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Abstract

Resolving the time—space (and compositional) evolution of volcanism along long-lived South Atlantic hotspot trails is
important to understanding the connection between hotspot volcanism and mantle plumes. “°Ar/%®Ar ages are reported
here for rocks dredged from a line of five individual seamounts along an ~290 km northeast to southwest line extending
from the vicinity of Saint Helena Island, and also for Circe Seamount. These seamounts were created in a midplate setting
and could have formed rapidly (<1 Myr). The St. Helena Seamount ages reveal a remarkably linear migration rate of
volcanism of 20 + 1 mm/yr for at least the past 19 Myr, which is interpreted as the absolute motion of the African plate.
Because this is much slower than estimated for earlier African plate migration it aso represents the first evidence based
on seamount ages for a significant deceleration (~33%) of the African plate since at least 19 Ma. However, this change
could have occurred as early as 30 Ma when the limited data for the Tristan/Gough hotspot chain are also considered.
This deceleration supports a relationship between African plate speed and the upsurge of hotspot volcanism on the African
continent at ~25 Ma. We suggest that the increased number of oceanic African hotspots between ~19 and 30 Ma points
to a link also between major changes in plate motion and the onset and continuation of oceanic hotspot volcanism. Our
study supports the assumption that chains of individual, rapidly (?) formed seamounts have considerably more potential
of providing clear insights into how mantle plumes interact with overriding lithosphere than do those consisting of
uninterrupted, more massive lines of hotspot volcanism. [ 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction controlling the development of mantle plumes, gen-
erally considered to be responsible for the creation of
such volcanism [1]. Many studies investigate the in-
fluence of mantle plumes on the compositional vari-
ability of the Mid-Atlantic Ridge (MAR) (eg., [2—
7]). Such studies provide information about the rela-
tively recent influence of S. Atlantic mantle plumes

Establishing the geological history of trails of
South Atlantic hotspot volcanism is of much im-
portance to eventually understanding the processes
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on oceanic lithosphere. Another approach is to in-
vestigate the time—space and compositional history
of volcanism along long-lived hotspot chains. In the
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Fig. 1. Predicted topography of the Eastern S. Atlantic [15]. Dredge sites for which “°Ar/3°Ar ages have been published previously are
indicated by an X [11,12]. Discovery T. = Discovery Tablemount. MAR = Mid-Atlantic Ridge.

case of the S. Atlantic only two such chains have
been generated by mantle plumes since the opening
of the S. Atlantic — the volcanic trails of the St.
Helena and Tristan/Gough hotspots [8-14] (Fig. 1).
The influence of these mantle plumes, which are very
distinct in Sr—Nd-Pb isotopic arrays [16], on the
MAR has been demonstrated [2—4,6,7,17]. Further-
more, the St. Helena Seamount Chain (Fig. 1) was

shown viathe spatial distribution of *°Ar/3°Ar-dated
seamounts to have been created as aresult of African
plate motion over a hotspot located in the vicinity of
St. Helena Island [12]. Similarly, age data demon-
strated that the Walvis Ridge (Fig. 1) is the product
of African plate migration over a hotspot located in
the region of the islands of Tristan da Cunha and
Gough [11,12]. Although these studies led to the
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first order conclusion that the St. Helena and Walvis
hotspot trails formed by the drift of the African
plate over mantle plumes, the “°Ar/®Ar data base
is still too small to reliably estimate migration rates
of volcanism, and so by inference, the history of
African plate motion. Therefore, a better understand-
ing of the time—space (and compositional) histories
of these trails can provide important information
about the following unresolved issues:

(a) The regional distribution of St. Helena and
Tristan/Gough hotspot vol canism through time.

(b) Identify and quantify changes in the absolute
motion of the African plate.

(c) Determine whether the upsurge in hotspot
volcanism on the African continent (previoudly at-
tributed to the African plate coming to a halt at ~25
Ma and remaining virtually motionless since [18])
can be correlated with a change in African absolute
plate motion.

(d) The extent to which the St. Helena and
Tristan/Gough plumes have remained stationary
since the opening of the S. Atlantic.

Prior to this study the youngest known midplate
volcanism associated with the St. Helena hotspot
was the last phase of volcanism on St. Helena lsland

10w

between 7 and 8 Myr [19-21]. The ES. Sonne
was used therefore to search for evidence of active
hotspots at the SW end of the St. Helena Chain
(Fig. 2) and dso at Circe Seamount (Fig. 3) [24].
Circe Seamount is located ~900 km to the north of
the SW end of the St. Helena Chain and has been
proposed as the site of an active hotspot [2].

We report here high precision “Ar/*Ar ages
for rocks dredged from Circe Seamount and from
aong an ~290 km line of six individual seamounts
extending SW from Bagration Seamount (located
~57 km NW of St. Helena Island) (Fig. 2). These
ages indicate rapid seamount formation (<1 Myr)
and show that volcanism has migrated linearly at
a rate of 20 =1 mm/yr between Bagration (18 to
19 Ma) and Josephine seamounts (2.6 Ma) (Fig. 2).
Because this is significantly slower than estimates
for the earlier history of the St. Helena Chain, we
conclude that the absolute motion of the African
plate has been ~33% dlower since at least 19 Ma
(and possibly as early as 30 Ma when age data
for the Tristan/Gough hotspot trail are taken into
consideration). Thisisthefirst evidence based on the
distribution of dated seamountsfor such a slowdown.

Our results support an earlier suggestion of a

15°S

5'W

Fig. 2. Predicted topography of the SW St. Helena Seamount Chain [15]. Seamount ages shown are from this study. Plus (+) symbols
indicate seafloor magnetic anomalies [22] and their assigned ages (young side of anomalies) are after the time scale of [23]. Age estimate

for St. Helena Idand is from [21].
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Fig. 3. Predicted topography of the Circe Seamount region [15]. Shown are the location and the age reported here for Circe Seamount
and the possible Circe Seamount Chain (between arrows). Other details asin Fig. 2.

causal relationship between African plate motion and
an upsurge of hotspot volcanism on the African con-
tinent [18]. We speculate here that evidence exists
also for a relationship between changes in African
plate motion and an increase in oceanic hotspot vol-
canism. Furthermore, our study provides supporting
evidence for the recent finding, based on SE Pecific
studies [25], that age dating of individual, rapidly (?)
formed seamounts has much greater potential of pro-
viding clearer insights into how mantle plumes in-
teract with overriding lithosphere than more massive
uninterrupted chains of volcanism, e.g., the Walvis
Ridge or Hawaiian Chain. Such an approach could
therefore finally resolve, for example, the much de-
bated question of hotspot fixity and other related
guestions.

2. Sample preparation and analytical procedure

Bonaparte Seamount sample M16/1 was recov-
ered during a cruise of the FS. Meteor [26] and
was analyzed at Stanford University, USA. The re-
mainder, recovered during a cruise of the F.S. Sonne
[24], were analyzed using the laser probe system at
the Geomar Research Center, Kiel. °Ar/3Ar single
fusion ages for two of these samples were measured
also by laser probe at the Vrije University, Amster-

dam. Descriptions and locations of dredge samples
arein Table 1.

Pieces of selected rock samples, following re-
moval with a saw of outer surfaces and as much vis-
ible alteration as possible, were crushed and sieved.
Altered whole rock samples (500-250 pwm) were
treated with 7 N HCI prior to treatment for 1 hour in
1 N HNGOg (in an ultrasonic bath at 50°C) followed
by rinsing in distilled water. Plagioclase (250 and
125 pm) was separated from crushed whole rock us-
ing a magnetic separator and first treated in 7 N HCl
for 30 min, then in 5-8% HF for 5 min, followed by
1 hour in 1 N HNOs. The samples were then washed
in distilled H,O. Extensive alteration and addition of
alteration products sometimes required the repetition
of certain steps.

Plagioclase and whole rock chip samples were
placed in 99.9% pure aluminum foil packets, each
of which was secured in one of a series of cus
tom-drilled holes in a 99.95% pure aluminum disk.
Sample disks, interspersed with a 3-dimensional ar-
ray of 27.92 Ma TCR (85G003) sanidine monitor
[27], were secured together and then sealed in an
aluminum can and irradiated with Cd shielding at
the Geesthacht Research Center (Germany). Sam-
ples were shielded by a 0.5 mm Cd liner during
the 72 hour irradiation at 5 MW (in Position 44)
with a fast neutron fluence of 2.1 x 10> N cm™2



J.M. O'Connor et al./Earth and Planetary Science Letters 171 (1999) 575-589 579

Table 1

Sample information

Sample Seamount Location Depth (m) Description
on bottom on bottom
off bottom off bottom

S084 7DS-1 Circe 8°12.545'S 9°19.819'W 2126 Small piece of vesicular, fine-grained basalt, 2

8°12.588'S 9°19.613'W 2085 mm Mn-crust, ateration veins

S084 43DS-1 Kutzov 15°08.400'S 8°21.131'W 1990 Highly altered, vesicular phyric lava with plag
15°08.710'S 8°21.173W 1966 phenos (to 20 mm)

S084 53DS-1 Benjamin 16°11.918'S 8°30.951'W 2640 Altered aphyric vesicular lava
16°12.128'S 8°30.817'W 2299

S084 60DS-2 Josephine 16°22.999'S 9°00.665'W 1785 Moderately vesicular and atered basalt,
16°23.119'S 9°00.305'W 1605 microphenos of plag

S084 68DS-1 Bonaparte 15°36.270'S 7°06.846'W 3300 Altered vesicular lava with rare plag phenos (to
15°36.140'S 7°05.718 W 3019 5 mm)

S084 68DS-2 Bonaparte 15°36.270'S 7°06.846'W 3300 Altered lava with large vesicles taken from
15°36.140'S 7°05.718 W 3019 conglomerate with many lava pieces

S0O84 68DS-5 Bonaparte 15°36.270'S 7°06.846'W 3300 Altered lava with trachytic texture taken from
15°36.140'S 7°05.718' W 3019 same conglomerate as 68DS-2

S084 68DS-6 Bonaparte 15°36.270'S 7°06.846'W 3300 Altered, vesicular, phyric lava with large plag
15°36.140'S 7°05.718' W 3019 phenos (to 10 mm), taken from same

conglomerate as 68DS-2 and 68DS-5

S084 69DS-2 Bonaparte 15°48.410'S 6°57.229'W 2987 Altered, vesicular, phyric lava with large plag
15047.947'S 6°56.072’W 2791 phenos (to 10 mm)

M16/1-62 Bonaparte 15°38.5'S 7°00.7W 1268 Altered, vesicular and phyric lava with large

plag phenos (to 10 mm)

SO84 71DS-6 Bagration 15022.768'S 6°33.596'W 4112 Altered, aphyric and vesicular pillow piece with
15°23.195'S 6°32.689' W 3467 large plag phenos (to 10 mm)

S084 72DS-2 Bagration 15°24.886'S 6°29.493' W 3092 Altered, vesicular and phyric pillow lava with
15°25.102'S 6°28.955'W 2876 plag phenos (to 10 mm)

S084 73DS-1 Bagration 15925.331'S 6°28.533' W 2641 Highly altered, vesicular lava piece with some
15°25.901'S 6°28.361'W 2553 small phenos of plag

S0O84 74DS-1 Bagration 15°26.597'S 6°27.947'W 2248 Altered, vesicular and phyric lava with plag
15°26.909'S 6°27.808' W phenos (to 10 mm)

@Measured at Stanford University.

s1. TCR standard was measured between 3 and 4
times for each monitor position (4 levels with 8 po-
sitions = 32 positions). The appropriate J-value and
associated error was interpolated for each sample
position using a 3-dimensional least-squares cosine
plane fit [C. Hall, pers. commun.] For each inter-
polated J-value the uncertainty was <0.1%. The
maximum horizontal variation across the disk stack
was <2%, and the maximum vertical variation was
6.3%. “°Ar/Ar laser analyses were conducted at

the Geomar Tephrochronology Laboratory using a
25 W Spectra Physics argon ion laser and a MAP
216 series mass spectrometer fitted with a Baur-
Signer ion source and a Johnson electron multiplier.
Raw mass spectrometer peaks were corrected for
mass discrimination, background values (determined
between every one or two analyses), and interfer-
ing neutron reactions on Ca and K using CaF, and
K,S0, salts that had been irradiated together with
the samples.
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The theory of “°Ar/3Ar geochronology is de-
scribed in [28-30]. Sample ages were calculated
using the standard age equation. The uncertainty in
the age was calculated by partial differentiation of
the age equation [31] and includes uncertainties in
the determination of the flux monitor, J, the blank
determination, the regression of the intensities of the
individual isotopes, the correction factors for inter-
fering isotopes, and the mass discrimination correc-
tion. Data reduction involved standard procedures,
i.e., the error calculations used the error estimates
of each of the Ar isotopes derived from the scatter
about the regression to zero (inlet) time, then prop-
agated these errors back to the age and the isotope
ratio estimates based on a complete set of partial
derivatives, considering the perturbations in the mea-
sured values of the Ar isotopes. Errors included also
those from monitors and blank runs, and are quoted
at the 1o level.

Ages and error estimates were calculated for each
sample discussed here by calculating the mean ap-
parent age (single fusion ages weighted by the in-
verse of their variance; [32]) of each population,
assuming an initial ‘atmospheric’ *°Ar/°Ar ratio
of 295.5. Isochrons have been calculated as inverse
isochrons using York’s least squares fit that accom-
modates errors in both ratios and correlation of er-
rors [33]. Mean squared weighted deviates (MSWD)
were determined for the mean apparent agesin order
to test the scatter of the single fusion data (e.g., [34]).
These data sets represent isochrons, i.e., the MSWD
islow (often ~1 and always <2.5) and the isochron
ages overlap with the mean apparent ages (within
analytical uncertainty). In cases where the scatter
around the plateaus or isochrons is greater than pre-
dicted from the analytical errors, i.e, MSWD > 1,
the analytical error has been expanded by multiply-
ing by the /MSWD (e.g., [33]).

Plagioclase from Bonaparte Seamount dredge
sample M16/1 was dated both by incremental heat-
ing in aresistancefurnace at Stanford University (see
[35] for analytical procedure) and by multiple laser
fusions at Geomar, Kiel. The fact that these results
agree within analytical uncertainty (discussed in the
following section) demonstrates the reliability of our
data. In addition, two single fusion ages measured
using a laser probe at the Vrije University, Amster-
dam, support our results for Benjamin and Josephine

Seamounts (see [25,36] for analytical procedure).
Intercalibration between the Stanford and Vrije Uni-
versity “°Ar/*Ar systems showed that there is no
systematic bias in the handling of data [36].

3. Results

The primary argon isotopic data are in EPSL
Online Background Dataset 11. “°Ar/3Ar age cal-
culations are summarized in Table 2. Plateau and
inverse isochron plots are in Online Background
Dataset 2. Following is a discussion of the results
for each individual seamount (Figs. 2 and 3).

3.1. Bagration Seamount

Ages were determined for rock samples dredged
from four stations located along the NW flank be-
tween approximately 4100 and 2100 m water depth.
Samples from the two deeper dredges were similar in
age (weighted average of 17.9+0.3 Ma) asaso were
those from the two shallower dredges (weighted av-
erage of 18.8 + 0.2 Ma) (Table 3).

3.2. Bonaparte Seamount

Dredge samples from stations located on (1) the
NW flank a ~3000 m (i.e., both in situ and con-
glomerate rocks), (2) upslope of this site at ~1270
m and (3) the SE flank at a depth of ~2800 m all
gave the same age (within analytical uncertainty).
The weighted average of all measured ages was
15.05 + 0.03 Ma, inclusive of the incremental heat-
ing resistance furnace result from Stanford Univer-
sity (Table 3). The 15.1 + 0.5 Maresistance furnace
age for sample M16/1-6 agreed with the multiple
laser fusion age for the same sample (15.1 + 0.2
Ma) and again also with the weighted average of al
multiple laser fusion ages (15.1+0.03 Ma) (Table 3).

3.3. Kutzov Seamount

An age of 10.3 + 0.3 Ma was measured for a
single sample from a dredge station located on the
NW flank at a depth of ~2000 m.

1 http:/ivww.elsevier.nl/locate/epsl, mirror site:
http://www.el sevier.com/locate/eps
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Table 2
Age calculations from Argon isotopic data
Sample Seamount Meanage +lo0 MSWD Isochronage =+lo0 MSWD Initid +lo0 Nused Materia

(Ma) (Ma)
S084 7DS-1 Circe 6.6 0.1 11 6.6 0.1 11 295 2 18 whole rock
S084 43DS-1 Kutzov 10.1 0.3 19 10.3 0.3 17 294 13 plagioclase
S08453DS-1  Benjamin 7.8 0.3 0.7 75 0.5 0.7 2959 04 15 plagioclase
S084 53DS-12  Benjamin 7.30 0.03
S084 60DS-2  Josephine 25 0.2 0.1 26 0.3 0.1 283 13 7 plagioclase
S084 60DS-22  Josephine 2.80 0.04
SO084 71DS-6  Bagration  17.8 0.3 04 17.9 0.3 05 294 4 6 plagioclase
S084 72DS-2  Bagration 186 0.4 0.9 18.0 0.5 0.7 299 1 8 plagioclase
SO084 73DS-1  Bagration 189 0.2 13 18.8 0.2 12 299 2 10 plagioclase
SO084 74DS-1  Bagration 189 0.2 0.4 18.9 0.3 0.5 296 1 8 plagioclase
S084 68DS-1  Bonaparte  15.7 05 22 153 11 25 297 4 7 plagioclase
S084 68DS-2  Bonaparte  15.10 003 16 15.10 003 11 309 5 12 plagioclase
S084 68DS-5  Bonaparte  15.00 003 06 14.9 0.1 0.6 298 2 8 plagioclase
SO084 68DS-6  Bonaparte  15.3 04 20 14.2 0.6 15 298 1 15 plagioclase
S084 69DS-2  Bonaparte  15.3 05 16 145 0.5 1 298 1 11 plagioclase
M16/1-6 Bonaparte  15.1 0.1 0.7 151 0.2 0.7 297 16 11 plagioclase

Weighted

plateau age
M16/1-1P Bonaparte 15.4 0.2 15.1 0.5 0.8 307 15 7 plagioclase
aVrije University (Netherlands) laser single fusion data.
b Stanford University (USA) resistance furnace incremental heating data.
3.4. Benjamin Seamount 4. Discussion

A single dredge sample from a station located on
the northern side was shown to be 7.5 + 0.5 Ma
This result was supported by a single fusion age of
7.30 £+ 0.03 Ma measured at the Vrije University
Amsterdam.

3.5. Josephine Seamount

A sample from a single dredge station located on
the northern side at ~1600 m was 2.6 + 0.3 Ma.
This result was supported by a single fusion age of
2.80+0.04 Maalso measured at the Vrije University
Amsterdam.

3.6. Circe Seamount

A sample from a dredge station located on the
NW flank was determined to be 6.6 + 0.1 Ma.

4.1. Duration of volcanism on individual seamounts

Our age data suggest the possibility that individ-
ual seamounts along the St. Helena Chain formed
rapidly (Table 2). In the case of Bagration Seamount
the age difference between the two deeper and two
shallower dredge stations, which represent a sys
tematic sampling of a complete seamount flank,
indicates that it formed in as little as 1 Myr. A
series of dredge stations on Bonaparte Seamount
at various depths and locations al show a uniform
age of formation (within analytical uncertainty). The
fact that these ages have been measured on sam-
ples from dredge stations widely distributed across
the seamount (and include conglomerate rocks) also
supports the rapid formation of this, and also by in-
ference, other St. Helena Chain seamounts. As there
isonly asingle age measurement in the cases of Kut-
zov, Benjamin and Josephine Seamounts, we cannot
establish the rate at which they formed.
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Table 3
Individual seamount ages
Mean age +lo Isochron age +lo
Bonaparte Seamount
15.7 05 153 11
15.10 0.03 15.10 0.03
15.00 0.03 14.9 0.1
15.3 0.4 14.2 0.6
15.3 0.5 145 05
151 0.1 151 0.2
GEOMAR data: Weighted average 15.07 0.02 15.05 0.03
Stanford U. incremental heating data 15.4 0.2 15.1 05
Combined data: Weighted average 15.08 0.02 15.05 0.03
Bagration Seamount (older phase)
17.8 0.3 17.9 0.3
18.6 04 18 05
Weighted average 18.1 0.2 17.9 0.3
Bagration Seamount (younger phase)
18.9 0.2 18.8 0.2
18.9 0.2 18.9 0.3
Weighted average 189 0.1 18.8 0.2
Bagration Seamount (all age data)
17.8 0.3 17.9 0.3
18.6 04 18 05
18.9 0.2 188 0.2
18.9 0.2 18.9 0.3
Weighted average 18.7 0.1 18.6 0.1

4.2. Migration rate of volcanism along the S.
Helena Chain

Dated seamounts at the SW end of St. Helena
Chain (Fig. 2) have a remarkably linear trend of
decreasing age showing that volcanism has migrated
along the SW-orientated Bagration (18-19 Ma) to
Josephine (2.6 Ma) seamount chain at a rate of
20+ 1 mm/yr (Fig. 48). When thisrateis considered
in combination with that estimated from the very
few published ages for the older part of the St
Helena Chain (Fig. 1), it becomes apparent that the
migration rate of volcanism along the chain has
been significantly slower (~33%) since at least 19
Ma (Fig. 4b,c). Also, comparison of seamount and
seafloor ages (Fig. 2) shows that the St. Helena
seamounts discussed here al formed in a midplate
tectonic setting. Due to the lack of seafloor ages in
the region it is only possible to estimate the age of
seafloor at the time of seamount loading at between
20 and 16 Ma (Fig. 2).

The linear migration of volcanism to the SW from
Bagration Seamount suggests that — despite the fact
that subaerial volcanic activity occurred as recently
as 7 to 8 Ma ago on St. Helena Idand [19-21]
— its submarine core could be significantly older,
i.e, similar in age to the 18-19 Myr old Bagration
Seamount located only ~57 km to the NW.

4.3. Circe Seamount

An active Circe hotspot has been identified on
the basis of co-latitudinal spreading-axis geochemi-
cal and bathymetric anomalies with Circe Seamount
(Fig. 3) being proposed as its present location [2].
Our ©Ar/3Ar age of 6.6 + 0.1 Ma for a dredged
rock sample shows that, although Circe Seamount
formed in a midplate setting (on 19 to 29 Myr
seafloor at the time of seamount creation) (Fig. 3),
i.e., has a hotspot origin, it is no longer associated
with an active hotspot. However, we speculate that
because of Circe Seamount’s midplate origin it could
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be part of a hotspot trail, i.e., the indistinct short
band of scattered seamounts trending towards a re-
gion of the MAR (Fig. 3) that is being influenced by
a mantle plume [2—4,7,37]. If correct, this points to
the existence of an active hotspot about 130 km SW
of Circe Seamount (Fig. 3) on the basis of local plate
velocity calculated for the St. Helena Chain (Fig. 4).

4.4. Sowdown of the African plate

Following [1], the linear migration rate of mid-
plate volcanism along the northeast to southwest
trending Bagration to Josephine line of seamounts
can be interpreted as record of local linear absolute
velocity of the African plate in a hotspot reference
frame. Therefore, our preferred explanation for the
apparent change in the migration rate of volcanism
aong the St. Helena Chain (Fig. 4) is that the abso-
lute motion of the African plate has been about 33%
slower since at least 19 Ma. One explanation for
this slowdown could be collision with the Eurasian
plate beginning about 38 Ma (e.g., [38]). Although
no active midplate volcanism associated with the St.
Helena hotspot is known, we show that hotspot vol-
canism as young as 2.6 Ma exists ~290 km to the
SW of St. Helenaldland.

4.5. Migration rate of volcanism along the
Tristan/Gough hotspot trail

The only other hotspot trail in the S. Atlantic
with a long-lived history comparable to that of the
St. Helena Chain has been produced by a hotspot

Fig. 4. (a) Migration rate of volcanism between Bagration and
Josephine Seamounts (York-2 regression [33], not forced through
the origin). As Kutzov Seamount is offset to the north of the
Bagration to Josephine line (Fig. 2), its location was projected
orthogonally onto this lineament. However, omitting the age for
Kutzov when regressing the data did not change the estimated
migration rate. 20 error bars for measured ages are evident
whenever larger than symbols. (b) Migration rate of volcanism
along the entire St. Helena Chain estimated on the basis of al
available ©°Ar/3Ar age data (simple linear regression, not forced
through the origin). Ages from this study and [12]. Other details
asin (a). (c) Younger and older “°Ar/®°Ar ages were regressed
separately (York-2 and simple linear regression, respectively).
Regression of the older age data was forced through the 18-19
Ma ages for Bagration Seamount due to a lack of available ages.
Other details asin (a).
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Fig. 5. Predicted topography of the region around the idands of Tristan da Cunha and Gough and the SW end of the Walvis Ridge [15].
Seamount ages are from [11,12]. Age estimate for Gough Island is from [39,12] and for Tristan da Cunha from [40,12]. Other details as

in Fig. 2.

located in the region of the islands of Tristan da
Cunha and Gough (Figs. 1 and 5). The SW end of
thistrail consists of an ~400 km-wide region of scat-
tered seamounts, small ridges and islands (Fig. 5),
basically similar in morphology to that of the St.
Helena Chain (Fig. 2). Because of the relatively few
seamount ages reported for the Tristan/Gough region
[11,12], it is not possible to reconstruct migration
rates of volcanism as reliably (Fig. 6) asin the case
of the SW end of St. Helena Chain (Fig. 4). Nonethe-
less, amigration rate of 22 £ 2 mm/yr (Fig. 6a) was
determined across the southern boundary of this re-
gion. This line of seamountsis similar in orientation
to that of the Bagration to Josephine Chain. The
relative difference between the calculated migration
rates of volcanism (i.e., local linear plate velocities)
of the St. Helena and Tristan/Gough trails (20 + 1
and 22 + 2 mm/yr, respectively) is reasonable in
terms of what would be expected from changing
linear plate velocity with increasing distance from
likely Euler poles for reconstructing African abso-
lute plate motion since 30 Ma.

Confirming that a change in African plate motion
occurred at ~19 Mais not possible due the relatively
few age data, especidly in view of their generally
very high analytical uncertainties (Fig. 6). Estimating

any relative motion between the St. Helena and
Tristan/Gough hotspotsistherefore also not feasible.
Nonetheless, our best estimate based on available
age data from along the Tristan/Gough trails is that
the change in African plate speed occurred at ~30
Ma. This leads us to bracket the timing of proposed
African deceleration, on the basis of available age
data for both the St. Helena and Tristan/Gough
trails, at between 19 and 30 Ma.

4.6. Implications of a slower African plate

Increased cordilleran activity along the western
edge of the S. American plate beginning between 25
and 30 Ma [42] has been explained by acceleration
of the South American plate [43] in response to a
slowdown of the African plate [38]. This appears to
be supported by the data presented here.

An upsurge in hotspot volcanism on continen-
tal Africa beginning at ~25 Ma and continuing to
the present day has been attributed to a motionless
African plate [18]. Our results contribute to this de-
bate by indicating that, although the African plate
has not been stationary, a causal relationship could
exist between hotpot volcanism on the African con-
tinent and a significant (~33%) slowdown of the
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African plate. Because of the much greater complex-
ity of continental geology, it is not surprising that
such a motion change has apparently first been de-
tected in an oceanic setting. Therefore, it seems that
continued studies of a possible link between conti-
nental hotspot volcanism on the African plate and
changing plate motion should combine oceanic and
continental approaches.

We propose that the apparent onset of volcanism
between ~20 and 30 Ma associated with a num-
ber of African oceanic hotspots, and its continuation
since, is evidence for the influence of plate motion
on the behavior of hotspots aso on the oceanic
part of the African plate. For example, ages of
shield phases within the Canary Islands show that
volcanism has migrated westward since about 20
Ma from Fuerteventura Idand [44]. However, shield
ages are not well constrained for most of these is-
lands, with volcanism continuing to the present day
on many. In the case of the Cape Verdes, a number
of studies have been made of the onset of volcanic
activity and, athough they come to different con-
clusions as to the time of onset, they all agree that
there has been intense volcanic activity since 20 Ma
(e.0., [45]). The oldest part of the Discovery hotspot
chain, located to the South of the Tristan—Gough
Chain (Fig. 1), would appear to have been formed
at about 25 Ma, based on a K—Ar age for Discov-
ery Tablemount [46]. The creation of the proposed
Circe Seamount Chain (Fig. 3), could have been
initiated by African plate deceleration. Increased
oceanic hotspot volcanism proposed here may also
have influenced hotspot/spreading axis interactions.
A new map of spreading asymmetries in the South

Fig. 6. (8 The migration rate of volcanism between the SW
Walvis Ridge and Gough Idand (York-2 regression [33], not
forced through the origin) (Fig. 5). 20 error bars for measured
ages are evident whenever larger than symbols. Other details
as in Fig. 5. (b) Migration rate of volcanism along the Gough
Idand—RSA seamount—Walvis Ridge lineament estimated on the
basis of al available °Ar/3°Ar age data (smple linear regres-
sion, not forced through the origin). Etendeka continental flood
basalt age range (not included in data regression) is from [41].
Other details asin () or Fig. 5. (c) Younger and older “CAr/3°Ar
age data were regressed separately (York-2 and simple linear re-
gression, respectively). Regression of the younger ages includes
those from the SW Walvis Ridge, as does that of the older age
data. Other details asin (a) and (b).
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Atlantic ([47], their Fig. 1b) shows that asymme-
tries in the spreading corridors close to St. Helena
increased since chron 13 (~33 Ma), and in the case
of Tristan da Cunha, also became more pronounced
between chrons 13 and 6 (~20 Ma). This obser-
vation corresponds very well with an increase in
hotspot volcanism linked to changing African abso-
lute plate motion. It also agrees with the conclusion
[47] that ridge—hotspot interaction, as expressed in
ridge jumps/propagations towards a hotspot, is more
dependent on the magnitude/volume of hotspot vol-
canism than on the distance between the ridge and
the hotspot.

One possible explanation for changes in the be-
havior of African hotspots is an interplay between
changing lithospheric stress (e.g., [48,49]) (in re-
sponse to the deceleration of the African plate) and
enhanced heating of the lithosphere due to slower
plate motion over hotter regions in the mantle,
i.e., upwelling mantle plumes. Changing lithospheric
stresses due to plate deceleration could have trig-
gered the onset of hotspot volcanism in new areas
located over hot areas of the mantle (e.g., [48,25]).
However, this would require that mantle plumes are
upwelling in many more locations, or under wider
regions of the sub-lithosphere, without producing ev-
idence in the form of hotspot trails (e.g., [13,50]),
than is presently indicated by the ‘classic’ mantle
plume hypothesis[1].

4.7. Deciphering plate motion from chains of
scattered seamounts

The question arises as to whether bands of indi-
vidual seamounts such as the St. Helena Seamount
Chain can be explained simply in terms of linear mi-
gration rates of volcanism that record plate motion
over a stationary plume. By far the most exten-
sive “°Ar/®Ar study of a seamount chain similar
in morphology to that of St. Helena is the >1900
km long, >21 Myr old Foundation Seamount Chain,
SE Pacific [25]. These seamounts apparently formed
relatively rapidly, i.e. in <1 Myr, as is also being
proposed here for the St. Helena, and by inference,
for the SW Tristan/Gough trails. The Foundation
Chain ages convincingly demonstrate that not only
do such bands of isolated seamounts record absolute
plate speed, but do so very reliably [25]. This con-

clusion is supported by the predicted migration rate
of volcanism along the Hawaiian Chain.

However, in order to conclusively confirm and
quantify plate motion changesfor the African plate, a
sufficient number of samples from seamounts across
the St. Helena and Tristan/Gough hotspot trails need
to be dated. Although local intraplate stress and/or
preexisting lithospheric weaknesses have possibly
played a role in the formation of the SW end of
the St. Helena and Tristan/Gough chains, we feel
that the linear progression of their ages points to this
being a minor factor. This conclusion is supported
by the results of the Foundation Seamount Chain
study where the influence of such localized factors
on the distribution of hotspot volcanism was clearly
distinguishable from the overal linear trend on the
basis of anomalous ages[25].

5. Conclusions

Isolated seamounts at the younger end of the
St. Helena Chain (<19 Ma) possibly formed rapidly
(<1 Myr) asindicated by ages of rocks dredged from
several locations on both Bagration and Bonaparte
Seamounts. This supports asimilar conclusion based
on a study of the Foundation Seamount Chain, SE
Pacific [25], which has a morphology similar to that
of the St. Helena Chain.

Comparison of seamount and seafl oor ages shows
that the seamounts dated in this study all formed in a
midplate tectonic setting, i.e., on seafloor that ranged
between ~20 and 16 Ma at the time of seamount
creation.

Volcanism has migrated at arate of 20+ 1 mm/yr
in a SW direction along the St. Helena Chain since
at least 19 Ma, based on the distribution of the
OAr/3BAr dated seamounts, which is interpreted as
an absolute motion of the African plate.

St. Helena Island may have started forming as
early as 19 Ma based on the age of the nearby
Bagration Seamount, and the linear migration rate of
volcanism along the St. Helena Chain. This would
indicate that the island had a volcanic history of
possibly 12 Myr.

From the distribution of al dated St. Helena
seamounts it is apparent that a significant decrease
(~33%) in the migration rate of volcanism had oc-
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curred aong the St. Helena Chain by 19 Ma. This
isin turn interpreted as reflecting a slowdown of the
African plate, which is supported to some extent by
current estimates of the migration rates of volcanism
along the vol canic trail of the Tristan/Gough hotspot.
However, the combined information from the St. He-
lena and Tristan/Gough trails can only bracket the
time of plate motion change to between 19 to 30 Ma.

Circe Seamount is shown not to be the site of
the active Circe hotspot, as previoudy proposed.
However, its creation in a midplate setting indicates
that it is related to a hotspot (most likely Circe?).
Based on the estimates given here for African plate
speed for the past >19 Ma, an active Circe hotspot
could exist 130 km to the SW of Circe Seamount.

The hypothesis that a mgjor upsurge in hotspot
volcanism on the African continent at ~25 Ma was
due to a motionless African plate [18] requires mod-
ification in light of our evidence for African plate
slowdown. In addition, we suggest that a change in
hotspot behavior also occurred on the oceanic part of
the African plate (e.g., Canaries, Cape Verdes, Dis-
covery and possibly Circe hotspots). A recent study
of the asymmetry of crustal accretion in the South
Atlantic [47] further supports this conclusion.

We present the first clear evidence based on
the distribution of dated seamounts for significantly
slower African plate motion since at least 19 Ma and
possibly as early as 30 Ma. The fact that bands of
rapidly formed (?), scattered and isolated S. Atlantic
seamounts successfully record plate motion (as pre-
viously shown for Foundation Chain seamounts, SE
Pacific) has significant implications for future sam-
pling of oceanic hotspot trailsin order to reconstruct
plate motion, determine whether hotspots are station-
ary and define the mechanisms controlling plume—
lithosphere interaction. The suggestion that the onset
of new oceanic regions of African hotspot volcan-
ism, and their continued activity, might be influenced
by changesin plate motion over amantle, may repre-
sent a valuable link between hotspot volcanism and
mantle plumes.
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