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Figure DR1. Maps showing the proposed dual volcanic trends at Hawaii, Samoa, Marquesas (Huang et al.,
2011) and Societies (this study). Excluding the Pacific regional map, all four maps of the individual hotspot tracks
are at the same scale.
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Figure DR2. The '*Nd/"**Nd vs. *°Pb*/*°°Pb* for the
Societies hotspot compared with Hawaii, Samoa and
Marquesas hotspots. All four hotspots are shown together in
the large panel. However, to facilitate examination of the
geochemical data at each hotspot, the data for each of the four
hotspots are shown separately in the four small panels. Bora
Bora lavas plot geographically and geochemically between the
two Societies trends and are shown with grey squares (i.e.,
they are not assigned to one of the two trends). Rejuvenated
lavas are excluded from this study, but are shown as grey
triangles. We consider several highly evolved lavas
(mugearites) from Moorea to have experienced crustal
contamination (see Figure DR3), and these three lavas are
plotted as grey circles in the figure.
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Figure DR3. Highly evolved mugearite lavas from Moorea exhibit evidence for assimilation of crustal
materials. White and Duncan (1996) reported Sr-Nd-Pb isotopic and trace element geochemistry for five lavas
from Moorea. Panels A and B. The Moorea mugearites become increasingly enriched isotopically with increasing
degrees of magmatic evolution, an observation that may be explained by crustal assimilation with increasing
magmatic evolution. Panels C and D. The three Moorea mugearites have extreme isotopic signatures, including
the most radiogenic *°°Pb/***Pb isotopic compositions reported for Societies lavas. White and Duncan (1996)
argued that this is not an assimilation signature, and suggested “assimilation of basalt or sediment from the oceanic
crust would lower **Pb/***Pb.” However, we note that the three Moorea mugearites are also shifted to  enriched
¥Sr/**Sr and "*°Nd/"**Nd ratios, consistent with assimilation. Panels E and F. Contrary to the statement
made by White and Duncan (1996), Hauff et al. (2003) identified extremely radiogenic **°Pb/**’Pb in the basaltic
portions of drill cores from sites 1149 and 801 in the ODP Leg 185, and assimilation is therefore a concern in the
Moorea mugearites. While we do not provide a specific assimilation model here, the geochemical diversity identified
in the altered oceanic crust (AOC) and sediments by Hauff et al. (2003) permit a host of assimilation scenarios (i.e.,
magmatic assimilation of both AOC and sediments) that may explain the unusual geochemistry of the Moorea
mugearites. The geochemical trends in the Societies lavas, together with the enormous isotopic diversity in altered
oceanic crust and sediments, are consistent with assimilation of crustal materials in the most evolved lavas from
Moorea.
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Figure DR4. The Ba/Nb ratio can also be used to geochemically resolve the two volcanic trends. Societies
Ivas with high Ba/Nb ratios are often associated with geochemical and isotopic enrichment. Samples from the
geochemically-enriched northern islands tend to have higher Ba/Nb and lower "**Nd/"**Nd than the southern trend
volcanoes. Lavas with MgO < 4.0 wt.% were excluded, as trace phases that occur in highly evolved lavas can
fractionate Ba/Nb ratios. Where Pb-isotopic data is absent (e.g., Raiatea), this plot can be used to evaluate
whether a volcano has northern or southern trend geochemical affinities. In the absence of a complete isotopic
dataset for Raiatea, a southern trend island, paired Ba/Nb and "**Nd/"*“Nd data suggest that this island exhibits
geochemical affinities with other southern trend volcanoes.



Table DR1. Geochemical data for the Societies lavas, dowloaded from Georoc (georoc.mpch-mainz.gwdg.de/georoc) in the summer of 2011

Name Of volcano Sample name £143Nd 87Srlsssr 206Pbl204Pb 207Pbl204pb ZOBPbIZOAPb 208Pb*I206Pb* A 207Pbl204pb A 208Pbl204pb Bale

Roca trend volcanoes:

Huahine s HHN-8 19.10 15.61 38.94 0.967 4.999 22.7 13.4
Huahine s USNM101211 25 0.705270 19.21 15.61 38.90 0.951 3.142 4.5

Huahine s USNM101198 0.4 0.705800 19.19 15.64 38.95 0.959 6.480 12.2

Huahine s 73-111 0.0 0.706070 19.09 15.61 38.87 0.960 4.643 16.4

Huahine s 73-56 0.705620

Huahine s 73-72 0.704860

Huahine s 73-83 4.2 0.704280 18.98 15.57 38.68 0.952 2.600 1.5

Huahine s 73-95 1.3 0.705670 19.03 15.60 38.84 0.963 4.615 20.5

Tahaa s7X 0.3 0.705811

Tahaa s 8B 3.3 0.704723

Tahaa s TAA-B-7 0.0 0.705958 19.16 15.63 38.92 0.959 6.227 13.3 9.2
Tahaa s7Y 0.706078

Tahaa s TAA-B-26 -0.3 0.706226 19.24 15.66 39.01 0.960 8.028 121 9.8
Tahaa s 73-185 -1.0 0.706910 19.29 15.66 39.03 0.958 7.418 8.6

Tahaa s 73-186 3.2 0.705050

Tahaa s 73-189 0.7 0.705520

Tahaa s 73-190 -0.7 0.706190 19.10 15.62 38.91 0.963 6.023 18.5

Tahaa s 73-192 -0.5 0.706290 19.24 15.66 39.06 0.966 8.771 17.8

Tahaa s 73-196 0.706380

Tahaa s TA-1D -1.4 0.706310 19.25 15.59 38.80 0.938 1.630 -9.6

Tahaa s TA-2J 2.8 0.704870 18.98 15.53 38.52 0.936 -1.900 -4.6

Tahaa s TA-3F 0.3 0.706050 19.11 15.57 38.72 0.944 0.691 -0.5

Tahaa s TA-4H -0.6 0.706080 19.09 15.57 38.74 0.947 1.243 3.5

Tahaa s TA-8B 3.7 0.704580 18.94 15.53 38.51 0.938 -1.320 -1.5

Tahaa s TA-8G -0.8 0.706210 19.24 15.59 38.81 0.940 1.060 -7.5

Teahitia s 9-3 3.1 0.704395 10.0
Teahitia s 3-101 2.8 0.704624 1.4
Teahitia s 3-8 3.3 0.704575 10.9
Teahitia s 3-3 2.9 0.704547 19.04 15.59 38.81 0.959 3.439 16.6 1.1
Teahitia s TEAH-3 3.1 0.704630 9.1
Teahitia s 3-7 24 0.705024 1.6
Teahitia s TEAH-2 3.3 0.704358 9.5
Teahitia s 9-1CD 2.1 0.704577 1.5
Teahitia s 3-113 2.0 0.704691 13.0
Teahitia s 9-2CD 2.9 0.704707 12.8
Teahitia s 9-1 1.3 0.705506 19.12 15.62 38.98 0.969 6.072 24.4 14.3
Teahitia s 3-100 2.8 0.704508 9.3
Teahitia s 3-1 1.5 0.704640 19.13 15.59 38.89 0.959 2.952 13.7 10.3
Teahitia s 20-1 27 0.704590 11.0
Teahitia s 5-5 3.0 0.704659 10.8
Teahitia s 5-1 24 0.704559 11.0
Teahitia s 3-5 2.5 0.704836 19.11 15.61 39.03 0.975 4.969 30.3 121
Teahitia s 22-1 1.5 0.705006 19.02 15.58 38.73 0.953 2.723 10.8 13.4
Teahitia s 9DS-3 19.14 15.61 38.94 0.963 4.422 17.3

Rocard s 4-123 24 0.704806 19.10 15.59 38.86 0.958 2.856 14.1 13.3

Rocard s 34-1 1.7 0.705073 19.11 15.59 38.87 0.958 2.748 13.9 13.6
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1.3
8.7
-3.6
8.5
25
1.5
3.8

-8.2
-4.3
3.2

8.5
8.6
9.8
10.4
7.9

9.8
9.9
9.6
8.7
75
1.2
10.6



Inconclusive (no trend assigned)

Bora Bora s USNM101282 1.6 0.705220 18.92 15.59 38.63 0.953 5.151
Bora Bora s USNM101286 3.6 0.704530 19.27 15.64 39.09 0.965 5.713
Bora Bora s USNM101287 53 0.704090
Bora Bora s USNM101288 4.4 0.704450
Bora Bora s 73-257 3.1 0.704730 19.03 15.60 38.73 0.951 4.493
Bora Bora s 73-295 0.704000
Bora Bora s 73-318 0.704670
Bora Bora s 73-332 3.7 0.704950 19.09 15.61 38.80 0.953 5.043

Rejuvenated lavas:
Tahaa Post Erosione s TA-2R 6.2 0.703680 18.76 15.48 38.30 0.934 -4.526

Tahaa Post Erosion: s TA-2V 4.9 0.703710 18.77 15.47 38.30 0.933 -5.523

Isotopic Data Incomplete or Absent:

Raiatea s RIG-3B 35 0.704433
Raiatea s RIG-1B 3.6 0.704367
Raiatea s RIG-4C 4.2 0.704085
Raiatea s RI-28 3.6 0.704434
Raiatea s 73-124 0.704020
Raiatea s 73-140 0.704100
Raiatea s 73-153 0.704090
Tupai s TU134T No isotopic data
Tupai s TU134T No isotopic data
Turoi s 19-1 No isotopic data
Turoi s THO3-10 No isotopic data
Turoi s THO03-09 No isotopic data
Un-named s 2-1 3.6 0.704466 19.10 15.59 38.88 2.578
Un-named s 2-7 8.7 0.702839
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