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Abstract

Based on 5 published marine high resolution sedimentary records of the Iceland Basin Excursion 

(IBE; Channell et al., 1997; Laj et al., 2006) dated around 186-190 kyr, we present models of the 

excursional geomagnetic field at the Earth’s surface using two different approaches. First a 

spherical harmonics analysis is performed after synchronization of the records using their 

paleointensity profiles. Second, we have used an iterative Bayesian inversion procedure, 

calibrated using the single volcanic data available so far. Both modeling approaches suffer from 

imperfections of the paleomagnetic signals and mostly from the still poor geographical 

distribution of detailed records, presently available only from the North Atlantic and the West 

Pacific. For these reasons, our modeling results should only be regarded as preliminary models of 

the geomagnetic field during the IBE, susceptible to improvements when including results from 

future paleomagnetic studies. Nevertheless, both approaches show distinct similarities and are 

stable against moderate variations of modeling parameters. The general picture is that of a dipole 

field undergoing a strong reduction, but remaining higher than the non-dipole field all through the 

excursional process, except for a very short interval of time corresponding to the dipole minimum 

at the center of the excursion. On the other hand, some differences exist between the results of the 

two models with each other and with the real data when the virtual geomagnetic pole (VGP) 

paths are considered. The non-dipole field does not appear to undergo very significant changes 

during the excursion except for a slight increase just at the dipole minimum. The width of mid-

* Manuscript
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height of the dipole minimum, which can be considered as an approximate measure of the 

duration of the IBE is of the order of 3kyr according to the SPECMAP age model, consistent with 

a suggestion by Gubbins (1999). These results are compared to those obtained for the Matuyama-

Brunhes geomagnetic reversal (Leonhardt and Fabian, 2007).

Keywords: geomagnetic excursion, transitional field, Iceland Basin excursion, Spherical 

Harmonics, Bayesian inversion models

Introduction

Geomagnetic excursions were generally treated with skepticism as recently as 15 years 

ago, for several reasons. It was difficult to locate and detect such relatively short geomagnetic 

events in volcanic sequences, due to the sporadic nature of volcanic eruptions, and also in 

sedimentary sequences, because short lived events can easily be smoothed out in relatively 

slowly deposited sediments (Roberts and Winklhofer, 2004). There were also difficulties in

precisely correlating excursions at distant sites, making it problematical or impossible to assess 

whether two excursion records were coeval. 

The change in attitude towards excursions began about 15 years ago, when development 

of new coring techniques, such as the hydraulic piston corer of the Ocean Drilling Program 

(ODP), or enhanced penetration by other more conventional coring devices, such as the 

CALYPSO corer on board the R.V. Marion Dufresne operated by the French Polar Institute 

(IPEV), made possible the recovery of long sequences of high accumulation rate sediments from 

the deep oceans, thereby enhancing the chances of recording brief polarity excursions. At the 

same time, improved age control of both young volcanic rocks and sediments allowed to 

ascertain unequivocally whether excursion records were coeval or not.
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Although obtaining detailed records of excursions is still difficult, today we can be 

confident of the existence of at least 7 polarity excursions in the Brunhes Chron and perhaps as 

many as 11 in the Matuyama Chron (Laj and Channell, 2007) and other excursions have been 

documented prior to the Matuyama Chron. Geomagnetic excursions are therefore intrinsic 

features of the geodynamo behavior, in addition to being extremely useful as precise stratigraphic 

markers.

 Initially, it was not realized that excursions might have a different nature than reversals, 

so the VGP paths obtained for the most detailed ones have been considered together with reversal 

paths, when statistically testing the hypothesis of preferential bands for transitional VGP paths 

(Laj et al., 1991; Clement et al., 1991; McFadden et al., 1993). More recently, however, 

processes related to the Earth’s inner core were suggested which distinguish between reversals 

and excursions. Firstly, the “magnetic hypothesis” states that excursions might occur when the 

field reverses only in the Earth’s liquid core, which has timescales of 500 years or so, whereas 

full geomagnetic reversals occur when the field reverses in both the liquid and solid inner core, 

this last having time constants of the order of 3 kyr for flux diffusion (Gubbins, 1999). Some 

numerical geodynamo modeling results disagree with this hypothesis and suggest that the inner 

core conductivity does not influence the field character (Wicht, 2002). The second “dynamic 

hypothesis” is related to the different dynamic regimes in the outer core within and outside the 

tangent cylinder (Hollerbach and Jones, 1993). Fluid motion is assumed to be relatively quiescent 

within the tangent cylinder, but changes more rapidly outside this region. Excursions might be 

found when the field reverses only outside of the tangent cylinder. The duration and frequency of 

excursions relative to reversals, therefore, have the potential for exploring the complex 

mechanisms associated with the geomagnetic dynamo, in particular for providing information 

about the time constants of flux diffusion and the coupling between inner and outer cores. 
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Moreover, the morphology of the field during the excursions may provide information about the 

relative amplitude of dipolar versus non-dipolar components dominating the excursional field.

New studies of the two best examined excursions of the Brunhes Chron, the Laschamp 

and the Iceland Basin Excursions, have been recently reported (Channell, 2006; Laj et al., 2006; 

Laj and Channell, 2007). Contrary to generally held idea that the low intensity of the excursional 

field reflects the emergence of non-dipole components, these studies concluded that a relatively 

simple geometry dominated the transitional field for both excursions, because strikingly similar 

VGP paths were observed at several geographical distributed sampling locations.  

In this article, we examine the Iceland Basin Excursion, by performing a spherical 

harmonics analysis (SHA) of the excursional field, after synchronization of the directional 

records using relative paleointensity records. We also apply the iterative Bayesian inversion 

procedure according to Leonhardt and Fabian (2007), which is hampered by the absence of a 

detailed volcanic record needed for calibration of the relative paleointensity data. We finally 

compare the results of the two excursions to those previously obtained for the Matuyama-

Brunhes reversal through the use of the Bayesian inversion method.

Selection of the records

The name of the Iceland Basin excursion originates from the basin where two cores in 

which this excursion has been recorded were retrieved during ODP Leg 162 (Channell et al., 

1997; Channell, 1999). In a recent article, Laj et al. (2006) have considered these two records 

together with five other records from different sites (Fig. 1 and Table 1). Two of these new IBE 

records were found in cores collected in North Atlantic during the GINNA IMAGES cruise of the 

R. V. Marion Dufresne, in the Eirik Drift, south of Greenland, and on the western flank of the 

Reykjanes Ridge. Two other records obtained from ODP sites 1145 and 1146 (South China Sea) 
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were cored during ODP Leg184. Although much less detailed, the record from Lake Baikal (Oda 

et al., 2002) was also included in the analysis of Laj et al. (2006). 

In Laj et al. (2006) only the positions of the transitional VGP paths were considered and, 

for this purpose the age models available from these records was sufficiently accurate for their 

comparison. Here, on the other hand, our objective is to obtain a reconstruction of the different 

dipole and non-dipole terms of the field reigning during the excursion. Under these circumstances 

it is essential to have a precise synchronization of the records, thus a common as-precise-as-

possible age model. Because the IBE has been precisely associated with the transition between 

marine isotope stages 7 and 6, we have, therefore, chosen to consider among the records used in 

Laj et al. (2006) only those where both a high-resolution oxygen isotope stratigraphy, based 

either on planktonic or benthic foraminifera, and a detailed transitional record were available 

(Fig. 2). These selection criteria, unfortunately, led us to reject the Lake Baikal record (Oda et al., 

2002), despite its unique location. Indeed, in this case, the age model, which was derived by the 

correlation of density as a proxy for biogenic silica content with interglacial periods, was not as 

accurate as those derived from oxygen isotope stratigraphy. ODP site 984 was rejected for this 

study because the paleointensity record is very noisy, although the directional changes are well 

defined. The selected records are all characterized by relatively high sediment accumulation 

rates, varying from 7 to 15 cm/kyr, which are well within the range required for adequate 

recording of excursions in sedimentary environments with shallow lock-in depth (Roberts and 

Winklhofer, 2004). 

Spherical Harmonics Analysis

As mentioned above, we have selected records for which an oxygen isotope study is 

available (Fig. 2). Depending on which reference curve these initial records have been reported, 
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some age discrepancies exist in the exact age assigned to the IBE. However, our primary purpose 

here is not to assign a precise absolute age to the IBE but to describe its morphology and 

duration. So, to achieve the synchronization at very short timescales, one can use oxygen isotope 

stratigraphy in a first step, then some of the characteristics of the geomagnetic records 

themselves, namely the directional changes or the relative paleointensity records. We have 

chosen to do this synchronization using the paleointensity signal rather than directions. This is 

certainly a subjective choice, however justified by the fact that the (dipole) intensity low is the 

main characteristic of a geomagnetic excursion, when other phenomena, such as the production 

of cosmogenic isotopes, are considered. Moreover, directions exhibit more high-frequency 

features than paleointensity, therefore possible lock-in processes can alter the direction records 

more than the paleointensity records. 

In every record of IBE the excursional paleointensity profile shows a peculiar structure 

(Fig. 2), with two lows separated by a slight but significant increase of the intensity between 

them (this structure is a little less marked in core MD99-2242 compared to the others). This 

double structure is not present in the directional part (inclination) with the exception of ODP site 

1145. In the other records the main shift in inclination coincides either with the slight increase in 

paleointensity (ODP site 983 and MD99-2247) or with the youngest of these lows (ODP site 

1146, MD99-2242). We have no ready explanation for this effect that would lead to slightly 

different results if synchronization is obtained using the directional rather than the intensity 

records. However, we find hard to believe that it is of geomagnetic origin, because in this case 

one would expect a similar behaviour at sites MD99-2247 and MD99-2242 which are 

geographically close, whilst they differ in this respect. Sedimentological factors, such as subtle 

changes in sedimentation rate or a very small magnetization lock-in depth in some of the records 

seems more realistic to us. 



Page 7 of 29

Acc
ep

te
d 

M
an

us
cr

ip
t

-7-

As a common time scale for the five available records we have chosen the age model 

derived from a benthic isotope curve (Clemens and Prell, 2003) from ODP site 1146, and 

correlated the other four records to this one, using the Analyserie software developed by Paillard 

et al. (1996). ODP Site 1146 was chosen as master record not only because the precise oxygen 

isotope record is based on benthic foraminifera but also because this site is the closest to the only 

available volcanic record of the IBE (see the Bayesian approach below).  However, the absolute 

values of this age model are not more preferable than those (slightly different) of other sites. In 

fact IBE is dated with respect to marine isotopic stage 7/6 boundary, which is bracketed between 

182 kyr and 196 kyr in the SPECMAP reference curve (Imbrie et al., 1984; Martinson et al., 

1987) and it is dated between 185 kyr and 192 kyr in the benthic isotope stack published more 

recently by Lisiecki and Raymo (2005). The age model we used is compatible with these datings.

The five paleointensity records, synchronized in the 178-202 kyr interval on the time scale of 

site 1146, and scaled to the same average value, are shown in Fig. 3a. A remarkable agreement 

between the paleointensity records can be visually observed while the directional changes in the 

inclination records appear not perfectly coeval at all sites (Fig. 3b). As reported in Fig. 3c, the 

maximum time adjustment involved in this paleointensity-based synchronization among records 

is always smaller than 2 kyr (attained for ODP site 1145). These differences probably reflect the 

discrepancies in the initial correlation of each isotope records with the reference SPECMAP 

curve and in any case they are within the uncertainties of the SPECMAP stratigraphy that can be 

estimated in a few thousand years. 

A further necessary step when using relative paleointensity data is to properly adjust the 

paleointensity to a common scale independent from sediment magnetic properties. Attempts to 

obtain an absolute calibration of relative paleointensity data have already been made by several 

authors (i.e. Constable and Tauxe, 1996; Guyodo and Valet, 1996; Laj et al., 2000; 2004). For the 
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present purpose, however, an absolute calibration is not necessary. A common relative scale for 

the selected five sites is sufficient.  For a dipolar field such a scale can be simply deduced from 

the (magnetic) latitude dependence of the field intensity. Therefore, in agreement with the GAD 

hypothesis, we assumed that the paleomagnetic field before the excursion, averaged over about 

10,000 years, was a dipolar field, thus the averaged, pre-excursional, field intensity should 

depend only on site latitude. Based on this assumption, we averaged the vector field of relative 

paleointensity in the same period from about 191 to 197 kyr at each site, and fitted the average 

field to a dipole at each site to compute the relative B0* = √((g0
1)

2 + (g1
1)

2 + h(1
1)

2). Since a 

dipole was fitted independently at each site the calculation of B0* does not strictly require an 

axial dipole, although all computed average dipole axes are found to be very close to the 

geographical axis. At each site the value of B0* was then used to rescale the whole record in a 

way that the average field intensity from 191 kyr to 197 kyr has the (arbitrary) value B0 = 1. Of 

course the B0 value during the excursion is expected to vary, according to the field intensity 

records.

After intensity adjustment and synchronization, the records were linearly interpolated to the 

time scale of site 1146 and SHA was applied to the full vector paleomagnetic data using standard 

methods (Backus et al., 1996) in order to find the best-fit dipole coefficient (g0
1, g

1
1, h

1
1) by mean 

of the least-square method. Although the number of geographical sites was sufficient to carry a 

SHA up to order 2 (quadrupole) we have limited the SHA decomposition to the 1st order (dipole) 

since the clustered geographical distribution of the sites would have led to biased results for 

higher order harmonics. Therefore the non-dipolar part of the field had to be estimated from the 

residuals of the dipole best fit, possibly including a relatively large contribution of random errors 

due to the noise on the paleomagnetic signals.
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We attempted to estimate the confidence level of SHA results by using jackknife statistics 

(e.g., Shao and Tu, 1995). This technique consists of removing a given number of sites taken at 

random from the original data set, in order to obtain subsets of available data. SHA analysis is 

then applied to all subsets at each time node, obtaining a distribution of parameter from which a 

confidence interval could be drawn. Because of the small number of available sites (5) we have 

explored all possible 16 combinations obtained by leaving at least 3 sites for data fitting, then the 

confidence level that include 95% of cases from non-parametric distribution of model coefficient 

was computed at each time node. Although we do not have extensively tested the sensitivity of 

SHA to synchronization errors we have tried a few slightly different synchronization scenarii and 

obtained practically the same results, which gives us confidence on the robustness of the SHA 

model to moderate variations in records interlock. Moreover, jackknife statistics are also sensitive 

to errors in the synchronization of records and the resulting confidence bands also provide an 

indirect measure of the accuracy of the synchronization among records and robustness of the 

method to such errors. 

Iterative Bayesian inversion

In parallel, we have also applied an iterative Bayesian inversion procedure (Leonhardt and 

Fabian, 2007) in order to obtain a global geomagnetic field model. This inversion scheme 

requires no a priori assumptions about synchronous features of the two records. Again, the ODP 

site 1146 record is used as primary record and all further age estimates are based on its time scale 

and related uncertainty. The application of the inversion procedure requires the relative intensity 

signals to be calibrated against at least one record of absolute intensity. To our knowledge, the 

only existing lava record with full vector determinations on a single flow was obtained at Unzen 

volcano, Japan (Shibuya et al., 2007, Yamamoto et al., 2006). This volcanic record is 
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characterized by a transitional direction (Dec: -72.6, Inc: -21.0), referred to as the Senbongi 

excursion, with a K/Ar age of 197 ± 17 ka and an absolute intensity value F: 7.6 ± 1.6 T 

determined on three samples by Thellier (IZZI) and Microwave techniques. For further analysis, 

we assume that this field vector provides a volcanic record of the IBE. Thus, it is possible to 

follow the procedure outlined by Leonhardt and Fabian (2007) for an iterative Bayesian inversion 

of several IBE records (Fig. 4). Each iteration step of this technique comprises following points:  

(1) Invert the first paleomagnetic record, (2) calculate a predicted record at the second location 

from the resulting model and (3) correlate the second record to this prediction. 

For application to the IBE, the ODP site 1146 record is firstly inverted. Its inversion solution, 

which provides a spherical harmonic model, is evaluated for the site location of the Unzen 

volcano. Based on its direction, the single full vector record can then be matched to the ODP site 

1146 record at age 188.26 kyr. In a next step, the relative intensities are calibrated by the absolute 

value, leading to a calibration factor ODP1146 of 222 µT for the originally (ARM normalized) 

relative paleointensities computed at the core/mantle boundary. Admittedly, using only a single 

spot reading of the field this matching leave a rather large uncertainty in the calibration 

procedure. Nevertheless, the directional correlation is unambiguous within the ODP1146 record 

and the assigned age is consistent with the uncertainty range of the radiometric age. Additionally, 

the calibrated intensities appear to be reasonable for the Brunhes period. Inversion of the ODP 

site 1146 plus the Unzen record leads to a first Inverse Model of the Iceland Basin Excursion 

IMIBEa (Fig. 4).

In the next step record ODP site 1145 is synchronized to the model prediction of IMIBEa for 

its location (Fig. 4). Its intensity calibration coefficient is optimized by the inversion routine and 

corresponds to ODP1145 = 262 µT. Because of the very limited distance between ODP sites 1145 
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and 1146, the synchronization by the model prediction does not differ from direct 

synchronization of the paleomagnetic data, because the model prediction is nearly identical to the 

initially inverted data set. In order to further test the validity of the intensity calibration and 

synchronization we changed the order of the incorporated sites within the iterative procedure. 

When starting the iterative procedure with the ODP site 1145 record, pre-calibration of its 

relative paleointensity with the absolute value of Unzen leads to an almost identical calibration 

coefficient (ODP1145 = 266 µT) in comparison to its inclusion in the third step. Assuming that the 

absolute intensity record is indeed from the IBE, this agreement supports the validity of absolute 

intensity calibration for ODP sites 1145 and 1146.

Therefore, we continue the iterative inversion procedure by matching the three other records 

from the North Atlantic, MD99-2242, ODP site 983, and MD99-2247 (IMIBEe in Fig. 4). For 

each additional record, the calibration coefficients are synchronously optimized by the inversion 

routine. Similar as for the SHA paleointensity synchronization, the maximum time shift needed 

for adjusting all individual records does not exceed 2 kyrs (Fig. 5). In the whole inversion 

procedure, which results in the final model IMIBEe based on six independent data sets, each 

paleomagnetic measurement in a given record is treated as an independent and equally weighted 

time step. Initial and final boundary conditions G0 and G1 are purely axial dipole fields with field 

strength of 30µT at the equator. The maximum multipole degree of the spherical harmonic 

expansion is L=5, leading to 35 variables at each of the N=150 time nodes. The regularization 

parameter E0 = 10000 provides the best trade-off between energy fluctuation minimization and 

data fit. 

Dipolar and non-dipolar components during the excursion 
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The energy of dipolar and non-dipolar field components at the Earth’s surface is plotted in Fig. 

6a and Fig. 6b as result from SHA and IMIBEe approaches respectively. As explained above, in 

this plot and subsequent discussion all ages are related to the time scale of the ODP site 1146 

record. The main characteristics of the dipolar components are very similar. In both models 

before 195 kyr a decrease of the dipole energy is observed, followed by rather constant dipole 

energies for the next 5 kyr. Dipolar terms outweigh the non-dipolar terms significantly until 

188.5 kyr as expected for pre-excursional field. The minimum dipolar energy calculated using the 

SHA approach is quite large, between 189.6 and 187.2 kyr, while during the same period, the 

dipole energy retrieved from the Bayesian approach follows a slightly decreasing plateau 

reaching the minimum at about 187.2 kyr. This minimum is similarly followed in both models by 

a gradual recover of the original dipole energy, which takes about 3 kyr to reach pre-excursional 

values. The main view outlined by the two models highlights a dipolar field undergoing a strong 

reduction but remaining higher than the non-dipole field through the excursional process, except 

for a short interval of time corresponding to the dipole minimum at about 187.5 ka. The other 

small-scale features of the field energy curves, as well as the minor differences between the two 

models, are difficult to interpret and likely fall within the uncertainty of the calculations.  

Important characteristics of transitional field are shown by plot of the first order (i.e., dipolar) 

Gauss coefficients (Fig. 6c, d) that display the dipole field evolution during the IBE and point out 

a significant difference between these two models. According to SHA model the main feature of 

IBE consists in a decrease of the axial dipole (g0
1) that reverses its direction between 187.5 and 

188.5 kyr, and then gradually regains its original energy. During this process the equatorial 

coefficients g1
1 and h1

1 fluctuate within the pre-excursional magnitude without significant 

variations, however combined with low axial dipole (g0
1) during IBE, they result in large 

directional changes of dipole axis. 
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Conversely, the IMIBEe model shows a smaller decrease of the axial dipole component (g0
1), 

which never reaches positive (i.e., reverse field) values. Similar to the present day field, g1
1 is 

mostly negative and h1
1 mostly positive and slightly larger than g1

1 throughout the modeled time 

interval. Before the dipole minimum equatorial Gauss coefficients g1
1 and h1

1 decrease causing 

the dipole axis to move significantly from the geographical pole during the IBE and the preceding 

few thousand years, but without crossing the equator.

The different behaviour of the equatorial dipole field in the two models makes an univocal 

interpretation difficult. However, despite these differences the general picture suggested by the 

results of both models is that the decrease of field intensity observed during the IBE is a 

consequence of a reduced dipole field energy that is gradually recovered in the following few 

thousand years. The period of slow recovery is compatible with suggested inner core diffusion 

times (Gubbins, 1999) as well as time ranges of delayed field recovery within different dynamic 

regimes of the outer core as found in numerical simulations (Glatzmaier et al., 1999).

Discussion and conclusions

Both modeling approaches, the SHA and the iterative Bayesian inversion, suffer from 

imperfections of paleomagnetic signals in sedimentary records, linked to subtle changes in 

sedimentation rate or in lock-in depth problems mentioned above and which are difficult to 

estimate. But the main restriction is likely linked to the still poor geographical distribution of the 

detailed sites. Paleomagnetic records are available only from the North Atlantic and the West 

Pacific. For these reasons, our modeling results should only be regarded as preliminary models of 

the geomagnetic field during the IBE, susceptible to improvements when including future results 

from further paleomagnetic studies. Nevertheless, our results allow to compare different 

synchronization approaches. Furthermore, a preliminary analysis of major field components is 
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certainly justified because, despite their very different synchronization and modeling techniques, 

both approaches show distinct similarities and are stable against moderate variations of modeling 

parameters.

One first difference between the two models is how they deal with the relative values of 

paleointensity available from sedimentary records. The IMIBEe model needs one absolute 

paleointensity record to calibrate the first record, which is the ODP site 1146 site from the West 

Pacific, and then proceed on calibrating all subsequent records to the first. The model turned out 

to be very stable with respect to changes in the order in which the West Pacific sites were 

incorporated, as well as slight variations within their synchronization. Therefore, these three 

records were chosen as the optimal choice for starting the inversion. Even so, one should never 

forget that intensity calibration is based only on a single volcanic spot reading, which is not 

unambiguously related to the IBE. The SHA does not need absolute paleointensity values but still 

needs to recalibrate the records at different sites to a (relative) common value, which is computed 

according to the rather reasonable assumption of a geocentric dipole average field.

A precise time calibration (interlock) between records is an essential prerequisite of the SHA, 

which was obtained, prior to the analysis, by correlating relative paleointensity. In the IMIBEe 

model the site correlation is based on Cartesian component X, Y, and Z of vector field. 

Correlation is done iteratively by mapping each newly included paleomagnetic record onto the 

field prediction from the inversion results of earlier records. Both interlock methods are, to a 

certain extent, subjective and turned out to produce different results. In particular during the IBE, 

when paleointensity variations are small compared to directional changes, the IMIBEe iterative 

synchronization mainly founds on these directional changes. Conversely the SHA interlock, 

which is based solely on paleointensity values, disregards directional changes, whose result are 

then not always synchronous (Fig. 3a, b). 
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The different interlock is the most likely reason for the most prominent differences arising 

from the two models although both of them are compatible with constraints from oxygen isotopes 

dating.

Compared to results from the last reversal (Leonhardt and Fabian, 2007) distinctive 

differences are observed for the transitional energy evolution of the field. Prior to the 

Matuyama/Brunhes reversal a significant increase of non-dipole energy towards the same level as 

the dipolar field is observed. Such increase is neither observed for the results obtained by the 

Bayesian modeling approach for the Laschamp excursion (Leonhardt et al., 2007) nor for the here 

investigated IBE excursion suggesting that this feature could be indicative for reversals. 

Furthermore, the dipole energy is reduced well below the non-dipolar value during the 

Matuyama/Brunhes reversal compared to Laschamp and IBE excursions. Nevertheless, the 

reduced dipole intensity (compared to non-excursional field) during the IBE implies that the field 

looses some of its dipolar feature that is a characteristic of the stable geomagnetic field. The 

comparison of VGP paths computed from single sites assuming a fully dipolar field (Laj et al. 

2006) with the dipole path predicted by SHA and IMIBEe models (Fig. 7) give dissimilar results. 

There is a similitude between the dipole path calculated from the SHA and those reported in Laj 

et al. (2006) with a short diversion corresponding to the peak of non-dipole energy at 188.6 kyr 

(Fig. 5a). This could suggest that the dipole field has a strong influence on paleomagnetic 

directions during the excursion despite its low intensity. However such an interpretation is not 

supported by the IMIBEe results and thus must be treated with great care. Given the above 

mentioned restrictions and uncertainties in the models we conclude that it is not yet possible to 

provide reasonable global field predictions and detailed structural analyses or the transitional 

field. Therefore, it cannot yet be answered whether or not the dipole field remaining during the 

excursion is able to register transitional VGP paths similar to those found by Laj et al. (2006) for 
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other sampling locations on Earth. New records of IBE from different geographic locations and 

recording media are urgently needed to confirm our hypotheses and to improve the models 

reliability and robustness. 
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Figure captions

Figure 1: Map showing the geographical distribution of the sites where the Iceland Basin 

excursion has been identified in details (after Laj et al., 2006).

Figure 2: Inclination, relative paleointensity (RPI) and planktonic or benthic isotope records 

available for each core between 250 kyr (marine isotope stage 7) and 150 kyr (marine isotope 

stage 6). The data from ODP site 983 are from Channell et al. (1997). The data from ODP site 

984 are from Channell et al., (1998) and Channell (1999). The magnetic data from sites MD99-

2242, MD99-2247, ODP sites 1145 and 1146 were reported in Laj et al. (2006) as well as the 

isotope data from cores MD99-2247 (Cortijo, personal communication) and MD99-2242 (C. 

Hillaire-Marcel, personal communication). Isotope data from ODP sites 1145 and 1146 are from 

Clemens and Prell (2003) and K. McIntyre and D. Oppo (personal communication) respectively.

Figure 3: a) relative paleointensity records obtained from the different sites after time adjustment 

(with the record from ODP site 1146 as the reference curve). b) inclination records from the 

different sites after adjustment made using the paleointensity records. c) effect of the time 

adjustment on each individual initial age models.

Figure 4: Application of the iterative correlation procedure to X, Y, and Z components of 

paleomagnetic data sets for IBE. Not shown is the matching of the single volcanic spot reading 

from Unzen, Japan to the initial record ODP1146. The superscripted * at IMIBEa  indicates that 

this model already is based on a calibrated record using the Unzen data point. According to the 

procedure outlined by Leonhardt and Fabian (2007) the individual paleomagnetic records are 

correlated to the stepwise improving field evolution model for the respective sampling location. 

Red colours indicated model predictions, black shows paleomagnetic data. Shaded regions 

highlight correlated intervals.

Figure 5: age differences between the time scale of the reference record (ODP site 1146) and the 

time scale resulting from the IMIBEe correlation (see text)
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Figure 6: top part: energy of dipolar and non-dipolar field components from a) SHA and b) 

IMIBEe approaches.  The results from SHA model are reported in arbitrary units and normalized 

to have the pre-excursional dipole moment Bo = 1. Filled bands represent 95% confidence limits 

are computed with jackknife statistics. Bottom part: first order (dipolar) Gauss coefficient for the 

IBE as computed by c) SHA and d) IMIBEe models. Gray bands in SHA model represent the 

95% confidence levels also calculated using the jackknife statistics, no confidence levels are 

available for IMIBEe model.

Figure 7: Geographical coordinate of dipole axis computed by SHA model compared with VGP 

paths of sites from Laj et al., 2006. The VGP path of IMIBEe and SHA models show important 

distinctions due to the difference in first order Gauss coefficients shown in Fig 6. The VGP path 

of IMIBEe do not reach reverse polarity and does not show much longitudinal variation. These 

differences are most likely related to the fundamentals of both approaches where the iterative 

approach finds a solution with least total energy variation to explain the observed and admittedly 

poorly distributed paleomagnetic data. The SHA model does not have such regularization.
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Figure-1
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Table 1. Coordinates and water Depths of the  sites where the Iceland Basin excursion has been
identified with enough details.

Core Latitude Longitude Water Depth Reference

MD99-2242 58°55.06’N 047°07.49’W 2895 Laj et al. (2006)
MD99-2247 59°04.61’N 031°28.34’W 1690 Laj et al. (2006)
ODP Site 1146 19°27.40’N 116°16.37’E 2092 Laj et al. (2006)
ODP Site 1145 19°35.04’N 117°37.86’E 3175 Laj et al. (2006)
ODP Site 983 60°24.21’N 023°38.44’W 1983 Channell et al. [1997]
ODP Site 984 61°25.51’N 024°04.94’W 1648 Channell [1999]
Lake Baikal 53°41.65’N 108°21.01’E 335 Oda et al. [2002]

Table1


