T , 15001C, 0.00123 , P , 22 MPa, respectively. 
The study area is located at Paiute Ridge, eastern Nevada Test
Site, Nevada, USA, where hypabyssal mafic intrusions were
emplaced at about 8.5 to 8.6 Ma (Ar/Ar age estimate) and cooled
during a geomagnetic field reversal, inferred from paleomagnetic
data from over 100 sites in intrusions and remagnetized host ash-
flow tuffs.  A radial model of heat flow and multiphase pore fluid
flow adjacent to a 12001C intrusion characterizes the thermal
evolution of the contact metamorphic system. For likely initial
pore saturations of 0.4 to 0.6, Aan expanding dryout zone near
the intrusion and a condensation zone of enhanced saturation (S
< 0.8) extends 150 to 400 m from the intrusion.  Pore water in the
condensation zone drains steadily so that host-rock pore
saturation never exceeds 0.8.  Host rock temperatures reach
8001C near the contact and cool below 1001C within 1000 to
2000 years after emplacement for moderate initial pore
saturations (0.4 to 0.6), 2 to 4 times faster than predicted by a 
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simple conduction model.  The thermal history of the system is
very sensitive to initial saturation.  The multiphase thermal
model allows bounds to be placed on the rate of change of the
transitional part of the geomagnetic field during the field
reversal recorded at Paiute Ridge. hypothesize 
 
Magnetization acquisition is interpreted to have taken place
during the life of the thermal system that developed in the
intrusions and contact rocks and that the paleomagnetic data
provide a quasi-continuous record of the transitional part of the
reversal.  Sites in intrusions and thermally annealed ash-flow
tuffs reveal subtle yet systematic variations in paleomagnetic
directions.  We combine the directional data with robust thermal
(temperature/time) models to estimate the rate of change of the
geomagnetic field.  At site 98_42, intensely fused tuff below the
sub-vertical contact of the main lopolith of the complex reveals a
systematic change in direction of at least 161 from less than a
meter from the contact to over two meters away.  At site 94_43,
moderately fused tuff of the upper country rock to this same
lopolith reveals a progressive change in direction from about 220
/+17 to about 270 /+10 between about 440 and 5801C,
respectively, in thermal demagnetization.   Modeled times of
between 140 and 290 years (site 98_42) and between 215 and 440
years (site 94_43) for the duration of magnetization acquisition
at two different sites correspond to estimated rates of change of
0.13 to 0.06 degrees/year for the field during the transitional part
of the reversal recorded at Paiute Ridge.



Brunhes Geomagnetic and Rock Magnetic Variations Recorded in
Eight Holes Cored at ODP Site 1062 on the Bahama Outer Ridge

Gary D. Acton Ocean Drilling Program, Texas A&M University,
1000 Discovery Drive, College Station, TX 77845; ph. 979-845-
2520; email: acton@odpemail.tamu.edu); Bradford M. Clement
(NSF, 4201 Wilson Blvd. Arlington, VA 22230; email:
bclement@nsf.gov); Steven P. Lund (Dept of Earth Sciences,
University of Southern California, University Park, Los Angeles, CA
90089; email: slund@usc.edu); Makoto Okada (Dept. of
Environmental Sci., Ibaraki University, Bunkyo 2-1-1, Mito, 310-
8512, Japan; email: okada@mito.ipc.ibaraki.ac.jp); Trevor Williams,
Borehole Research Group, Lamont-Doherty Earth Observatory,
Palisades, NY 10964; trevor@ldeo.columbia.edu

During Ocean Drilling Program (ODP) Leg 172, we cored eight
holes at Site 1062 on the Bahama Outer Ridge (4770 m water depth),
providing redundant recovery of Pleistocene and Holocene
sediments. The holes transect a mudwave, where sedimentation rates
have been rapid, averaging over 10 cm/k.y. and ranging from 3 to 33
cm/k.y. Altogether, 1 km of core was recovered from the eight holes,
of which 590 m are piston cores through Brunhes-age sediments. The
larger than average number of holes provides an unprecedented
opportunity to examine repeatability of the paleomagnetic record at a
site, to estimate statistical properties of the signal, and investigate
biases related to coring, sampling, and measurement methods. Fine-
scale adjustment to the meters composite depth (mcd) gives an
indication of between-hole, decimeter-scale sedimentation rate
variations across the mudwave and/or core expansion and related
drilling deformation. Millennial scale changes in direction and
intensity correlate well between holes for nearly all of the past
800,000 yrs, indicating a robust record of secular variation has been
obtained. The mean record provides a good standard for regional and
possibly global correlation. Site 1062 also contains records of more
than ten excursions that can be correlated between two or more
holes. We will discuss the lithostratigraphic position, age, directional
change/VGP paths, and rock magnetic characteristics of several of
these excursions along with multiple records of the
Brunhes/Matuyama transition. 
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Paleomagnetic Intensity Data as a Time Series: Opening a Window
Into Dynamics of Earth's Fluid Core?

Ross E Baker Graduate Program in Physics and Astronomy, York
University, Toronto, Canada, M3J 1P3; ph. 416-736-5245; fax 416-
736-5817; email: rossb@yorku.ca); K D Aldridge (Department of
Earth and Atmospheric Science, York University, Toronto, Canada,
M3J 1P3; ph.  416-736-2100 ext. 77705; fax 416-736-5817; email:
keith@yorku.ca)

We consider paleomagnetic intensity data obtained from sedimentary
cores as a time series related to fluctuations of the fluid velocity in
Earth's core.  Although this is a gross oversimplification of the
relationship between these two vector fields, some aspects of their
possible interaction might be obtained through inversion of
paleomagnetic intensity data. In particular, the onset and
development of turbulence as seen in laboratory experiments on fluid
instabilities may be contained in a paleointensity time series. Just as
in these laboratory experiments, changes in flow regimes of Earth's
fluid core and the effects of irregularities on the development of
bifurcations should be traceable in relative paleomagnetic intensity
data. For example, growth of the inner core would alter the geometry
determining instability properties that are detectable in the observed
growth and decay of paleointensity.  Limiting this interpretation are
factors such as errors in timing and in measured relative paleointensity.

Non-linear inversion of records from the ODP983 dataset of
paleomagnetic intensities will be presented. Growth and decay with
time of paleomagnetic amplitudes are modelled as exponential and
two harmonics.  This simple model accounts for most of the
paleomagnetic amplitude signal, thus providing a first step in
modelling the dynamical processes producing the magnetic field. 
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Paleomagnetic survey of Late Permian series in Morocco:
implications for Pangea reconstruction and GAD Hypothesis.

J. Besse Institut de Physique du Globe de Paris, 4 Place Jussieu,
75252 Paris Cedex 05, France, ., O. Oufi, , Institut de Physique du
Globe de Paris, 4 Place Jussieu, 75252 Paris Cedex 05, France

The configuration of Pangea is one of the strongest debates on recent
times large scale reconstructions. Various conflicting configurations
have been proposed, and discussed using a large amount of
suggestion including misleading ages, remagnetizations, unsufficient
demagnetization process, error in magnetization recording for
sediments, odd Earth magnetic field during certain periods, etc...
Recent paleovertebrates d ata indicates that the basal part of the
Argana formation (Morocco) is Tatarian (Upper Permian), this serie
being thus one of the most well dated clastic serie of Africa. A new
paleomagnetic surve y allowed us to sample 15 sites (90 samples).
The sites directions are well grouped after tilt correction and the
mean direction is deduced, using Fisher's statistic, as Ds = 313.4 , Is
= 8.5 , K = 50.9, A95 = 5.6. A fold test is positive at 95%, and so is
the inversion test. These results suggest that the HT component is
effectively a primary direction. The presence of mixed polarities,
suggests that T1 and T2 formations post date the Kiaman period , the
end of which is estimated at approximately 265Ma.A comparison of
these data with 38 available worldwide paleomagnetic data suggests
a A Pangea configuration.(roughly the Atlantic pre- opening
configuration). We discuss the occurrence of lithospheric
deformation inducing important rotations at various scale,
particularly in future rifts or mountain zones (Colorado, South of
France, South American cordilleras, east of Australia etc) or even the
quality of fits. Using these rotations, most of worldwide poles can be
reconciled using a rough GAD hypothesis during the 250-275 Ma
period. Occurrence of Octupole components or flattening are also
discussed for the Permo-Triassic period. 
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Long term variations in geomagnetic intensity: Links to mantle and
crustal processes

A J Biggin Centro de Geociencias, UNAM Campus Juriquilla,
Queretaro, QRO 76020, Mexico; ph. +55 442 238 1104 ext. 124; fax.
+55 442 238 1100; email: andy@geociencias.unam.mx); D N
Thomas (School of Earth Science and Geography, Kingston
University, Penrhyn Road, Kingston-upon-Thames, Surrey, KT1
2EE, UK; ph.+44 20 8547 2000 ext. 2403; fax. +44 20 8547 7497;
email: n.thomas@kingston.ac.uk

From the results of a rigorous statistical analysis, time correlations
are evident between significant transitions in the dipole moment
record for the period 10 - 400 Ma and first-order plate tectonic
events. A qualitative first-order theory relating large-scale crustal
behavior to changes in mean geomagnetic poloidal field intensity
will be presented. This theory assumes that the passage of subducted
material into the lower mantle produces an instantaneous increase in
the mean heat flux across the core-mantle boundary through a
process known as induced convection. The potential of this simple
model for explaining the observed synchroneities between mean
geomagnetic intensity and large-scale plate tectonic behaviour will
be demonstrated. 
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H Böhnel Centro de Geociencias, UNAM-Campus Juriquilla,
Queretaro 79230, Mexico; ph. 52-442-2381106, ext. 109; fax 52-
442-23801105; e-mail: hboehnel@geociencias.unam.mx); R S
Molina Garza (Centro de Geociencias, UNAM-Campus Juriquilla,
Queretaro 79230, Mexico; ph. 52-442-2381106, ext. 126; fax 52-
442-23801105; e-mail: rmolina@geociencias.unam.mx

Volcanism as a consequence of prolonged subduction of oceanic
plates in the Pacific Basin is ubiquitous in Central Mexico. More
than 100 paleomagnetic site-mean directions are available for the last
10 Ma. These data were pre-selected  according to geological-
tectonic reliability criteria and most also comply with modern quality
standards as number of samples, demagnetization treatment, within-
site dispersion. We analyzed the VGP dispersion using different
time-windows, to obtain the angular standard deviation (ASD) and
revised its time variability. The ASD values vary largely when
different cut-off limits or outlier criteria are used to eliminate sites
with intermediate VGP positions. Therefore, the analysis method is
critical in establishing comparable ASD values, which may then be
used as observational data for paleosecular variation models. 
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Solar-Terrestrial Interaction During a Varying Dipole Moment

S E Boralv Swedish Institute of Space Physics, Box 537, 751 21
Uppsala, Sweden; ph. +46184715930; fax +46184715905; email
eb@irfu.se); H J Opgenoorth (Swedish Institute of Space Physics,
Box 537, 751 21 Uppsala, Sweden; ph. +46184715912; fax
+46184715905; email opg@irfu.se); S C Buchert (Swedish Institute
of Space Physics, Box 537, 751 21 Uppsala, Sweden; ph.
+46184715928; fax +46184715905; email scb@irfu.se

The magnetic dipole field of the Earth has decreased by roughly a
factor of two during the last 2000 years. We will discuss the effects
in the magnetosphere due to a decreasing dipole moment, in terms of
magnetospheric size and the current systems therein. Expected
signatures in solar terrestrial interaction should include a shrinking of
the magnetosphere as the protective magnetopause moves closer to
Earth. A more effective coupling between the Solar wind and Earth's
magnetic field should furthermore result in a strengthening of the
current systems in the magnetosphere. The resulting widening of the
auroral oval will move the region affected by auroral activity further
equatorward, i.e. above more densly populated regions. The Earth's
protection against the solar wind will be strongly influenced
(decreased) as the dipole moment varies.

Recent observations also indicate that the magnetic flux of the sun in
increasing, which is another important factor regarding the
interaction betwen the solar wind and the Earth's magnetosphere. We
will point out the implications of the combined effect of the Sun's
and the Earth's time-varying magnetic fields for near-Earth space
plasma physics. An inproved understanding of space weather
phenomena, in particular in a variable environment is important for
future technology both in space and on ground. As the solar-
terrestrial interaction enhances, space weather events will more
effectively interfere with technology in near-Earth space as well on
ground, as ground-induced currents are produced during
magnetospheric storms and substorms above more populated
regions. 
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Carnian - Norian biomagnetostratigraphy at Silická Brezová
(Slovakia): correlation to other Tethyan sections and to the Newark
Basin

J.E.T. Channell [*J.E.T. Channell*] (Department of Geological
Sciences, University of Florida, Gainesville, FL 32611; ph. 352-392-
3658; fax 352-392-9294; e-mail: jetc@ufl.edu); H.W. Kozur (Rézsü
u. 83, H-1029. Budapest, Hungary); T. Sievers (Dept. Geological
Sciences, University of Florida, Gainesville, FL 32611-2120); R.
Mock, R. Aubrecht, M. Sykora (Dept. Geology and Paleontology,
Comenius University, 84215 Bratislava, Slovakia)

Correlations of Upper Triassic magnetic stratigraphies from Tethyan
sections have been hampered by difficulties with conodont
biostratigraphy and taxonomy, and discontinuous sedimentation,
particularly in the "Hallstatt Limestones" of Turkey and Austria. The
magnetic stratigraphy and conodont biostratigraphy from the upper
Carnian to upper Norian limestones exposed at Silická Brezová
(Slovakia) can be correlated to other Tethyan sections and to the
continental succession in the Newark Basin. The resulting
correlations help to resolve some of the apparent discrepancies in
existing conodont zonations, and result in a revised correlation to
North American terrestrial vertebrate and palynologicial zones. The
correlations imply that the Norian-Rhaetian boundary lies within
Newark polarity zone E17r at ~207 Ma. The Carnian-Norian
boundary lies close to the base of Newark polarity zone E7r at ~226
Ma. This implies durations for the Norian and Rhaetian stages of 19
Myr and 7 Myr, respectively. 
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Comparison of U-channel and Discrete Sample Data Recording
Polarity Reversals and Excursions: Examples From the North
Atlantic

J.E.T. Channell Department of Geological Sciences, University of
Florida, Gainesville, FL 32611; ph. 352-392-3658; fax 352-392-
9294; e-mail: jetc@ufl.edu

Back-to-back 1-cm cubic discrete samples have been collected
alongside u-channel samples spanning polarity reversals and
excursions at ODP Leg 162 sites from the Iceland Basin (Sites
980/981, 983, 984) and from ODP Site 919 off east Greenland.  The
Iceland Basin Basin Event at ~190 ka is recorded at Sites 980, 983
and 984.  The Laschamp Event at ~40 ka, and an event postdating the
Laschamp, possibly correlative to the Mono Lake Event, are
manifest at Site 919.  Comparison between u-channel and 1-cm
discrete sample data, and deconvolved u-channel data, indicate both
types of samples have disadvantages related to measurement
smoothing (for u-channels) and deformation and handling (for 1-cm
discrete samples). Virtual geomagnetic poles (VGPs) derived from 1-
cm discrete samples collected across the Matuyama-Brunhes and
Jaramillo polarity reversals at Sites 983/984 are arranged in clusters
over the Americas and NE Asia. The clusters are similar to those
observed from u-channel data (Channell and Lehman, 1997),
indicating that the VGP clusters are not an artifact of the u-channel
measurement procedure. 
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Comparison of U-channel and Discrete Sample Data Recording
Polarity Reversals and Excursions: Examples From the North
Atlantic.

J.E.T. Channell Department of Geological Sciences, University of
Florida, Gainesville, FL 32611; ph. 352-392-3658; fax 352-392-
9294; e-mail: jetc@ufl.edu

Back-to-back 1-cm cubic discrete samples have been collected
alongside u-channel samples spanning polarity reversals and
excursions at ODP Leg 162 sites from the Iceland Basin (Sites
980/981, 983, 984) and from ODP Site 919 off east Greenland.  The
Iceland Basin Basin Event at ~190 ka is recorded at Sites 980, 983
and 984.  The Laschamp Event at ~40 ka, and an event postdating the
Laschamp, possibly correlative to the Mono Lake Event, are
manifest at Site 919.  Comparison between u-channel and 1-cm
discrete sample data, and deconvolved u-channel data, indicate both
types of samples have disadvantages related to measurement
smoothing (for u-channels) and deformation and handling (for 1-cm
discrete samples). Virtual geomagnetic poles (VGPs) derived from 1-
cm discrete samples collected across the Matuyama-Brunhes and
Jaramillo polarity reversals at Sites 983/984 are arranged in clusters
over the Americas and NE Asia. The clusters are similar to those
observed from u-channel data (Channell and Lehman, 1997),
indicating that the VGP clusters are not an artifact of the u-channel
measurement procedure. 
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How long does it take for Earth's magnetic field to reverse polarity?

Bradford M. Clement Divsion of Ocean Sciences, National Science
Foundation, 4201 Wilson Blvd., Arlington, VA, 22207,
bclement@nsf.gov, and Dept. of Earth Sciences, Florida
International University, Miami, FL, 33199).

The past several years have witnessed a proliferation of numercial
models of the geodynamo that exhibit "earth-like" magnetic field
behavior, most notably secular variation and polarity reversals. Each
of these models, however, use parameters that are far from earth-like.
Paleomagnetic records provide constraints on these models and may
provide guidance in how to produce a more realistic geodynamo
model.  By far the most important constraint on geodynamo models
was the discovery of polarity reversals.

Opdyke's pioneering work in deep-sea sediment records also
provided some of the earliest estimates of the duration of  polarity
transitions. Theses estimates effectively ruled out the possibility that
free decay and subsequent growth of the field could account for
reversals. Instead, an active process is required for polarity reversal.

The durations of reversals and the rates at which the field changes,
remains one of the most important contributions that
paleomagnetism can provide to dynamo theory. In this paper I
present an initial summary of the durations of polarity transitions
from sediments that have been published to date. Each transition
zone is defined as the stratigraphic interval that is bounded by the
level at which the paleomagnetic directions exceed the circular
standard deviation of the lower polarity chronozone and the level at
which the directions fall within  the circular standard deviation of the
upper polarity chronozone. Estimates of the durations are then
calculated using the best estimate of sedimentation rates for each
section. Comparison of the durations with 1) reversal, 2)the site
distribution, 3) sedimentation rates, and 4) full polarity secular
variation in each record, provide insights into the remanence
acquisition processes as well as providing an average estimate of
polarity transition duration. 
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Short-Term Changes in the Geomagnetic Field: High-Resolution
Records and the Relation to Geodynamo Simulations

R S Coe (Department of Earth Sciences, University of California,
Santa Cruz, CA 95064; ph. 831-459-2393; fax 831-459-3074; email:
rcoe@es.ucsc.edu); J M G Glen (U S Geological Survey, 345
Middlefield Rd, Menlo Park, CA 94025; email: jglen@usgs.gov)

Rapid changes of the geomagnetic field challenge the resolution of
the best natural recorders. Volcanic records are literally shot full of
holes with gaps of unknown length between each cooling unit.
Sedimentary recordings are smoothed to an unknown degree by
poorly understood remanence lock-in and diagenetic magnetization
processes. Moreover, hiatuses may be common, especially in
environments of rapid deposition, and they are usually difficult to
identify. Thus paleomagnetic records are always incomplete and give
only lower bounds on how fast and complex the field changes
actually were. Geodynamo simulations provide a complementary
approach to this problem, but limitations in computer power have
prevented them from operating near the parameter regime
appropriate for the core, with concomitant loss of spatial and
temporal resolution. Nonetheless, they can provide insight into what
kinds of field behavior may occur.

To make progress in the face of such difficulties we need to bear
these shortcomings in mind while pushing forward on all fronts. In
this paper we explore the possibility that at least some reversals and
excursions are much more complex than typically portrayed, with
episodes of oscillatory and very rapid field change. 
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The Spectrum of Geomagnetic Temporal Variations

Catherine G. Constable (Institute of Geophysics and Planetary
Physics, Scripps Institution of Oceanography, 9500 Gilman
Drive, La Jolla, CA 92093-0225; ph: (858) 534-3183; fax: (858)
534-8090; email; cconstable@ucsd.edu); Catherine L. Johnson
(Institute of Geophysics and Planetary Physics, Scripps
Institution of Oceanography, 9500 Gilman Drive, La Jolla, CA
92093-0225; ph: (858) 822-4077; fax: (858) 534-5332; email;
cljohnson@ucsd.edu)

In the course of Neil Opdyke's career new uses for paleomagnetic
data have evolved that make increasingly stringent demands on
data quality and on temporal resolution in age constraints. 
Determinations of polarity and paleoinclination were sufficient
for traditional magnetostratigraphic studies and for evaluation
of the geocentric axial dipole (GAD) hypothesis.  Today, 
paleomagnetic data are used to analyze geomagnetic field
variations on time scales ranging from hundreds to billions of
years.  For example, researchers strive to make inter-
hemispheric comparisons of marine sediment records with sub-
millennial scale accuracy.  Details of field behavior, such as
deviations from GAD, run the risk of being interpreted in terms
of specific temporal and spatial variations in core-mantle
boundary conditions.  Expectations are evolving that we may
detect departures from GAD of the average magnetic field
direction that are as small as 1 or 2 degrees.  Yet there remains
much that is poorly documented about geomagnetic field
variations, including the nature of the geomagnetic spectrum. 
Still unanswered is the basic question of how long one needs to
average the geomagnetic field in order to uncover a "stable time-
averaged field", always assuming that such a thing exists.
Knowledge of the spectrum could help resolve this issue.

We construct a power spectrum of geomagnetic paleointensity
variations that spans the period range from 10 to 10 million
years.  The spectrum has the most power at long periods,
reflecting the overwhelming influence of geomagnetic reversals,
and in general the power decreases with increasing frequency
(decreasing period).  Empirical estimates of the spectrum are
derived from the magnetostratigraphic time scale, from marine 
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and lake sediment relative intensity records, and from historical
observations. Existing spectral estimates do not indicate any
distinctive behavior that allows separation of excursional and
transitional field behavior from what might be called normal
secular variation.  However, there does appear to be a
characteristic spectral signature associated with the recurrence
time of cryptochrons during the Oligocene. A number of
researchers have suggested the occasional presence of quasi-
periodic field variations corresponding to changes in Earth's
orbital parameters and  by extension associated with long term
climate modulation.
In the absence of reliable measurements of very long (greater
than a few million years) period paleointensity variations, we use
the magnetostratigraphic timescale and a simplistic statistical
model which supposes that field intensity is constant except
during finite intervals when the field is reversing. During a
reversal, the intensity is diminished, but also constant. Under this
model the time required to acquire a reliable average for the
field intensity, and the average value itself, depend on the
reversal rate and the typical reversal duration. For a fixed
reversal rate the spectrum is essentially constant at low
frequency.  The spectrum falls off as approximately the inverse
square of the frequency above a critical value determined by the
characteristic reversal transition length. The actual geomagnetic
spectrum differs from this predicted spectrum because of
changes in reversal rate, fluctuations in paleointensity, and lack
of uniformity in the time taken for individual reversals.  We
assess the limitations of the model and show how it can be
extended to include more realistic field behavior based on
empirical spectra derived from paleomagnetic records. The
resulting spectrum is used to examine how long is needed to
obtain a reliable estimate of paleosecular variation (PSV) and the
time-averaged field (TAF).

Spectral estimates for intensity variations can pave the way to
extend existing statistical models for PSV to include temporal
covariance. Most recent statistical PSV models assume
temporally independent or uncorrelated samples of the field
except in the axial dipole. To include a general temporal
covariance in our current PSV model, known as CJ98, we need
to determine whether and how the characteristic time scales for 

variations change with the spatial scale and/or non-zonal nature
of the field.  For example, there are indications in historical field
models that small scale and/or non-zonal parts of the field may
change more rapidly than others.  In CJ98 the axial dipole has a
special status, and because of this CJ98 predicts that at any
single location temporal changes in the X and Z components of
the geomagnetic field should be coherent for axial dipole field
variations, with no coherence between X and Y or between Y and
Z. By analyzing a relative intensity record with associated
directional information it could be possible to identify the time
scales characterizing variations in the axial dipole part of the
field. This coherence between X and Z combined with a lack
thereof among other components appears to exist at long periods
for the record we have examined so far.

Such analyses indicate the importance of jointly estimating
directional and intensity variations for the geomagnetic field. 
Unlike the usual estimates of coherence from separate cores, the
single-core estimates described above are not afflicted by the
relative uncertainties in dating.  Standard techniques for
identifying dipole variations from relative paleointensity records
involve stacking records from multiple locations after using tie
point and associated age estimates to put the records on a
common time scale.    The sampling process combined with
correlating ages between cores with even slight variations in
sedimentation rates can easily lead to incoherence at periods that
are of considerable interest in the geomagnetic spectrum.  We
seek methods that will avoid such complications, or at least
enable the evaluation of the resolution attainable with the
available age information. 

 Apparent and True Polar Wander and the Geometry of the
Geomagnetic Field in the Last 200 Million Years

VINCENT COURTILLOT JEAN BESSE AND [*VINCENT
COURTILLOT*] (Laboratoire de Paléomagnétisme, Institut de
Physique du Globe de Paris).

We have constructed new synthetic Apparent Polar Wander
Paths (APWPs) for the African, Antarctic, Australian, European,
Greenland, Indian, and North and South American plates over
the last 200 Ma. We have used a selection of 19 paleomagnetic
data from DSDP sites, 2 poles computed from skewness of
marine magnetic anomaly profiles in the Indian Ocean and 221
cratonic paleomagnetic poles. A total number of 242 independent
data has been retained, with a good distribution of site longitudes
(ranging from 120 W to 155 E). Updated kinematic models
allowed us to relate the paleomagnetic data of all plates over the
entire period of interest and to construct a master synthetic
APWP, using the data of all plates transferred onto a single one
and averaging them within 10 and 20 Ma sliding windows.
Moderately far-sided poles are consistent with a persistent
quadrupole moment (on the order of 3% of the dipole over the
last 200 Ma), but its amplitude can be neglected for most
applications and in that sense the geocentric axial dipole (GAD)
hypothesis is confirmed on the time scales of interest to our
study. The successions of tracks, standstills, loops, and
directional changes for all APWPs are discussed. The overall
shape of the Eurasian and North American APWPs between 150
and 50 Ma confirms the existence of a loop, though somewhat
smaller and more complex than previously recognized. The
timing of the so-called Cretaceous standstill appears to be
slightly later than previously thought: 60-120 Ma rather than 70-
130 Ma, and a cusp occurs near 140 Ma. Paleomagnetic and
(Indo-Atlantic) hotspot APW are then compared, and a new
determination of "true polar wander" (TPW) is derived, with
both 10 and 20 Ma time window averaging. Under the (debatable
but reasonable) hypothesis of fixed Atlantic and Indian hotspots,
we confirm earlier findings that true polar wander appears to be
episodic in nature, with periods of (quasi-) standstill (Jurassic,
Late Cretaceous/Tertiary) alternating with periods of faster
TPW (in the Cretaceous and most convincingly in the last 10, or
even 3 Ma). The typical duration of these periods is on the order
of a few tens of millions of years (50 Ma) with wander rates 
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during fast tracks on the order of 30 to 50 km/Ma. A total TPW
of some 30  is suggested for the last 200 Ma, but data and
hypotheses prior to 130Ma are less robust than since then. We
find no convincing evidence for episodes of superfast TPW such
as proposed recently by a number of authors. We use our master
synthetic APWP to predict the latitude evolution of test points in
North America, South Africa and India, and compare those 
with estimates derived in the hotspot and TPW reference frames.
We show that these three "latitude estimates"are mutually
consistent. Comparison over the last 130 Ma of TPW deduced
from hotspot tracks and paleomagnetic data in the Indo-Atlantic
hemisphere with an independent (and methodologically distinct)
determination for the Pacific plate supports the idea that, to first
order TPW is a truly global feature of Earth dynamics.
Comparison with numerical modelling estimates of TPW shows
that all current models still fail to some extent to account for the
observed values of TPW velocity, and for the succession of
standstills and tracks which is observed.

 

Intensity of the Geomagnetic Field During Precambrian Time

D J Dunlop [*D J Dunlop*] (Department of Physics, University
of Toronto, Toronto, ON L5L 1C6, Canada; ph. 905-828-3968;
fax 905-828-5425; e-mail: dunlop@physics.utoronto.ca);  Y J Yu
(same address)

There are only 16 published Thellier-type paleointensity
estimates for Precambrian rocks.  Because of the episodic nature
of orogenesis, these cluster in a few time intervals: 4 between
1240 and 850 Ma, 3 between 2170 and 1850 Ma, 8 between 2750
and 2450 Ma, and a single earlier Archean result (3500 Ma). 
Most of the late Archean-early Proterozoic results are from dikes
but primary TRM was not demonstrated by baked contact tests,
nor were successful paleointensity results obtained from the
contact rocks. Two results are from very large intrusions with
multiple phases and a long intrusion and cooling history.  Late
Precambrian results from the very slowly uplifted Grenville
Province have an even longer cooling history but the partial
TRMs can be dated fairly accurately by Ar/Ar geochronology.
The geographic distribution is extremely biased, with almost all
results from North America, Greenland and Baltica, and only
one study each from Africa and Australia.  The African result
(Komati, S. Africa) is believed to be from primary TRM but the
Australian result (Hamersley, W. Australia) is recognized to be a
remagnetization.  Numbers of acceptable results are often small
and standard deviations large.  Despite these limitations, the
VADMs for all but three studies lie within a range 0.5-1.5 times
the average Phanerozoic field, excluding the last 0.3 Ma, and
only two results are conspicuously high (>10 E23 Am2).  There is
no obvious record of onset and growth of a dynamo field in the
Archean or early Proterozoic. 
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Can a Persistently Non-uniformitarian Neoproterozoic-
Cambrian Geomagnetic Field Explain Rapid and Oscillatory
APW Motions?

David A D Evans Dept of Geology & Geophysics, Yale
University, New Haven CT 06520-8109; ph. 203-432-3127; fax
203-432-3134; email: dai.evans@yale.edu); T D Raub (Dept of
Geology & Geophysics, Yale University, New Haven CT 06520-
8109; ph. 203-432-3114; fax 203-432-3134; email:
timothy.raub@yale.edu

Unusually rapid apparent polar wander (APW) motions,
oscillating about great circles, appear to characterize continental
motions in late Neoproterozoic to Cambrian time.  One
explanation invokes a series of true polar wander (TPW) events
about a minimum inertial axis of mantle upwelling that was
inherited from the breakup of the early Neoproterozoic
supercontinent Rodinia (Evans, 1998 and in press).  Here we
investigate alternative explanations, exploring geomagnetic field
configurations necessary to account for all available data without
appealing to unprecedented rates of TPW.  Abandoning the
geocentric axial dipole (GAD) hypothesis can quickly lead to
untestable complexities, therefore we consider only the simplest
classes of models as null hypotheses for robust paleomagnetic
and paleoclimatic tests. The paleomagnetic dataset demands, in
particular, that Laurentian inclinations swing rapidly between
vertical and horizontal several times between 615 and 500 Ma. 
Inclinations from Australia, Siberia, and South China are always
near-horizontal but declinations appear to swing wildly during
the same interval of time.  A reasonable paleogeography arises if
all APW paths are forced to be coincident, as in the TPW model.

A conceptually simple perturbation from the GAD model which
explains these data involves a field that was geocentric and
dipolar, but not persistently aligned with the Earth*s spin axis. 
To account for the paleomagnetic data, the symmetry axis of
such a geomagnetic dipole field would need to oscillate (or
somersault) about arc lengths of a great circle.  The great circle
could have any orientation in rotational space, but a preferred
pair of longitudes would be most analogous to TPW kinematics
and would also bear resemblance to some aspects of Neogene 
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polarity transitions.  In contrast to the TPW model, a tumbling
geocentric dipole would produce no sealevel variations and
would predict more static paleoclimatic regimes for each craton. 
Assumption of polar rotational latitudes for glacial deposits, a
commonly employed test of the GAD hypothesis in Phanerozoic
times, is compromised in the late Neoproterozoic by possible
Snowball Earth events, which are supported by several
independent lines of geological evidence.

A second possible perturbation from the GAD hypothesis
introduces a field that was geocentric and spin-axial, but
substantially (or even primarily) non-dipolar.  If multiple nodes
of zonal harmonics yielded several rotational latitude bands with
vertical inclination, then a single, slow, latitudinal drift of
Laurentia during the opening of the Iapetus Ocean would
experience rapid and large-magnitude oscillations of magnetic
inclination, as observed.  This model is challenged by the highly
variable record of declinations from other cratons; any
geocentric-axial field produces declinations of 0 or 180 degrees
uniformly over the globe, depending on polarity.  A corollary is
necessary to explain the variable declinations.  One possibility is
that, in the absence of a dominantly dipole component, the
residual non-dipole field could have been very weak relative to
typical Cenozoic intensities.  Intriguingly, the Laurentian
paleomagnetic record of variable inclination arises primarily
from igneous rocks, while the Australian, Siberian, and South
Chinese records of variable declination come mostly from studies
of sedimentary rocks.  We appeal to the precedent of Neogene
polarity transitions and postulate that persistently weak
geomagnetic intensities could have imparted a low-inclination
bias to DRM/pDRM processes in these rocks; and further, we
wonder whether any local consistencies in declination could be
due to other sources of particle alignment such as sedimentary
paleocurrents. This geocentric, spin-axial but non-dipolar
hypothesis for the Neoproterozoic-Cambrian geomagnetic field
can be tested by paleointensity measurements of igneous rocks
and by comparison between observed paleomagnetic declinations
and inferred paleocurrent directions in sedimentary rocks. 

 Preliminary Magnetostratigraphic Results From ODP Leg 198-
Shatsky Rise

H F Evans (Department of Geological Sciences, University of
Florida, Gainesville, FL 32611; ph. 352-392-3298; e-mail:
geohelen@ufl.edu); J E T Channell (Department of Geological
Sciences, University of Florida, Gainesville, FL 32605; ph. 352-
392-3658; e-mail: jetc@ufl.edu)

Shatsky Rise is medium-sized large igneous province located in
the North-central Pacific Ocean and was the target of ODP Leg
198. Sediments of Paleogene and Cretaceous age are buried at
relatively shallow depths on three topographic highs that make
up the Rise. A total of eight sites were drilled on the leg, five of
which (1207, 1208, 1210, 1211 and 1212) have produced good
magnetic stratigraphies for sediments ranging in age from Late
Cretaceous to Recent. Shipboard magnetic data measured on the
half-core provided high quality data for sediments from Miocene
to Recent. These data have been ground-truthed using discrete
sample cubes. However, shipboard data from Paleogene and
older sediments were uninterpretable due to the unconsolidated
nature of the sediments. Discrete samples have been used to
provide a magnetic stratigraphy for these sediments.
Biostratigraphic results were used to aid in the interpretation of
the magnetic stratigraphy in the Paleogene and Cretaceous.
Orthogonal projections from discrete samples show a significant
drilling related overprint in most of the sediments but this can be
removed at peak fields of 15mT. Magnetostratigraphic results
from these sediments will provide critical information regarding
the timing of climatic and paleoceanographic events in the
Paleogene and Cretaceous.Two sites (1207 and 1208) provided
outstanding Neogene age sections with relatively high
sedimentation rates. At site 1208 sedimentation rates calculated
from shipboard magnetostratigraphic results are 4.5-5.5 cm/kyr
for the Brunhes and Matuyama chrons. 
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Third Superchron During the Early Paleozoic ?

Y. Gallet Laboratoire de Paléomagnétisme, Institut de Physique
du Globe de Paris, France) ; V. Pavlov (Dept. of Geomagnetism
and Paleomagnetism, Institute of Physics of the Earth, Moscow,
Russia

Since the 1960's, research on geomagnetic reversal chronology
has established the existence of two superchrons, one during the
Cretaceous and the other (Kiaman) during the Late Paleozoic.
The occurrence of superchrons has been linked to major events
in the Earth's history such as plumes, flushing events or true
polar wander episodes. Over the past few years, we have
performed several magnetostratigraphic studies on Early
Paleozoic (Cambrian and Ordovician) sedimentary sequences
from Siberia. Our results show high magnetic reversal
frequencies during the Middle and Early Cambrian. In contrast,
several records suggest the occurrence of a ~20 Myr long,
reversed polarity interval in the Lower (Arenig) and Middle
(Llanvirn and lower half of the Llandeilo) Ordovician,
suggesting the presence of a new superchron Given our present
state of knowledge, we propose that the reversal behavior during
the Early Paleozoic was similar to the one which prevailed
during the Cretaceous, marked by a drastic decrease in magnetic
reversal frequency between the Lower-Middle Cambrian and the
Lower Ordovician leading up to a superchron. We further
propose to give the name of " Moyero " to this probable third
superchron. This name is attributed to the Siberian section
which yields a complete record of this reversed polarity interval.
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Multiphase Modeling of Contact Metamorphic Systems and
Application to a Miocene Transitional Geomagnetic Field
Record, Paiute Ridge, Nevada

J W Geissman (Department of Earth and Planetary Sciences,
University of New Mexico, Albuquerque, NM 87131-1116; ph.
505-277-3433; fax 505-277-8843; e-mail: jgeiss@unm.edu); G N
Keating (Environmental Dynamics and Spatial Analysis, EES-10,
Los Alamos National Laboratory, Los Alamos, NM 87545; ph.
505-667-5902; fax 505-667-1628; e-mail: gkea@lanl.gov)

We present a numerical model that improves our capability to
simulate multiphase, nonisothermal flow in variably saturated
porous and fractured media, in this case poorly welded to
partially fused ash flow tuff, at magmatic temperatures and
shallow crustal pressures to better understand the cooling and
hence magnetization acquisition history of these rocks.
Simulations of heat and fluid flow in variably saturated host rock
near a magmatic intrusion provide insight into processes of
dryout, condensation, and resaturation effects and implications
for host-rock alteration and the rate at which the host rock cools,
and thus magnetizations are recorded in it, following contact
metamorphism.We developed a numerical model capable of
simulating multiphase flow of heat, water and air in variably
saturated porous / fractured media near a magmatic intrusion. 
The numerical code solves nonlinear conservation equations for
mass and energy, using thermodynamic properties of water and
air in the ranges 101C , T , 1500 C, 0.00123 , P , 1000 MPa
and 101C , T , 15001C, 0.00123 , P , 22 MPa, respectively. 
The study area is located at Paiute Ridge, eastern Nevada Test
Site, Nevada, USA, where hypabyssal mafic intrusions were
emplaced at about 8.5 to 8.6 Ma (Ar/Ar age estimate) and cooled
during a geomagnetic field reversal, inferred from paleomagnetic
data from over 100 sites in intrusions and remagnetized host ash-
flow tuffs.  A radial model of heat flow and multiphase pore fluid
flow adjacent to a 12001C intrusion characterizes the thermal
evolution of the contact metamorphic system. For likely initial
pore saturations of 0.4 to 0.6, Aan expanding dryout zone near
the intrusion and a condensation zone of enhanced saturation (S
< 0.8) extends 150 to 400 m from the intrusion.  Pore water in the
condensation zone drains steadily so that host-rock pore
saturation never exceeds 0.8.  Host rock temperatures reach
8001C near the contact and cool below 1001C within 1000 to
2000 years after emplacement for moderate initial pore
saturations (0.4 to 0.6), 2 to 4 times faster than predicted by a 
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simple conduction model.  The thermal history of the system is
very sensitive to initial saturation.  The multiphase thermal
model allows bounds to be placed on the rate of change of the
transitional part of the geomagnetic field during the field
reversal recorded at Paiute Ridge. hypothesize 
 
Magnetization acquisition is interpreted to have taken place
during the life of the thermal system that developed in the
intrusions and contact rocks and that the paleomagnetic data
provide a quasi-continuous record of the transitional part of the
reversal.  Sites in intrusions and thermally annealed ash-flow
tuffs reveal subtle yet systematic variations in paleomagnetic
directions.  We combine the directional data with robust thermal
(temperature/time) models to estimate the rate of change of the
geomagnetic field.  At site 98_42, intensely fused tuff below the
sub-vertical contact of the main lopolith of the complex reveals a
systematic change in direction of at least 161 from less than a
meter from the contact to over two meters away.  At site 94_43,
moderately fused tuff of the upper country rock to this same
lopolith reveals a progressive change in direction from about 220
/+17 to about 270 /+10 between about 440 and 5801C,
respectively, in thermal demagnetization.   Modeled times of
between 140 and 290 years (site 98_42) and between 215 and 440
years (site 94_43) for the duration of magnetization acquisition
at two different sites correspond to estimated rates of change of
0.13 to 0.06 degrees/year for the field during the transitional part
of the reversal recorded at Paiute Ridge.

Low Secular Variation in the
Pacific

D Gubbins D Gubbins (School of
Earth Sciences, University of Leeds,
Leeds LS2 9JT, UK; ph +44 113 343
5255; e-mail
gubbins@earth.leeds.ac.uk)

There are many hints that the temperature of the lower mantle
affects core convection and the geomagnetic field. One of these is
the lack of secular variation throughout the Pacific sector of the
core-mantle boundary during the last 500 years of direct
observation. It is difficult to explain permanent blocking of
secular change from this hemisphere using lateral variations of
core-mantle boundary temperature inferred from seismic
velocities in the mantle because the latter are roughly
symmetrical about the Pacific rim, with a fast ring beneath the
subduction zones and slow regions in the central Pacific and
from Africa through the Atlantic. Such a geometry could lock
the core flow or produce symmetrical thermal winds, but would
not be expected to permanently eliminate secular variation from
just one of the two hemispheres. Thermal wind calculations
confirm this view, as does a recent geodynamo simulation that
produces a time average resembling the paleomagnetic time
average but never a snapshot of the field that looks like the
present geomagnetic field. However, simple convection
calculations do show rolls that drift through the Atlantic region
but are suppressed in the Pacific. This is because the lower
mantle seismic velocity pattern is not perfectly symmetric: the
Pacific slow anomaly is extended longitudinally more than the
one in the Atlantic and is capable of completely suppressing
convection in the upper layers of the core.

Data from C14-dated lava flows on Hawaii show that low secular
variation has persisted there for at least 5 kyr and probably 10
kyr. An excursion was recorded at 20 ka, but in the last 5000
years the magnetic direction has changed by significantly less,
and much more slowly, than it has throughout most of the
Atlantic region in the last 200 years. This suggests Hawaiian
secular variation may reflect a different physical process from
that in the Atlantic - a process with a longer inherent time scale.
For example, the Atlantic may be dominated by MAC waves or
westward drift of small scale magnetic features, while the Pacific

may see drift of convection rolls or
dynamo waves. In this talk I shall
review the available data and
examine possible sources for the
weak Hawaiian secular variation,
including whether it can be
explained entirely by magnetic
changes outside the "Pacific" sector
of the core-mantle boundary. 


