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Abstract: Formation of the Ontong Java Plateau (OJP). a large igneous province in the
western Pacific. has been attributed to a rising plume head in the initial stage of the
Louisville hot spot. approximately 120-125 Ma ago. However, the Neal er al. plate recon-
struction suggests that the plateau formed approximately 9” north of the current location
of this hot spot at 51°S . The magnetization of the platcau’s basement records a palaco-
latitude of approximately 25°S which further increases the discrepancy with the plume-
head model. Modelling the motion of the Louisville hot spot for the last 120 Ma yields a
possible southward motion of up to about 6°. True polar wander (TPW) models also shift
the predicted palacolatitudes of the plateau farther north. Taking into account both
hot-spot motion and TPW, formation of the OJP by the Louisville hot spot remains a

possibility.

The Ontong Java Plateau (OJP) in the western
Pacific is the largest of the large igneous
provinces (LIPs). Ar—Ar dating of basalts from
the plateau indicates that it started to form
approximately 120 Ma ago (Mahoney et al. 1993;
Chambers et al. 2003). Most current models
ascribe oceanic plateaus to the initial ‘plume-
head” stage of hot-spot development (e.g.
Richards 1991). Richards (1991) and Tarduno ef
al. (1991) favoured the initial plume head of the
Louisville hot spot (now at 51°S, 138°W) as the
source of the OJP, but recent plate reconstruc-
tions suggest that the plateau was formed well to
the NE of the current location of this hot spot
(Neal et al. 1997; Kroenke et al. 2004). Accord-
ing to these reconstructions, the centre of the
OJP at approximately 125 Ma was at 42°S,
159°W, and therefore 9° north and 217 west of
the Louisville hot spot, approximately 1600 km
distant (Fig. 1). This reconstruction is partly
based on hot-spot tracks (including Louisville)
and would therefore change if hot-spot motions
were considered. The most recent palacomag-
netic results confirm that the OJP was far north
of the present position of the Louisville hot spot
at the time of the plateau’s formaiion. Palaco-

magneltic investigations on basalts from ODP
Leg 192 to the OJP result in a palaeolatitude of
23.8 297, 4°S for the centre of the OJP 120 Ma
ago (Riisager et al. 2003). These results have
been combined with the palacomagnetic investi-
gation of volcaniclastic sediments from ODP
Leg 192, resulting in a palacolatitude of approxi-
mately 25°S (Riisager et al. 2004).

Mantle plumes have frequently been thought
to be fixed in the Earth’s mantle. If true polar
wander (TPW) does not occur and the geomag-
netic axial dipole hypothesis holds, then basalts
from stationary mantle plumes would always be
produced at the same place in the hot-spot refer-
ence frame as well as in the magnetic reference
frame. Apart from palacosecular variations.
fresh basalts would always memorize the same
direction of magnetization when cooling below
their blocking temperature, corresponding o
the present hot-spot latitude. Previous palaco-
magnetic investigations (Mayer & Tarduno
1993) and the palacomagnetic results from ODP
Leg 192 to the OJP (Riisager er al. 2003, 2004)
are inconsistent with these assumptions. Expla-
nations for a discrepancy between palaeolati-
tudes and present-day hot-spot latitude include:
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Fig. 1. (A) Approximate location ol the Ontong Java Platcau (OJP) at 125 Ma after the plate reconstruction
of Neal eral. (1997). The triangle represents the inferred location of the OJP plume centre beneath the crest of
the high plateau. The reconstruction uses the Pacific plate Euler poles of Kroenke & Wessel (1997) (alter Neal
ctal. 1997). (B) Sketch presenting the discrepancy between the present-day latitude of the Louisville hot spot.
the latitude of the OJP 120 Ma ago after Neal et al. (1997) and the palacolatitudes obtained by recent

palacomagnetic investigations on basalts from the OJP,

e mantle plumes can be advected when rising
through the convecting mantle, resulting in
hot-spot motion on the Earth’s surface (e.g.
Steinberger & O’Connell 1998);

e TPW, the relative motion between the mantle
(with the hot spots) and the rotation axis of
the Earth, may affect the latitude of a hot spot:

e non-dipole geomagnetic field components
may contribute significantly to the Earth's
magnetic field (e.g. Coupland & Van der Voo
1980; McElhinny et al. 1996) yielding palaco-
latitudes that differ from those predicted by a
dominantly geo-axial dipole (GAD) field.

Torsvik et al. (2001) and Van der Voo & Torsvik
(2001) state that the octupole component is the
most dominant non-dipole component. Intro-
ducing octupole contributions would rectify the
latitude offset that is observed between the
Louisville hot spot and the palacomagnetic
results from the OJP. Estimates of the magni-
tude of the octupole/dipole ratio indicate that
paleolatitudes determined with the dipole
formula could be about 7.5 too low at mid-
latitudes (e.g. Van der Voo & Torsvik 2001).

In this chapter, we continue the discussion of
the possible link between the OJP and the
Louisville hot spot. We study the effect of a
moving Louisville hot spot and the effect of
TPW on palacolatitudes, and discuss the conse-
quence for the possible link between plateau
and hot spot. However, there will be no further
discussion of any contributions made by octu-
pole ficlds.

Modelling of hot-spot motion

The motion of mantle plumes in a convecting
mantle due to large-scale mantle flow can be
estimated by geodynamic modelling (Stein-
berger & O'Connell 1998). The method that we
use for the calculation has been previously
explained in detail (Steinberger & O’Connell
1998, 2000; Steinberger 2000a; Antretter et al.
2002) and is briefly described here.

A large-scale mantle flow field is computed
(Hager & O’Connell 1979, 1981) using models of
internal density heterogeneities and surface
plate motions. Density heterogeneities are
inferred from seismic tomography or subduction
history. For the scaling factors (3p/p)/(dvy/vy) to
convert scismic velocity (v) to present-day
density (p) variations, we consider three cases:
(1) scaling factor 0.2, where only mantle density
anomalies below 220 km depth are included: (2)
scaling factor 0.3, where only mantle density
anomalies below 220 km depth are included: and
(3) scaling factor 0.2, where all mantle density
anomalies are included. A scaling flactor
between about 0.2 and 0.3 has been inferred
from laboratory experiments. in combination
with theoretical arguments (e.g. Karato 1993).
Cases (1) and (2) disregard the uppermost
220 km in order to exclude seismic velocity
variations that may be due to lithospheric roots
and not therefore related to density variations
that drive mantle flow. In most cases density
variations are advected in the flow field back-
ward in time for the past 68 Ma.
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Fig. 2. Three radial viscosity models used in this
paper. Dashed line, ‘model A* (Steinberger &
O’Connell 1998): dotted line, ‘model B* (Steinberger
& O'Connell 2000): continuous line, ‘model €
(Steinberger & Calderwood 2001).

In most cases, relative plate motions are
adopted from Mueller er al. (1993, 1997): for
plates and times not included there or before
83 Ma, we follow Gordon & Jurdy (1986)
(0-64 Ma) and Lithgow-Bertelloni et al. (1993)
(64-120 Ma). Absolute motions of the African
and Pacific plates are re-determined for times
(0-74 Ma. We also re-computed plate boundaries
in the Pacific Basin in 2 Ma intervals during the

past 120 Ma based on the digital isochrons of

Mueller et al. (1997), available online at ftp:
//ftp.agg.nrcan.ge,ca/products/agegrid/isochrons.
dat.gz. Elsewhere, plate boundary locations are
adopted from the compilation by Lithgow-
Bertelloni et al. (1993).

The inferred past plate boundary locations in
the Pacific Basin depend on the “absolute’ plate
motions, which in turn depend on hot-spot
motion. In principle. it requires an iteration to
obtain mutually consistent hot-spot motions,
plate motions and plate boundaries (Tarduno e
al. 2003). Here, for simplicity, we use the same
plate motions and boundaries that were com-
puted for one specific model of hot-spot motion
— the ‘moving source” model of Tarduno et al.
(2003) — that yields a good fit to Pacific hot-spot
tracks. This procedure is appropriate as, for
models of hot-spot motion that yield a good fit to
both the Hawaiian and Louisville hot-spot track,
the Louisville hot spot is located in an intra-plate
location on the Pacific plate. Except for the very
recent past, the Louisville hot spot is located far
away from plate boundaries and, as long as this
is the case, the computed Louisville hot-spot
motion depends very little on the exact plate
boundary conditions.

Furthermore, radial mantle viscosity struc-

tures (Steinberger & O’Connell 1998, 2000:
Steinberger & Calderwood 2001) are assumed
for the calculations. These are shown in
Figure 2, and will be referred to as viscosity
models A, B and C.

Most models were computed for an incom-
pressible mantle without phase boundaries.
Some models consider compressibility and phase
boundaries. as in Steinberger (2000a). In particu-
lar. if phase boundaries are considered. they are
assumed to be in thermal equilibrium. Density
anomalies at the depth of the phase boundaries
inferred from three-dimensional (3-D) tomogra-
phy models are converted (o temperature
anomalies which. in turn, are converted to phase
boundary deflections that are treated as sheet
mass anomalics. Based on the work of Akaogi ¢t
al. (1989) and Akaogi & Ito (1999) we use con-
version factors from density to sheel mass
anomalies of 132 km at depth 400 km and 58 km
at depth 670 km. Roughly speaking. this means
that a density anomaly layer of thickness 132 km
around 400 km depth is counted twice, whereas a
density layer of 58 km thickness at depth 670 km
is disregarded. To calculate the motion of hot
spots, we assume that initially (for the Louisville
hot spot, at 120 Ma) vertical plume conduits are
subsequently distorted in large-scale mantle
flow. Besides being distorted in large-scale flow
we also allow for buoyant ‘Stokes™ rising of
plume conduits through mantle flow. The result-
ing hot spot motion depends on both the large-
scale flow field and the buoyant rising of the
plume conduit. Buoyant rising velocity is com-
puted from a modified Stokes formula: 1(z) = 1
X (1710)? X (my/n(z)). where ty =51 mm year',r
=100 km, 1y = 10! Pas, z is the depth. m(z) is the
ambient mantle viscosity and r is plume conduit
radius. The value 1, = 51 mm year! corresponds
to rising speed obtained in laboratory experi-
ments (Richards & Griffiths 1988) scaled to
Earth dimensions. and for a reasonable density
contrast of 30 kg m~between plume and ambient
mantle.

We use three dilferent assumptions about
plume conduit radius.

(1) Independent of depth, r = (B/By)! 4 X,
where B is anomalous plume mass flux., B =
103 kg s7', and r; = 41.0 km for viscosity
models B and C (i.c. most cases), and r| =
62.5 km for model A. This assumption
follows Steinberger (2000a) and Steinberger
& O’Connell (2000). where it is further dis-
cussed.

(2) Dependent on depth, r = ((B/By) X
(n(z)/ )" Xy with 1y = 65.9 km for
viscosity model B and 68.2 km for model C
— such that conduit radius immediately
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Fig. 3. Modelled drift of the Louisville hot spot assuming its initiation at 120 Ma. The dots give the position of
the hot spot every 10 Ma, indicated also by numbers. The present-day position of the Louisville hot spot is
assumed at 51°S at 0 Ma. The tomographic models SI2ZWM 13 (Su e al. 1994) and SB4LI18 (Masters ef al.
2000), and the slab model of Steinberger (20005). have been used in combination with mantle viscosity model
B 1o obtain a mantle flow field in which the rising mantle plume is advected: the tomographic models of Grand
(2002) and S20RTS (Ritsema & Van Heijst 2000) have been used with viscosity model C.

below the lithosphere is again 41.0 km for B
= By,. This corresponds to assuming relative
viscosity variations with depth inside the
conduit are the same as in the ambient
mantle.

Dependent on depth, r = ((B/B;) X
() o))" X 5+, with 7 = 21.6 km and
ryy =40 km. Different from (2), the conduit
is surrounded by a ‘thermal halo” of thick-
ness ry,. This assumption is intermediate
between (1) and (2).

We use B = 2.0 X 10° kgs!, the average
between 0.9 X 103 kg s7! (Sleep 1990) and 3.0 X
10% kg s™' (Davies 1988). Computations were
also carried out for these two values, which pro-
duced very similar results.

We assume a present hot-spot location at
50.9°S, 138.1°W, such that the predicted track
approximately matches location (50.4°S,
139.2°W) and age 0.5 + 0.2 Ma (Walts ¢t al. 1988)
of the youngest scamount of the Louisville
chain. This location is also supported by geo-
chemical evidence (Vlastelic er al. 1998). but
differs from the location (53.8°S, 140.2°W) pro-
posed by Wessel & Kroenke (1997).

Results: motion of the Louisville hot spot

Some representative results for hot-spot motion
are shown in Figure 3. The tomographic models
SI2WMI13 (Su et al. 1994) and SB4L18 (Masters
et al. 2000). and the slab model of Steinberger
(2000b), have been used in combination with
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Table 1. Parameters and results of numerical model runs, in addition to those where results are displayed in

Figure 3

# ™ SF MVM PVM td adv com pb HS120  HSI20
(long.) (lat.)
| I | A 1 \ \ n n -149.4 -50.2
2 | I A I v v \ n —150.1 =51.1
3 | I A I v v n v —~149.1 -50.7
4 | | B | \ v n n —147.3 -48.5
5 | 3 B | v \ n n -1534 —45.1
6 | | B I v n n n —-140.2 -45.9
7 I I B | n n n n —144.0 -45.3
N | | C I y \ n n -151.1 -50.5
9 1 | C 2 v v n n -138.4 -52.3
10 | | C 3 v y n n —-146.5 =51.1
I 2 1 B 1 v y n n —148.1 -46.0
12 2 1 B 2 v v n n ~142.6 -45.7
13 2 1 (& | v v n n —-151.4 -48.2
14 2 | C | v y y \ -151.3 -50.6
15 2 I C I v n n n -146.8 -42.3
16 2 2 (@ | y y n n —154.3 -50.2
17 2 2 C I y \ y n —155.8 -52.6
18 2 3 C I v ) n n ~158.4 -44.7
19 2 3 c I y n n n -146.8 -42.0

Abbreviations: #, model case number. TM, tomography model: 1. SI2WMI3 (Su et al. 1994); 2, SB4LI1S
(Masters er al. 2000). SF, scaling factors (3p/p)/(dvdvy) to convert seismic velocity to density variations: |,
scaling factor 0.2, only mantle density anomalies below 220 km depth are included: 2, scaling factor 0.3,
only mantle density anomalies below 220 km depth are included: 3. scaling factor 0.2, all mantle density
anomalies are included. MVM, mantle viscosity model (sce text): A, Steinberger (2000): B, Steinberger &
O'Connell (1998); C. Steinberger & Calderwood (2001). PVM, plume viscosity model: 1. viscosity inside
plume conduit and plume conduit radius are constant; plume conduit rising speed is inversely proportional
1o viscosity of the mantle surrounding the conduit; 2, viscosity inside plume conduit and plume conduit
radius increase with depth: plume conduit rising speed is inversely proportional to the square root of
viscosity of the mantle surrounding the conduit: 3. viscosity inside plume conduit and plume conduit radius
increase with depth: plume conduit is surrounded by a thermal halo (see text for more details). td, time-
dependent plate motion boundary condition (y/n) (y. as explained in the text: n, constant present-day plate
motions and boundaries). adv, advection of density heterogeneities for 68 Ma (y/n). com. compressible
mantle (y/n). pb, phase boundaries (y/n). HS120, computed hot-spot location (7) at 120 Ma.

mantle viscosity model B to obtain a mantle flow
field in which the rising mantle plume is
advected. The tomographic models of Grand
(2002; an updated model based on Grand et al.
1997) and S20RTS (Ritsema & Van Heijst 2000)
have been used with viscosity model C. The first
scaling factor relation (including only density
anomalies below depth 220 km) is used in all
cases except in combination with SI2WM13 (Su
et al. 1994), where the third relation (including
all density anomalies, as in Steinberger &
O’Connell 1998) is used. All cases shown are for
an incompressible mantle without phase bound-
aries, time-dependent plate motion boundary
conditions, backwards advection of density het-
erogeneities as explained and the first assump-
tion about plume conduit radius.

Calculations yield a southward motion of 5°
for the model based on SB4L18 (Masters et al.
2000) and 6° for the model based on SI2ZWM 13
(Su et al. 1994), and the slab model of Stein-

berger (20005). The calculations with SB4L18
(Masters et al. 2000) and SI2WMI3 (Su et al.
1994) give approximately 10° and 15° eastward
motion, respectively. The former gives a
position of the hot spot 120 Ma ago at 45°S and
153°W, very close to the centre of the OJP at the
same time, according to the plate reconstruction
of Neal er al. (1997). However, the two positions
cannot be directly compared, as the reconstruc-
tion of Neal et al. (1997) is based on the assump-
tion of hot-spot fixity. The hot spot moves
approximately 5% southward and 4° eastward
using the model of Grand (2002), and total
motion is only about [° southward and 1° east-
ward when using the tomographic model of
Ritsema & Van Heijst (2000). To test the effect
of other modelling assumptions on our results,
several input parameters have been varied for
(wo representative tomographic input models
(Su et al. 1994: Masters et al. 2000), and the
results are shown in Table 1.
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Discussion

Motion of plume conduits in our model is domi-
nated by advection in the lower part of the
mantle, and buoyant rising in the upper part of
the mantle. Thus, computed surface hot-spot
motion is frequently similar to flow at mid-
mantle depth (i.e. upper part of the lower
mantle) where the transition between ‘low™ and
“high® viscosity occurs (Steinberger & O'Connell
2000). All flow models considered show down-
ward flow surrounding the Pacific, and a large-
scale upwelling beneath the Pacific, which tends
to be more focused for the models based on
tomography and more diffuse for the one based
on subduction history. Horizontal flow at mid-
mantle depth has an outward flow component
away [rom the large-scale upwelling, which is
southward in the area of the Louisville hot spot.
Another component is plate return flow towards
the Pacific-Antarctic ridge, which is southeast-
ward in this area for more recent times. Thus,
from these two flow components we can quali-
tatively expect a southward component of
Louisville hot-spot motion, but its speed should
not exceed horizontal flow speeds at mid-mantle
depths (¢. 1 cm year).

Details of mantle density structure in the
south Pacific are not well known, hence there are
considerable differences among models of flow
and hot-spot motion (Fig. 2). For the present-
day flow fields computed for models SI2ZWM13
and SB4LI18, the large upwelling beneath the
Pacificis connected with a regional upwelling SE
of New Zealand, SW of the Louisville hot spot.

This yields, for those cases where advection of

density heterogeneities is not considered, a mid-
mantle flow in a SE direction, superimposed on
plate return flow in the same direction that
results in a SE motion of the hot spot. If density
anomalies derived from these two tomography
models are advected back in time, the upwelling
SE of New Zealand tends to become stronger
and a NE hot-spot motion is predicted for older
times (Fig. 2A and C). Thus, in cases 4, 13 and 18
of Table 1, which include advection, the total
southward hot-spot motion is less than in the
corresponding cases 6, 15 and 19 without
advection.

Comparison between cases 6 and 7 of Table |
shows the effect of different plate motion
boundary conditions. More recently, the hot
spot has been closer to the ridge, hence more
affected by (SE) plate return flow than in the
more distant past. Hence, using constant
present-day boundary conditions yields stronger
hot-spot motion.

Comparison between cases -3, 13 and 14, as

well as 16 and 17. shows that considering phase
boundaries and compressibility leads to a pre-
dicted hot-spot location farther south at 120 Ma.
Comparison between cases 4 and 5, as well as 13.
16 and 18, shows the effect of different scaling
factors. Stronger density anomalies lead to
stronger flow and hence more hot-spot motion.
Comparison between cases 1, 4 and 8. as well as
Il and 13, shows the effect of radial ambient
mantle viscosity structure. Comparison between
cases 8-10, as well as 11 and 12, shows the effect
of different buoyant plume rising speed. In the
cases with higher rising speed, the computed
total hot-spot motion tends to be less, but with a
variable effect on the N=S component.

Altogether, in Figure 3 and Table 1, hot-spot
motion varies between 97 southward (67 il we
only count cases that consider advection of
density heterogeneities) and 17 northward. The
result used by Tarduno er al. (2003), which was
obtained for a ‘mean’ tomography model, is also
within that range.

Obviously, it is also possible to construct
models with substantially larger Louisville hot-
spol motion (e.g. Steinberger & O’Connell
1998): however, such models are not consistent
with observations, such as hot-spot tracks glob-
ally, whereas our calculations suggest that all
model parameters used here are broadly con-
sistent with global observations.

In contrast to mid-mantle flow, flow at the
base of the mantle is mostly towards large-scale
and regional upwellings. Thus, in our model,
plume conduits tend to get tilted, with their
bases closer to these upwellings than the top. If
such a tilted conduit rises to the surface it
straightens up again, and in the process moves
towards, rather than away from, the upwelling.
This effect is, for example, responsible for the
change in direction of hot-spot motion com-
puted during the past 10 Ma for the model using
S12WMI13, shown in Figure 2. However, motion
away from lower-mantle upwellings tends to
occur far more [requently in our models for the
Louisville hot spot. Frequently, a rather strong
tilt is computed for the Louisville plume conduit
for the past few 10 Ma. In the real mantle, a
strongly tilted plume conduit might not remain
intact but break up into several drops (White-
head 1982). A strong tilt may be responsible for
Louisville hot-spot volcanism becoming rather
episodic during the more recent past, producing
individual scamounts with larger spacing.

In contrast, Tarduno er al. (2003) discussed
how straightening up of a tilted conduit may
have caused rapid southward motion of the
Hawaiian hot spot, i.c. motion towards the large-
scale upwelling. Qualitatively, a number of
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reasons can be given why this may have hap-
pened for Hawaii, but not for Louisville:

e the Hawaiian plume is stronger, hence has
higher buoyancy and a greater tendency to
straighten up;

e the Hawaiian plume may be older and, hence.
in a stage of straightening up again, whereas
the Louisville hot spot may have not yet
reached that stage;

e because the flow field related to the large-
scale upwelling under the central Pacific is
superposed on plate return flow, which is in a
SE direction beneath both hot spots, the tran-
sition from flow towards the upwelling to flow
away from the upwelling occurs at a shallower
depth in the case of Hawaii. Hence, the
Hawaiian hot spot is more likely to move
towards the upwelling than the Louisville hot
spot.

Effect of hot-spot motion on
palaeolatitudes

Figure 4 shows the palacolatitudes for the
Louisville hot spot v. time for some of the calcu-
lations shown in Figure 3, which yield appreci-
able southward motion. For comparison, the
horizontal dashed line indicates the centre of the
plateau 120 Ma ago, as suggested by Neal ef al.
(1997). A southward motion of the hot spot
could explain a large part of the discrepancy
between the plate reconstruction of Neal et al.
(1997) and the Louisville hot-spot latitude.
However, its amount is not large enough to
explain the low palacolatitude of approximately
25°S obtained by Riisager er al. (2003, 2004)
from basalts and volcaniclastic sediments from
the OJP.

Effect of TPW on palaeolatitudes

True polar wander is defined as the relative
motion between the Earth’s mantle and the rota-
tion axis of the Earth. The most recent TPW
curves by Prévot ef al. (2000) and Besse & Cour-
tillot (2002) both use a fixed hot-spot reference
frame. As discussed previously (Antretter et al.
2002), this should be modified if hot-spot motion
is considered. However, we found that for
models similar to the one shown here such a
modification produces no more than a 2° differ-
ence. To keep the model simple we therefore did
not implement such a modification.

The change in hot-spot latitude with time that
results from TPW is shown in Figure 5. For both
TPW curves the effect on the latitude is small for
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Fig. 4. Palacolatitudes v. time for the Louisville hot
spot for models that give southward hot-spot motion.
A, Suetal. (1994); B, Steinberger (20005); and C,
Masters et al. (2000). The estimated present-day
position of the Louisville hot spot, as well as the
centre of the OJP suggested by Neal er al. (1997), are
indicated by a solid and dashed horizontal line,
respectively. The palacomagnetically determined
palacolatitude and uncertainties are represented by
the shaded area.

the past ¢. 100 Ma. Prior to that, TPW provides
palaeolatitudes for the Louisville hot spot up to
11° farther north than the present-day hot-spot
position (Fig. 5), thus further reducing the dis-
crepancy between the present-day latitude of
the Louisville hot spot and the recent palaco-
magnetic results from the OJP.

Conclusion

Recent palacomagnetic results from the OJP
(Riisager et al. 2003, 2004) yield a palacolatitude
ol approximately 25°S, whereas the present-day
latitude of the Louisville hot spot is approxi-
mately 51°S. The effect of TPW on the palaco-
latitudes can explain up to 11° of this difference.
Our models for the motion of the Louisville hot
spot yield up to 6° of southward motion (9°, if
present-day density heterogeneities are used for
all times), depending on the tomographic models
and parameters used. Taking into account both
TPW and hot-spot motion, and considering the
largest southward shifts resulting from both
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Fig. 5. The effect of TPW on the palaeolatitude of
the Louisville hot spot for two different TPW paths
(solid line, Besse & Courtillot 2002; dotted line,
Prévot et al. 2000). The centre of the OJP suggested
by Neal et al. (1997) and the palacomagnetically
determined palacolatitude (with uncertainties) are
shown as a dashed horizontal line and a shaded area.
respectively.

effects, we can explain a latitudinal shift of
approximately 17°-20°. Considering the effect of
long-term octupole contributions may explain an
additional shift of approximately 7.5°. Thus, a
favourable combination of all three effects is just
sufficient to explain the discrepancy of approxi-
mately 26° between the palacomagnetic results
and the present-day hot-spot position. Thus, it
remains possible that the Louisville hot-spot was
the source of the OJP.
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