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Volcanic records of excursional geomagnetic field behavior, in particular paleointensity estimates, are
fragmentary for the Pleistocene. The West Eifel volcanic field is unique in that 12 of 66 measured lava
flow sites record Virtual Geomagnetic Poles (VGPs) clustered between 34-45°N latitude and 30-50°E
longitude over the Middle East and Southeast Asia. Paleointensity determinations reveal that 13 of 37
lavas erupted during times when the ambient field was weak. Specifically, results on nine transitionally

iey words: magnetized and four normally magnetized lavas indicate paleofield intensities less than 30 T associ-
reon ated with virtual dipole moments (VDMs) <4 x 1022 Am? [Schnepp, E., Hradetzky, H., 1994. Combined

Geochronology . . 40 A 139 . .

Lava paleointensity and 4°Ar/>°Ar age spectrum data from volcanic rocks of the West Eifel field (Germany):

Paleomagnetism evidence for an early Brunhes geomagnetic excursion. ]. Geophys. Res 99, 9061-9076]. Until now, the

Excursion age of these lava flows has been known only from imprecise “°Ar/3Ar dating that implied acquisition of

Non-dipole field magnetic remanence between about 570 and 450 ka. Thus, they have been interpreted to record a single,
but poorly defined, excursion in the lower Brunhes Chron. To incorporate these paleofield data into the
global high-resolution Geomagnetic Instability Time Scale (GITS), we have determined precise ages of
groundmass from 12 excursional and 7 normally magnetized lava flows using the 4°Ar/3°Ar incremental
heating method. Unspiked K-Ar age determinations from two excursional samples are indistinguishable
from their 4°Ar/39Ar results. Ages of the excursional lava flows fall into five groups at 722 + 38, 626 + 24,
578 £8,555+4, and 528 & 16 ka (£20 analytical uncertainties, relative to 1.194 Ma Alder Creek sanidine).
The group of three excursional flows with an age of 578 £ 8 ka correspond temporally with lava flow
sequences on Tahiti and La Palma that record the Big Lost excursion at 579 & 6 ka. Eight other excursional
lavas erupted from 722 to 528 ka correlate with less well-defined excursions or paleointensity minima
differentially expressed in marine sediment records. Our findings that at least four, and perhaps five, tem-
porally distinct excursions are recorded between 722 and 528 ka further suggest that each weakening of
the dynamo during this period was associated with demise of the axial dipole. The VGPs produced during
these excursions are found to be dispersed longitudinally across Eurasia and are remarkably similar to
those associated with the calculated south VGPs at West Eifel for the non-axial dipole (NAD) field during
the 20th century. A simple model in which the axial dipole repeatedly collapses leaving behind a resid-
ual NAD field that is largely held by stationary sources, probably in the lowermost mantle, provides an
explanation for the recurrent excursional behavior during this ~200 kyr period.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction which for brief, ca. 1-10kyr, periods differ from the Geocentric

Axial Dipole (GAD) and lie outside the range of expected secu-

Excursions are defined by shifts of the geomagnetic field dur-
ing otherwise stable polarity chrons that are manifested as a
reduction in field intensity and Virtual Geomagnetic Poles (VGPs)
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lar variation (Laj and Channell, 2007). Despite skepticism about
the veracity of excursions and their use as stratigraphic markers
(Merrill and McFadden, 2005), improved sampling of marine sed-
iments deposited at high rates and precise geochronology applied
to both sediments (astrochronology) and lava flows (*9Ar/3°Ar dat-
ing) has led to broad acceptance that many globally expressed
excursions punctuate the Brunhes and Matuyama polarity chrons,
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Fig. 1. Map of West Eifel volcanic field showing location of lava flow sites of Schnepp and Hradetzky (1994) dated as part of this study.

and are likely an intrinsic feature of geodynamo behavior during
pre-Quaternary time as well. Indeed, knowing with precision the
number, timing and duration of excursions is considered essential
both to understanding geodynamo processes and to establishing
global high-resolution correlation of relative paleointensity records
in marine sediment. For example, Gubbins (1999) proposed that
complete polarity reversals require a significant period, >3 kyr,
for magnetic flux to escape from the solid inner core and suf-
ficiently weaken its stabilizing effect, whereas excursions reflect
much shorter and more frequent weakenings of the main dipole
field in the liquid outer core. Thus the duration and frequency of
excursions relative to full polarity reversals may provide insight
about time constants of magnetic flux and the coupling between
the inner and outer core. Moreover, the geometry and timing
of excursional VGP positions or paths can be used to assess the
role of the lower mantle in modulating non-axial dipole fields
(Hoffman and Singer, 2004; Laj et al., 2006). Dating of excur-
sions expressed as paleointensity minima in marine sediments
cored at widely spaced localities by means of O isotope-based
astrochronology or correlation to polar ice cores has begun to estab-
lish a globally correlated record of geomagnetic field instabilities
(e.g., Guyodo and Valet, 1999; Channell et al., 2000; Laj et al,,
2004; Channell, 2006). Notwithstanding, differences in the com-
position of sediment, rate of deposition, and regional differences
in salinity and temperature of ocean water can lead to O isotope-
based astrochronologic ages for particular excursions that contrast
from site to site by several percent, or several kyr (e.g., Channell,
1999; Channell and Raymo, 2003; Stoner et al., 2002). Radioiso-
topic dating of lavas flows using the 4CAr/3°Ar method provides an
independent means of determining ages for excursions that can be
used as geochronologic tie points and thus calibration of the global
record of relative paleointensity and geomagnetic field instability
during the Quaternary (Singer et al., 1999, 2002, 2004a; Singer,
2007).

At least seven excursions that occurred during the Bruhnes
Chron are now well-documented including the Mono Lake (~32 ka),
Laschamp (41 ka), Blake (120 ka) Iceland Basin (188 ka), Pringle Falls
(211 £ 13 ka), Big Lost (579 + 6 ka), and Stage 17 (670 ka) (Channell,

2006; Laj and Channell, 2007; Singer et al., 2008). Ages for the Mono
Lake, Laschamp, Blake, Iceland Basin, and Stage 17 excursions are
derived from O isotope-based astrochronologies for several marine
sediment cores, whereas the ages for the Pringle Falls and Big Lost
excursions are from an “CAr/3°Ar dated ash bed in transitionally
magnetized lake sediment in Oregon (Singer et al., 2008) and tran-
sitionally magnetized lava flow sequences on the islands of Tahiti
(Hoffman and Singer, 2004) and La Palma (Singer et al., 2002). In
addition, Guillou et al. (2004) determined a radioisotopic age of
40.4 + 1.1 ka for the Laschamp excursion based on unspiked K-Ar
and 4CAr/39Ar dating of the Laschamp and Olby basalt flows in
France. Beyond these well-known excursions, there are claims that
several others occurred in the lower half of the Brunhes Chron
between about 300 and 776 ka (e.g., Langereis et al., 1997; Lund
et al., 2001a,b, 2006; Knudsen et al., 2003), but poor recordings —
in many cases by only single specimens of sediment or lava flows -
and imprecise geochronology, limit the utility of these records (Laj
and Channell, 2007).

The Late Pleistocene West Eifel volcanic field, Germany, com-
prises dozens of small eruptive centers including scoria cones, lava
flows, dikes, and plugs that have been the object of comprehen-
sive campaigns by Bohnel etal. (1987) to determine paleodirections
and the VGP distribution from 66 independent volcanic units and
Schnepp (1992, 1994) who determined paleointensities from 37 of
these units using a modified Thellier method. A dozen of the VGPs
fall well outside of expected secular variation with latitudes <45°,
but over a relatively restricted longitudinal zone including the Mid-
dle East and Southern Asia. This finding led Bohnel et al. (1987) to
propose that several West Eifel volcanoes record a geomagnetic
excursion. Schnepp and Hradetzky (1994) determined “°Ar/3°Ar
ages from seven of the excursional lava flows, but these mea-
surements were only sufficiently precise at 95% confidence level
to conclude that these lavas record geomagnetic excursion that
occurred between about 570 and 450 ka, thus it has been impos-
sible to correlate the excursional behavior recorded at West Eifel
unequivocally with well-known excursions such as the 579 + 6 ka
Big Lost excursion, or other candidates tentatively identified in
marine sediments (Lund et al., 2006).
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Fig. 2. VGP distributions of West Eifel volcanic units (data from Béhnel et al., 1987; Schnepp and Hradetzky, 1994). Samples with VGPs less than 45° that have been 4°Ar/39Ar
dated are denoted with symbols that illustrate clustering of ages into five groups. See text for discussion.

The goals of this study are to: (1) determine the timing of excur-
sional behavior recorded in West Eifel lavas via precise 4CAr/39Ar
dating methods, (2) review the record of Brunhes Chron excur-
sions globally and, if possible, correlate the West Eifel excursion
to marine sediment and other volcanic records, and (3) evaluate
the recorded paleofield behavior in terms of controls on behav-
ior of the geodynamo during excursions. Our findings indicate that
multiple excursions are recorded in the West Eifel lavas and further
that oscillatory shifts in the geometry and strength of the magnetic
field over 200 kyr are consistent with a simple model whereby the
lower mantle controls the non-axial dipole field during times when
the dipole field is weakened.

2. The West Eifel volcanic field

The West Eifel volcanic field comprises more than 240 sco-
ria cones, maars and small stratovolcanoes distributed throughout
600km? southwest of Bonn, Germany (Fig. 1). The geology and
petrology have been summarized in Biichel et al. (1986), Biichel
(1994) and Shaw (2004). Schnepp (1994) also gave a brief sum-
mary and only the most salient points are mentioned here. These
volcanoes and related intrusions comprise 6 km3 that reflect melt-
ing within a mantle plume which produced magnesian nephelinite,
leucitite and melilite magmas (Keyser et al., 2002). The eruptive
centers are aligned in a southeast-northwest orientation (Biichel,
1994; Fig. 1). Radioisotopic dating using K-Ar, 4°Ar/3°Ar, and 4C
methods indicates that volcanism began about 650 ka in the north-
western part of the field and that it migrated toward the southeast
where the youngest eruptions occurred about 10 ka (Schmincke et
al., 1983; Fuhrmann and Lippolt, 1987; Zoller, 1989; Schnepp and
Hradetzky, 1994).

3. Paleomagnetic directions and intensities

Paleomagnetic measurements, including directions and VGPs
from 91 sites in 66 volcanic units, and the results of absolute
paleointensity experiments from 69 sites in 51 of these units are
summarized in Schnepp and Hradetzky (1994). The paleodirections
were obtained by Bohnel et al. (1987) using mainly step-wise alter-
nating field (AF) demagnetization with maximum fields between
80 and 160 kA/m and in most cases resulted in single, primary mag-
netization components. Thirty percent of the 66 units yielded VGP
latitudes lower than 60°N, but notably, 12 VGPs are lower than 45°N
latitude and 8 of these are tightly clustered over the Middle East
near 40°N latitude and 45°E longitude (Fig. 2).

Paleointensity experiments were carried out by Schnepp (1994)
on 418 specimens using the Thellier method (Thellier and Thellier,
1959) as modified by Coe (1967); 312 of these experiments yielded
acceptable results from 37 of the volcanic units including 10 of the
units with low latitude VGPs (Schnepp and Hradetzky, 1994). Each
of these experiments also yielded a paleodirection indistinguish-
able within ag5 uncertainties from that of the same unit obtained
by Bohnel et al. (1987). Unit mean paleointensities range from 7 to
62 wT with uncertainties commonly less than 10%. Virtual dipole
moments (VDMs) calculated from the paleointensity measure-
ments range from 1 to 10 x 1022 Am?2 and show a strong correlation
with VGP latitude (Schnepp and Hradetzky, 1994; Fig. 3). Nine of
the 12 lava flow sites with VGPs below 45°N latitude yielded pale-
ointensities; all have VDM values of below 4, or less than half that
of the present day field.

Bohnel et al. (1987) and Schnepp and Hradetzky (1994) pro-
posed that the low latitude VGPs and low VDMs of the 12 West
Eifel lava flows record an excursion of the geomagnetic field. The
40Ar/39Ar dating of seven of the excursional flows, and two of the
flows with high latitude VGPs gave indistinguishable, but impre-
cise, results, leading Schnepp and Hradetzky (1994) to conclude
that at some time during the lower Brunhes Chron between about
570 and 450 ka (+20) the main dipole field weakened and a direc-
tional excursion resulted.
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Fig. 3. Plot of VGP latitude vs. VDM values for West Eifel lava flows. Data from
Schnepp and Hradetzky (1994). Symbols and “°Ar/>*°Ar ages of samples with VGPs
less than 45° and VDMs less than 4 are same as in Fig. 2. See text for discussion of
age groupings.
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4. Y0Ar39Ar and K-Ar samples and analytical methods

From 19 lava flows, including the 12 excursional flows and 7
with high latitude VGPs, groundmass samples free of phenocrysts
were prepared from 1-in. paleomagnetic cores that had been used
for AF demagnetization. This was done by crushing, sieving to
isolate the 180-250 wm fraction, passing a strong (Sm-Co) hand
magnet over the sample to the attract iron oxide-rich ground-
mass, further separation of groundmass from any remaining olivine
and pyroxene phenocrysts by graviational settling in heavy liquid
(methylene iodide), and hand-picking under a binocular micro-
scope (Singer et al.,, 2004b). Multiple aliquots of each sample
weighing 93-140 mg were wrapped in 99.99% Cu foil packets and
loaded into 2.5cm diameter Al discs alongside 1.19440.012 Ma
Alder Creek rhyolite sanidine (ACs) or, for the normally magne-
tized lava samples, both ACs and the 28.34 +0.16 Ma Taylor Creek
rhyolite sanidine neutron fluence monitors that have been inter-
calibrated precisely against one another (Renne et al., 1998). For a
small number of phenocryst-free samples 5 mm diameter by 1 mm
thick wafers were drilled directly from the paleomagnetic core
samples and were not wrapped in copper foil. Samples and flux
monitors were co-irradiated for 60 or 90 min at the Oregon State
University TRIGA reactor in the Cadmium-Lined In-Core Irradiation
Tube (CLICIT). Correction factors for undesirable nucleogenic reac-
tions are based on measurements of Ca- and K-free salts, including
data collected at UW-Madison, and are: [CAr/3Ar]x =0.00086;
[36Ar/37Ar]c, =0.000264; [39Ar/37Ar]c,=0.000673 (Singer et al,
2004b).

Single crystals of the neutron flux monitors were fused with
a 25W (O, laser and their argon isotope composition was mea-
sured statically on a Balzers SEV-217 electron multiplier to calculate
the neutron fluence, or ], values. Using a resistance furnace, the
groundmass aliquots were degassed at 480 °C for 50 min to reduce
atmospheric contamination, then incrementally heated to release
the argon in 30-100° steps between 600° and 1300°C and mea-
sured at UW-Madison using procedures detailed in Singer et al.
(2004b). Five or more blanks spanning the temperature range uti-
lized were measured between each sample and were at least an
order of magnitude smaller than the samples. Mass discrimination
was monitored by measuring the isotopic composition of purified
atmospheric argon several dozen times during the two main analyt-
ical sessions and ranged from 1.0060 £ 0.0005 to 1.0069 4 0.0005.
Analytical uncertainties are calculated as in Singer et al. (2004b)
and are reported at +20, i.e., the 95% confidence level. Criteria for
calculating plateau ages and the isochron from the plateau data are
from Singer et al. (2004b). The isochron ages are preferred because
they make no assumption regarding the trapped component.

For two of the excursional samples, NEK and AH, unspiked K-Ar
ages were determined in addition to the 4°Ar/3%Ar ages as an inde-
pendent cross-check on the results. The unspiked K-Ar ages were
determined at Gif-sur-Yvette, France, following procedures fully
documented in Singer et al. (2004b) and Guillou et al. (2004) that
demonstrate close intercalibration between results from these two
laboratories.

5. 40Ar/39Ar and unspiked K-Ar results

The results of 49 40Ar/3%Ar incremental heating experiments
and 4 unspiked K-Ar experiments are summarized in Tables 1and 2,
respectively. Complete analytical details for the 40Ar/39Ar experi-
ments are in Appendix. With the exceptions of two samples noted
below, 33 of the 49 incremental heating experiments are nearly
concordant such that 90% or more of the 39Ar released in suc-
cessive steps define an age plateau. Most other experiments are

only slightly discordant with more than 70% of the 3°Ar defining
a plateau age (Table 1). The 40Ar/36Ar intercepts of the isochron
regressions indicate that excess argon is not present at signif-
icant levels in any of these 19 samples. The weighted mean
40Ar/39Ar isochron ages of the 12 excursional lava flows range from
722.0 £38.0 to 528.4 + 16.0 ka, whereas those from the 7 normally
magnetized lavas with high latitude VGPs range from 580.2 + 109.6
to 41.0+21.0ka (Table 1). One exceptional sample is KHL which
yielded a strongly discordant age spectrum in which only low tem-
perature gas steps comprising 25% of the 3°Ar released define a
plateau. This sample is by far the least radiogenic of those studied.
Most gas increments contain only 1-3% radiogenic argon, thus the
isochron is very poorly defined. Thus, for sample KHL we use the
imprecise plateau age of 597.9 + 135.0 ka with caution as a rough
estimate for the age of this flow. This age is not used in calcu-
lations that attempt to subdivide temporal groupings discussed
below. The second problematic sample is BA for which each of the
three incremental heating experiments is strongly discordant, with
a staircasing downward sequence of ages and K/Ca ratios from low
to high temperature. Between about 36 and 62% of the gas released
at the highest temperatures define “quasi-plateau” and isochron
ages that are indistinguishable from one another. We interpret the
discordant age spectra from sample BA as reflecting 3?Ar recoil
in fine-grained glassy or altered domains within the groundmass.
Notwithstanding, the consistent results from the high temperature
portions of these experiments lead us to consider the weighted
mean isochron of 629.04+27.0ka as a good estimate of the age of
this lava flow. BY1 is among the less radiogenic samples; it yields a
saddle-shaped age spectrum with 74% of the gas defining a plateau
age of 584.2 4+ 26.5 ka and an imprecise isochron that gives a pre-
ferred age for this lava of 629.7 + 111.5 ka.

More typically, age spectra are nearly concordant with the pre-
cision of the isochron regressions a function of radiogenic argon
contents that differ from sample to sample. For example in Fig. 4,
each of the five subsamples from lava KAH yielded gas increments
that typically contain 30-75% radiogenic argon, hence there is good
spread of data points and the isochron based on regressing 59
plateau points has a precision of about 1%. In contrast gas incre-
ments from sample AH contain 10-35% radiogenic argon and the
resulting isochron is about 3 times less precise than for sample
KAH (Fig. 4). Sample DBK is more challenging still: the argon is
only 3-10% radiogenic in each increment, thus there is little spread
of data points along the isochron and it is only precise to about 9%
(Fig. 4).

Replicate unspiked K-Ar experiments on samples KAH and AH
yield weighted mean ages of 553.0 + 12.0 and 583.0 + 13 ka, respec-
tively (Table 2). The unspiked K-Ar ages are in excellent agreement
with the 49Ar/39Ar isochron ages of 555.2 + 5.4 and 577.0 + 16.0ka
obtained from samples KAH and AH, respectively (Fig. 4; Table 1).
In addition to providing independent constraints on the timing
of eruption of these two lavas, the K-Ar ages, together with the
40Ar/39Ar ages argue strongly that these two excursional flows
erupted about 20 kyr apart, as will be discussed below.

The age determinations for the twelve excursional samples span
nearly 200 kyr between about 722 and 528 ka and are listed along
with the paleomagnetic directions and intensity data in Table 3.
Five of the seven samples with high latitude VGPs yield isochron
ages between 580.2 +109.6 and 541.0 + 14.0 ka that are indistin-
guishable from one another and fall well within the age range
of the excursional lavas (Fig. 5). Replicate experiments on two
normally magnetized samples from the southeastern part of the
volcanic field, FLY and RB, yield isochron ages of 64.0+26.0 and
41.0 + 21.0 ka (Table 3) indicating that they are much younger than
other lava flows to the northwest, a finding consistent with that of
Mertes and Schmincke (1983).



Table 1
Summary of 49 40Ar/39Ar furnace incremental heating experiments of groundmass separates of West Eifel lava flows
Sample Weight K/Ca Total fusion Increments used Age spectrum N Isochron analysis
Experiment (mg) total Age (ka)+ 20 Je 39Ar (%) MSWD Age (ka)+ 20 40Ar[38Ar; + 20 MSWD Age (ka)=+ 20
Transitionally magnetized lava flows
KH1
UW37B29 (wr) 130 0.061 539.8 + 31.7 780-1350 100.0 0.40 5279 + 7.9 17 of 17 296.5+1.8 0.35 5284 + 16.0
NEK
UW37A17 101 2.879 5871 + 15.1 840-1150 73.9 1.43 560.0 + 12.4 13 of 21 296.3+5.7 1.55 555.5 £ 334
UW37A18 100 2.752 632.4 + 32.7 830-1120 74.6 0.99 563.6 + 10.2 8 of 15 297.5+4.1 1.00 551.6 + 26.8
UWS50B1C 101 1.167 581.3 + 12,5 570-1060 97.6 1.93 576.3 £+ 15.0 14 of 15 300.4+3.8 1.33 544.8 + 27.5
UW50B2 108 0.862 585.7 + 14.9 550-1040 95.7 0.94 573.2 + 10.5 13 of 14 300.3+4.0 0.49 542.4 + 27.8
weighted mean plateau age 1.50 567.7 +£ 5.8 weighted mean isochron age 0.16 548.0 + 14.0
KAH
UW37A25 (wr) 120 2.986 539.0 £ 11.3 850-1200 92.0 0.42 5479 + 8.3 12 of 17 300.5+10.2 0.36 5423 + 144
UW37A26 (wr) 140 2.175 546.8 £+ 5.5 900-1140 86.8 212 5473 + 6.4 7 of 15 302.7+8.6 1.91 541.8 + 16.8
Uw50D3 102 0.153 564.5 + 8.3 660-1100 89.8 1.89 562.5 + 8.2 11 of 14 299.5+5.0 1.62 556.5 + 10.9
UW50D3B 102 0.032 561.8 £+ 8.5 580-1200 98.9 1.88 564.3 £+ 8.5 14 of 15 295.6+2.7 2.04 564.2 + 104
Uw50D2C 103 0.019 563.9 + 12.7 550-1200 100.0 1.72 560.4 + 9.1 15 of 15 298.4+4.6 1.66 556.9 + 10.7
weighted mean plateau age 4.60 555.2 + 3.5 weighted mean isochron age 2.20 555.2 + 5.4
KAS
UW37B33 (wr) 120 0.205 564.1 + 20.5 820-1400 100.0 0.39 570.3 + 17.1 17 of 17 295.0+4.7 0.41 578.4 + 34.7
UW37B34 (wr) 130 0.029 538.4 + 26.8 780-1350 100.0 0.23 5374 + 19.8 14 of 14 295.3+6.2 0.24 538.5 +£39.3
UWS50D5 100 0.103 5719 + 23.0 550-1150 93.8 0.14 546.4 + 19.5 14 of 15 295.8+3.9 0.15 543.7 £ 39.2
UW50D5B 103 0.052 556.9 + 17.11 550-1200 100.0 0.24 556.9 + 17.1 14 of 14 296.4+3.0 0.24 549.0 + 329
Uw50D4C 99 0.013 563.3 + 244 550-1200 100.0 1.08 556.0 + 19.0 15 of 15 R9510E=) 1.15 562.5 + 32.6
weighted mean plateau age 0.38 553.0 + 11.0 weighted mean isochron age 0.31 553.0 + 20.0
SB
UW37B31 (wr) 120 2.195 556.4 + 10.0 850-1350 97.4 0.22 556.7 £ 9.7 15 of 17 297.2+53 0.20 556.3 £ 17.5
UW50D1 100 0.027 560.9 + 7.7 740-1200 86.8 0.25 555.6 + 7.4 9of 14 296.4+4.2 0.26 5551 + 7.8
UW50D1B 102 0.024 564.3 + 8.3 620-1200 99.6 1.59 562.8 + 8.5 12 of 13 298.0+4.8 1.59 560.1 &+ 10.1
weighted mean plateau age 0.88 558.2 + 4.8 weighted mean isochron age 0.31 556.9 + 5.8
AH
UW37A19 111 0.065 573.9 + 20.0 850-1400 100.0 I#25) 584.0 + 16.4 16 of 16 296.5+2.8 1.28 573.5+ 333
UW37A20 98 0.089 598.9 + 22.1 850-1300 84.9 0.45 593.5 + 13.9 14 of 17 294.6+3.1 0.46 600.8 + 31.7
UWS50A5C 108 0.025 576.5 + 22.9 570-1200 100.0 0.85 579.1 + 14.8 14 of 14 297.2+22 0.73 565.8 +23.3
UW50B4C 95 0.014 585.2 £+ 51.9 550-1200 100.0 0.23 579.6 + 33.3 14 of 14 295.8+5.2 0.25 577.7 + 51.7
weighted mean plateau age 0.74 585.6 + 8.3 weighted mean isochron age 1.07 577.0 + 16.0
RK
UW37A22 100 2.420 616.7 + 28.3 880-1120 76.4 0.40 570.1 + 8.1 90f 18 296.6+6.8 0.44 565.5 £ 29.7
UWS50A3C 93 0.189 5814 + 14.2 570-1100 100.0 0.85 582.7 £ 11.9 13 of 13 295.8+2.0 0.92 581.3 + 16.1
UW50A4C 105 1.830 601.2 + 174 570-860 86.0 1.23 583.4 + 103 9of 14 301.0+4.6 0.55 540.2 £+ 37.1
weighted mean plateau age 2.70 576.9 + 5.6 weighted mean isochron age 2.20 573.0 + 13.0
KHL
UW37A15 109 1.824 999.0 + 81.9 790-1030 258 0.12 5979 + 135.0 13 of 21 293.2+17.8 0.12 883.6 + 1232.5
DBK
UW37A13 104 0.202 603.7 £+ 32.6 745-1400 100.0 0.35 608.6 £+ 21.9 23 0f 23 296.1+£3.2 0.36 596.6 £ 72.5
UW37A14 114 0.217 649.7 + 38.6 830-1300 89.5 0.24 612.5 + 25.0 11 0f 13 294.8+3.7 0.25 6275 £+ 82.5
UW50B4 98 1.122 656.3 £+ 23.8 620-780 71.0 0.54 623.4 £+ 25.7 50f13 297.1+27.0 0.72 592.3 + 438.7
UWS50B3C 104 1.056 663.1 + 29.7 570-780 75.2 0.79 633.2 + 25.1 80f15 289.7+14.5 0.82 738.5 + 240.8
weighted mean plateau age 0.86 619.0 + 12.0 weighted mean isochron age 0.47 616.0 + 53.0

[43
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UW37A11 105
UW37A12 1200
UW50A1C 97

BY1
UW37A28 (wr) 135

swW
UW37A23 101
UW37A24 101

Normally magnetized lava flows
RO

UW62C1 101
AK

UWG62A1a m

UWG62A1b 106
AV3

UWG62A3a 99

UWG62A3b 108
GO

UWG62B3a 103

UWG62B3b 102
DO

UWG62A5a 105

UWG62A5b 106
FLY

UWG62B5a 108

UWG62B5b 110
RB

UWG62B1a 112

UWG62B1b 106

1.012
0.047
0.034

1.336

0.327
0.442

0.712

0.228
0.621

0.271
0.397

0.186
0.258

0.229
0.286

0.175
0.304

0.200
0.188

3347.0 &+ 226.3
1273.7 £ 50.1
1729.0 £ 53.9

6733 + 274

702.9 + 49.9
770.1 &+ 63.5

598.2 4+ 74.6

504.0 £ 17.9
545.0 + 23.7

548.8 + 34.4
546.8 + 27.8

549.8 + 35.8
545.0 + 30.5

550.2 £ 21.3
536.9 + 20.2

147.1 + 40.7
91.0 + 34.8

138.0 &+ 45.9
88.3 £ 88.9

1230-1350 41.6
1200-1350 36.4
870-1200 62.5

weighted mean plateau age

910-1200 743
820-1400 100.0
820-1300 90.4

weighted mean plateau age

770-1220 98.9
750-1050 84.7
660-1200 100.0

weighted mean plateau age

750-1250 100.0
700-1220 99.8
weighted mean plateau age

780-2160 97.2
700-1230 100.0
weighted mean plateau age

700-1220 100.0
700-1220 99.3
weighted mean plateau age

720-1220 100.0
650-1200 100.0
weighted mean plateau age

730-1220 99.8
650-1240 100.0
weighted mean plateau age

0.11
0.54
8.60
1.19

0.19

0.50
0.14
1.80

043

1.1
0.45
1.60

0.79
0.62
0.00

0.87
0.48
0.10

0.45
0.46
0.37

1.14
0.44
4.00

3.01
0.47
3.10

608.7 + 20.4
623.7 + 14.0
601.9 + 33.9
617.0 + 11.0

584.2 + 26.5

702.5 £+ 251
7270 + 26.9
714.0 £ 18.0

596.6 + 46.3

531.0 + 143
546.2 + 19.6
536.0 + 12.0

549.6 + 23.6
549.5 + 233
550.0 + 16.0

548.7 + 27.6
554.4 £+ 22.8
552.0 + 18.0

5473 £ 15.1
540.8 £+ 15.0
544.0 + 11.0

115.5 + 27.8
74.6 £ 30.2
97.0 £ 20.0

89.8 + 37.6
47.5 £ 30.2
64.0 + 24.0

3 of 14 283.6+40.7
40f14 ROPSEESED)
6 of 14 ROTPESNIES

weighted mean isochron age

10 of 18 292.4+74
14 of 14 295.2+1.6
13 of 16 2953+21

weighted mean isochron age

8 of 10 296.14+3.7
7 of 11 2971+10.3
12 of 12 2941440

weighted mean isochron age

1100f 11 295.2+1.9
11 of 12 2948 +16
weighted mean isochron age

12 0f 13 295.0+2.0
11 of 11 2948+2.0
weighted mean isochron age

12 of 12 296.4+2.7
11 of 12 295.7+3.9
weighted mean isochron age

12 of 12 298.1+2.6
11 of 11 2983 +3.1
weighted mean isochron age

11 of 12 297.2+2.3
10 of 10 296.6+1.8
weighted mean isochron age

0.01
0.24
10.69
0.91

0.12

0.21
0.04
0.16

0.48

1.31
0.45
1.20

0.87
0.60
0.10

0.93
0.48
0.09

0.45
0.51
0.03

0.84
0.10
3.00

2.69
0.34
2.10

664.0 + 241.5
639.0 + 31.9
597.5 + 54.2
629.0 + 27.0

629.7 £+ 111.5

716.3 + 46.2
732.8 + 68.0
722.0 + 38.0

580.2 + 109.6

524.9 + 41.8
552.4 + 26.3
545.0 £+ 22.0

552.7 + 31.2
559I5E SIS
556.0 + 22.0

555.8 + 38.5
563.3 £ 33.7
560.0 + 25.0

542.8 + 20.8
540.2 + 19.9
541.0 + 14.0

824 +33.8
356 +42.4
64.0 £ 26.0

58.8 £ 31.9
28.3 £ 27.0
41.0 £ 21.0

All ages calculated using the decay constants of Steiger and Jager (A,oc =5.543 x 10710 year—1).

J-values for transitional lavas calculated relative to 1.194 Ma Alder Creek rhyolite sanidine. J values for normally magnetized lavas calculated relative to both 28.34 Ma Taylor Creek rhyolite and 1.194 Ma Alder Creek rhyolite
sanidine. These two neutron fluence monitors have been precisely intercalibrated by Renne et al. (1998).

(wr)=whole-rock.
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Table 2
Summary of unspiked K-Ar experiments on groundmass of West Eifel lava flows

Sample experiment Weight molten (g) K (wt.%) OAr* (%) 4OAr* (x10-2 mol/g) Age £+ 202 (ka)
KAH

7201 1.77233 2.806 + 0.028 30.281 2.676

7217 2.01430 2.806 + 0.028 28.028 2.709

Weighted mean 2.693+£0.020 553 + 12
AH

7200 1.05918 2.972 + 0.029 16.602 2.948

7215 1.54319 2.972 + 0.029 22.639 3.046

Weighted mean 3.004 +0.024 583 + 13

2 Ages calculated using decay constants of Steiger and Jager (1977).

6. Discussion
6.1. Timing of excursional behavior recorded in West Eifel lavas

Our new 49Ar/3%Ar age determinations are more precise than
those obtained by Schnepp and Hradetzky (1994) for two reasons.
First, experiments at UW-Madison were done on groundmass sam-
ples more than 10 times smaller by using an electron multiplier,
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rather than Faraday cage to detect argon ions, thus each subsam-
ple we measured was thoroughly hand-cleaned, is exceptionally
homogeneous, and free of potential xenocrysts or altered phases.
Second, we undertook replicate experiments on most samples, and
for several samples as many as five or six experiments were done;
the pooled results used to calculate the weighted mean isochron
ages minimize random errors and lower the analytical uncertainties
(e.g., Singer et al., 2004b; Guillou et al., 2004).

o.6040 KAH wr and groundmass
: wtd. mean isochron: 555.2 +5.4 ka
MSWD = 0.47
0.0030 n =259 of 76
<
L 0.0020
8( 0
0.0010
0.0000
AH groundmass
0:00%0 wtd. mean isochron: 577.0 £ 16.0 ka
MSWD = 1.07
0.0030 n = 58 of 61
<
L
;ﬂ 0.0020
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0.0000
0 DBK groundmass
) wtd. mean isochron: 616.0 £ 53.0 ka
MSWD = 0.47
E 0.0030 n =47 of 64
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Fig.4. Age spectrum and inverse isochron diagrams illustrating “°Ar/39Ar results from excursional lava flow samples KAH, AH, and DBK. In each case the isochron is calculated
as the weighted mean of the isochrons from each separate experiment and the composite figure illustrates reproducibility between subsamples. The isochron ages give the

best estimate of time since these lava flows were erupted; see text for discussion.
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Table 3
Summary of paleodirection, paleointensity, and age data from 19 West Eifel lava flow sites
Site  Site lat. (°N)  Site long. (°E) Declination (°) Inclination (°) w95 (°) VGPlat.(°N) VGPlong. (°E) B,£10 (nT) VDM=1o(x10?2Am?) Age+20 (ka)
KH1 50.281 6.690 123 78 7.8 343 30.6 71+13 0.98 +£0.36 528 + 16
NEK  50.197 6.750 103 79 1.6 41.5 3438 276+64 3.76 +1.72 548 + 14
KAH 50.192 6.761 92 76 2.0 431 43.4 275+14 3.84+0.39 555+ 5
KAS  50.270 6.748 91 69 4.9 37.0 57.2 235+1.7 3.59+0.55 553 £+ 20
SB 50.234 6.702 80 31 8.2 19.5 93.8 nd nd 557 £ 6
AH 50.187 6.867 98 74 21 389 451 23.2+2.0 3.31+0.56 577 + 16
RK 50.249 6.623 91 71 2.0 383 53.9 21.2+24 3.16+£0.72 573 £ 13
KHL 50.283 6.684 80 59 6.0 37.5 79.4 nd nd 598 + 135
DBK 50.267 6.756 90 78 1.3 448 414 22.7+£19 3.14+0.53 616 + 53
BA 50.289 6.620 91 73 3.1 40.1 50.9 nd nd 629 + 27
BY1 50.229 6.699 57 33 5.1 35.0 110.9 7.9+0.8 1.80+0.35 630 + 112
SW 50.220 6.749 238 78 1.8 349 342.6 179+ 1.6 2.47+0.44 722 + 38
RO 50.277 6.631 15 79 6.5 70.9 24.1 336+14 4.60 +0.47 580 + 110
AK 50.265 6.714 47 77 2.8 61.9 47.3 221+1.7 3.07+£0.48 545 + 22
AV3  50.242 6.713 42 73 3.0 64.8 62.0 522+34 7.58 £1.00 556 + 22
GO 50.211 6.771 16 62 3.7 77.0 123.0 11.1+£0.7 1.85+0.25 556 + 25
DO 50.249 6.778 39 65 2.9 64.1 90.2 49.7+43 8.01+1.39 541 + 14
FLY 50.082 7.019 5 64 2.2 84.2 152.7 62.0+2.7 10.12+0.91 64 + 26
RB 50.149 6.976 12 68 4.0 824 86.6 48.7+5.3 7.52+1.65 41 +£ 21

Paleomagnetic data from Schnepp (1994) and Schnepp and Hradetzky (1994). Ages from Table 1.

The 40Ar/3%Ar ages of the 12 excursional flows span nearly
200 kyr, thus these lavas do not record a single excursion. A proba-
bility density distribution that takes into account the uncertainties
on each individual age determination was calculated using ISOPLOT
(Ludwig, 2003) and is illustrated in Fig. 5. The key feature revealed
by the probability analysis is that between 800 and 500 ka there
are five periods in which the 4Ar/39Ar age determinations are clus-
tered and distinct from one another. The most prominent peak in
the probability density plot is defined by the 4°Ar/39Ar and K-Ar
ages of samples NEK, KAH, KAS and SB which are indistinguish-
able from one another at the 95% confidence level. The variance
weighted mean age of these four lavas is 555 44 ka. Similarly, the
subsidiary peaks are defined by the weighted mean of ages of
578 £ 8 ka from samples AH and RK, and 626 +24 ka from flows
DBK, BA, and BY1. The remaining local maxima in probability are
due to isochron ages of 528 + 16 ka for sample KA1 and 722 438 ka
for sample SW (Table 3). These findings suggest that perhaps as
many as five separate excursions are recorded by the lava flows in
the West Eifel volcanic field.

Range of normally
magnetized flows
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Fig. 5. Probability density plot calculated from the distribution of 11 4°Ar/3°Ar ages
of excursional lava flows. 4°Ar/39Ar ages from individual samples shown as filled
symbols, unspiked K-Ar ages are open symbols, each with +2¢ analytical uncer-
tainty.

Five of the samples found to have high latitude VGPs, four of
which have VDMs greater than 4 (Fig. 3), yield ages of between
about 580 and 540ka (Table 3) that span at least two of the
age groups of excursional lava flows (Fig. 5). Thus, during the
period from about 600 to 500ka the geodynamo underwent at
least three oscillations between a state characterized by a rela-
tively strong dipole field and high latitude VGPs greater than 70°
and one having much lower strength and VGPs below 45°. The
excursional lavas SW and KH1 dated at ~722 and 528 ka further
suggest that this oscillatory behavior may have occurred for nearly
200 kyr.

If, as proposed by Gubbins (1999), excursions are significantly
shorter-lived features of paleofield behavior than full polarity
reversals, then it is somewhat surprising to find that 18% of the
66 measured lavas in the West Eifel volcanic field record excur-
sional field directions during a 200 kyr period. If all excursions
are completed in only 1-2kyr, as for example the GLOPIS-75
and ODP site 919 marine records suggest for the Laschamp and
Mono Lake excursions (Laj et al., 2004; Channell, 2006), it seems
highly improbable that so many West Eifel lavas would record
five excursions that in total may account for <10 kyr of time. In
contrast, the most detailed record of the Pringle Falls excursion
in ODP site 919 sediments suggests that several large directional
swings took place over nearly 20kyr between 225 and 205ka
(Channell, 2006). Whether some excursions in the lower Brunhes
chron are comparable in duration to the Pringle Falls excursion,
or the Matuyama-Brunhes polarity reversal, which lasted per-
haps 18 kyr (Singer et al., 2005), governs the probability that West
Eifel lavas would record them. Many excursions lasting >10 kyr
each would argue that Gubbins’ (1999) hypothesis does not apply
in general and that the mechanism for some excursions may be
more similar to that for reversals — decay of the inner core-held
field over several kyr - than proposed. An alternative hypothesis,
introduced by Singer et al. (2008), proposes that this particular
200 kyr period is characterized by low field intensity and an unsta-
ble dynamo such that frequent oscillations in axial dipole strength
and therefore numerous short-lived excursions are to be expected.
Perhaps several additional excursions, each lasting no more than
2 kyr, during this interval are not recorded by West Eifel lavas?
Testing these alternative hypotheses will require additional high-
resolution paleomagnetic recordings coupled with further precise
age control.
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6.2. Excursions in the lower Brunhes Chron

The number and timing of excursions in the lower half of
the Bruhnes Chron remains controversial and confusing, in part
because several recordings in marine sediment do not have ade-
quate chronological resolution and volcanic records are few (Laj
and Channell, 2007). Champion et al. (1988) proposed that in addi-
tion to the Big Lost excursion initially defined by K-Ar dating of
a transitionally magnetized basalt flow in Idaho 565 428 ka (20),
at least seven other excursions are recorded by sediment or lava
flows during the Brunhes Chron. This list grew larger as Langereis
etal.(1997)documented evidence for four short excursions in a pis-
ton core from the Mediterranean which they called the Calabrian
Ridge 0 (CRO), CR1, CR2, and CR3 excursions, the latter possibly
corresponding in age to the Big Lost excursion of Champion et al.
(1988). Limited age control and the fact that the Calabrian Ridge
excursions are defined only by single samples, have led some to
question whether the CR excursions should be adopted into the cal-
endar of Brunhes Chron excursions (Laj and Channell, 2007). Thus,
as of a decade ago, based mainly on the reviews by Champion et
al. (1988) and Langereis et al. (1997), the list of potential Brunhes
Chron excursions included 12 (Fig. 6A).

Advances in the coring of long sequences of marine sediment
deposited at high rates by the DSDP and ODP beginning in the
early 1990s using a hydraulic piston corer facilitated the discov-
ery of many new recordings of brief excursions (Laj and Channell,
2007). Initial studies of cores raised from North Atlantic sediment
drifts during ODP leg 172 led Lund et al. (1998) to propose 14 plau-
sible Brunhes Chron excursions, a number that Lund et al. (2001a,b)
revised to 12 on the basis of more detailed measurements (Lund et
al., 2006; Fig. 6B). The findings of Lund et al. (2001b) indicate that
excursions are an intrinsic component of the geomagntic field and
suggest that excursions occur temporally clustered in “bundles” of
two or three separated by regular secular variation (Fig. 6B). How-
ever, a problem with the leg 172 cores is that continuous oxygen
isotope-based astrochronology has not been done, thus it remains
difficult to correlate the 12 or more excursions precisely to other
independent records (Laj and Channell, 2007). Nonetheless, Lund et
al. (2001a) recognized at least three, and possibly four, excursions
between approximately 700 and 500 ka that are numbered 14q,
15, 150, and 17« denoting the oxygen isotope stages in which
each is recorded (Fig. 6B). The 17« excursion may correspond with
the “Stage 17” or Delta event found by Biswas et al. (1999) in sed-
iments at Osaka Bay that is ca. 670ka based on correlation with
an excursion that is astronomically dated in ODP cores 980, 983,
and 984 (Channell and Raymo, 2003; Channell et al., 2004; Laj and
Channell, 2007).

Perhaps the most highly resolved and best-dated marine sedi-
ment sequence of the lower Brunhes Chron comes from ODP sites
983 and 984 where Channell et al. (2004) developed a continuous
O-isotope astrochronologic age model, in addition to determin-
ing the inclination, declination, and relative paleointensity proxy
records using u-channel samples. Between the base of the Brunhes
Chron which has been dated at 776 + 2 ka using 40Ar/39Ar (Coe et
al.,, 2004; Singer et al., 2005) and 500 ka, the ODP site 983 and 984
sediments record three directional swings with VGPs crossing the
equator atabout 670, 590, and 540 ka (Channell et al., 2004; Fig. 6C).
Channell et al. (2004) correlated these excursions with the Delta
(Stage 17), “La Palma” and Big Lost excursions, respectively, each
of which occurred during a period of low paleointensity found not
only in the site 983 and 984 sediment, but also in the global stack of
33 sediment cores averaged by Guyodo and Valet (1999) (Fig. 6D).

Basaltic lava sequences on La Palma and Tahiti that possess sim-
ilar excursional VGP paths over Asia and Australasia have been
40Ar/39Ar-dated at 580+ 8 and 579 +9ka by Singer et al. (2002)

and Hoffman and Singer (2004) and are thought to record the Big
Lost excursion of Champion et al. (1988). The weighted mean age of
the excurional lavas from La Palma and Tahiti is 579 + 6 ka, which is
indistinguishable at the 95% confidence level from original whole-
rock K-Ar age of 565 4+ 28 ka (Champion et al., 1988) and the later
40Ar/39Ar age determination of 558 + 20 ka (Lanphere, 2000; +20
uncertainties) for the lava flow in Idaho near the namesake Big Lost
River (see Singer et al., 2002 for details). Thus the “La Palma” excur-
sion recorded in ODP site 983 and 984 sediments by Channell et
al. (2004) is best correlated with the Big Lost excursion on land
and for reasons given by Singer et al. (2002) the term “La Palma”
excursion should be abandoned. As will be discussed below, the Big
Lost excursion is expressed globally in many lava flows and marine
sediment cores and its radioisotopic age is 579 + 6 ka (Hoffman and
Singer, 2004; Singer, 2007).

Our findings indicate that as many as five temporally resolvable
excrusions are recorded by lava flows of the West Eifel volcanic field.
The most precisely dated of these excursions occurred at 555 +4
and 578 4 8 ka, the latter is identical in age to the Big Lost excursion
in the °Ar/39Ar-based Geomagnetic Instability Time Scale (GITS) of
Singer et al. (2002) and Singer (2007) (Fig. 6E), hence we correlate
these excursional lavas with those at La Palma, Tahiti, and Idaho
described earlier. Within the framework of the GITS, we informally
designate the West Eifel excursions as West Eifel 1 (722 ka), West
Eifel 2 (626 ka), Big Lost (579 ka), West Eifel 4 (555 ka), and West
Eifel 5 (528 ka) (Fig. 6E). The Big Lost excursion occurs between
plausible excursions 15 and 150 of Lund et al. (2006; Fig. 6B) and
most closely correlates with the excursion and paleointensity low
called “La Palma” by Channell et al. (2004) and Guyodo and Valet
(1999) (Fig. 6). The West Eifel 4 occurs between plausible excursions
14a and 15, whereas West Eifel 5 may correlate with the excur-
sions called 14« (Lund et al., 2006) or the “Big Lost?” (Channell
et al,, 2004) (Fig. 6). West Eifel 4 and 5 coincide with a pair of
global paleointensity lows in the SINT-800 curve of Guyodo and
Valet (1999) (Fig. 6C and E). The excursions we call West Eifel 1
and 2 are less precisely dated and may correlate with excursions
17a and 153, respectively, but not with the Delta event as doc-
umented by Channell et al. (2004) in the ODP site 983 and 984
cores (Fig. 6). However, there are local minima in the global pale-
ointensity curve of Guyodo and Valet (1999) during which these
West Eifel excursions could have occurred given the large uncer-
tainties of the 40Ar/39Ar ages (Fig. 6). We tentatively correlate the
West Eifel 2 excursion with 153 of Lund et al. (2006) (Fig. 6). How-
ever, until a more precise age can be determined from lava site
SW, or additional high-resolution sediment cores are characterized,
verification and correlation of the West Eifel 1 excursion remains
speculative.

More clearly, the period of time between about 620 and 520 ka
is characterized globally by remarkably low average paleointen-
sity, during which the four youngest West Eifel excursions were
recorded (Fig. 6), possibly reflecting a “bundle” according to Lund
et al. (1998). The GITS for the lower Brunhes Chron between 776
and 500 ka now includes at least five well-documented excursions
including the Stage 17 (670ka), West Eifel 2 (626 ka), Big Lost
(579 ka), West Eifel 4 (555 ka) and West Eifel 3 (528 ka) excursions
(Fig. 6E). Considering the GITS for the entire Brunhes Chron, there
is compelling evidence for at least 10, and possibly 11 excursions.
Precise radioisotopic 4°Ar/3%Ar ages have been obtained for six of
these excursions (Fig. 6E).

6.3. Mechanism for oscillatory excursions
The fact that the five temporally resolvable excursions are asso-

ciated with similar paleodirections, and hence, similar VGPs, is
both remarkable and not likely to be fortuitous. It is more prob-
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Fig. 6. Records of geomagnetic excursions and paleointensity in the Brunhes Chron. Records are from: (A) Langereis et al. (1997), (B) Lund et al. (2006), (C) Channell et al.
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2005; in review; Singer, 2007), plus excursions in marine sediment cores that have been dated via continuous O isotope-based astrochronology (e.g., Channell et al., 2004).

See text for discussion.

able that these excursional data reflect similar field configurations,
at least on a regional scale. If so, they provide important support
to the contention that control by the lowermost mantle during
times of weakened field intensity is paleomagnetically observ-
able (e.g., Laj et al., 1991; Hofffman, 1992), and further, that the
dynamo process responsible for such significant reductions in field
strength is, in a manner of speaking, “simple”. That is, recur-
ring paleofield directions are associated with a recurring dynamo
process. Hillhouse and Cox (1976) first suggested the possibil-
ity that transitional behavior could be dominated by standing
field elements. Here we argue further that the least complicated
way in which a field may “stand” over a geologic span of time
is through the combined effect of an unstable axial dipole, one
which experiences a series of collapses each separated by regen-

erations, and a quasi-static mantle-held non-axial dipole (or NAD)
field.

This model has been successfully applied to the five presently
available Plio-Pleistocene transitional fields recorded in lavas that
were erupted at the Society Island hotspot (Hoffman and Singer,
2004). Displayed in these five records, including one correspond-
ing to the Big Lost excursion at 579 ka, is an early clustering of VGPs
found off the west coast of Australia; the location of this recurring
cluster is well-simulated by the modern-day south VGP experi-
enced at this site, given the total demise of the axial dipole. More
specifically, the VGPs associated with the year 1900, 1950, and 2000
NAD-fields show little variation, all three situated near the paleo-
magnetically derived virtual poles along the west coast of Australia
(Fig. 7A; Hoffman and Singer, 2004).
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Non-Axial Dipole portion of IGRF observed
O at West Eifel in year? = 1900, 2 = 1925,
3=1950, 4 =1975, 5= 2000 A.D.
@ at Tahiti in year 7 = 1900, 2 = 1950,
3=2000AD.
VGPs of Plio-Pleistocene transitional
lavas in Society Islands

1590-1990 A.D.

()]

2000 A.D.

Non-axial dipole field
strength at Earth's
surface (uT)

21

Fig. 7. (A) Excursional VGPs associated with multiple dynamo instabilities recorded in the West Eifel lava flows (symbols as in Fig. 2) and in lava flows in the Society Islands
(red area). South VGPs associated with the non-axial dipole (NAD) field calculated from the IGRF at West Eifel (yellow squares) and Tahiti (red diamonds). (B and C) Vertical
component of the NAD field estimated at the Earth’s surface. (B) Averages the time dependency of the NAD field over 400 years between 1590 and 1990 A.D., based on the
GUFM model of Jackson et al. (2000). (C) The Oersted secular variation model (OSVM) for year 2000 A.D. of Olsen (2002). Panels B and C modified from Constable (2007).

The fact that the Big Lost excursion is also recorded in the
West Eifel volcanics offers the opportunity to further test the same
modern-day field model. Note first that the West Eifel poles are
mainly found in Eurasia strung about a significant range of longi-
tude (cf. Figs. 2 and 7A). Also plotted in Fig. 7A are the south VGPs
associated with the site for the same temporal range of modern-day
NAD-fields, specifically, for the years 1900, 1925, 1950, 1975, and
2000. Interestingly, these five modeled VGPs also display a simi-
lar expanse of longitude as do the West Eifel paleomagnetic data.
We interpret these findings from West Eifel lavas as adding signif-
icant support for the notion that dipole collapse is the first effect
projected by an unstable dynamo (Singer et al., 2005), and that
the residual field (i.e. the NAD-field) has altered little, apart from

sign, over the time spanning these events. Similar conclusions were
drawn by Glen et al. (1994, 1999)) from persistent features found
in successive polarity transition records spanning the past ~15 Myr
in western North America.

We also offer an explanation as to why it is that transitional field
VGP clusters associated with recordings from the Society Island
are so tightly amassed, whereas the multiple excursion data from
West Eifel are more dispersed. We argue that the answer is seen
in the NAD-field modeling over just 100 years of time. The two
strongest NAD-field features observed at the Earth’s surface dur-
ing the past 500 years reside in the Southern Hemisphere (Fig. 7B)
and during the past one hundred years these have been found to
vary in relative significance while remaining spatially fixed (e.g.,
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compare Fig. 7B and C; Hoffman and Singer, 2004). The degree to
which the NAD field is altered upon collapse of the dipole field is
therefore site-dependent and is strongly a function of the quasi-
independent temporal variation in strength of the main NAD-field
features. For the case of the Northern Hemisphere site of the West
Eifel volcanic field, considerably distant from both of the Southern
Hemisphere NAD field concentrations (Fig. 7), the effect appears
to have been quite pronounced. Hence, this simple model, thus far
applied to data from transitioanlly magnetized lavas obtained from
two nearly antipodal sites, not only has been successful in its simu-
lation of the respective locations of quasi-stationary, transitional
VGPs, but also appears to explain the focused vs. longitudinally
dispersed characteristics of the field behavior.

7. Conclusions

40Ar/39Ar dating of 19 lava flows from the West Eifel volcanic
field that record weak excursional and typical normal paleomag-
netic fields indicate that at least 4 and possibly 5 excursions
occurred between about 722 and 528 ka. These excursions cor-
relate with the Big Lost excursion, previously 40Ar/39Ar dated at
579 £ 6 ka, and most probably with excursions expressed differen-
tially in high deposition-rate sediments recovered via the ODP and
known as plausible excursions 14a, 15a, and 1503 (Lund et al., 2001a,
2006). Our findings indicate that the Brunhes Chron is character-
ized by atleast 10 and possibly 11 excursions that are well-recorded
and dated in marine sediments using O isotope-based astrochronol-
ogy or in lava flows that have been “9Ar/39Ar-dated. The excursions
recorded by West Eifel lavas have VGPs that fall over the Middle
East and South-central Asia. For one of these, the Big Lost excur-
sion, the location of the VGPs from West Eifel is broadly similar to
the VGP cluster derived from lavas on La Palma. However, they are
clearly distinct from the VGP cluster recorded in Tahitian lavas. Pro-
vided the three clustered locations are indeed synchronous, the Big
Lost transition field must contain a significant non-dipolar compo-
nent.

The paleofield at West Eifel oscillated several times between
normal polarity with typical strength, and a weak transitional field
having longitudinally dispersed directions remarkably similar to
those associated with the south VGPs calculated for the West Eifel
site for the NAD-field during the 20th century. A model in which the
axial dipole repeatedly collapses leaving behind a residual NAD-
field that is largely held by stationary sources, in the lowermost
mantle, provides a simple explanation for the recurrent excursional
behavior during this ~200 kyr period.
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