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from four sites from the south limb of the fold isolated
a mean direction (D=177.4◦, I=22.0◦, K=8.5) similar
to that found in an earlier study of the Maringouin For-
mation [DiVenere and Opdyke, 1990]. Chemical demag-
netization in 3M HCl for up to 6 weeks was also used
to isolate the characteristic remanence (ChRM) from
4 samples from each site. Anisotropy of magnetic sus-
ceptibility (AMS) was measured at each chemical de-
magnetization step to determine the AMS of the grains
carrying the ChRM. Preliminary results from 3 sites in-
dicate a shallower ChRM was isolated by chemical de-
magnetization (D=181.2◦ , I=2.6◦, K=13.3), than by
thermal demagnetization. The AMS data from 4 sites
were used to make a correction for inclination shallow-
ing as proposed by Tan and Kodama [2002] in their
work on the Mauch Chunk Formation in Pennsylva-
nia. The thermal demagnetization results from these
sites were corrected by the AMS isolated between 3
and 6 weeks of chemical demagnetization. The results
from the Maringouin Formation show a 22◦ steepening
of the inclination once it is corrected for shallowing.
The corrected paleopole for the Maringouin Formation
lies at lat=21.6◦N, long=117.0◦E, α95=29.9◦ which
is within 13◦ of the corrected Mauch Chunk paleopole
of Tan and Kodama [2002]. It is also reasonably close
to a new, inclination-corrected paleopole from the Car-
boniferous magnetite-bearing Conemaugh Group sedi-
mentary rocks of southwestern Pennsylvaniva (25◦N,
106.5◦E) [Kodama, 2004]. These results support the
need for an inclination shallowing correction on conti-
nental red beds. They also may suggest that the North
American apparent polar wander path, where it is heav-
ily dependent on red bed-based paleomagnetic data,
needs to be re-evaluated.
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Paleomagnetic samples were collected from 92 sites
on Ascension Island in May 2001 and May 2003. Pa-
leomagnetic analyses of samples were performed at the
University of Puget Sound paleomagnetic laboratory.
Thus far, 43 sites have yielded normal directions, 12
have given reversed directions, and 6 have yielded di-
rections with VGP latitudes of less than 70◦ (transi-
tional?). Nineteen sites display too much scatter (a95
> 10◦, k < 100) in paleomagnetic directions to be use-
ful, and 12 sites are still being analyzed. When in-
verted, the mean direction for all reversed sites is sta-
tistically indistinguishable from that for normal direc-
tions. The mean value for all inverted reversed and
normal sites combined is statistically indistinguishable
from the direction expected for Ascension Island as-
suming a geocentric axial dipole field. Ar/Ar dat-
ing of 20 samples was completed at the University of
Wisconsin, Madison. Ages range from 50.9±7.9 ka to
1086.2±15.2 ka. Ages and polarities indicate direc-
tions for dated units represent the Matuyama Chron,
Brunhes Chron, and Jaramillo Subchron. Samples from
68 sites have been examined using reflected light mi-
croscopy at Tarleton State University. Optical exam-
ination confirms inferences from thermal demagneti-
zation that magnetic mineralogy is largely dominated
by titanomagnetite with some units containing signif-
icant hematite. Although several sites exhibit exten-
sive post-eruptive alteration, most samples retain suffi-
cient primary titanomagnetite to yield reliable primary,
characteristic directions. Xenoliths in many samples
exhibiting large scatter may significantly affect paleo-
magnetic directions. A substantial paleosecular varia-
tion (PSV) database has been compiled for the past 5
Ma, but numerous areas, including the South Atlantic,
are underrepresented. This study will produce enough
magnetic directions from the last million years or more
to fill a gap in the PSV database, which can be used to
test and refine emerging geodynamo models.
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Despite significant effort during the four decades
since the Vine-Matthews-Morley hypothesis was first
advanced, the relative importance of lower crustal (and
possibly upper mantle) sources in generating lineated
marine magnetic anomalies remains uncertain. Rema-
nence measurements from samples obtained by drilling
or dredging provide the most direct evidence that these
deeper layers can be significant anomaly sources. Near
bottom anomaly measurements over tectonic exposures
of the lower crust/upper mantle can yield valuable
complementary information (e.g., patterns of polarity
boundaries) as well as provide constraints on the tim-
ing and uplift history of these exposures. Here we re-
port results from a near bottom magnetic survey of the
Atlantis Massif, an oceanic core complex that formed
within the past 1.5-2 Myr at the intersection of the
Mid-Atlantic Ridge (30N) and the Atlantis transform
fault. Geological and geophysical data indicate the
presence of gabbro and peridotite over much of the cor-
rugated central dome, inferred to be the footwall of
a detachment fault. A vector magnetometer deployed
25m aft of the deeply towed side scan sonar system al-
lowed measurement of both the total field and horizon-
tal and vertical anomalous fields. Five profiles across
the central dome reveal a lineated anomaly low that
was not evident in earlier sea surface profiles. The
presence of lineated anomalies over presumed gabbro
and ultramafic exposures may record the acquisition
of remanence as these rocks were exhumed by detach-
ment faulting. Anomaly profiles over the Lost City hy-
drothermal vent field exhibit a pronounced magnetic
low (reversed polarity), suggesting that active serpen-
tinization is not responsible for the overall magne-
tization pattern. When combined with results from
planned IODP drilling at the site, these data should
provide significant insights into the importance of gab-
bro and peridotite lithologies as sources for lineated
magnetic anomalies.
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This study reports new paleomagnetic and struc-
tural analysis of the inner core of the Western European
Variscan Belt (WEVB), northern Iberia in order to test
opposing kinematic models for the well-documented
fault and fold interference structures formed by late-
stage Variscan deformation. Map-scale structural fea-
tures within the WEVB core have a highly sinuous ge-
ometry characterized by transverse and thrust parallel
fold systems formed by fault-bend folding over foot-
wall ramps. The intersections of these two fold systems
produce steeply plunging interference folds, which are
best exposed in the Ponga and Esla thrust units. A to-
tal of 110 sites were collected in these units, with em-
phasis placed on detailed coverage of individual struc-
tural domains. Paleomagnetic and structural analysis
in the outer horseshoe portion of the thrust belt sug-
gest that the most viable kinematic model for Variscan
deformation in northern Iberia is oroclinal bending of
an originally linear belt in a two-stage tectonic his-
tory. This history represents two regional compression
phases (E-W in the Late Carboniferous and N-S in the
Permian - both in present-day coordinates), which re-
sulted in the refolding (about steeply plunging axes) of
initially north-south-trending thrusts and folds in the
hinge zone, and arc tightening due to vertical-axis ro-
tation of the belt’s limbs. However, the orocline model
has yet to be critically tested in the arc’s core where
the main structural features are dominated by east-
west trending transverse structures that are likely the
result of space accommodation during arc formation.
Two kinematic models have been proposed for fold and
thrust evolution in the core of the arc. The first model
proposes that the complex fault and fold patterns result
from lateral and frontal hanging-wall ramp interference
during initial east-west shortening. Such a kinematic
model requires that existing footwall ramp geometries
controlled the formation and location of steeply plung-
ing folds, with map curvature being accommodated
by rotations around sub-horizontal axes. The second
model argues for the modification of pre-existing, west-
dipping, frontal hanging wall ramps during late-stage

deformation. In this model map-scale curvature is dom-
inated by vertical-axis rotation. Preliminary results
from this study indicate that the steeply plunging in-
terference folds found in the WEVB core are best de-
scribed by late-stage modification of a much more lin-
ear fold-thrust system, and not by interference corner
folding due to the complex interactions of frontal and
lateral ramps. Such a model is in good agreement with
the oroclinal-bending model for the WEVB.
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Headward incision in the upper reaches of the Yel-
low River is closely related to the uplift of the NE
Tibetan Plateau. In the Gonghe Basin, NE Tibetan
Plateau, the Yellow River and its tributaries have in-
cised more than 600 m into Neogene sediments. This
incision is responsible for a change in the depositional
environment of the Neogene strata from a lacustrine
internal-drainage system to coarse fluviatile gravel de-
position. This transition of sedimentary character
(from aggradation stage to degradation stage) repre-
sents the arrival of the Yellow River in the Gonghe
Basin. Dating the incised sediments will give an age
constraint for the (earliest) appearance of the Yellow
River in that area. Our two magnetostratigraphic sec-
tions in the Gonghe Basin both contain two polarity
zones (a reversed polarity zone in the lower part and
a normal polarity zone in the upper part), which are
through fossils constrained to be post-Olduvai. This
means that the normal polarity zone is Jaramillo or
even Brunhes. So the gravels and, hence, the appear-
ance of the Yellow River in the basin, are Jaramillo
in age or younger. Combined with previous studies
in the Lanzhou, Linxia, Guide and Zoige basins, it is
clear that, by headward incision, the Yellow River cut
through the gorges in between Lanzhou and Guide and
reached the Guide Basin at about 1.8 Ma, then cut
through the Longyang Gorge from Guide to the Gonghe
Basin after 1.1 Ma, and finally incised through the Jun-
gong Gorge to reach the Zoige Basin at about 10 ka.
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In the Western Canada Sedimentary Basin (WCSB),

reservoir-specific paleomagnetic research has shown
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that the age of the characteristic remanent magneti-
zations (ChRMs) in Devonian and Mississippian car-
bonates is primarily related to Laramide orogenesis,
with some degree of variability apparent. Certain reser-
voirs or diagenetic phases have ChRMs of either lat-
est Cretaceous or Tertiary age, have depleted oxygen
isotopic signatures indicative of major recrystalliza-
tion and / or fluid flow, have enriched strontium iso-
topic signatures, and have relatively large grain size
e.g. Keg River Rainbow A reservoir, Wabamun Lime-
stone mesodolomite, Mount Head Waterton dolomite,
and the Sulphur Point Rainbow South saddle dolomite.
In other reservoirs or diagenetic phases, the ChRM age
is more variable (early Jurassic to mid Cretaceous), and
the oxygen isotope values are less depleted or show
a trend away from postulated sea water values, sug-
gestive of partial rather than complete recrystalliza-
tion e.g. Turner Valley Moose Reservoir, and Rain-
bow South fine and medium crystalline dolomites. Fi-
nally, specific diagenetic phases from three reservoirs
show residual primary (syndepositional) magnetization
along with a Cretaceous overprint and isotopic values
consistent with postulated Mississippian or Devonian
sea water values e.g. Waterton anhydrite, Rainbow
South limestone, and Debolt Dunvegan fine crystalline
dolomite. From the above results, we suggest that the
rock permeability may significantly influence the ob-
served ChRM age. Lithology and facies strongly affect
permeability, and the more permeable phases are more
likely to have been totally remagnetized. The influx
of external basin-derived diagenetic fluids is dependent
on permeability, and is evident in the resetting of oxy-
gen and strontium isotopic values. Where primary iso-
topic values are preserved, there is often evidence for
a syndepositional magnetization. As well, the degree
of recrystallization - perhaps corresponding with burial
depth and fluid type - of the carbonate phases is a
strong influence on the observed ChRM: the more re-
crystallization, the more likely remagnetization. Thus,
in the WCSB, the observed ChRM reflects the interplay
of the above factors under local reservoir conditions.
However, we cannot eliminate the possibility that the
latest Cretaceous / early Tertiary ChRMs are due to
tectonically-induced fluid flow through the basin.
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We report new paleomagnetic results from Late Cre-
taceous volcanic rocks found on northwestern Ellesmere
Island (present-day latitude of 81-82o N). These rocks,
which are preserved in relatively small fault-bounded
basins, appear to be younger than the widespread ∼95
Ma volcanic rocks of the Strand Fiord Formation, which
have yielded paleomagnetic data that indicate latitudi-
nal coherency with cratonal North America (Tarduno
et al., 2002). Standard field-drilled samples were col-
lected and all samples were oriented with a Sun com-
pass (due to the high diurnal variation of the field at
the sampling site). Initial results of detailed alternat-
ing field (5 mT steps to 80 mT) and thermal demagne-
tization (25 oC temperature steps, 50-650 oC) exper-
iments confirm that these rocks are younger than the
Strand Fiord volcanics (which formed during the Cre-
taceous Normal Polarity Superchron); the flows form
a stratigraphic section exposed near Audhild Bay that
yield reversed polarity characteristic remanent magne-
tizations, corresponding to chron 33r (or a more recent
reversed polarity chron). Further paleomagnetic and
rock magnetic data data from these rocks will be pre-
sented, as well as the implications of these results for
magmatism in the Amerasian basin.
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The NW to WNW trending, mildly-alkaline Melville
Bugt (MB) dyke swarm represents an enormous vol-
ume of fresh, undeformed, olivine-bearing gabbro em-
placed over a minimum of 1000 km of strike length
across Archean and Paleoproterozoic crust during mid-
Proterozoic time. The swarm includes numerous, very
large dykes, individually up to at least 150m thick.
One dyke that extends for 400 km [1,2] was sampled
on the south coast of Nuussuaq, east of Disko Island.
Here, the dyke is a 70m wide, near-vertical, medium- to
coarse-grained, olivine diabase with well-defined chilled
margins. This dyke previously yielded a Rb-Sr WR
age of 1645±35 Ma [1] suggesting a unique occurrence
of extension-related magmatism in the cratonic inte-
rior of NE Laurentia at this time. Abundant, pris-
matic baddeleyite recovered from the dyke are less than
1% discordant and yield a precise U-Pb age of 1629±1
Ma, interpreted as a more robust estimate of the mag-
matic crystallization age. Seven paleomagnetic samples
from the dated dyke, a satellite dyke and baked host
rocks are stably magnetized with a mean direction of
D=12◦, I=34◦ (α95=13◦) and corresponding virtual
geomagnetic pole (VGP) at 38◦N, 115◦E (dm=15◦,
dp=9◦). This VGP does not average out secular vari-
ation and has not been established as primary. The
MB remanence is distinct from potential overprints due
to nearby West Greenland Tertiary volcanism, and the
metamorphic grade of the dyke is low. If the VGP
for the MB dyke is primary, then it can be compared
with primary Baltica paleopoles of similar age to assess
Laurentia-Baltica reconstruction at 1630 Ma. The re-
sult derived thereby differs from published reconstruc-
tions based on tightly constrained data at 1270-1265
Ma from both cratons. This suggests that Laurentia
and Baltica did not drift as a unit throughout the pe-
riod 1630-1267 Ma, or that the MB VGP is not primary.
Further sampling of other MB dykes is necessary to av-
erage out secular variation, and to carry out a baked
contact test to establish whether the MB remanence is
primary. [1] Kalsbeek and Taylor (1986) Contrib. Min. Pet.,
93, 439-448; [2] Nielsen (1990) Mafic Dykes and Emplacement
Mechanisms, 497-505.
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In an effort to model the Earth’s magnetic field,
current numerical dynamo models have produced fields
dominated by an axial dipole. In these models, the
dynamo is usually generated by convection in a thick,
electrically conducting fluid shell surrounding a solid
conducting inner core. The Voyager II observations
of Uranus and Neptune revealed that these planets
have non-dipolar, non-axisymmetric magnetic fields, in
sharp contrast to the axially dipolar fields of Earth,
Jupiter and Saturn. Determining why Uranus and
Neptune possess a different field morphology is cru-
cial for the study of these planets’ interiors, as well
as for understanding the dynamo process in all plane-
tary bodies. Uranus’ and Neptune’s magnetic fields are
most likely generated in their ionically conducting ’ice’
shells. Thermal evolution models for Uranus and Nep-
tune (Podolak et al. 1991, Hubbard et al. 1995) suggest
that interior portions of these ice shells may be com-
positionally stably stratified and therefore unable to
convect. This suggests that Uranus and Neptune may
possess a different convective region geometry from the
other planets: their dynamos may be generated in a
thin convecting shell surrounding a stably-stratified
fluid interior. We have implemented this geometry in
the Kuang and Bloxham 3-D numerical dynamo model
and found the resulting magnetic fields contain sig-
nificant non-dipolar, non-axisymmetric structure, sim-
ilar to those of Uranus and Neptune. Here we exam-

ine the dynamical processes causing this field morphol-
ogy in our numerical models. We discuss the inter-
actions between the convectively stable and unstable
shells, and between the velocity and magnetic fields.
We also examine the partitioning of energy into the var-
ious components of the field (axi- and nonaxisymmet-
ric, toroidal and poloidal) and compare these charac-
teristics to numerical dynamo models operating in thin
shells surrounding solid inner cores.
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Recent planetary missions to Mars have shown that
there once was a very energetic dynamo acting in its
liquid core and that this dynamo is now extinct. Two
options concerning the timing of this dynamo are highly
debated, either early or delayed. The early dynamo
has the advantage of being readily explained by ther-
mal convection, that stops when the heat flow across
the core mantle boundary drops below that conducted
down the adiabatic temperature gradient. The delayed
dynamo is more difficult to explain in this framework,
since it requires a non monotonic heat flow history.
However, such a timing is required to explain lunar
magnetism by dynamo action operating between 4 and
3 Ga in its core. Here we explore the possibility of a
dynamo sustained by compositional convection, which
is known to operate more efficiently than thermal con-
vection in the Earth core. Compositional convection is
triggered by the onset of crystallisation of an inner core
if the composition of the core is on the iron rich side
of the eutectic. The gradual growth of the inner core
leads to a change of composition of the outer core, un-
til the eutectic is reached, shutting down compositional
convection. Using all available data on the phase dia-
gram of iron alloys, in the range of pressure relevant to
cores of Mars and the moon, we determine the condi-
tions that make possible this scenario.
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As Mercury follows its eccentric orbit (e ∼0.206)
with near-zero obliquity, it experiences periodically re-
versing torques due to the gravitational influence of the
Sun on the asymmetric figure of planet. The torques
affect the spin angular momentum and cause small de-
viations of the spin frequency from its resonant value
of 3/2 times the mean orbital frequency. The result-
ing oscillations in longitude are called forced librations
because the forcing and rotational response occur with
a period dictated by the orbital motion (P ∼88 days).
The measurement of the forced librations can provide
important information about the state and size of the
core of Mercury, as demonstrated by Peale (1976). In
order to determine the libration amplitude, we imple-
mented a new Earth-based radar technique to mea-
sure planetary spins based on a description by Holin
(1988,1992). Since May 2002, we have accumulated
about a dozen measurements of the spin rate with a
fractional uncertainty of 1 part in 105. Because the
spin rate deviations due to the librations are predicted
to be of order 2 arcseconds per day for a solid planet,
corresponding to 1 part in 104 of the spin rate, our
measurements can be used to measure the librational
response of the planet. A libration amplitude much
larger than that expected for a solid planet would in-
dicate that the mantle is decoupled from the core and
would suggest a liquid outer core. This situation would
strengthen the possibility of a dynamo in a thin shell
at Mercury.


