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Abstract 16 

The Earth’s magnetic field is presently characterized by a large and growing anomaly in the South 17 

Atlantic Ocean. The question of whether this region of Earth’s surface is preferentially subject to 18 

enhanced geomagnetic variability on geological timescales has major implications for core dynamics, 19 

core-mantle interaction, and the possibility of an imminent magnetic polarity reversal.  Here we 20 

present paleomagnetic data from Saint Helena, a volcanic island ideally suited for testing the 21 

hypothesis that geomagnetic field behavior is anomalous in the South Atlantic on timescales of 22 

millions of years. Our results, supported by positive baked contact and reversal tests, produce a 23 

mean direction approximating that expected from a geocentric axial dipole for the interval 8-11 24 

million years ago but with very large associated directional dispersion. These findings indicate that, 25 

on geological timescales, geomagnetic secular variation is persistently enhanced in the vicinity of 26 

Saint Helena. This in turn supports the South Atlantic as a locus of unusual geomagnetic behavior 27 

arising from core-mantle interaction while also appearing to reduce the likelihood that the present-28 

day regional anomaly is a precursor to a global polarity reversal.    29 

Significance 30 

Earth’s magnetic field is generated in the outer core by convecting liquid iron and protects the 31 

atmosphere from solar wind erosion. The most substantial anomaly in the magnetic field is in the 32 

South Atlantic. An important conjecture is that this region could be a site of recurring anomalies 33 

because of unusual core-mantle conditions but this has not previously been tested on geological 34 

timescales. With paleodirectional data from rocks from Saint Helena, an island in the South Atlantic, 35 

we show that the directional behavior of the magnetic field in the South Atlantic did indeed vary 36 

anomalously between ~8-11 million years ago. This supports the hypothesis of core-mantle 37 

interaction being manifest in the long-term geomagnetic field behavior of this region.  38 



3 
 
 

Main Text 39 

Paleomagnetic records and geomagnetic observations show us that, except for brief intervals 40 

associated with reversals and excursions, the Earth’s magnetic field is dominated by an axial dipole 41 

(1). Indeed, a long-standing hypothesis states that, if averaged over sufficient time (~104 – 105 42 

years), the Earth’s magnetic field approximates a dipole field that is aligned with the rotation axis of 43 

the Earth, called a geocentric axial dipole (GAD) (2). On shorter timescales and in the present day, 44 

there are spatially and temporally complex features (3–5) that must be averaged out over time for 45 

the GAD hypothesis to be valid. A primary example of these features is the South Atlantic Anomaly 46 

(SAA) (Figure 1), caused by a substantial patch of reversed magnetic flux ~2900 km below Earth’s 47 

surface at the core-mantle boundary (6–10). The effects of the SAA in near-Earth space leads to an 48 

increase in the particles in radiation belts, which causes radiation damage to satellites and other 49 

spacecraft as well as being a hazard to astronauts (11). The fixity and existence of the SAA for times 50 

prior to the historical record remains controversial (12). Additionally, since the growth of the SAA is 51 

associated with an overall decay of the dipole field (7, 13–15), it has been interpreted by some as a 52 

precursor to a geomagnetic reversal (16–18). 53 

The discussion about the longevity and locus of the SAA has inspired several studies, adding 54 

additional data and/or models, either focusing on historic timescales (12, 19–23), or on the South 55 

Atlantic region in the last 10 to 300 thousand years (kyr) (13, 24, 25). Data from Tristan da Cunha 56 

(Figure 1) from 90 to 46 thousand years ago (ka) show that the virtual axial dipole moment (VADM) 57 

measured at this island was weaker than elsewhere (24). Field models extending to 10 ka, show 58 

persistently higher secular variation activity in the Southern Hemisphere relative to the Northern 59 

Hemisphere (13). Similarly, it has been argued for enhanced secular variation in the region above the 60 

African Large Low Shear Velocity Province (LLSVP; Figure 1) located beneath a part of the South 61 

Atlantic region (25). Satellite and ground-based observations confirm high present-day secular 62 

variation in the Saint Helena area specifically (26). Several studies suggest a link between the 63 

irregular field behavior and heterogeneous heat flow across the Core Mantle Boundary (CMB) (10, 64 

14, 22). Lowermost mantle viscosity is sufficiently high (> 1020 Pa.s (27)) to ensure that the margins 65 

of LLSVPs should be sufficiently stable on a timescale of at least 10 million years (Myr) (28) and 66 

potentially much longer (29), suggesting that the South Atlantic region should be showing 67 

persistently recurring anomalous behavior for at least that timescale.  68 

Paleomagnetic data from Saint Helena 69 
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Existing paleomagnetic datasets (30) recovered from rocks less than ten million years old are scarce 70 

in the Southern Hemisphere, especially in the South Atlantic (Figure 1). Here we report a detailed 71 

study of paleosecular variation (PSV) from Saint Helena (Figure 2), which provides a uniquely ideal 72 

opportunity to test the hypothesis that geomagnetic variability is enhanced in the South Atlantic on 73 

a geological timescale. Saint Helena is an island in the South Atlantic consisting of two shield 74 

volcanoes that formed between ~8 and 11 million years ago (Ma) (31, 32). We performed 75 

paleodirectional analyses on 51 sites from 46 basalt flows from four different shields (SI Appendix 1 76 

and Table S1), three from the younger volcano (SW volcano, upper/main/lower shield) and one from 77 

the older volcano (NE volcano, upper shield and breccias), and three thin dykes (late intrusions) 78 

(Figure 2).  79 

Thermal and alternating field demagnetization experiments were performed on a minimum of five 80 

independently oriented specimens per rock unit (basalt flow or dyke). Characteristic components of 81 

remanent magnetization (ChRMs) were typically isolated by either step-wise thermal 82 

demagnetization between temperatures of 230 °C and 610 °C, or step-wise alternating field 83 

demagnetization between fields of 40 mT and 100 mT. ChRM directions show good agreement at 84 

the site level (e.g. 39 sites with minimum Fisher (33) precision parameter, k > 50, and 22 with k > 100 85 

(Table S2)). Two positive baked contact tests using dykes at different locations and a positive 86 

reversal test (SI 2.4 & 2.9) support the primary nature of the ChRMs. To test the GAD hypothesis and 87 

perform PSV analysis, we applied the selection criteria at the site level of k > 50 and n ≥ 5; 34 site 88 

mean directions passed the criteria and were included in the final dataset (Table S2; Figure 3a). 89 

These criteria were chosen to allow for comparison with the PSV10 dataset (30) (a dataset consisting 90 

of all the PSV data from the past 10 million years), for which k > 50 and n ≥ 4 were used as selection 91 

criteria. More stringent selection criteria were also considered in SI 2.7 and will be discussed later 92 

on. All sites were corrected for plate motion since their emplacement, using the rotations of ref. 93 

(34), before calculating virtual geomagnetic poles (VGPs) (Figure 3b). Except for a few units locally 94 

rotated by later intrusive events, both field and palaeomagnetic evidence did not support any post-95 

emplacement deformation affecting these rocks. The dataset comprises a record of at least six 96 

reversals, which is shown with a schematic magnetic stratigraphy overview in Figure S12, and the 97 

entirety passes a reversal test (SI 2.9, Figure S11). Two lava flows record directions that are 98 

categorized as transitional by a variable cut-off (Figure 3b)(35). The flows in the upper shield of the 99 

SE volcano (Prosperous Bay) capture a polarity reversal (Figure 3a, Supplemental Figure S12). Since 100 

we captured (at least) 6 reversals, or 7 chrons, we consider it likely that sufficient time was sampled 101 

overall to adequately represent secular variation. 102 
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Our mean pole (329.1° E, 81.1° N, A95 = 7.1°) is close to the geographic pole, once this is corrected 103 

for the tectonic motion of Saint Helena since 10 Ma. Therefore, the results are not more than 104 

marginally inconsistent with the GAD hypothesis being valid in this region (Figure 3b). 105 

Evidence for enhanced secular variation 106 

A remarkable feature of the Saint Helena dataset is that, despite directions being well-clustered at 107 

the within-site level (k > 50), indicating high-quality measurements, the VGP dispersion is high for its 108 

paleolatitude. To assess, quantitatively, the magnitude of directional variability evident in our 109 

dataset, we follow the approach and criteria of a recent global study of paleosecular variation over 110 

the last 10 Myr (30). Using our preferred dataset (N=34), we calculate a dispersion, S, of 21.9° ±3.5° 111 

(95% confidence range from 10,000 bootstraps (36)). Many of the flows were sampled in sequence, 112 

suggesting there is a risk of serial correlation (SC), which could underestimate secular variation. We 113 

investigated this by calculating new VGP dispersions for the dataset after accounting for possible 114 

serial correlation (SI 2.8). Following investigation of a range of selection criteria, cut-offs and 115 

correction of serial correlation, we conclude that the VGP dispersion may have varied between 18.4° 116 

and 22.6° (up to 30.4° when no cut-off is applied). In all cases, the value obtained is substantially 117 

higher than that expected value for this latitude (Figure S8, Table S3). When using a stricter selection 118 

criterion for the k value (100 instead of 50), together with the application of serial correlation, it 119 

reduces the size of our dataset to 16 after applying the Vandamme cut-off (34). The size of the 120 

dataset may be too low to yield a converged PSV estimate, although the time span of the dataset 121 

still ranges from ~8.8 - ~10.3 Ma. On the basis of the relative insensitivity of the anomalously high 122 

dispersion (18.4° – 22.6°) to the wide range of selection criteria approaches considered, we suggest 123 

that our main result is robust.  124 

The present-day field (PDF) at Saint Helena, despite being one of the most deviant from GAD on the 125 

planet (angular distance 26.3°, Figure 1), would not be considered an outlier relative to other 126 

instantaneous field records for the past 10 Myr (Figure 3b). Indeed, there are four non-transitional 127 

sites from Saint Helena, that are further than the PDF magnetic pole from the geographic pole. That 128 

the location of the PDF pole does not place it outside of the “normal” range of secular variation for 129 

this region suggests that the SAA does not represent an anomaly of sufficient magnitude to herald 130 

an upcoming reversal (e.g. ref. 18).  131 

In Figure 4a, the dispersion of our dataset is compared to PSV10 (30) grouped into 10° latitude bins 132 

for the Atlantic hemisphere (-90°E to 90°E) and Pacific hemispheres separately (Figure 1). One way 133 

to describe VGP dispersion is the use of Model G (37), which predicts VGP dispersion for a given 134 
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paleolatitude (λ) with the following equation: S2 = a2 + (bλ)2  (a = VGP dispersion at the equator, b = 135 

paleolatitude dependent increase in dispersion). The Model G style fit (Figure 4) of ref. (38) of the 136 

PSV10 dataset (30), determined values of a = 11.3 +1.3/-1.1 and b = 0.27 +0.04/0.08 (38) and is 137 

hereafter referred to as the Model G fit. Since no data are published from the Atlantic hemisphere 138 

between 10° S and 20° S that meet the PSV10 criteria, the Saint Helena dataset forms an entire new 139 

latitude bin. This data point (VGP dispersion of 21.9° for k > 50, n ≥ 5, N = 34, at a paleolatitude of 140 

19.8° S) forms a distinctive outlier from the Model G fit to PSV10 (38) and the overall dataset from 141 

PSV10 (30). The difference of at least 9° between Saint Helena and the Model G fit, shows that 142 

geomagnetic secular variation was anomalously high around Saint Helena between ~8 and 11 Ma. 143 

The only other bin associated, with uncertainties that do not overlap with those of the Model G fit is 144 

below the trend. This likely indicates that the time period in which these rocks formed was either 145 

one of unusual high field stability or was too short a time interval to fully capture secular variation. 146 

The finding that VGP dispersion is at the extreme high end of the range of measurements for this 147 

latitude in the Atlantic persists even if no cut-off is applied to the PSV10 dataset (Figure S9). 148 

When the PSV10 data set are considered by locality rather than in latitudinal bins (SI 3), several more 149 

outliers are evident (Figure 4b). Most of these are at mid- to high latitudes both northern and 150 

southern, or are from single-polarity studies with much lower dispersion values than expected 151 

(potentially caused by temporal under-sampling and therefore not capturing secular variation (39)). 152 

The single other high outlier from low latitudes (< ±30°) comes from the island of Martinique (40) in 153 

the North Atlantic (#1 in Figures 1 and 4b, S = 25.9° +7.1° / -8.2°). The authors of that study (40) 154 

suggest that the high dispersion is due to the small number of sites (N = 14), which has been shown 155 

to produce erratic values (39). In Figure 4a, no outlier is found  for this latitude band because the 156 

island of Martinique has been combined with 3 others, one from Cape Verde (41) (#2 in Figures 1 157 

and 4) with S = 13.7° + 2.5° / -2.6° and N = 27, one from Costa Rica (42) (#3 in Figures 1 and 4) with S 158 

= 14.8° +2.7° / -2.8° and N = 29 (only half of the sites from the Costa Rica study are in the latitude bin 159 

with Martinique, the others just fall in the 0° - 10° N bin), and one from Guadeloupe Island (43) (#4 160 

in Figures 1 and 4) with S = 9.4° +2.1° / -2.3° and N = 22. Guadeloupe Island is only 130 km away 161 

from Martinique Island and they are both from rocks that are no older than 2 Ma, thus the 162 

difference in VGP dispersion would support the assertion of the authors of ref. (40): the high scatter 163 

value may not be representative of the time-averaged field. We therefore find no strong grounds for 164 

suggesting that the anomalous behavior detected at Saint Helena extends far northwards from the 165 

South Atlantic. This is supported by low VGP dispersion values from São Tomé (#5 in Figures 1 and 4, 166 

11.1° + 1.9°/ -2.0°;  N = 38) (44) and Fernando de Noronha (#6 in Figures, 11.5° +1.9°/ -2.0°; N = 37) 167 
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(45), also at low latitudes in the Atlantic, which are consistent with the Model G fit and PSV10 168 

(Figure 4b). Since both of these localities have captured long time intervals (5 – 9 Ma and 1.8 – 12 169 

Ma for São Tomé and Fernando de Noronha, respectively (44, 45)), they suggest a long-lived 170 

northern limit to the anomalous behavior of the South Atlantic region around the Equator. This is 171 

supported by the other low latitude Atlantic results that fall on or below the trend of the Model G fit 172 

(Figure 4b).  173 

Two studies have been performed at a similar latitude to our study on Réunion (46, 47), (#7 in 174 

Figures 1 and 4, mean paleolatitude of -21.2°) yielding S = 12.5° +1.5° / -1.4°; N = 61 (combination of 175 

both studies). Réunion is an island in the Atlantic hemisphere, where, according to the gufm1 (48) 176 

model, the flux patch responsible for the present-day South Atlantic Anomaly was located prior to 177 

moving westwards. The question of whether the anomalous behavior detected at Saint Helena could 178 

also have been present further to the east remains an open one, however, because all the Réunion 179 

flows have ages within the last 50 kyr, this time interval may be too short and/or under-sampled to 180 

comment on the existence of irregular behavior in the field eastwards of the South Atlantic.  181 

Localities in the PSV10 dataset that are further south than Saint Helena and Réunion in the Atlantic 182 

Hemisphere are in Chile, Argentina and Western Antarctica (Figure 1), and thus too far west from 183 

the current South Atlantic Anomaly features to constrain its southern limit. A paleointensity dataset 184 

from Tristan da Cunha (37° S; 12° W; Figure 1), gives anomalously low intensity values (24), 185 

suggesting that there is not a strict southern limit known yet. VGP dispersion from Tristan da Cunha 186 

was not reported in PSV10, but we used their published data to calculate a VGP dispersion of 19.8° 187 

(+3.7/-4.0) with N = 23 (corrected for serial correlation as suggested by ref. (24). This VGP dispersion 188 

value does fall above the trend from the Model G fit (Figure 4b) further supporting that anomalous 189 

behavior may extend this far south. 190 

Implications for the deep Earth 191 

Our results support recent studies (10, 13, 14, 20, 22, 24, 25), arguing for the long-lived recurrence 192 

of anomalous behavior in the South Atlantic region but extend the associated timeframe from 193 

thousands to millions of years, thus supporting a plausible connection to lowermost mantle 194 

conditions. Tarduno et al. (22) suggested that recurrent intensity drops and rapid directional changes 195 

in southern Africa, between 1600 AD and 1000 AD, were related to the margin of the African LLSVP 196 

(Figure 1) at the CMB. This LLSVP’s edge coincides with a reverse flux patch in the present Earth’s 197 

magnetic field on the CMB. They propose that the steep edge of the LLSVP stimulates the formation 198 

of small structures or vortices in the outer core flow. This small scale turbulence promotes the 199 
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leaking of reversed polarity magnetic flux bundles upwards, producing pairs of reversed and normal 200 

patches on the CMB (22). Lowermost mantle viscosity is sufficiently high to ensure that the margins 201 

of LLSVPs should be stable on a timescale of at least 10 million years and potentially much longer 202 

(27, 29). Therefore, this mechanism predicts and requires anomalous secular variation in the 203 

southern Atlantic-African region on the timescales that our new data support. The concept of the 204 

lowermost mantle exerting control on the geodynamo and magnetic field on a timescale of millions 205 

of year is supported at least during intervals of reduced dipole moment (49).  206 

An alternate hypothesis relates to the claim that Earth’s outer core may presently contain a 207 

planetary-scale eccentric gyre (14, 50–54) that produces strong westward drift of flux patches at low 208 

latitudes on the CMB. The eccentricity of the gyre would cause focused magnetic variations in the 209 

longitudinal section beneath the Atlantic, where the gyre reaches the core surface (14). Aubert et al. 210 

(14) dynamically modelled the eccentricity of the gyre as a consequence of asymmetric buoyancy 211 

release from the inner core boundary in a region whose location (beneath Indonesia) was dictated 212 

by the patch of seismically-inferred global-maximum heat flux across the CMB. This model predicts 213 

that it is not just the South Atlantic, but the entire low latitude portion of the Atlantic hemisphere 214 

that displays enhanced geomagnetic variability, a contention which they argue is supported with 215 

secular variation data from gufm1 (14, 48) showing higher secular variation energy in the Atlantic 216 

hemisphere compared to the Pacific hemisphere. Since the heat flux anomaly is presumed to be a 217 

product of sustained subduction, this phenomenon would again be long-lived and expected to be 218 

visible in paleomagnetic datasets spanning ten million years or longer. Although the separate 219 

localities from the Atlantic hemisphere do not all support this model (potentially due to the short 220 

time interval that they sampled, like Réunion), it is noticeable that, from all the Pacific data, only 221 

27% (3/11) of the latitude bins plot above or on the Model G fit (37, 38), whereas 64% (9/14) of the 222 

Atlantic latitude bins plot above or on it (Figure 4a). This observation is marginally consistent with 223 

enhanced secular variation in the Atlantic hemisphere and does not rule out the persistence of an 224 

eccentric gyre, similar to today, on geological timescales.  225 

The VGP dispersion recorded by Saint Helena lavas (21.9°), is significantly higher (>9°) than the 226 

predicted dispersion from the Model G fit (38), based on the PSV10 dataset (30) (Figure 4). This 227 

indicates that the magnetic field was showing more irregular behavior in the South Atlantic than in 228 

other regions since 10 Ma. Our results strongly support and enhance recent claims over the 229 

persistent recurrence of geomagnetic anomalies in this region (22, 24) and may add weight to the 230 

argument that the low latitude Atlantic hemisphere experiences stronger secular variation than its 231 

Pacific counterpart on geological timescales (13, 14, 25). Explanations for long-lived geomagnetic 232 
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anomalies rely to some extent on the influence of the heterogeneous lowermost mantle on the 233 

underlying core flow. This study therefore constitutes further evidence of core-mantle interaction 234 

affecting the geodynamo process. While we did obtain a mean VGP marginally offset from the 235 

geographic pole, we otherwise found no convincing evidence to indicate that the enhanced secular 236 

variation at Saint Helena fed into any substantial anomaly in the time-averaged field. We consider 237 

that this should be reassuring to the geologic and paleogeographic community who rely on the GAD 238 

assumption to perform continental reconstructions. Finally, that the present day field pole produced 239 

at Saint Helena sits inside the range of nominally non-transitional VGPs produced over a protracted 240 

period in the past does not support the somewhat controversial hypothesis that the present-day 241 

SAA is a recent feature, linked to the overall decay of the field and a signal of an incipient polarity 242 

reversal.   243 

Methods 244 

 At each of the 52 sites, generally a single flow or dyke (except for flow LH20a-20c which are all the same flow, 245 

SB01 and SB02 which are from the same flow, and SB03 which samples 2 separate dykes), 5 to 10 drill cores 246 

samples of 2.5 cm in diameter along with, commonly, at least one oriented or non-oriented hand sample, were 247 

collected. When possible, we collected samples from the lower, middle and upper part of each flow. All drilled 248 

paleomagnetic core samples were oriented with a sun and/or magnetic compass (Table S2). When sun 249 

compass orientations were not possible due to cloud cover, we assume the magnetic orientation as correct, 250 

based on the minimal differences between magnetic and sun-compass orientation for the other samples 251 

(further sampling and geology of Saint Helena can be found in SI 1). Paleomagnetic experiments were 252 

performed at the Geomagnetism Lab, University of Liverpool. A combination of MMTD24 thermal 253 

demagnetizer, 2G Cryogenic magnetometer with RAPID sample handling system and a JR6 spinner 254 

magnetometer were used.  A total of 248 specimens from 225 cores were stepwise demagnetized. 99 255 

specimens were thermally demagnetized (10 – 17 steps up to 620 °C or complete demagnetization), and 149 256 

specimens were demagnetized by an alternating field (AF, 12 steps, up to 100 mT). For the analyses, we used 257 

the platform-independent portal paleomagnetism.org (55). The results are shown in orthogonal projection 258 

plots or “Zijderveld” plots (SI 2.3; Figure S3) (56) and equal area projections. Principal component analysis 259 

(PCA) was used to interpret the characteristic remanent magnetization (ChRM) (57). Generally, a free-floating 260 

PCA was used. Samples with a maximum angular distance (MAD) over 14° were not used for the 261 

interpretation. For within site dispersion a minimum k value of 5 and n value of 5 were needed for the results 262 

to be included in the VGP dataset. Due to the methods chosen for demagnetization and analyses, all our 263 

results can be given Demagnetization Code 5 (DC5) (58). Per site or cooling unit Fisher mean directions (33) 264 

were calculated with an 95 confidence interval (59). We calculated the VGP latitude and longitude for each 265 

site after using the NNR-MORVEL56 model (34) to correct for plate motion. We calculated the mean VGP and 266 

the dispersion (S) using Vandamme cut-off (35) or 45° cut-off. The formula used for the dispersion is: 267 
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Here, i represents the angular deviation of ith site’s VGP to the mean of the VGPs, N is the number of sites, Sw 268 

is the within site dispersion calculated from k and NS is the number of samples within the site. Sb represents 269 

the dispersion of the magnetic signal, after correcting for the within-site dispersion Sw determined from Ns 270 

samples (60, 61).  271 

Data availability The full data set including measurements, site mean directions and VGPs, will be made public 272 
in the MagIC database. To access these data, go to https://earthref.org/MagIC/16824/5636af20-667f-48c4-273 
886e-a3f73eaf8778 274 
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Figure 1; Present day magnetic field. Angular distance in degrees from GAD per virtual geomagnetic 419 
pole from IGRF12 for 2015 (4). The purple dashed lines indicate the boundary between the Atlantic 420 
Hemisphere (AH) and the Pacific Hemisphere (PH). The black line marks a suggested boundary of the 421 
African and Pacific Large Low Shear Velocity Province (LLSVP) at the Core Mantle Boundary (CMB), 422 
defined as a region with below average shear wave velocity at 2850 km depth in at least 10 of 18 423 
mantle tomography models, as interpreted by voting map model (62). Green square marks the 424 
paleolocation of Tristan da Cunha (discussed in text). Red dots mark PSV10 locality paleolocations (SI 425 
3, Table S4) (30). The numbered locations mark specific localities discussed in the text (1 = 426 
Martinique, 2 = Cape Verde, 3 = Costa Rica, 4 = Guadeloupe, 5 = São Tomé, 6 = Fernando de Noronha 427 
and 7 = Réunion). The magenta star is marking the present location of Saint Helena, and the blue 428 
star marks the paleolocation of Saint Helena. All paleolocations are calculated using the NNR-429 
morvel56 model (34) (Methods section and SI 2.6). 430 

Figure 2; Geologic map of Saint Helena (North is up) with sampling locations for this study; Bank’s 431 

Valley (BV) is from the north eastern volcano (NE). Ladder Hill (LH), Cambrian House (CH) (combined 432 

with LH in Figure 3), Prosperous Bay (PB), Airport Road (AP) (combined with PB in Figure 3), Porch’s 433 

Gate (PG) and Sandy Bay (SB) are from the younger, south western volcano (SW). Adapted from ref. 434 

(32).    435 

Figure 3; Summary of paleomagnetic data from Saint Helena. a) The Fisher (33) mean directions per 436 
site with a k ≥ 50 and n ≥ 5. Transitional (based on the Vandamme cut-off (35) sites (dashed ellipses) 437 
are shown but not used for PSV analysis. b) Site mean virtual geomagnetic poles in red, with the sites 438 
excluded by the Vandamme cut-off (44.4°, shown with green dash line) in orange. The VGP for the 439 
present-day field (PDF) is shown in blue. The Fisher (33) mean for all sites with 95% confidence 440 
interval are shown with a purple star and purple circle.  441 

Figure 4; Comparison of Saint Helena data with PSV10. a) The VGP dispersions of the PSV10 dataset 442 
(30) plotted against latitude. VGP dispersions are calculated for Pacific and Atlantic hemispheres 443 
(seperation at -90° E and 90° E), 10° latitude bins. A Vandamme cut-off (35) was used and k > 50 and 444 
n ≥ 4 as selection criteria per site (except for Saint Helena, for which k > 50 and n ≥ 5 was used). The 445 
numbers indicate the amount of sites in that latitude bin. b) VGP dispersion of the PSV10 dataset 446 
(30) per locality (SI 3, Table S4). VGP dispersion for Tristan da Cunha was added as the green square. 447 
The same selection criteria and cut-off as in a. Localities that are mentioned specifically in the text 448 
are numbered same as in Figure 1 (1 = Martinique, 2 = Cape Verde, 3 = Costa Rica, 4 = Guadeloupe, 5 449 
= São Tomé, 6 = Fernando de Noronha and 7 = Réunion). In both figures the red star is Saint Helena, 450 
and the pink dashed line is the Model G fit (fitted to PSV10 (see text) with 95% uncertainties, shaded 451 
area around the model G curve) (37, 38). 452 
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