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Oar/PAr ANALYTICAL METHODS

Visible alteration was first removed from selected dredge samples using a rock saw. The freshest
material was then crushed and incrementally ground and sieved into size fractions between 63
and30/32 um. Feldspar separates were then prepared using a combination of heavy liquid and
paramagnetic methods, cleaned with 2% HF (15 min), and 6N HCL (60 min), IN HNO; (60 min),
untra-pure H,O (60 min), all in an ultrasonic bath @ 50°C.

The 300-200 micron groundmass sample was prepared by incremental crushing and sieving,
magnetic separation, and cleaning with 6N HCL (60 min), IN HNO3 (60 min), untra-pure H20 (60
min), all in an ultrasonic bath @ 50°C , as described in Koppers et al (2000).

Mineral separates and the groundmass sample were irradiated in the cadmium-shielded facility in the
cadmium-lined position in the Petten reactor. Samples were incrementally heated using a
continuous 15W COz laser connected to a MAP-215/50 mass spectrometer at the VU University
Amsterdam.

Data acquisition and reduction, corrections for mass discrimination and age calculation have been
described in detail previously (Koppers et al., 2000; Koppers, 2002; O’Connor et al., 2004, Kuiper et
al., 2008). Incremental heating plateau ages and isochron ages were calculated as weighted means
with 1/c” as weighting factor (Taylor, 2003) and as YORK?2 least squares fits with correlated errors
(York, 1969) using the ArArCALC v. 2.50a software from Koppers (2002)that is available from the
http://earthref.org/tools/ararcalc.htm Web site.

Sample information in Table DR1, *°Ar/*’Ar results in Table DR2, age and K/Ca spectra in Fig. DR3’
analytical methods in dataset DR4, and ArArCalc Excel data files in DRS. The details of the
ArArCalc tables and plots are explained in full in Koppers et al (2012). Typical J-value error is 0.3%
at lo. Ages are calculated using a Drachenfels sanidine (internal laboratory standard DRA-1;
25.26 £ 0.6 Ma (modified after Wijbrans et al., 1995), intercalibrated against TCR-1 sanidine at
28.34 Ma (Renne et al., 1998), decay constants of Steiger & Jaeger (1977) and thefollowing
correction factors for the Petten reactor: “’Ar/*’Ar (K) = 0.00183 + 0.00107, **Ar/*’Ar 35 (Ca)=
0.000265 + 0.000008, *’Ar/*’Ar (Ca) = 0.000699 + 0.000033.

Data Quality

The *Ar/*°Ar ages reported here meet the following acceptability criteria and thresholds (after Fleck
et al., 1977, Lanphere and Dalrymple, 1978; Dalrymple et al., 1980, Pringle, 1993) and are therefore
accepted as reliably dating the solidification of the volcanic rocks immediately after eruption.

e A well-defined high-temperature age spectrum plateau is created by three or more
concordant (within 25), with contiguous steps representing at least 50% of the *°Ar released.
Plateaus reported here contain at least 90% of the total released *°Ar

e The plateau and isochron ages should be concordant at the 95% confidence level



e In all cases the total fusion age agrees with the both the calculated plateau and inverse isochron
ages

e The mean square of weighted deviations (York, 1969; Roddick, 1978) for both the plateau ages
(MSWD =SUMS/N-1) and isochron ages (MSWD = SUMS/ N-2) should be sufficiently
small if compared to Student’s t-test and F-statistic critical values for significance,
respectively.
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Figure DR1a. Free air gravity field map for the southeast Atlantic (Sandwell and Smith, 2009) showing the basement structure of the
Walvis Ridge. The yellow circles are for the locations of samples dated for this study (Tables DR1 and DR2). The locations of samples
with published ages used in this study are shown as red circles (O’Connor & le Roex, 1992; Maund et al 1988; Rohde et al., 2012;

Hicks et al., 2012). White line is for a seismic refraction profile discussed in the text. MOR = Mid-Ocean Ridge. Northern and Southern
Etendeka flood basalts are shown as dark areas (after Ewart et al., 2004). Maps prepared using GeoMapApp (http://www.geomapapp.org).



" Of 20°S

. L. 25°S
” \25 A. M\ M1 .
\ 6 8\ 21 \2 34 \\ 308
\
NN o
P \\ ‘\ ) 35°S
ARF \
A

{3 \ \5 31

\ \81\ o ¥\ ¢ *\ 40°S
LS o0 e T \\
15°W  10°W 5°W WO°E 5°E  10°E  15°E

Figure DR1b. Comparison between Fig. DR1a gravity map and seafloor magnetic isochrons (Cande et al., 1989).
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Figure DR1c. Estimated plate age (Ma) at eruption time shown as large blue numbers. Note that the oceanic crust is roughly 20 Ma

older on the northern side of the Walvis Ridge than on the southern side. This plate boundary provided lines of weakness for plume
material to reach the surface such as existing fracture in close proximity to a slowly migrating spreading ridge (see text for discussion).



Table DR1. Summary of sample information and A Ar ages

Sample Latitude (°) Longitude (°) Depth (mbsl) Age (Ma) 20 Description Location
WALDA-002-CH19-DR4-03 -19.85 9.02 2738 1121 £0.3 Basaltic trachyandesite’  NE Walvis

-CH19-DR4-1 -19.86 9.02 2738 1122 +0.7 Basaltic trachyandesite NE Walvis
S084 86DS-3 (Ewing Smt) -23.11 8.16 2193-2918 72.7 +1.2 Central Walvis (Ewing Smt.)
All-93-21-1 -25.44 6.70 3160-2625 57.0 +0.7 Trachyte' Central Walvis
CIR139D-2 -26.50 5.88 3480 78.4 +0.5 tholeiitic basalt® Central Walvis
CIR 139D-3 -26.50 5.88 3480 78.6 +0.3 tholeiitic basalt® Central Walvis
Walvis 1l DR04-35 -27.24 4.38 3295-2660 66.4 +0.6 trachybasalt3 Central Walvis
AllI-93-14-19 -31.99 2.39 2304-1587 59.3 +0.2 Mugearite2 Bifurcated Ridges
All-93-14-1 -31.99 2.39 2304-1587 59.0 +0.2 Mugearite 2 Bifurcated Ridges
Vema 29-9-1 -32.63 1.12 3510 61.5 +0.4 Alkali basalt® Bifurcated Ridges
PS69-435-1-DR27-1 -32.89 -5.15 2404-2291 36.5 +0.7 Alkali basalt® Bifurcated Ridges
PS69-440_1-DR32-2 -37.48 -2.43 1895-1390 37.4 +0.2 Trachybasalt1 Smt. Province
PS69-440-1-DR32-5b -37.48 -2.43 1895-1390 36.9 +0.4 Trachybasalt* Smt. Province
AllI-93-3-1B -37.10 -7.78 2600-2000 27.4 +0.7 Alkali basalt ? Smt. Province
AG51-6-1 -40.17 -8.55 7.1 +0.1 Tephrite? Smt. Province (McNish Smt.)

'Rohde et al., 2012

“Rohde et al., 2013

%J. Rohde, personal communication, 2014

Samples analyzed in this study were collected as follows:

U.S.A. R/V Atlantis Il expedition (samples All-93) in 1975

U.S.A. R/V Vema expedition Vema 29 in 1972

U.S.A. R/V Argo expedition ‘Circe’ (dredge sample CIR139) in 1968

French R/V Jean Charcot cruise WALDA-002 (samples CH19) in 1971 (Hekinian, 1971)
French R/V Jean Charcot cruise WALVIS CH86 (Walvis I11) (sample DR04) in 1979
German R/V Sonne SO84 expedition in 1993 (Devey et al., 1993)

German R/V Polarstern ANTXXI1I-5 (PS69) expedition in 2006 (Jokat, 2008)

South African R/V Agulhas expedition AG51 in 1987

Devey et al., 1993, Cruise report SO-84: The St Helena hotspot: Reports Geol.-Paléont. Inst. Univ. Kiel, v. 64, 103 pp.
Hekinian, R., 1971, Volcanics from the Walvis Ridge: Nature, v. 239, p. 91-93.

Jokat, W., 2008, The south Atlantic expedition ANT-XXII1/5 of the research vessel "Polarstern"in 2006: Reports on Polar and Marine Res., v. 574, 110 pp.

German R/V Sonne SO84 expedition in 1993 (Devey et al., 1993)
German R/V Polarstern ANTXXI1I-5 (PS69) expedition in 2006 (Jokat, 2008)
South African R/V Agulhas expedition AG51 in 1987




Table DR2. “Ar/*°Ar analyses of dredge sampled lavas from the Walvis Ridge

Sample Lab ID Plateau age Total Fusion Inverse Isochron Analysis

Age (Ma) %> Ar K/Ca MSWD® n° Age (Ma) Age (Ma) “°Arf°Ar Intercept ~ MSWD?  Type
WALDA-002-CH19-DR4-3 12M0287 112.1+0.4 100 0.07 0.3 14 112.1+04 112.1+ 0.3 294 +3 0.3 B. trachyandesite
WALDA-002-CH19-DR4-1 12M0293 112.2+0.6 97 0.03 0.2 13 112.3+0.6 112.2+£0.7 295+ 35 0.2 B. trachyandesite
S084 86DS-3° 12M0397 72.8+1.6 91 0.01 0.03 11 76.4+3.4 72.7+1.2 296+ 4 0.01
All-93-21-1 12M0294 57.6 £0.5 96 0.03 0.4 11 58.0+ 0.5 57.0+0.7 368+ 74 0.3 Trachyte
CIR139D-2 12M0290 78.4+0.9 100 0.02 0.4 13 78.2+0.9 78.4+05 293+13 0.4 Tholeiitic basalt
CIR 139D-3 12M0292 78.6 £ 0.5 100 0.03 0.3 12 78.6 + 0.6 78.6 +0.3 294 +5 0.3 Tholeiitic basalt
Walvis Il DR04-35 12M0289 66.8 +0.9 100 0.02 0.4 14 66.9+1.1 66.4 £ 0.6 312+9 0.1 trachybasalt
All-93-14-19 12M0300 59.3+0.3 95 0.05 0.2 12 59.3+0.3 59.3+0.2 291+5 0.1 Mugearite
All-93-14-1 12M0309 59.0+0.2 100 0.09 0.4 13 59.1+0.2 59.0+0.2 302 +11 0.4 Mugearite
Vema 29-9-1 12M0297 61.5+0.6 100 0.02 0.2 13 61.6 £0.7 61.5+04 296+ 4 0.2 Alkali basalt
PS69-4350-1-DR27-1 12M0303 36.7+1.2 100 0.01 0.1 13 36.6+1.2 36.5+0.7 299+9 0.1 Alkali basalt
PS69-440_1-DR32-2 12M0298 37.4+0.3 100 0.05 0.1 13 37.4+0.3 37.4+0.2 297+ 4 0.1 Trachybasalt
PS69-440-1-DR32-5b 12M0299 37.1+0.3 100 0.05 0.1 13 37.1+£0.3 36.9+04 300 £ 12 0.1 Trachybasalt
All-93-3-1B 12M0302 27.4+1.4 100 0.01 0.2 13 27.6+1.6 27.4+0.7 295+3 0.2 Alkali basalt
AG51-6-1° 12M0311 7.1+0.1 93 0.39 0.03 10 71+0.1 71+0.1 296 + 28 0.02 Tephrite

All samples except are HF leached (2% for 15 mins) 63-30/32 ym plagioclase separates except for c and d

Ages are calculated using DRA monitor age of 25.26+0.6 Ma (Wijbrans et al., 1995), intercalibrated against TCR-1 sanidine at 28.34 Ma (Renne et al., 1998), and the decay constant of
Steiger & Jaeger (1977)

Typical J-value error is 0.3% at 10.

“OAr/*Ar ages were measured using the argon laser probe at VU University Amsterdam

Measured ages have been calculated using the Freeware software ArArCalc (Koppers et al., 2002)

ArArCALC data are available in Data Repository

A =5.543 x 10 %yr

Correction factors:

“OAr/°Ar (K) =0.00183 + 0.00107

Ar/’Ar (Ca) = 0.000265 + 0.000008

Ar/’Ar (Ca) = 0.000699 + 0.000033

#MSWD values for the plateaus and inverse isochrons are calculated using N-1 and N-2 degrees of freedom, respectively.
®n is for the number of included heating steps

‘Groundmass 300-200 ym separate

9= Alkali feldspar

Koppers, A. A. P., 2002, ArArCALC — software for “°Ar/3°Ar age calculations: Computers Geosciences, v. 5, p. 605-619.

Renne, P.R., Swisher, C.C., Deino, A.L., Karner, D.B., Owens, T.L. and DePaolo, D.J., 1998, Intercalibration of standards, absolute ages and uncertainties in “Oar/ar dating:
Chemical Geology, v. 145, p. 117-152.

Steiger, R. H. and Jaeger, E., 1977, Subcommission on Geochronology: convention on the use of decay constants in Geo and Cosmochronology: Earth Planet. Sci. Lett., v. 36, p. 359-
362.

Wijbrans, J. R., Pringle, M. S. Koppers, A. A. P. and Scheveers, R., 1995, Argon geochronology of small samples using the Vulkaan argon laserprobe: Proc. Kon. Ned. Akad. Wet., v.
98, p. 185-218.
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