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APPENDIX AL FAULT DATABASE OF THE TONGARIRO VOLCANIC CENTRE AREA

id Name Downthrown _Dip Lithology Length (m)_Fault type. Expression Accuracy Source Fault number__ Active _ Recurrence ‘Age (ka) Total displacement__ Feature type. Comments ‘Coord_X{midpoin) _Coord_Y (midpoint]
T Raurimu Fault E 10 Debrisfan 308 Nomal Geomorahic Accurate Townsend etal_ 2 Aive 2000 Faultscaro 1802799.52856905 _ 5645565.46713897
1 Raurimu Fault € 5 Debris fan 32 Nomal Geomorohic Accurate Van Dissen et al.. 2003 Acive 2000 Faultscarp 1802733.01736122

1 Raurimu Fault € 20 Debris fan 5285 Normal Geomorohic Accurate Van Dissen et al. 2003 Acive 2000 Faultscaro 1803551.86696261  5653270.75738876
1 Raurimu Fault € s Debris fan 1617 Normal Geomorohic Accurate Van Dissen et .. 2003 Acive 2000 Faultscarp 1805814.90792341  5656496.96806068
1 National Park Fault? st & Waimarino Formation 1276 Normal Geomorohic Accurate  Townsend et al. 2008 (OMao) Active o Faultscaro 1806626.2306928  5657510.57144683
1 National Park Fault? e a0 Waimarino Formation 77 Normal Geomorohic Accurate  Townsend et al. 2008 (QMao) Active o Faultscarp 1841264.30690405 1700

1 Poutu Fault st 0 Glacier moraines and Red Crater ava 5029 Normal Geomorohic Accurate  Leonard etal. 2015: Nairn. 199 Fda ctive o a7.c122 Faultscaro 1508.7 660532.56837116
1 Poutu Fault w30 Mangahouhounui andesite avas 5692 Normal Geomorohic Accurats Van Dissen et al. 2003 Fb Acive 2000 >60 Faultscarp 1835590.91371844  5664260,65722

1 Waihi Fault e o 1806 Normal Geomorohic Accurate Van Dissen et al. 2003 ctive 2000 01.05 430ka) Faultscaro 3012034898412 5681558,

1 Waihi Fault e 0 Tinia-Kakaramea 1665 Normal Geomorohic Accurate Van Dissen et .. 2003 Acive 2000 Q1-A5 (430ka) Faultscarp 1830790.99690485  5681404.97716152
1 Waihi Fault st 0 Tihia-Kakaramea 1 Normal Geomorohic Accurate Van Dissen et .. 2003 Acive 2000 0145 (430ka) Faultscaro 1833267.39695091  5681450.43688884
1 Poutu Fault? w 0 Kaimanawa 1076 Normal Geomorohic Aoproxim: Active 0 Faultscarp 1846103.37163081

1 ihi Faul st 0 Tama Lakes ovrodlastics/moraine 200 Normal Geomorohic Accurate  Villamorand Bervman. 2006 F6a Active 0 Faultscaro 24019.12086232  5657205.06590382
1 National Park Fault? s 0 ertiary 810 Normal Geomorohic Accurat Active o Faultscarp 1813422.25940269 172

1 ihi Faul € 0 Tihia-Kakaramea 1450 Normal Geomorohic Accurate Active 0 Faultscaro 1832236.97291866  5684739.23423165
s Waihi Fault € 0 North Crater lava 1708 Normal Geomorohic Accurate Leonard etal.. 2015 7 Active o Possible scaro 1628468.24253149  5668279.08231557
1 Waihi Fault € 0 North Crater lava 5939 Normal Geomorohic Accurate Fb Active 0 <a0 it 1827940.05497349  5667829.62281252
1 Waihi Fault e 0 Summit Formation lava 7013 Normal Geomorohic Accurate Villamor b Active 0 59 it 1626025.55121042  5666699.42195438
4 Waihi Fault 3 0 North Crater lava 319 Normal Geomorohic Accurate Villamor 0 <a0 Possible scaro 1827481.09460329 160098761
s ? N 0 Tertary 4379 Normal Lineament Accurate ? o Possible scaro 1810646486481 5638883.271:

1 Waihi Fault se 0 Tihia-Kakaramea 1912 Normal eomorohic Accurate Van Dissen et al.. 2003 Acive 2000 01.05 (430ka) it 1837267.18776703  568390102117416
1 Poutu Fault? w 0 Pinanea lava 5161 Normal Geomorohic Accurate Van Dissen et .. 2003 Acive 2000 Q1-05(430ka) Faultscarp 1837934.84113114  5676416.68355478
1 Poutu Fault e 0 Maneahouhounui lava 1007 Normal Geomorohic Accurate Van Dissen et al. 2003 b Acive 2000 Faultscaro  Obscurred invoune colluvium  183619271639071  S667444.91348437
1 Waihi Fault € o North Crater scoria 872 Nomal morohic curate Van Dissen et al. 2003 b Active o <a0 ultscar

4 Kaimanawa Fault? sw 0 Grevwacke? 387 Normal Lineament Aooroximate B 0 Possible scaro 1845143.27087628  5679437.91651925
1 Wahianoa Fault Ed o hero Formation 297 Normal ccurate. Leonard etal., 201 Active o 5020 Faul scar 1824917.85151174  564175214645698
1 Wahiana Fault st 0 Wahianoa Formation & moraine 347 Normal Accurate 2003 Active o Faultscaro 1827720.54907717  5643615.36159828
1 Poutu Fault w o aihohonu andesite a 2559 Normal Geomorohic Accurate Van Dissen et .. 2003 Fa Acive 2000 LatePleistocene (a) Faultscarp 1831805.55709472  565926107518809
1 Poutu Fault W 0 Waihohonu andesite lavas Red Crater andesite 4703 Normal Geomorohic Accurate Van Dissen et al. 2003 Fa Acive 2000 leistocene (05 HolocenelO1] Faultscaro 1833196.77646972  5660168.95326952
1 Poutu Fault e 0 Waihohonu moraine. 4003 Normal Geomorohic curate Van Dissen et .. 2003 Fsa Active 0 Faultscarp 1829662.08448675  5658825.72265446
1 w Fault st 0 ebris fan 1285 Normal utcron Aoproximate Field outcron Active o 2% Fault 1828526.25171792  5652963.47083102
4 Uooer Waikato Stream Fault? w 0 Debris fan 358 Normal Lineament Aoproximate Active 0 Possible scaro

1 noa e 0 Debris fan 268 Normal Lineament Aoproximate Active 0 it 1833531.1976959  5647933.56631068
1 Wahianoa Fault? e 0 Debris fan 135 Normal Lineament Aoproximate Active 0 Faultscarp 1833860,84527019  5648149.46674248
1 Wahianoa Fault? st 0 Debris fan a4 Normal Lineament Aoproximate Active 0 Faultscaro 3585053083455 5648747.95543

1 Wahianoa Fault? e 0 Mangawhero Formation? 29 Normal Lineament Aoproximate ctive o it scar 1836296.23135093  5648967.9569211
4 Taurewa Fault e o orth Crater lava 1620 Normal eomorohic Accurate F4lTaurewa)  Active 1 s Possible scaro

1 Waihi Fault e 0 Lake Rotoaira swamo, 753 Normal Canalsteo Aoproximate b ctive o < Faultscarp butste

1 Taurewa Fault st 0 Lake Rotoaira swamo, 96 Normal Canal steo Aoproximate f Active 1 Faultscaro  reeomorohic exoression but canal 1832310369235 5675990.24757858
1 Poutu Fault € 0 Pihanea lava 29 Normal Geomorohic Aoproximate Active o Faultscarp Eroded 1839535196703 5674622.87924887
1 Waihi Fault st 0 Pukekaikiore andesite 105 Normal Geomorohic Aoproximate Villamor F5a Active 0 :Pleistocene-Late Pleistocene Faultscaro iain eeometrv close to lava flows. . 1824647.70151114  5660252.29084282
1 Waihi Fault e 0 Mangawhero Formation 838 Normal Geomorohic curat lame Faa Active o Late Pleistocene it scar 1622413.76¢ 5656722.95382878.
4 Waihi Fault st O Tama Lakes ovroclastics/Tauoo Pumice Formation 684 Normal Geomorohic Aoproximate Leonard etal. 2015 F6a Active? o Possible scaro 1824310.06756074  5657576.29¢

1 Waihi fault e 0 a7 Normal Geomorohic ccurats Van Dissen et .. 2003 Acive 2000 Q1-05 430ka) Fault scar 1833145.21909646  5682232.46069542
1 Waihi Fault st 0 Tihia-Kakaramea 2759 Normal Geomorohic Accurate Van Dissen et al. 2003 Acive 2000 01.05 430ka) Faultscaro 3526935209898 5685269.12513362
1 WaihifTaurewa Fault? € 0 Tinia-Kakaramea 1971 Normal Geomorohic Accurate Van Dissen et al. 2003 Acive 2000 Q1-05 430ka) Faultscarp 1834330.30809371  5678502.82233529
1 WaihifTaurewa Fault? € 0 Kakaramea/Pihanea lava? 6153 Normal Geomorohic Accurate Van Dissen et al. 2003 Acive 2000 01.05 1430ka) Faultscaro 1836936.92771732  5677272.29739653
1 Poutu Fault nw 0 Mangahouhounui andesite avas-river sediments 8555 Normal Geomorohic Accurate Van Dissen et al.. 2003 Fre Acive 2000 Faultscarp 1837472.40780539  S668613.89131373
1 Poutu Fault nw o houhounui andesite lavas 1470 Normal Geomorohic Accurate Van Dissen et al. 2003 Fic ctive 2000 <0 Faultscaro 183426934303 .

1 Poutu Fault w o Waihohonu moraine. 129 Normal Accurate 00: P2 Acive 2000 <0 Faultscarp 1830652.09234147 5657310773492
1 Wahianoa Fault e 0 Debris fan m Normal Geomorohic Aooroximate  Van Dissen etal.. 2003 ctive o Faultscaro 29609.650333: 33.13043129
1 Waihi Fault Ed o iia-Kakaramea 1085 Normal Geomorohic Accurate Van Dissen et al. 2003 Acive 2000 Q1-05 430ka) Faultscarp 1830899.91182475  5679631.43881005
1 Waihi Fault 3 0 e Herenea andesites Maneawhero andesite Formati. 9070 Normal Geomorohic Aoproximate 2 Active 0 :Pleistocene-Late Pleistocene Faultscaro 1823496.41669977  5661554.79002225
1 Waihi Fault w 0 Moraine 360 Normal Geomorohic Accurate Villamor Fa ctive o Faultscarp 1623224.4637147 59998.1491216
1 Waihi Fault e 0 Maneawhero andesite Formation 254 Normal Geomorohic Accurate Villamor F1b Active 0 Late Pleistacene Fault 1822120.53038561  5660339.89468994
s Waihi Fault e 0 Mangawhero andesite Formation 52 Normal Geomorohic Aoproximate Villamor Fla v 0 Late Pleistocene Possible scaro 1621033,038: 3081

1 Waihi Fault st 0 Maneateoobo moraine & North Crater lava 350 Normal Geomorohic Accurate Villamor Fic Active 0 it 1826345.89706182  S665662.04561914
1 Waihi Fault e o North Crater lava 3025 Normal Geomorohic Accurate Fad Active o @ Faultscarp 1627450,07976078  5670078.92309881
1 National Park Fault 3 15 Debris fan 1% Normal Geomorohic Aooroximate  vnsend et al. 2008 (OMao Taranakil Active o o o11km Faultscaro 1817727.56490549  5670710.35764898
1 National Park Fault e o Debris fo 3695 Normal Geomorohic Accurat Acive 2000 Faultscarp 1813769.83362186  5664538.70646817
1 National Park Fault s s Pukeonake lava 361 Normal Geomorohic Accurate  unsend et al 2008 (OMao Taranakil Active o o 011km Faultscaro 18168173729 668192.21881

s Poutu Fault e o Tama Triglava 137 Nomal Geomorohic Accurat Hobden etal.. 2015 5 v o >200 Possible scaro fisplacement? possible avarice fe:  1828806,81539589  5659973.73708212
1 Poutu Fault st 0 Mangawhero formation 2532 Nomal  Geomorohicloutcron  Avoroximate Leonard etal. 2015 Active o 2% Faultscaro rosion 22245204066 5654690 85725486
1 Poutu Fault € o Red Crater lava and moraine 381 Normal Geomorohic ooroximate Nairn, 1996 b Active 0 @ Faultscarp  5car obscured by lava moroholon  1833257.88230763  5662562.62653488
1 Poutu Fault st 0 Waihohonu moraine. 2561 Normal Geomorohic Aoproximate Leonard etal. 2015 b Active 1 20 Faultscaro 1832245,81543488  5659533.39231177
2 Uoer Waikato Stream Fault 0 Debris fan 2% Fissure Outerop Accurate Field outcron Fiswre  Notactve O 4 Fissure

1 Uoer Waikato Stream Falt nw 0 Debris fan % Normal Outeron Accurate Field outcron ctive 1 s Faultscaro 1836760.25404493  5648433.07435965
1 Uoer Waikato Stream Fault W 0 Debris fan 110 Normal Outerop Accurate Field outcron Active o Faultscarp 1836780751902 5648394.801%

1 Uober Waikato Stream Fault nw 0 Debris fan 0 Normal Outeron Accurate Field outcron Active 1 Faultscaro 1836814.7974220  S648340.80718177
1 Kaimanawa/Rangioo Fault? w o Grevwake 529 Normal Geomorohic Aoproximate Active o Faultscaro 1845092.42882489  5664828.49505995
1 Uober Waikato Stream Fault nw 0 Debris fan 15 Normal Outeron Accurate Field outcron Active 0 Faultscaro 1836638.17691041  5648399.06459272
1 Uoer Waikato Stream Fault w o Debris fan 3 Normal Outerop Accurate Field outcron Active o Faultscaro 1836727.22171376  5648470.20167676
1 Uoer Waikato Stream Falt W 0 Debris fan 3 Normal Outeron Accurate Field outcron Active 0 Faultscaro 183 a 29,

1 Uoer Waikato Stream Fault e 0 Debris fan %2 Normal Outerop Accurate Field outcron Active o Faultscarp Antithetic 1836795009124 5648357.83970511
1 Uoer Waikato Stream Falt w 0 Debris fan 3 Normal Outeron Accurate Field outcron Active 0 Faultscaro 1836651.39084773  5648438.24788975
1 Uoer Waikato Stream Fault w 0 Debris fan & Normal Geomorohic Aoproximate Active o Faultscarp 1836492.31180041 5648329,

1 Uoer Waikato Stream Fault N 0 Debris fan 15 Normal Outeron Accurate Field outcron Active o Faultscaro 087584 5648446.6815003
1 Uoper Waikato Stream Fault? e 0 Debis fan 138 Normal Outerop Accurate Field outcron Active o Faultscarp  Probably art of Wahianoa Fault  1837837.42867874  5649747.58428145
1 Uooer Waikato Stream Fault? w 0 Debis fan 82 Normal Outeron Accurate Field outcron Active o Faultscaro

s tu Fault e 0 Tama Triglava 825 Normal Lineament Aoproximate Hobden etal.. 1996 7 ctive o >200 Possible scaro 1827435.83663523 556044428
1 Poutu Fault st 0 Maneahouhounui lava 3123 Normal eomorohic Accurate Leonard etal. 2015 74 Active 0 100 it 1834755.87558504  5665825.81597652
1 Waihi Fault € 0 North Crater lava 3206 Normal Geomorohic Accurate Leonard etal.. 2015 o ctive 0 <a0 Faultscarp 1628871.49218674  5672247.05732196
1 Taurewa Fault € 0 Te Maarilava 5632 Normal Geomorohic Accurate F3lTaurewa)  Active 1 Faultscaro 1831590.04408589  5672155.63364565
1 Waihi Fault € 0 Tinia-Kakaramea 310 Nomal Geomorohic Accurate Active 0 Faultscarp 1832654, 83856795 03¢

1 Kaimanawa Fault? w 0 Grevwacke 2672 Normal Geomorohic Accurate Active 1 Faultscaro 26765985 5671638.1099580¢
1 WaihifTaurewa Fault? € 0 Tihia-Kakaramea 7055 Normal Geomorohic Accurate Active 0 Faultscarp 1836118.03223834  5683010.2239236
1 ihi Faul € 0 Tihia-Kakaramea 129 Normal Geomorohic Accurate Active 0 Faultscaro 322 5679030.30238174
1 Waihi Fault € 0 Tinia-Kakaramea 2079 Normal Geomorohic Accurate Active 0 Faultscarp 1831624.28853418  5683072.03548667
1 Waihi Fault? € 0 Wahianoa Formation 2091 Normal Geomorohic Accurate Villamor Active 0 Faultscaro 1819053.97316525  5660846.73654741
1 Waihi Fault? € 0 Undifferentiated lava. 18235 Normal Geomorohic Accurate Villamor Active 0 Faultscarp 1819817.17162729  566104248027336
1 Waihi Fault? € 0 cconake lava 219 Normal Geomorohic Accurate Active 0 Faultscaro 1810382803567 5663215.00072027
1 Waihi Fault? e 0 Te Herenga lavas 590 Normal Geomorohic Accurate Leonard etal.. 2015 Active 0 Faultscarp 1821866,57405831  5652408.6124291
1 Poutu Fault st 0 Te Herenea lavas 22 Normal Geomorohic Accurate Leonard etal. 2015 Active 0 Faultscaro Minor fault 1821826.43178702  5652030.83947633
1 Ohakune Fault? s 0 oris fan 4138 Normal Geomorohic Aoproximate  Townsend etal.. 2008 Active o Faultscaro 1815556.38374128  S636746.77063146
1 Waihi Fault € 0 Maneatepano moraine: 504 Normal Geomorohic Accurate Eavesetal. 2015 £ Active 0 28 Faultscaro 1825515.52048613  5664714.49649837
1 Waihi Fault € 0 Mangatepono moraine 1468 Normal Geomorohic Accurate Eavesetal. 2015 Fab ctive 0 28 Faultscarp 3,268 5665457.27033773
1 Waihi Fault € 0 ama Tre lava 791 Normal Geomorohic Accurate Hobden etal.. 1996 Fb Active 0 200 Faultscaro 1825269.06621738 67t

1 Waihi Fault € 0 Summit Formation 771 Normal Geomorohic Accurate Leonard etal.. 2015 Fl Active 0 59 Faultscarp 1625908.116¢ 5667742.82108934
1 Waihi Fault st 0 Debris 130 Normal Geomorohic Aoproximate eldwor F1d Active 0 5 Faultscaro 1829869.02093889 21220864213
1 Waihi Fault e 0 Debris fa 5127 Normal Geomorohic Accurate Lecointre etal.. 2002 4 Active 0 31 Faultscarp 1628062.50333838  S674506.86632975
1 Poutu Fault w 0 Ourere moraine 1933 Normal Geomorohic Accurate Leonard etal. 2015 eb Active 0 515 Faultscaro 1833296.75162252  5663352.2326018
1 Poutu Fault e 0 Te Maari v 252 Nomal Geomorohic Aoproximate Leonard etal.. 2015 122 Active 0 <2 Faultscarp flow 183515161

1 Poutu Fault e o Maneahouhounui lava 231 Normal Geomorohic Accurate Leonard etal. 2015 Fla Active 1 >60 Faultscaro o7

1 Poutu Fault e 0 Mangahouhounui lava 2735 Nommal Geomorohic Accurate Leonard etal.. 2015 Fad ctive o 100 Faultscaro 253842 5667476.32756863
1 Poutu Fault W 0 Maneahouhounui lava 25 Normal Geomorohic Accurate Leonard etal. 2015 F8a Active 0 >60 Faultscaro 1835248 56629669 0,844

1 Poutu Fault s 0 Mangahouhounui lava 1276 Normal Geomorohic Accurate. Leonard etal.. 2015 Fb Active o >60 Faultscarp 1834165,6155059  5666552.63689031
1 Poutu Fault W 0 Maneahouhounui lava 106 Normal Geomorohic Accurate Leonard etal. 2015 Fc Active 0 >60 Faultscaro 1833676.19921232  5663703.67342119
1 Waihi Fault € 0 Craterlava 1690 Normal Geomorohic curate Leonard etal.. 2015 Fsb ctive o s Faultscarp 1827127.79964363  5666572.25610753
1 Taurewa Fault st 0 Te Mari lava & debris flow 2066 Normal Geomorohic Aoproximate F2Taurewa)  Active 0 177 Faultscaro  me olaces 10893.69312385

1 Poutu Fault w 0 Mangahouhounui lava 1797 Normal Geomorohic ccurat Leonard etal.. 2015 Y ctive o 100 Itscaro 1836255.55410304  5669200.83641072
3 Poutu Fault w 0 Aluiur 108 Normal No exoression Notaccurate: Fla Active 0 a Iferred fault 315160656531 S657778.66089253
3 Poutu Fault w 0 Alluvium a3 Normal No exoression Notaccurate Fla Active 0 s Inferred fault 1831762.54197992 5658343, 1
3 Poutu Fault W 0 Alluvium 28 Normal No exoression Notaccurate: 2 Active 0 a Iferred fault 1831098.72186449  5657957.68690093
3 Poutu Fault W 0 Aluviur 309 Normal No exoression Notaccurate Fa Active 0 s Inferred fault 1830867.97563194  5658207.32645326
4 Waihi Fault 3 0 Summit Formation an Normal Lineament Aoproximate £ 0 5o Possible scaro 579426144771 5666010.03441838
s Waihi Fault € 0 Summit Formation 2 Normal Lineam: Aoproximate b 0 59 Possible scaro 18259258276 5666300.4521628
3 Waihi Fault € 0 Summit Formation m Normal No exoression Notaccurate: b 0 5o Iferred fault 1825952.67302991  5666429.0464

s Waihi Fault € 0 Summit Formation 106 Normal Lineament Aoproximate b 0 59 Possible scaro 1626240,47087698  5667209.90638693
3 Waihi Fault € 0 Summit Formation 50 Normal No exoression Notaccurate: b 0 5o Inferred fault 1826423.30383584 5676831975172
3 Waihi Fault € 0 North Crater lava 308 Normal No exoression Notaccurate b 0 @ Inferred fault 16266545036 5668098575913
3 Waihi Fault st 0 Colluvium 108 Normal No exoression Notaccurate: £ 0 a Iferred fault 1825434.19724665  5664796.2¢

3 Waihi Fault € 0 Colluvi 164 Normal No exoression Notaccurate Fab 0 < Inferred fault 1625829.96707493  5664854.0

3 Waihi Fault € 0 Maneatepano moraine 25 Normal Lineament Aoproximate Fab 1 526 Iferred fault 3.4 5665341719717
s Waihi Fault € 0 Mangatepono moraine 27 Normal Lineament Aoproximate Fab o 526 Possible scaro 1626414,59557486  5666159.01232887
3 Waihi Fault € 0 North Crater scoria &7 Normal Lineament Aoproximate Fob? 0 ar Inferred fault 1827386.66529278  5665714.69864695
3 Waihi Fault € 0 North Crater scoria m Normal No exoression Notaccurate Fob o @ Inferred faul 1827875,61721316  5667623.11132203
3 Waihi Fault € 0 North Crater scoria 1022 Normal No exoression Notaccurate: Fic 0 <2 Inferred fault  oor exoression.

s Waihi Fault € 0 North Crater scoria 24 Normal Lineament Aoproximate Fad 0 @ Possible scaro 1827579.64074346  S668877.48969879
4 Waihi Fault € 0 bris 350 Normal Lineament Aoproximate Fad 1 < Possible scaro 1827514017274 566945202507753
s Waihi Fault € 0 Debris fan a8 Normal Lineament Aoproximate Fad o <17 Possible scaro 1827639.36302131  5669535.66293371
4 Waihi Fault € 0 Debris low 1293 Normal Geomorohic Aoproximate Fb 0 <a0 Possiblescaro  Scaro obscured by debris flow  1826333.38797364  5670113.17304583
1 Waihi Fault € 0 Debris flow 1980 Normal Geomor curat Fieldwork Fle Active 0 254 it 1629418,1567 5677576,88294826.
3 Waihi Fault € 0 Tinia Kakaramea 595 Normal No exoression Notaccurate: Active 0 Iferred fault 1834236127724 S680276.74783105
1 Waihi Fault € 0 Tinia-Kakaramea 178 Normal eomorohic ccurate. Active 0 ault scaro 1831964037711 5681290.21607469
3 Waihi Fault € 0 Tihia-Kakaramea 73 Normal No exoression Notaccurate: Active 0 Iferred fault 1832638.98524017  5679915.16686159
1 Waihi Fault € 0 Tinia-Kakaramea 889 Normal morohic Accurate Active 0 Faultscarp 1833228.36822004  5680489.91734137
1 Waihi Fault € 0 Tihia-Kakaramea 3052 Normal Geomorohic Accurate Active 0 Faultscaro 1833891.35821963 13005.84308533
1 Waihi Fault € 0 Tinia-Kakaramea 219 Nomal Geomor curat Active 0 ultscar 1834490,85850643  5685626.55692202
3 Taurewa/Waihi Fault € 0 Tihia-Kakaramea 663 Normal No exoression Notaccurate: Active 0 Iferred fault 1834265.01040445 5679791767

1 Taurewa/Waihi Fault € 0 Tinia-Kakaramea 15 Normal eomorohic ccurate. Active 0 ultscar Eroded? 1837530.80419859  5684875.9604:

1 Waihi Fault € 0 Tihia-Kakaramea 1509 Normal Geomorohic Accurate Active 0 Faultscaro 1838346.47778322  5686491.22548331
s Waihi Fault € o Tinia-Kakaramea 1625 Normal Geomorohic Aoprosimate Active o Possible scaro Eroded 1836627765769 5683925.36749065
4 Waihi Fault € 1 Tihia-Kakaramea 351 Normal Lineament Aoproximate Active? 1 Possible scaro Eroded 1836184.15 5681306.19898915.
s Taurewa/Waihi Fault € 0 Tinia-Kakaramea 279 Nomal Lineament Aoproximate Active? 0 Possible sc Eroded 1833568,04831891  5678033.45246112
4 Taurewa Fault € 0 North Crater lava 533 Normal eomorohic Accurate 0 5 Possible scaro Probablylava flowlevee 1832113224315  5674079.50251267
s Taurewa Fault € 0 North Crater lava 686 Normal Geomorohic Accurate 0 5 Possible sc

4 aurewa Fault € 0 North Crater lava 7% or Geomorohic Accurate 0 5 Possible scaro Probablylava flowlevee  1831821.18700556  567438170604871
s Taurewa Fault £ 0 North Crater lava 457 lormal?/fissur  No exoression Notaccurate . 0 s Inferred fault  disolacement on crater floor, isst  1828901.1845062  5666890.83859729
1 Poutu Fault st 0 Maneahouhounui lava 79 o eomorohic Accurate Leonard etal. 2015 b Active 0 >60 Faultscaro 1835228.95019020  5669478.60809741
1 Poutu Fault w 0 Debris fan 1508 Normal morohic curat Leonard etal.. 2015 10 Active 0 177 it 1836381.90788783  5670326.54214903
4 Poutu Fault st 0 Colluvi s13 Normal Lineament Aoproximate F100 1 Possible scaro 1835915.27525191  5669487.118768

1 Poutu Fault e 0 Waihohonu moraine. 602 Normal eomorohic ccurate. Leonard etal.. 2015 Fab Active 0 <0 Faultscarp 1629907.95 5658647183737
4 Poutu Fault st 0 torain 307 Normal Geomorohic Aooroximate Leonard etal. 2015 Fb? Acive? 0 <607 Possible scaro 1832516.02 5660742.3296705
3 Poutu Fault Ed 0 Waihohonu lava, 307 Normal No exoression Notaccurate Hobden etal.. 1996 Faa Active o o7 Inferred faul 1832007.23821109 5610527089143
3 Poutu Fault € 0 Red Crater lava 1352 Normal No exoression Aoproximate Nairn. 1986 £ Active? 1 <2 Iferred fault 1839280301874 5661445.53371375
1 Poutu Fault € 0 toraine. 3681 Normal morohic curat Leonard etal.. 2015 F2c Active o 607 ult s 1833792.45414486  5662163.66618467
4 Poutu Fault st 0 Maneahouhounui lava 1586 Normal Lineament Aoproximate Leonard etal. 2015 Fse Active? 1 >60 Possible scaro 3583.86813389 0983

1 Poutu Fault e 0 Mangahouhounui lava 358 iormal eomorohic ccurate. Leonard etal.. 2015 F100 Active 0 100 Fault sc: 1099258748 5694817132295
4 Taurewa Fault W 0 North Crater lava 3100 mal lantithet Geomorohic Accurate Lenardetal. 2015 FliTaurewal  Active? 0 5 Possiblescaro  Probablvedeeof lavaflow?  1830849.23529245  S673661.49757834
s Waihi Fault € 0 North Crater lava 53 mal Lineament Aoprosimate Active? 0 @ Possible scar 1627024.2451826  5669379.34874:

4 Waihi Fault € 0 North Crater lava a7 Normal Lineament Aoproximate Fad Active? 0 <2 Possible scaro 27799.77416273  5669446.51354535
s Waihi Fault € 0 North Crater lava 118 Normal Lineament Aoproximate Fad Activ 0 @ Possible scaro 1827624501042 5668894.73365429
4 Waihi Fault € 0 North Crater lava 676 Normal Lineament Aoproximate F2 Acive? 0 <2 Possible scaro

1 Waihi Fault € 0 North Crater lava 991 Normal eomorohic ccurate. Foc Active 0 5 Faultscarp 1827892.12077131  5671166.64932937
3 Waihi Fault € 0 Debrisfan 162 Normal No exoression Notaccurate: Fb Active? 1 Iferred fault Vervvounedebrisflow  1828852.24037551  567287101617389
s Waihi Fault € 0 North Crater lava 992 Normal Geomorohic Aoproximate 7a o @2 Possible scaro Lava flow levee? 1828783.89099534  5670557.60149043
4 Waihi Fault € 1 Summit Formation 369 Normal Lineament Notaccurate: Fle 1 50 Possible scaro 1825674.59333084  5666647.30239375
s Waihi Fault € o Mangatepopo moraine 39 Normal Lineam: ooroximate P2 Active? o 07 Possible scaro 1624229.44738502 5663221 54968295
3 Waihi Fault € 0 uhoe lava 20 Normal No exoression Aoproximate a Active? 0 Inferred fault 3755.640¢ 1365.007067:

3 Waihi Fault € 0 Undifferentiated lava flow 516 Normal No exoression Notaccurate Fb o ? Inferred fault 182176275712 5659535.28132394
3 Waihi Fault € 0 Tauoo Pumice Formation 35 Normal No exoression Notaccurate: 2 Active? 0 2 Iferred fault 1822456.61053426 209

s Waihi Fault € 0 Undifferentiated lava, 744 Normal Lineament Aoproximate P2 0 Possible scaro 1622599.4115 5660774.4284948
4 Waihi Fault € 0 Mangawhero Formation 1747 Normal Lineament Aoproximate Fsa 0 Possible scaro 1820185.99757761  5658489.27864459
s Waihi Fault € 0 Trinlava an Normal Lineament Notaccurate 0 2000 Possible scaro 1625385.87161028  5661288.612

4 Waihi Fault € 0 Tama Lakes ovroclastics 14 Normal Lineament Aoproximate 0 Possible scaro 1826058.22062146  5658704.62034593
s Waihi Fault € 0 Tama Lakes ovroclastics 1007 Normal Lineament Aoproximate o Possible scaro 1625816.875° 5659091,59196733
4 Waihi Fault € 0 Tama Lakes ovrodlastics 107 Normal Lineament Aoproximate 1 Possible scaro 1826227.32002111 5660118231

s Waihi Fault € 0 Tama Lakes ovroclastics s01 Normal Lineament Aoproximate 0 Possible scaro 1626547.28324527  5660150,693:

1 2 s 0 Hauhuneatahu 225 Normal Geomorohic Accurate Active 0 it 1812465.97550898  5655915.82397521
1 ? s 0 Hauhungatahu lava 1755 Nomal Geomorohic Accurate Active 0 Faultscarp 1812292620724 5656213147

1 ? s 0 Hauhuneatahu lava as Normal Geomorohic Accurate Active 0 Faultscaro 1093027509364 5655611.37247853
1 ? s 0 Hauhungatahu lava 1585 Normal Geomorohic Accurate Active 0 Faultscarp 584 5654491592

1 ? s 0 ebris a8 Normal Geomorohic Accurate Active 0 Faultscaro 1814567.21748107  5656597.8974251
1 Raurimu Fault? € 0 ebris 381 Normal Geomorohic Accurate Townsend et al.. 2008 Active 0 Faultscarp 179843455779117  5643796.77727935
4 2 st 0 Tukino lava and Whaneaehu moraine: 2503 Normal Lineament Accurate Leonard etal. 2015 o Possible scaro

3 Poutu Fault e 0 Debris as1 Normal No exoression Notaccurate Leonard etal.. 2015 0 Inferred fault 1830619.43793117  5655189.17458354
4 Poutu Fault st 0 Tama Trie lava 74 Normal Lineament Accurate Hobden etal.. 2015 0 >2007 Possible scaro 19133634855 5658153.08207535
s Poutu Fault w 0 Debris fan 167 Normal Lineament Aoprosimate Leonard etal.. 2015 2 Active? 0 Possible scaro 1830500731881 3415
4 Wiahi Fault 3 0 Debris fan 75 Normal Lineament Aoproximate 0 Possible scaro 1827409.9623315  5672315.65936993
3 Poutu Fault € 0 Moraine 573 Normal No exoression Notaccurate Faa Active? 0 Inferred faul 1832764.98359838  5662263.8451825
4 Waihi Fault st 0 Pukekaikiore ava 385 Normal Lineam; Aoproximate 0 Possible scaro 1825367.35287351  566330165119391
1 Waihi Fault? € 0 Debis fan 210 Normal Geomorohic Accurate Activ 0 Faultscarp 01427051 5678695.56574099
1 Waihi Fault? € 0 213 Normal Geomorohic Accurate Active? 0 Faultscaro 1829304.73738969 52216224003
1 Waihi Fault? € 0 165 Normal Geomorohic Accurate Activ 0 Faultscarp 1 5687681658875
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1833356.80725666  5664005.22380071
1833193.82857285  5665540.04858494
1834365.4147309  5665279.0488042
8341307322527 5628443125658
No exoression an voune lava flow  1833347.29390081  5661315.01532325
1830667.4172250 7,881
311640553 5658332.03247922
1830527.42995531 0337
75¢ 5658955.13646688
3020561657139 5659292.08171636
xoression on voune lava and debr  1829357.78109499  5660195.06788386
1831365.26613931  5656326.20422513
1829567.30170917  5654135.08117923
1622892.26647857  5657548.02162783
5657427.16033026
1625231.1106377 5661031 48401447
1825207.79371383  5661515.80306224
1825252.1 5662461.88914216.
182711461547323  5667298.20672477
1628740,605887 7,800
1820434.36835812  5663773.97912018
1625086,83078142  5663868.06016812
1836867.48743661  5668422.09327756
1818226.91520359  5671616.99632713
1814273.6871 39851473
Erosional vallev? 1814164.77827229  5665917.16018306
2,807 666247.06019536
1815035.99314792  5666628.41404132
181502182754175  S666178.45082179
1812819.43098677  5662697.23276398
1813023.16361644  5662145.824
32.89941 5661546.7574618
1813110,09148543 oa
1842728.45094868  5661256.21461612
1841568.60804904  5659719.06324705
1840950,17393559  5657789.44186931
1840644.67874229 43168052
1839847.97604944  5655784.10957579
1095881708541 5655289.38525985
1839274.34862376  5655489.21307101
1841795.56869697  5654816.13078256
1621243.70009165. 35.
1833842.18035351  5664133.24103211
1822389, 5486 5661012.03113741
1821813.86055713 102
1822702.31860613  5658905.97154658
Older fault? 1808179.13524435  5674495.73057051
Olderfault? 1809428.50962082  5675389.32657169
Older fault? 180832189830848  5672943.11434788
1812401.26267214  5674490.82031553
1813232.77190508  S676791.6878247"
1813773.96663579  5677431.80034793
Olderfault eroded scaro 1815634.09518772  5679652.22226053
1813601.19689315  S676138.67316579
13038.555¢ 5675015.30185276.
Eroded scaro 181002163775973  5671278.22398381
17894330252 5668675.74820179
1805071.13480873  5659844,46974484
1806493.03097774  566206164023278
1808347.80235127  5661830.41328397
1022873907922 5662434.95686907
1811722.22552774  5662850.64¢
181223091672057  5663075.99181992
1797997.13465295  5642161.85535174
2231636035 5639194.8760362
1802450,39793683  5638402.96072477
1 637913.4447104
1802323.33934483  5637435.6116
2.5 63410091762756
1799556,63005078  5634709.264¢
Eroded scaro 5020065855 5636125.30194989
Eroded scaro 1801308.01578082  5636509.0592034
Eroded scaro 944.32108199  5636723.3042:
Eroded scaro 1804767.31228304  5636714.96057858
Eroded scaro 088.37395837  5637358.72106754
1801824.36955175  S638048.18126075
1806347.31432704  S636711.18457708
1040063003431 5636091391
Eroded scaro 1811257.10097511 5634225106919
1811960,65947743  5637401,598¢
1B15675.60778745  5637597.3828150
179504163194312  5634912.56779763
1797933.13089117  5633295.47523068
1798799.49211955  5631754.35086659
053 050
1802557.45712452  5631634.26207941
5. 63152187
1804062.1345916  5631612.11035916
1802475.24444086  5630906.74770217
Eroded scaro? 1 5632527.70319728
1803561.25673597 2858.6473233
1793090.21 5628959.70642512
1795619635751 5628053.45261707
Eroded scarn 1793021,01065922  5628181.9504269
Eroded scaro 1802394.08520876  5626869.07485943
1801568.47247846  5628389.87453073
328353043617 5627334.41208388
Eroded scaro 1803517.91702166 5626790599849
8 83 5629022.12548123
1816411.22515207  5631609.60387078
1817625.31472706  5632513.55662887
1814528.89108842  5629704.316¢
1997621788208 5634105.01639283
1623170.75181091 381
6.4447; 5627556935956
1832832.90310134  5625712.46861418
1833666.56966330  5635666.10049564
1832355.19182786. 5.620063:
1831771.34¢ 5633471.37201612
1833830,64421607
1833077.99698068  5636224.23969026
1831194.35043603  5635157.34169871
1830245.60341438 5634421570449
1830054.17446591  5633851.1681
1830168.18141003  5633177.349¢
1830027.41535612  5631636.13597861
1826216.76529594 7.308:
1827645,62806252  5628643,85721449
1827911.12378575 5620137327321
1629740129008 5630746.33790736
Antithetic? 1834607.11069283  5642861.94035235
1836531.75203578  5645829.06139825
1836715.43083847  5646732.57656132
1837298.46361967  5647585.60832689
1837670.49875197  5648560.0535736
622 7.
1837333.03421285 1361
o2 5649165.36221077
1837532.0684877  5649316.53103105
3772042563506 5649519.45822637
Probably stream channel 1373061206638 5652941.06%
30395417 5655634.67258463
1626205.25290149  5642714.60702964
5.540: 11,
1804780.36815427  5655453.46984752
1805277.09717266  5655695.22955975
1807123.99964229  5658359.54315453
2533764731 1841405656
1809640.42772116  5659077.01669985
1810650.2950789 565988152055
1811727.50369146  5660671.68495857
1811112.47384995  5660446.27700501
1812052.16228327  5660094.405-
7 5661142.41203228
1808166.10504344 5661648912167
2085 5662110.52526977
1809321,0104026  5663606.706195564
1812522,60569359  S666616.83346479
1817368.24868616  5669402,585¢
1811064.06164151 565 5
1810998.82044719  5657410.84167779
1803926,01921451  5649348.02083472
1803552.09563956  5648836.8172589
1803358.14682401  5648681.59221711
1803847.61801151  5651304.613
1804476,63826971  5653420.28127685
1819696.00155120  5655823.42216674
Erosional? 1821363.66526208  5679067.21157076
1042.04154189  5641230.22892425
1801322.86300876  5639349.68517873
8.48004737  5640283.55101843
263016617 32887865
1830257.12065431  5645122.0596503
1629692.4975716 5644704 30961986
10291 68443425 5644957, 0
86, 644596.86725963
Probably channel edee  1822926.91169344  5633876.2112042:
30655.13692115 57
3002: 5637092.45936951
1833151.30244006  5628477.72599563
33593.44520397  563163172729934
1833626.36374013  5632684.42075883
7,813 563366111
964t 5625386.91527331
1810230.54565205 56246123
1813979.93803337  5653977.01091698
1831894.71290667  5680372.68134565
1833289.79086091  5683775.52519982
3387208894685 52071494293
3438658668928 5634200.82606051
1832076.76956968 7200113
1832369.19051089  5678861.42530441
Ukelv edeeof lavaflow? 1820547691052 5650204.52700001
Stream vallev? 1822163.63719434  5654343.58534028
34445.438273 5648689.4536
1834995.01918251  5648776.20039754
1835447.338: 1941
1835743013401 5647653,65215523
184125261796879  5679575.18567315
Older fault? 1812202.26882729  5677967.18139704
Older fault 7.49367 735.36962035
Olderfault? 1811749.13931425 9.04045
Erosional? 5,070 5680525.10442477
Erosional? 1623953.33286113  5680340.96679316
Probably breached craterrim  1821643.54993109  5663907.54794808
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robably erosional/edee of ava flo  1826689.14650068  5660987.555856:
1624878,38293133 46412118
1823567.11134266  5666663.07617009
1822274.71930659  5658977.55980194
1820557.48202241  5658775.89199605
16216200860 5657611,59257753
18203812434677  5658112.59727352
1620969.97030036  5655997.74053678
1620892.62810137  5655065.42392302
Older fault 745322186328 S680004.9621338
Older fault 1810116.17284784  5680308.24859234
Older fault 34.10693665  5676543.31401506.
Older fault 1809835.24621181  5673489.12641974
3045050891433 5679804.31475145
1831516.1057504 5664213 48481565
1831994.15430111  5664704.73303105
1831490.23066686  5664029.76022948
35084033 5659338 55336299
183367109675762  5661157.73881245
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20005 5640061,67178335.
Probably edee of avaflow  1823323.27951435  5640527.59
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Appendix A2. Supplementary figures

Figure S1. Main river exposures (walls) in the Upper Waikato Stream at section 1 showing the studied faults (red lines). Location of the walls can be seen on Figure 16.
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Figure S2. Faults in section 1 in the Upper Waikato Stream. A, Image from Cyclone software showing fault 3 on ‘wall b' and its general stratigraphy.
B, Fault 3 on ‘wall ¢’ showing a three-step fault scarp. C, D & E, Southern corner of ‘wall b’ showing exposure of fault 4 and general stratigraphy. F, Exposure of fault 5 on ‘wall ¢’
showing multiple-step fault on R11 lahars. G, Cyclone measurement of fault 5 on ‘wall b’ on R11 lahars. H, Exposure of the termination of fault 5 on
the Hokey Pokey eruptive period on ‘wall c¢’. I, ‘Wall d' with a multiple-step fault (6) cutting through R11 lahars. J, Fault 7 exposure cutting through
elephant surge up to R11 lahars with a multiple-event step-fault. See Figure 14 for further information about stratigraphic units.





R15 lahars

Figure S3. A, Fault 10/4_1: 030/65SE to 055/85NW normal fault, vertical offset ~1 m; and a secondary fault 010/76NW with
0.77+0.16 m of net-slip. The stratigraphic position and the fault termination of this fault are uncertain. B, 10/4_2: normal
step-fault cutting through the Papakai Formation. C, 10/4_3: fault exposure cutting though R13 lahars and older deposits.
D, 10/4_4a: Fault exposure 10 m above the river level. E, 10/4_4b: fault exposure 2 m above the river level cutting through
the Okataina sourced Rotoehu Ash (64 ka), R13 lahars, marker unit 3 and R14 lahars. F, 10/4_5: normal fault cutting R15
lahars and older deposits. G, 10/4_6: fault exposure of a normal fault cutting R13 lahars and older deposits. H, 11/4_4 and
1/4_5: faults and fractures that cut through greywackes and younger tephras, cropping out by the river level.
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Figure S4. A, Wahianoa Fault outcrop ‘Tong 23' in the Karioi Forest, section 3, showing antithetic faults (field location shown on Figure 21A). The fault planes are
plotted in stereographic (lower hemisphere) projection and superimposed rose diagrams of fault strike frequency (right-hand rule). See Figure 14 for more information
about the stratigraphy. B, Wahianoa Fault cutting across and andesite lava flow of the Mangawhero Formation.
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Figure S5. Waihi Fault main field outcrops. A-D,Field outcrop ‘Tong 78’ showing displaced tephra mainly from the
Ngauruhoe Formation (Moebis et al., 2011) cut by fault 5. E-F, Field point outcrop ‘Tong 70" showing displaced tephra
mainly from the Bullot Formation from Mt. Ruapehu (Donoghue & Neall, 2001; Pardo et al,, 2012) cut by fault 6.
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Figure S6. Poutu Fault main field outcrops. A Field site ‘Tong 09’ displaced by Poutu Fault strand F7b showing 4 m of
deformation since 11 ka. B-C Field site ‘Tong 11’ and ‘Tong 10’ showing ~11 ka displaced tephras on NE flanks of Mt.
Ruapehu. D Field outcrop Tong 50" on F4a Poutu Fault strand.





Man,

PoyJamate

outu (11 ka)
Pahoka (11 ka)

Okuparﬂ_Pumahu

Rerewhakaaitu 17.7 ka

(8 1)

Pahoka (11 ka)
Okupata-Pourahu (11.77 ka)

White lapilli

Akurangi (Ruapehu}

o
35"

QOruamatua 831"

7
[ |

Black tephra

Waiohau (13.64 ka) C

Waiohau 13.64 ka

Karioi

Figure S7. Poutu Fault main field outcrops. A-B Field outcrops ‘Tong 72" and ‘Tong 73’ on Fl1a Poutu Fault strand. C-D
‘Tong 76’ and ‘Tong 77 field sites showing displaced tephras between ~14 and 11 ka.






Appendix A3. Supplementary tables

TABLE S1. NET-SLIP, SINGLE-EVENT DISPLACEMENTS, PROGRESSIVE DISPLACEMENTS AND TIMING OF RUPTURE OF THE UPPER WAIKATO STREAM FAULT, SECTIONS 1 & 2.

Section Section 1 Section 2 Section 1 & 2
Faults 1 2 3 4 5 Tl+Faultsl-5 T2=6&7 10/4_2 10/4_4 10/4_6 11/4_4&11/4 5 Events Upper Waikato Stream Fault
Offset (m) Vertical Net-slip SED Vertical Net-slip SED Vertical Net-slip SED Vertical Net-slip SED Vertical Net-slip SED Total Net-slip Vertical Net-slip Vertical Net-slip Vertical Net-slip Vertical Net-slip Vertical Net-slip Total SED/PD N events(Total SED/PD; unknown%)
Taupo pumice (1.72 ka) ? ? ? ? ? ? ?
Mangatawai Tephra (3.52 ka) ? ? ? 0.5£0.2  0.5%0.2 ?(0.54£0.2)° 12(0.5+0.2 to 0.9+0.2; 37.3%)°
Papakai formation (3-11 ka) ? ? ? ? ? ? ? ? ?
Poutu lapilli (11 ka) ? ? ? ? ? 0.7¢+0.2  0.8+0.2 | 2(0.8+0.21)* 11(0.8+0.2 to 1.2+0.2; 37.3%)°
Pahoka Tephra (11 ka) ? ? ? - - ? ? ? ?
Okupata (11.77 ka) ? ? ? 2.1+0.3  2.4+0.4 (2.37+0.42)* (2.4+0.4 to 3.8£0.4t; 37.3%)°
Waiohau Tephra (13.64 ka) ? ? ?
Karioi eruptive period ? ? ? ? ?
Rerewhakaaitu Tephra (17.7ka) ? - - ? ?
Okareka Tephra (21.9 ka) ? - - ? ? ? ? ?
Hokey Pokey eruptive period ? - - ? ? ? ? - - ? 0.01+0.1  0.01+0.2  0.01+0.2 0.01+0.15 0.8t0.2  0.9+0.2 (0.17+0.31) 10(0.1%0.2 to 0.2+0.2; 99.8%)
Oruanui Tephra (25.4 ka) ? 1.1+0.2  1.4+0.2  1.44#0.2° | 0.1+0.1  0.1:0.1  0.12+0.1° - - ? 0.14+0.2  0.16+0.2  0.15+0.3 1.440.36 2+0.29  2.3#0.4 (1.38+0.48) 9(1.7+0.4 to 2.240.4t; 36%)
R10 lahars (26.45 ka) ? 2.320.2 3+0.34 1.57+0.4 0.4+0.1  0.5#0.1 0.35+0.2 - - ? - - ? 3.4610.36 ? ? ? 8(1.9+0.4 to 2.7£0.44%; 29.6%)
Marker unit 1 (olive tephra) ? ? ? 2.8+0.2 3.7+0.4 0.65+0.5 0.4+0.1 0.5+0.1 0£0.17 - - ? - - ? 4.12+0.41 ? ? ? 7(0.65+0.5 to 0.9+0.5; 29.6%)
R11 lahars (26.45 ka) 0.6+0.2  0.7+0.2  0.7#0.2° 340.26  3.9+0.4 0.3+0.6 0.7+0.2  0.8+0.2 0.4+0.26 1.5£0.1  1.74#0.3 1.7¢0.3° | 0.37¢0.2  0.43%0.2 0.3+0.37 6.72+0.62 4.7+0.4  5.4+0.7 ? 6(1.03+0.7 to 2.8+0.8t; 0%)
Okaia Tephra (28.6 ka) ? ? ? - - ? - ? ? ? - ? ? ? ?
Omataroa Tephra (28.2 ka) - - ? 0.8+0.1  0.9+#0.2  0.12#0.3* | 1.8#0.2  2.1#0.4  0.4+0.4° 3+0.39 ? 5(0.47+0.5 to 1.2410.5; 62.2%)
Orange lapilli - - ? - - - 2.2+0.3  2.5+0.4  0.46+0.6 2.54+0.43 ? 4(0.4610.6 to 1.8+0.56; 74.3%)
Elephant surge (marker unit 2) 0.9+0.1  1.0%0.2 0.410.32 1+0.2 1.2+0.3 0.23+0.3 2.240.1 2.5+0.4 0+0.55 4.73+0.46 ? ? ? 3(0.5810.7 to 1.2+0.7; 51.94%)
R12 lahars 0.9+0.4  1.0£0.4 0+0.43 ? ? ? ? 1.04+0.39 ? ? - - ? ?
Hauparu Tephra (36.1 ka) 1.440.2 1.6£0.3  0.58+0.5 1.62+0.31 - - - - ? 2(0.58+0.5 to 5.610.5; 89.7%)
Rotoehu Ash (45.16 ka) ? ? ? - - - - ? ?
R13 lahars (>45 ka) - - - - ? ?
Marker unit 3 - - 1.3+0.2 1.4+0.3 (1.44+0.3)° (1.4440.3 to 2.3+0.3; 37.3%) ®
R14 lahars (>55 ka) 3+0.36  3.5%0.6 - - 1(1.1+0.72) 1(1.1%0.7 to 1.75+0.7; 37.3%)
R15 lahars (<133 ka) ? ? ? ? ?
Total 3.8+0.5 4.4%0.6 4 9.2+0.4  12+0.7 4 3.4+0.4  3.9+0.4 6 7.7+t0.4  8.9+0.7 4 0.52+0.3 0.6+0.3 3 28.63+0.9 4.7+0.4  5.4#0.7 0.5#0.2 0.5%0.2 5.1%0.5 5.8+0.7 1.3+0.2 1.4+0.3  3.5+0.4 410.5 SED (single-event displacement)
Fault observations Wall a 006-026/75-86NW Wall b & c 037/68NW Wall b & ¢ 029/>80NW Wall b & c 005-020/81-84NW Wall b & c 012-043/72-89SE T1=142+3+4-5 Wall d NE/NW 005-028/77NW 355-020/46-84NW  015-020/60-72NW  010-025/70-76NW abC°“|d have happened after.thls tl'me
Last event known, uncertain timing
Fault termination R11 lahars (<28.2 ka) Covered by <17.7 ka paleo- 25.4%0.2 ka Covered by <21.8+0.5ka paleo- Hokey Pokey eruptive period, ca.17.7 ka <R11 lahars (27 uncertain Uncertain <36.1 ka? Uncertain - No value
channel channel, but inferred from fault between 21.8ka and 23ka ka) (<11.77 ka) (unconformity) (<11 ka?) ? Not sure
5in 23.6 ka * Slip-rate based on net offset
Mean slip rate (mm/yr) * 0.04+0.02 (36.1 ka) 0.11+0.03 (27 ka) 0.02+0.02 (28.6 ka) 0.08+0.03 (32.15 ka) 0.01+0.01 (27 ka) 0.05+0.05 0.1+0.03 (27 ka) 0.15+0.05 (3.52 0.07+0.04 (45 ka) 0.03+0.01 (45 ka) 0.09+0.03 (25.4 ___ Fault termination
(36.1 ka) ka) ka) 1 more than 1 event
Other comments Scarp-derived colluvial wedge 0.3 m wide fissure filled with Multiple-steps around 1 event just after 36.1 ka, over- Antithetic normal fault of fault 4 Same fault Multiple-step Multiple-steps at Erosive paleo- 10m-high river 4 faults & 2
below R12 lahars filled with alluvial debris of reworked R11 lahars thickening of the layer above Elephant at deeper fault; downthrown Papakai F. channel <45 ka exposure fractures, tilted
Hauparu Tephra and a gray ash tephra smeared in the fault surge (free fault-face eroded). levels block tilted to the 3-step fault at deposits
deposit, evidencing an event zone Complex zone with multiple-steps south >36.1 ka

shortly after 36.1 ka

around Elephant surge

Net-slip=total displacement associated to each chronological maker. SED/PD= single event displacement/progressive displacement. EVENTS: N event= minimum number of rupture events; Total SED/PD= minimum and maximum total progressive displacement; Unknown %= unknown percentage of total PD
relative to the 100% displacement measured on R11 lahars. Note that we do not differentiate between single-event displacement or progressive displacement here because of these values could represent one rupture (SED) and more than one rupture event. All the values are in meters. All the ages are cal
ka BP. See methods section for data accuracy. Values in blue are data taken with Terrestrial Laser Scanner.






TABLE S2. NET-SLIP, SINGLE-EVENT DISPLACEMENTS, PROGRESSIVE DISPLACEMENTS AND TIMING OF RUPTURE OF THE WAHIANOA FAULT, SECTIONS 2 & 3, AND COMPARISON OF FAULT RUPTURES OF THE UPPER WAIKATO STREAM, WAHIANOA AND
RANGIPO FAULTS.

Wahianoa Fault

Upper Waikato Stream Fault

Rangipo Fault
Villamor et al., 2007

Section Section 2 Section 3 (outcrops) Sections 2 & 3 Section 3 Sections 2 & 3 Sections 1 & 2

Faults 10/4_3 10/4 5 Tonga 15 Tonga 23 Tonga 24 Outcrops Profiles Outcrops + profiles UWS Fault

Offset (m) Vertical Net-slip Vertical Net-slip Vertical Net-slip Vertical Net-slip Vertical Net-slip Events (Total SED) Vertical Net-slip PD N events N events (Total SED/PD; unknown %) N events (Total SED)

Taupo pumice (1.72 ka) ? ? ? ? 7(0.1m)

Mangatawai Tephra (3.52 ka) ? ? ? ? ? 12 (0.5+0.2 to 0.9+0.2; 37.3%)° 6 (0.14 m)

Papakai formation (3-11 ka) - - ? ? ? ? 5(0.8 m)

Poutu lapilli (11 ka) - - ? ? ? ? ? 11 (0.840.2 to 1.240.2; 37.3%)? 4(0.35m)

Poronui Tephra (11.2 ka) ? ? - - ? 5+1.5 6x1.5 6+2.12° 9t(6+2.1) ?

Pahoka Tephra (11 ka) - - - - ? 10+3.5 11.5+4 5.5#5.3 81(5.5%5.3) ?

Pourahu member (11.77 ka) - - - - ? - - ? ? (2.410.4 to 3.8+0.4%; 37.3%)? 3(1.2 m) >25 km

Okupata (11.77 ka) 0.6£0.1 0.7#0.2 | 0.9+0.1 1.1+0.2 7(0.7+0.2 to 1.840.3)® - - ? 7(0.7+0.2 to 1.8+0.3) 2 (>0.5 m)

Shawcroft Tephra - - 1.3+0.1 1.4%0.2 6(0.4+0.3) - - ? (0.37+0.3)

Waiohau Tephra (13.64 ka) ? ? 1.5:0.1 1.8+0.3 5(0.3:0.4) - - ? (0.32+0.4) 1(0.35 m)

Karioi eruptive period (15 ka) - - ? 20+2.5 2313 12+3.9° 61(12+3.9)

Rerewhakaaitu Tephra (17.7ka) - - ? 264 30+4.5 716 5 (716)

Last glacial maximum (>18 ka) 1.840.1 2.0+0.3 ? ? 4(0.3+0.4)? - - ? (0.28+0.4)

Rangipo eruptive period - - - - ? - - ? ?

Okareka Tephra (21.8 ka) - - - - ? - - ? ?

Hokey Pokey eruptive period ? ? 1.9+0.1 2.2+0.3 3t(2.2+0.3)? - - ? 47(2.22+0.3) 10 (0.1+0.2 to 0.2+0.2; 99.8%)

Oruanui Tephra (25.4 ka) ? ? - - ? ? 9 (1.740.4 to 2.210.41; 36%)

R10 lahars - - ? ? 8(1.9+0.4 to 2.710.4t; 29.6%)

Marker unit 1 (olive tephra) - - ? ? 7 (0.740.5 to 0.940.5; 29.6%)

R11 lahars - - ? ? 6 (1.0+0.7 to 2.80.8%; 0%)

Okaia Tephra (28.6ka) - - ? ? ?

Omataroa Tephra (28.2 ka) - - ? ? 5(0.5+0.5 to 1.240.5; 62.2%)

Orange lapilli - - ? ? 4 (0.5£0.6 to 1.8+0.6; 74.3%)

Elephant surge (marker unit 2) - - ? ? 3(0.610.7 to 1.2+0.7; 51.94%)

R12 lahars - - ? ? ?

Hauparu Tephra (36.1ka) ? ? ? - - ? ? 2 (0.610.5 to 5.6+0.5%; 89.7%)

Rotoehu Ash (45.16 ka) - - ? - - ? ? ?

R13 lahars (>45 ka) - - ? 28+4 3245 2162 3(216) ?

Marker unit 3 - - ? - - ? (1.4+0.3 to 2.3+0.3; 37.3%)°

R14 lahars (>45 ka) 2.6£0.3  3+0.52 ? ? 2t(3+0.5) - - ? ? 1(1.120.7 to 1.840.7; 37.3%)

R15 lahars (<133 ka) ? ? 2.1+0.3 2.4+0.4 11(2.4+0.44)2 29+3 34+3 2+4.24° 2(2+4.24) ?

Wahianoa Formation (133 ka) ? ? ? 34+4.5 39+4.5 5+6.36 17(5+6.36)

Total 2.610.3 3+0.35 2.1+0.3 2.4+0.4 0.6%0.1 0.7#0.2 5.5#0.3 6.3+0.5 1.9+0.1 2.2+0.3 7 15+19.0 175.5+21 >0 events >12 events 7 events

Fault observations 015/72SE 030/72SE 060-090/80SE 036-098/60-90NNW 020-080/69-85SSE NE/SE 035-045/SE NE/SE NE/NW NNE/NW

Fault termination <45 ka Uncertain Uncertain (<11 ka)  Uncertain (<11 ka)  Uncertain (<17.7 ka)  Uncertain (<11.77 ka) Uncertain (<11.2 ka) Uncertain (<11.2 ka) Uncertain (<3.52 ka) Uncertain (<1.72 ka)

Mean slip rate (mm/yr) * >0.07+0.02 >0.0210.0 0.06+0.02 0.11+0.04 0.09+0.02 0.15+0.31 0.3+1.12 0.15-0.33 0.3-0.63 0.2 (13.6 ka) - 1.02 (25.4 ka)
(>45 ka) (133 ka) (11.77 ka) (17.7 ka) (23.6 ka) (>45 ka) (133 ka) (133 ka) (45 ka)

Comments 10 m-high river 4-step fault at Multiple-step fault  Antithetic faults of Primary normal Events 1,2 & 3 might Good geomorphic expression. SED (single-event displacement) 2 Could have happened after this time
exposure >133 ka Tonga 24 fault of Tonga 23 represent more than Values from topographic P Last event known, uncertain timing - No value

? Not sure
*Slip rate based on net offset (dip-slip)

1 event profiles within deposits of

different ages

Fault termination
T More than 1 event






TABLE S3. WAIHI FAULT DISPLACEMENTS

Id Fault# Offset(m) Slope angle ° Age (ka) Best_shown Lithology Source X_coord _ Y_coord Lat Lon
1 le 4 2 >17.7 Te Heuheu debris fan Hodgson, 1993 1829245 5676910 175.6482 -39.02682166
2 id 5 4 >17.7 hillshade Te Heuheu lahars field 1829583 5676965 175.6521 -39.02623438
3 id 73 4 85 Tongariro-Oturere lava Stipp, 1968 1829032 5675693 175.6462 -39.03782891
4 id 15 2 36.1 hillshade Te Whaiau debris fan Lecointre et al., 2002 1828537 5675116 175.6407 -39.04315311
5 id 7 2 36.2 Te Heuheu debris fan Lecointre et al. 2002 1827446 5673342 175.6287 -39.05940316
6 2a 3 6 36.3 hillshade Mangatepopo moraine Eaves, 2015 1824752 5664353 175.6005 -39.14102092
7 2a 2 7 36.4 hillshade Fan/colluvium Leonard et al., 2015 1824943 5664674 175.6026 -39.13808427
8 2a 6 8 36.5 hillshade Mangatepopo moraine Eaves, 2015 1825044 5664825 175.6037 -39.13669867
9 3b 5 7 36.6 hillshade Mangatepopo moraine Eaves, 2015 1825082 5664435 175.6043 -39.14019597
10 3b 10 7 36.7 hillshade Mangatepopo moraine Eaves, 2015 1825262 5664624 175.6063 -39.13845079
11 3b 15 7 36.8 hillshade Mangatepopo moraine Eaves, 2015 1825505 5664567 175.6092 -39.13890123
12 3b 3 4 36.9 Fan/colluvium Leonard et al., 2015 1825521 5664760 175.6093 -39.13715846
13 3b 37 4 36.1 Mangatepopo moraine Eaves, 2015 1825496 5665124 175.6089 -39.1338892
14 3b 40 5 36.11 Mangatepopo moriane Eaves, 2015 1825604 5665551 175.61 -39.13002035
15 3b 30 5 36.12 hillshade Summit Formation lava Leonard et al., 2015 1825933 5666188 175.6136 -39.12420242
16 3b 32 4 36.13 hillshade Summit Formation lava Leonard et al., 2015 1826136 5666961 175.6157 -39.11719115
17 3b 30 4 36.14 hillshade Summit Formation lava Leonard et al., 2015 1826337 5667352 175.6178 -39.11361712
18 3b 5 4 36.15 North Crater lava Leonard et al., 2015 1826642 5668331 175.621 -39.10472709
19 3b 6 4 36.16 hillshade North Crater lava Leonard et al., 2015 1826974 5669241 175.6246 -39.09644869
20 1c 22 8 36.17 hillshade Summit Formation lava Leonard et al., 2015 1825866 5667606 175.6123 -39.11145208
21 1c 3 4 36.18 hillshade North Crater lava Leonard et al., 2015 1825941 5668300 175.6129 -39.10518064
22 4b 12 9 36.19 Mangatepopo moraine Eaves, 2015 1825830 5664596 175.6129 -39.13855372
23 4c 13 10 36.2 Mangatepopo moraine Eaves, 2015 1826052 5664668 175.6154 -39.13784865
24 4b 5 11 36.21 hillshade Mangatepopo moraine Eaves, 2015 1825811 5665154 175.6125 -39.13353481
25 4b 17 11 36.22 Mangatepopo moraine Eaves, 2015 1826125 5665833 175.6159 -39.12734665
26 4b 20 15 36.23 hillshade Mangatepopo moraine Eaves, 2015 1826193 5665935 175.6167 -39.12641257
27 4c 8 12 36.24 hillshade Mangatepopo moraine Eaves, 2015 1826176 5665342 175.6167 -39.13175018
28 4c 16 8 36.25 hillshade Mangatepopo moraine Eaves, 2015 1826464 5665803 175.6198 -39.12752198
29 4d 2 3 36.26 hillshade Tangatu debris fan Hodgson, 1993 1827674 5669415 175.6326 -39.09469876
30 4c 16 12 36.27 North Crater scoria Leonard et al., 2015 1826653 5666467 175.6218 -39.12150339
31 4c 16 20 36.28 hillshade North Crater scoria Leonard et al., 2015 1826903 5666967 175.6245 -39.11693619
32 4d 43 9 36.29 North Crater scoria Leonard et al., 2015 1827449 5670870 175.6295 -39.08165465
33 4d 40 20 36.3 hillshade North Crater scoria Leonard et al., 2015 1827430 5671325 175.6292 -39.07756973
34 5a 70 12 36.31 Summit Formation lava Leonard et al., 2015 1826771 5665022 175.6236 -39.13447988
35 5a 65 19 36.32 Summit Formation lava Leonard et al., 2015 1826856 5665241 175.6245 -39.13248318
36 S5a 40 16 36.33 North Crater lava Leonard et al., 2015 1826953 5665434 175.6256 -39.13072219
37 Sa 44 13 36.34 North Crater lava Leonard et al., 2015 1827191 5665960 175.6282 -39.12592347
38 Sb 19 16 36.35 North Crater scoria Leonard et al., 2015 1827004 5666135 175.626 -39.12439628
39 6b 36 15 36.36 North Crater lava Leonard et al., 2015 1827623 5666392 175.633 -39.12192179
40 6b 11 16 36.37 hillshade North Crater scoria Leonard et al., 2015 1827804 5667332 175.6348 -39.11341336
41 4d 5 8 36.38 hillshade North Crater lava Leonard et al., 2015 1827612 5668760 175.6321 -39.10061164
42 6b 25 12 36.39 hillshade North Crater lava Leonard et al., 2015 1827959 5667890 175.6364 -39.10835465
a3 6b 20 9 36.4 North Crater lava Leonard et al., 2015 1828231 5668696 175.6393 -39.10102185
a4 6b a5 10 36.41 hillshade North Crater scoria Leonard et al., 2015 1828135 5669902 175.6378 -39.09019104
45 3b 45 18 36.42 North Crater scoria Leonard et al., 2015 1827686 5672169 175.6318 -39.06990738
46 3b 37 1 36.43 Te Whaiau debris fan Lecointre et al., 2002 1828725 5674610 175.643 -39.04765706
a7 3b 62 5 36.44 Tongariro-Oturere lava Stipp, 1968 1828878 5675037 175.6446 -39.04377758
48 3b 61 S 36.45 Tongariro-Oturere lava Stipp, 1968 1829624 5676149 175.6529 -39.03356925
49 3b 14 2 36.46 hillshade Te Whaiau debris fan Lecointre et al., 2002 1830865 5677502 175.6667 -39.02105912
50 7b 1 1 36.47 Fan/colluvium Leonard et al., 2015 1831756 5676348 175.6774 -39.03121885
51 1 1 1 36.48 Taurewa Fan/colluvium Leonard et al., 2015 1832319 5675971 175.684 -39.0344606
52 6b 45 4 36.49 hillshade North Crater lava Leonard et al., 2015 1828764 5673534 175.6438 -39.05733853
53 6b 28 2 36.5 North Crater lava Leonard et al., 2015 1828906 5672565 175.6458 -39.0660177
54 6b 28 3 36.51 hillshade North Crater lava Leonard et al., 2015 1828555 5671459 175.6421 -39.0760703
55 6b 30 2 36.52 North Crater lava Leonard et al., 2015 1828495 5670897 175.6416 -39.08114423
56 7a 28 13 36.53 North Crater Lava Leonard et al., 2015 1828488 5667956 175.6425 -39.10761607
57 7a 5 2 36.54 North Crater lava Leonard et al., 2015 1828494 5668750 175.6423 -39.1004721
58 4 4 2 36.55 North Crater scoria Leonard et al., 2015 1828939 5667116 175.648 -39.11506042
59 4 15 16 36.56 North Crater lava Leonard et al., 2015 1829408 5667687 175.6532 -39.10979817
60 2 2 1 36.57 Te Maari lava Leonard et al., 2015 1830100 5670886 175.6601 -39.08081839
61 2 5 1 36.58 Te Heuheu debris fan Hodgson, 1993 1830576 5671674 175.6654 -39.07360037
62 2 4 3 36.59 Te Maari lava Leonard et al., 2015 1830907 5671876 175.6691 -39.07169641
63 3 2 7 36.6 Te Maari lava Leonard et al., 2015 1830193 5669848 175.6616 -39.09013999
64 3 6 8 36.61 Te Maari lava Leonard et al., 2015 1830392 5670386 175.6637 -39.08523997
65 3 8 S 36.62 Te Maari lava Leonard et al., 2015 1830779 5670875 175.668 -39.08073732
66 3 1 1 36.63 Onetapu debris fan Hodgson, 2007 1831565 5672085 175.6766 -39.06964129
67 3 14 1 36.64 North Crater lava Leonard et al., 2015 1831820 5672762 175.6794 -39.06347658
68 3 13 1 36.65 North Crater lava Leonard et al., 2015 1832346 5674046 175.685 -39.05178091
69 Sa 37 9 36.66 Pukekaikiore lava Hobden et al. 1996 1825429 5663092 175.6088 -39.15219485
70 5a 35 12 36.67 Pukekaikiore lava Hobden et al., 1996 1825306 5662717 175.6075 -39.15560316
71 5a 43 14 36.68 Tama Trig lava Hobden et al., 1996 1825204 5661295 175.6068 -39.16842968
72 6b 2 2 36.69 Taupo pumice Formation Leonard et al., 2015 1825231 5660762 175.6073 -39.17322046
73 6b 22 6 36.7 Tama Trig lava Hobden et al., 1996 1825262 5660470 175.6077 -39.1758413
74 6a 67 3 36.71 Tama Trig lava Hobden et al., 1996 1824654 5658137 175.6015 -39.19700283
75 6a 25 12 36.72 Moraine Q4 1823480 5656156 175.5885 -39.21513374
76 4a 14 6 20 Moraine Q2 1821884 5655805 175.5702 -39.21870935
77 4a 8 10 10.6 Whakapapa Formation Leonard et al., 2015 1822235 5656249 175.5741 -39.21462468
78 4a? 7 11 20 Moraine Q2 1822369 5656653 175.5755 -39.21095164
79 4a? 5 5 20 Moraine Q2 1822658 5657198 175.5787 -39.20597135
80 4a? 4 1 20 Moraine Q2 1823205 5657988 175.5847 -39.19871352
81 5a 10 o] 20 Moraine Q2 1822983 5657005 175.5825 -39.20762657
82 Sa 6 2 >20 Mangawhero Formation Gamble et al 2003 1823952 5658337 175.5933 -39.19538787
83 S5a 6 6 200? Tama Trig lava Hobden et al, 1996 1824324 5659332 175.5972 -39.18632936
84 Sa 55 10 200 Tama Trig lava Hobden et al., 1996 1824692 5660335 175.6012 -39.17720773
85 Sa 25 3 60 Moraine Q4 Leonard et al., 2015 1824751 5660479 175.6018 -39.1758943
86 2a 32 17 60 Moraine Q4 1820514 5654749 175.5547 -39.22856148
87 2a 10 9 20 Moraine Q2 1820817 5655707 175.5579 -39.21986322
88 3a 10 5 35? Debris fan Leonard et al., 2015 1822820 5659035 175.5799 -39.18939199
89 3a 17 9 >20? Mangawhero Fromation Gamble et al., 2003 1823058 5659610 175.5825 -39.18415444
90 3a 8 9 >20 Mangawhero Fromation? Gamble et al., 2003 1823266 5660154 175.5847 -39.17920105
91 3a 13 11 30 Moraine Q2+? Leonard et al., 2015 1823624 5660919 175.5886 -39.17222677
92 3b 16 25 <25 Makahikatoa lava Leonard et al., 2015 1824735 5662782 175.6008 -39.15516553
93 3b 15 1 <25 Makahikatoa lava Leonard et al., 2015 1824909 5663338 175.6027 -39.15011879
94 3b 1 8 <3 Fan/colluvium Leonard et al., 2015 1824945 5663461 175.6031 -39.14900103
95 2a 32 10 >70 Wahianoa Formation Gamble et al., 2003 1822070 5659170 175.5712 -39.18837132
96 2a 5 6 >20? Mangawhero Formation? Gamble et al., 2003 1822356 5659646 175.5744  -39.18401303
97 2a o 1 <2 Taupo pumice Formation? Leonard et al., 2015 1822429 5659857 175.5751 -39.18208739
98 1b a 5 >20? Mangawhero Formation? Gamble et al., 2003 1822102 5660244 175.5712 -39.17869274
99 la 3 3 >20? Mangawhero Fromation? Gamble et al., 2003 1821582 5660018 175.5653 -39.18085919
100 1la 2 4 >20? Mangawhero Fromation? Gamble et al., 2003 1822428 5661332 175.5746 -39.16881474
101 1b 2 a >20? aerial photo Mangawhero Fromation? Gamble et al., 2003 1822534 5661254 175.5759 -39.16948524
102 2a 10 10 20 Moraine Q2? Leonard et al., 2015 1823246 5661975 175.5839 -39.16281535
103 3a 7 6 20 Moraine Q2? Leonard et al., 2015 1823853 5661727 175.591 -39.16488977
104 2a 7 9 20 Moraine Q2? Leonard et al., 2015 1823474 5661862 175.5866 -39.1637728
105 2a 10 7 20 Moraine Q2? Leonard et al., 2015 1823629 5661801 175.5884 -39.16428418
106 2a 12 6 30 Moraine Q2+? Leonard et al., 2015 1823531 5662308 175.5871 -39.15974132
107 2a 12 5 30 Moraine Q2+? Leonard et al., 2015 1823730 5662193 175.5894 -39.16072605
108 le 6 2 17.7 hillshade Te Heuheu debris fan field 1829275 5677229 175.6485 -39.02393813
109 3b 5 2 17.7 hillshade Te Heuheu debris fan field 1829359 5675827 175.6499 -39.03653472
110 7a 10 2 <12 hillshade North Crater lava Leonard et al., 2015 1828799 5670489 175.6452 -39.08473391
111 1 15 3 <25 Taurewa North Crater lava Leonard et al., 2015 1830813 5673601 175.6674 -39.05619546
112 Sa 15 10 190 Pukekaikiore lava Hobden et al., 1996 1825407 5662925 175.6086 -39.15370984
113 5a 20 10 190 Pukekaikiore lava Hobden et al., 1996 1825365 5662992 175.6081 -39.15311751
114 2a 10 15 <25 Makahikatoa lava Leonard et al., 2015 1823887 5662504 175.5911 -39.1578887
115 Flc 5 10 59? Summit formation lava flow Leonard et al., 2015 1824806 5664888 175.601 -39.13619419
116 15 10 59? Hillshade Summit Formation? Leonard et al., 2015 1823580 5666660 175.5862 -39.12055665
117 F2a 30 14 70? Hillshade Taranaki Falls lava flow 1821601 5657460 175.5664 -39.2038842






TABLE S4. POUTU FAULT DISPLACEMENTS

Id Fault# Dipdirection Offset(m) Slope angle® Age (ka) Age error (ka) Lithology Source X_coord Y_coord Lat Lon

1 6a SE 59 15 >200 10 Tama Trig lava Hobdenetal.,, 1996 1830149 5660594  175.6641799 -39.17344573
2 6a SE 27 6 97 10 Oturere lava flows Hobdenetal., 1996 1830242 5660669 175.6652315 -39.17275013
3 6a SE 3 3 <3 1 Fan/colluvium Leonard etal., 2015 1830344 5660735 175.6663905 -39.1721258
4 7a SE 72 11 >200 10 Tama Trig lava Hobdenetal., 1996 1827521 5660007 175.6339869 -39.17942745
5 6a SE 71 8 >200 10 Tama Trig lava Hobdenetal., 2015 1828357 5659653 175.6437814  -39.18239187
6 5a SE 6 7 <20 5 Tephra on Waihohonu moraine Leonard etal., 2015 1827842 5657424  175.6385672 -39.20259001
7 5a SE 50 6 >200 10 Tama Trig lava Hobdenetal., 1996 1828402 5658057 175.6448428 -39.1967459
8 5a SE 5 7 <20 5 Tephra on Waihohonu moraine Leonard etal., 2015 1829419 5658575 175.6564234  -39.19181642
9 5a SE 5 7 <20 2 Waihohonu moraine Leonard etal., 2015 1829733 5658882 175.659955 -39.18896836
10 5a SE 38 10 <128 5 Tama Trig lava Hobdenetal., 1996 1830550 5659703  175.6691283  -39.18136646
1 5a SE 22 10 <60 5 Tephra on moraine Q4 Leonard etal., 2015 1830633 5659982  175.6699937  -39.17882663
12 4a SE 1 15 <3 1 Fan/colluvium Leonard etal., 2015 1829999 5658226  175.6632575  -39.19480263
13 SE 5 6 <20 2 Waihohonu moraine Leonard etal., 2015 1830101 5658433  175.6643679 -39.1929173
14 SE 3 1 <20 5 Tephra on Waihohonu moraine Leonard etal., 2015 1829877 5657894  175.6619548  -39.19782428
15 4a SE 12 2 <20 2 Tephra on Waihohonu moraine Leonard etal., 2015 1831154 5659817  175.6760748  -39.18017202
16 3b NW 11 25 <20 2 Tephra on Waihohonu moraine Leonard etal., 2015 1831462 5659533  175.6797345 -39.1826464
17 4a SE 6 6 <20 5 Tephra on Waihohonu moraine Leonard etal., 2015 1830834 5659168  175.6725915  -39.18610144
18 2b SE 16 12 >20 5 Tephra on Waihohonu moraine Leonard etal., 2015 1832211 5659427  175.6884287 -39.1834009
19 3a NW 6 18 <20 5 Tephra on Waihohonu moraine Q2 Leonard etal., 2015 1831237 5658498  175.6774866  -39.19202784
20 3b NW 13 3 <20 2 Waihohonu moraine Q2 Leonard etal., 2015 1831052 5658791  175.6752396  -39.18943612
21 3a NW 15 5 <20 2 Waihohonu moraine Q2 Leonard etal., 2015 1830588 5657851  175.6701988 -39.198026
22 2a NW 9 22 <20 2 Waihohonu moraine Q2 Leonard etal., 2015 1831349 5658308  175.6788388  -39.19370448
23 2a NW 12 25 <20 2 Waihohonu moraine Q2 Leonard etal., 2015 1830915 5657645  175.6740495 -39.1997907
24 la NW 10 5 <20 2 Waihohonu moraine Q2 Leonard etal., 2015 1831516 5657328  175.6811142  -39.20248386
25 la NW 10 3 <20 2 Waihohonu moraine Q2 Leonard etal., 2015 1831635 5658118  175.6822173  -39.19534055
26 la NwW 14 5 40.5 5 Debris fan Q3? Leonard etal., 2015 1831910 5658502 175.685269 -39.19181485
27 4a SE 41 3 97 10 Waihohonu lava Hobdenetal., 1996 1831505 5660523 175.6798881 -39.173728
28 4a SE 49 15 97 10 Waihohonu lava Hobdenetal., 1996 1831732 5660885 175.6823852 -39.1704051
29 3b SE 8 6 <60 5 Tephra on moraine Q4 Leonard etal., 2015 1832431 5660787 175.6905045 -39.171108
30 2b SE 4 4 10 5 Tangatu debris fan Hodgson, 1993 1832371 5659868 175.690132 -39.17939201
31 2b SE 12 7 <60 5 Tephra on moraine Leonard etal., 2015 1832454 5660154  175.6909874 -39.17680029
32 2b SE 12 6 60 5 Moraine Q4 Leonard etal., 2015 1832586 5660453 175.6924176 -39.17406824
33 2c NW 29 12 60 5 Moraine Q4 Leonard etal., 2015 1832807 5660009 175.6951275 -39.17801067
34 2c NwW 24 2 60 5 Moraine Q4 Leonard etal., 2015 1833152 5660554  175.6989208 -39.17301338
35 la NW 25 8.5 60 5 Moraine Q4 Leonard etal., 2015 1833315 5660364  175.7008716 -39.17467159
36 la NW 28 12 60 5 Moraine Q4 Leonard etal., 2015 1832959 5659818 175.6969433 -39.17968366
37 4a SE 6 9 <12 5 Red Crater lava Leonard etal., 2015 1832460 5661538 175.6905836 -39.16433411
38 3b SE 7 10 <12 5 Red Crater lava Leonard etal., 2015 1832899 5661383 175.6957132 -39.1656164
39 la NW 8 3.5 <12 5 Red Crater lava Leonard etal., 2015 1833744 5661325 175.7055072 -39.16591014
40 3b SE 5 5 >15 5 Oturere moraine Q2 Leonard etal., 2015 1833527 5662360  175.7026397 -39.15665052
41 1a NW 25 10 >60 10 Mangahouhounui lava Leonard etal., 2015 1834141 5662052 175.7098448 -39.15925901
42 1b NW 25 10 >60 10 Mangahouhounui lava Leonard etal., 2015 1834056 5662100  175.7088494  -39.15885311
43 1b NW 20 7 >15 5 Oturere moraine Q2 Leonard etal., 2015 1834326 5662839 175.7117116 -39.15212303
44 1b NW 38 7 >60 10 Mangahouhounui lava Leonard etal., 2015 1834925 5663593 175.7183748 -39.1451764
45 1b NW 30 8 60 5 Moraine Q4 Leonard etal., 2015 1835928 5664545 175.7296373 -39.136339
46 6b NW 22 10 >15 5 Oturere moraine Q2 Leonard etal., 2015 1832619 5663150 175.6918696 -39.14978465
47 6b NW 29 11 >60 10 Mangahouhounui lava Leonard etal., 2015 1833997 5663634  175.7076363 -39.14506056
48 6d SE 8 12 >15 5 Oturere moraine Q2 Leonard etal., 2015 1833277 5663791 175.6992521 -39.14384294
49 6d SE 60 5 >60 10 Mangahouhounui lava Leonard etal., 2015 1833703 5664065 175.7040815 -39.14126331
50 6C NW 28 1 >60 10 Mangahouhounui lava Leonard etal., 2015 1833843 5663839 175.7057771 -39.14325748
51 7c SE 30 18 >60 10 Mangahouhounui lava Leonard etal., 2015 1833461 5664743 175.7010592 -39.13521724
52 7d SE 15 4 20 5 Moraine Q2 Leonard etal., 2015 1834099 5665593 175.7081297 -39.12739878
53 7b SE 35 15 >60 10 Mangahouhounui lava Leonard etal., 2015 1834448 5666154 175.7119761 -39.12225454
54 8a NW 32 18 >60 10 Mangahouhounui lava Leonard etal., 2015 1835155 5667207  175.7197745  -39.11258982
55 8c NW 6 6 <20 10 Tephra on moraine Q2 Leonard etal., 2015 1834171 5666844  175.7085322  -39.11612235
56 8b NW 5 14 <20 10 Tephra on moraine Q2 Leonard etal., 2015 1834385 5666568  175.7110981  -39.11854184
57 8a SE 4 11 <20 10 Tephra on moraine Q2 Leonard etal., 2015 1834547 5666417  175.7130264 -39.1198609
58 8d SE 15 3 100 10 Mangahouhounui lava Leonard etal., 2015 1834741 5667460  175.7149089  -39.11041717
59 la NW 1 1 <3 2 Fan/colluvium Leonard etal., 2015 1832687 5659354  175.6939621  -39.18393169
60 7d SE 25 12 100 10 Mangahouhounui lava Leonard etal., 2015 1835047 5666058  175.7189349  -39.12295401
61 7c NW 60 6 100 10 Mangahouhounui lava Q6? Leonard etal., 2015 1837151 5668111  175.7425297  -39.10390513
62 7c NwW 12 1 17.7 1 Te Heu Heu debris fan field 1838000 5669463 175.751854 -39.09151193
63 7b NW 16 4 17.7 1 Te Heuheu debris fan field 1837751 5670032 175.7487846 -39.08645677
64 12a SE 9 15 17.7 1 Te Heuheu debris fan Hodgson, 1993 1835743 5670138 175.7255569 -39.08604726
65 12a SE 8 5 <12 5 Te Maari lava Leonard etal., 2015 1835526 5669974 175.7231059 -39.08757683
66 1la SE 25 1 >60 10 Mangahouhounui lava? Leonard etal., 2015 1835509 5669459 175.7230932 -39.09221994
67 1la SE 4 2 10 5 Tangatu debris fan Hodgson etal., 2015 1836018 5670095 175.7287483 -39.08635938
68 10a SE 50 18 100 10 Mangahouhounui lava Leonard etal., 2015 1835392 5668936 175.7219217 -39.09695662
69 9a NW 56 10 100 10 Mangahouhounui lava Leonard etal., 2015 1836095 5668983 175.7300183 -39.09634358
70 8a NW 54 2 100 10 Mangahouhounui lava Leonard etal., 2015 1835519 5667677 175.7238227 -39.10826257
71 7b SE 13 8 17.7 1 Te Heuheu debris fan Hodgson etal., 2015 1836044 5667273 175.7300295 -39.11174925
72 4b SE 5 5 <20 2 Waihohonu moraine Leonard etal., 2015 1829940 5658680 175.6624186 -39.19073198
73 3b SE 3 3 <20 2 Waihonohu moraine Leonard etal., 2015 1830391 5658138 175.6678142 -39.19549068
74 3b SE 3 3 <20 2 Waihohonu moraine Leonard etal., 2015 1830288 5658239 175.6665883 -39.19460917
75 3b SE 4 6 <60 5 Tephra on moraine Q4 Leonard etal., 2015 1832526 5660774  175.6916127 -39.1711925
76 3b NW 30 11 <60 5 Tephra on moraine Q4 Leonard etal., 2015 1832330 5660428 175.6894569 -39.17436609
77 4a SE 28 3 >60 10 Mangahouhounui lava Leonard etal., 2015 1832729 5662803 175.6932626 -39.15288105
78 6b NW 10 8 >15 5 Oturere moraine Q2 Leonard etal., 2015 1833661 5663439 175.7038172 -39.14690319
79 6¢ NW 12 8 >15 5 Oturere moraine Q2 Leonard etal.,, 2015 1833526 5663591 175.7022077 -39.14556907
80 6e SE 10 10 >60 10 Mangahouhounui lava Leonard etal., 2015 1833411 5664445 175.7005834 -39.13791587
81 6d SE 28 14 >60 10 Mangahouhounui lava Leonard etal., 2015 1834273 5664590 175.7104875 -39.13637648
82 1b NW 25 7 >15 5 Oturere moraine Q2 Leonard etal., 2015 1834523 5663141 175.7138851 -39.14935383
83 2c NW 12 6 >15 5 Oturere moraine Q2 Leonard etal., 2015 1833640 5662144 175.7040224 -39.15857054
84 2c SE 10 6 >15 5 Oturere moraine Q2 Leonard etal., 2015 1833814 5662221 175.7060091 -39.15783095
85 1b NwW 12 7 >15 5 Oturere moraine Q2 Leonard etal., 2015 1833989 5662196 175.7080398 -39.15800761
86 3b NwW 5 8 >15 5 Oturere moraine Q2 Leonard etal.,, 2015 1833453 5662425 175.7017608 -39.15608805
87 2c NwW 10 12 >15 5 Oturere moraine Q2 Leonard etal., 2015 1834358 5663185 175.7119566 -39.14900162
88 1b NwW 22 8 36.1 5 Te Whaiau debris fan Hodgson, 1993 1836125 5665116 175.7317135 -39.13114861
89 7b SE 25 12 >60 10 Mangahouhounui lava Leonard etal., 2015 1831527 5664230 175.6788791 -39.14035405
90 7b SE 60 20 110 10 Mangahouhounui lava Leonard etal., 2015 1831397 5664093 175.6774218 -39.14162546
91 7b SE 50 10 110 10 Mangahouhounui lava Leonard etal., 2015 1832530 5665108 175.6901734 -39.13218593
92 7b SE 18 5 >20 10 Blue Lake lava? Leonard etal., 2015 1832881 5665334 175.6941476 -39.13005293
93 7b SE 10 10 >60 10 Mangahouhounui lava Leonard etal., 2015 1832424 5664890  175.6890141 -39.1341743
94 7b SE 10 4 >60 10 Mangahouhounui lava Leonard etal., 2015 1833839 5665850  175.7050435  -39.12515576
95 7d SE 10 3 >60 10 Mangahouhounui lava Leonard etal., 2015 1833964 5665616  175.7065699  -39.12723248
9% 7d SE 35 10 >60 10 Mangahouhounui lava Leonard etal., 2015 1834332 5665659  175.7108008  -39.12674608
97 7d SE 10 5 <20 10 Q2 moraine Leonard etal., 2015 1834640 5665756  175.7143296  -39.12578287
98 8&d SE 15 10 <20 10 Tephra on moraine Q2 Leonard etal., 2015 1833855 5667028 175.7048217 -39.11455087
929 1la SE 10 12 100 10 Mangatoetoenui lava Leonard etal., 2015 1835033 5668943 175.717765 -39.09699219
100 1la SE 5 4 >60 10 Mangahouhounui lava? Leonard etal., 2015 1835208 5669201 175.7197066 -39.09462846
101 11b SE 8 4 >60 10 Mangahouhounui lava? Leonard etal., 2015 1835119 5669327 175.7186278 -39.09351246
102 1la SE 14 4 >60 10 Mangahouhounui lava? Leonard etal., 2015 1835262 5669147 175.7203388 -39.09510016
103 10a SE 10 13 17.7 1 Te Heuheu debris fan field 1836916 5670336 175.7390369 -39.0839438
104 10b NW 10 1 17.7 1 Te Heuheu debris fan field 1836338 5670208 175.7324001 -39.08525685
105 9a NW 2 4 17.7 1 Te Heuheu debris fan field 1836730 5669863 175.7370521 -39.08825689
106 3a NW 10 4 <20 5 Tephra on Waihohonu moraine Q2 Leonard etal., 2015 1831912 5659457 175.684965 -39.18321574
107 3b SE 8 5 >15 5 Oturere moraine Q2 Leonard etal., 2015 1833245 5662537 175.6993116 -39.15513406
108 7c 5 100 10 Mangahouhounui lava Leonard etal., 2015 1835486 5665836 175.7240738 -39.12483359
109 la NW 17 10 >20 5 Tephra on Waihohonu moraine Leonard etal 2015 1832272 5658896 175.6893163 -39.18816446
110 14 20 1834776 5665508 175.7159845 -39.12797971






TABLE S5. FIELD LOCATIONS

Field site
number
(“Tong")

5
4
34
33
14
13
15
10
11
12
16
17
18
19
20
22
21
24
23
25
26
27
9
29
6
32
31
30
36
41
2
28
1
43
44
48
47
46
50
51
52
54
55
57
58
59
60
61
62
63
64
65
67
66
68
69
70
71
72
73
74
76
77
78
83
84
82
81
79
80

Fault Strike/Dip

No fault
175-200/72W
No fault
No fault
?
030/67-87SE
090/80S
025-039/55-76SE
036-042/68-90E
038-050/68-84SE
163/90 fissure
000-12/58-79SE fissure
No fault
009-032/85-87SE
024/85SE

010-059/60-90NW & 144/66NE

160/87SW fissure
020-080/69-85SSE
216-098/60-90NNW
Fault but no outcrop
023-033/SE
No visible outcrop
210/NW
185-200/81-84NW
186-206/75-86NW
No outcrop
Fissures
No fault
Fault but no outcrop
No fault
217/68NW
012-043/72-89SE
210/68NW fissure
No fault
Fault but no outcrop
Fault but no outcrop
No fault
Fault but no outcrop
036-042/68-90SE

Surface age Nature (description)

Andesitic lavas
<28 ka

Tongariro River
3m of displacement in last 40 ka
Blyth Hut
Round the mountain track
Smalll offset (8cm)
35 m displacement
Okupata displaced >60 cm
Fault termination <11 ka? 6.5m displacement 14 ka
3.33 m of displacement in 11.77 ka
2.8 m displacement in last 11 ka
Fissure termination in Ngauruhoe tephras (>2 ka)
Fissure cuts all the way up to surface (<2 ka)
Channel
40 m displacement
Fault termination Mangatawai t. 3.5ka (6cm in 4ka)
>1 m displacement in 11 ka
No fault
1.9 m displacement in Hokey-Pokey ~23 ka
Antithetic faults 1.8 m displacement in last 18 ka

Turoa lava flow <25 ka?
Bullot Formation <25 ka
W ahianoa Formation Lava Flow >457
W ahianoa Formation Lava Flow >457
> Rerewhakaaitu tephra 17.7 ka
> Rerewhakaaitu tephra 17.7 ka
> Rerewhakaaitu tephra 17.7 ka
Summit Formation lava 59 ka?
Summit Formation lava 59 ka?

North Crater lava <40?

Tama Trig lavas 200 ka

Moraine >20 ka?

Tama Trig lavas 200 ka?
Mangawhero Formation lavas >25 ka
Mangawhero Formation lavas >25 ka

Pihanga lava

Tongariro-Oturere lava 85 ka >70 m offset

36.1 ka? Wairehu cannal
Reworked Oruanui (Hinoera) 25.4 ka 3.5 m displacement in 11 ka
<17 ka Fault 4 UWS 2.2m displ in ~30ka Termination 23.6ka
<17 ka Fault 1 UWS 1.4m displ in 36.1ka Termination <28ka

Tama Lakes pyroclastics
Tama Formation lava
Tama Formation lava

Wahianoa Formation >45?
Whakapapa Formation 10.6 ka

Crater rim

<17.7 ka Fault 2 UWS 3m displ in 27 ka
<17.7 ka F5 UWS Antithetic 37cm displ 26ka Termination 22ka
<17.7 ka Fissure filled with Oruanui tephra 25.4 ka

Te Heuheu? <25 ka
Waihohonu moraine 20 ka
Waihohonu moraine 20 ka
Waihohonu moraine 20 ka
Waihohonu moraine 20 ka
Waihohonu moraine 20 ka

Desert road to Waihohonu Hut
12 m displacement

13 m displacement
Antithetic 3.14 m displacement in 15 ka

030/90 Waihohonu lava 97 ka Antithetic 41 m displacement
024-073/77-90SE Jlangawhero Formation lavas 20-50 ka
No fault Channel

171-191/90 Fissure
020-025/90 Fissures

Onetapu debris fan 2 ka?
Onetapu debris fan 2 ka?

Fissure filled with Taupo pyroclastics 1.7 ka
Fissures in Taupo 1.7 ka (chinemees?)

109-132/90 Fissures <17.7 ka Fissures in Papakai
170/78W, 15-25/80-90 Fissures <17.7 ka 20 cm displacement 28 ka
Fissures <17.7 ka Fissures in Stent tephra 4.3 ka

Fault but no outcrop
047-095/610-90SE

Mangatepopo moraine 20.7 ka
Mangatepopo moraine 52.6 ka

3 m displacement
F2a Waihi 1.45 m displ ~12ka Termination 3.42ka

020-030 Red Crater dike 1.5-8.3 m wide
No fault Summit Fromation lavas? laminated lavas (stream)
Possible fault Paleocanal (possible fault), stratified, dunes

No fault Summit Fromation lavas? Porphyritic lava flow with enclaves

No fault Mangatepopo moraine 20.7 ka Outcrop close to Mangatepopo Hut (crossing stream)
No fault Summit Fromation lavas? Porphyritic lava flow with enclaves

No fault North Crater scoria <25 ka Surges and tephras below scoria

020/84SE North Crater scoria <25 ka F5a Waihi 5.44 m displacement at 17.7 ka

170-180 Dikes
040-045/81-86SE
030-050/58SE
No fault
014-025/65-90SE
014-030/84-90SE

Te Herenga Formation >200 ka
Mangawhero Formation >20 ka
Mangawhero Formation >20 ka
Te Heuheu debris fan 17.7-25 ka
Te Heuheu debris fan 17.7-25 ka
Te Heuheu debris fan 17.7-25 ka

Pinnacle Ridge
Fla Poutu antithetic 81cm displ 13.64ka Ends <11lka
Fla Poutu antithetic 73 cm displ 12 ka Ends <11ka
Oturere stream
F3b Poutu antithetic 2.2 m displ 12 ka
F2b Poutu antithetic 3.85 m displ 11 ka

010-030/64-85SE

Ngauruhoe lavas 1.85 ka

F4b Waihi by crossing track 1.1m displ 4.3-2ka

No fault >Rotoaira lapilli ~17 ka Pihanga Forest
Fault but no outcrop >17.7 ka Pihanga Forest
No fault >17 ka Lake Rotoaira Rd
Fault but no outcrop >17 ka Lake Rotoaira Rd
No fault 25.4 ka Otukou quarry
Waihi Fault >17.7 ka Otukou marae

X Coordinate

1839770
1837704
1817759
1817678
1827753
1827792
1827901
1828552
1828655
1828675
1826800
1826914
1827030
1827022
1825228
1816882
1825189
1824598
1824732
1836243
1829117
1830752
1838152
1836802
1836720
1825757
1825338
1825044
1822432
1820965
1836735
1836796
1836719
1832648
1831489
1830963
1830963
1831103
1830835
1831405
1824919
1828908
1835747
1836082
1836598
1836734
1836465
1824745
1825001
1829098
1825165
1825705
1826695
1824452
1826799
1826948
1826996
1821081
1830377
1829773
1831794
1832080
1832286
1825984
1840572
1838921
1836985
1831650
1829495
1829343

Y Coordinate

5653990
5649465
5643524
5643388
5643591
5643676
5643782
5652990
5653060
5653096
5665029
5665074
5665554
5665583
5661361
5652555
5660686
5641586
5641534
5676236
5676101
5677434
5670780
5648314
5648463
5658951
5658938
5658743
5657783
5657651
5648401
5648375
5648486
5655570
5656752
5657636
5659137
5658809
5659208
5660298
5658433
5657020
5648859
5648953
5648345
5648482
5648674
5664359
5664762
5664644
5664847
5665649
5665675
5664065
5665634
5665571
5665521
5653817
5654887
5654741
5659964
5660011
5659638
5664345
5671738
5672077
5670696
5672365
5677150
5676073






TABLE S6. WAHIFAULT, GEOMORPHIC SURFACE OFFSETS AND PROGRESSIVE DISPLACEMENTS

Fault number id 2a 3a 3b 4a 4b 4c 4d 5a 6a 6b 7a 1 Taurewa* 2 Taurewa 3 Taurewa 4 Taurewa
Stratigraphic units (age) Net-slip ~ PD Net-slip  PD Net-slip PD  Netslp PD Netslip PD  Netslp  PD Net-slip  PD Net-slip  PD Net-slip  PD Net-slip  PD Net-slip  PD Net-slip  PD Net-slip  PD Netslip PD  Netslp PD Netslip PD Events
Onetapu lahars, Taupo Formation, Te Maari lava (<3 ka) - ? 1+1.1  1+1.1 ? 2412 2+1.2 ? ? ? - ? ? ? - ? 2+1.2 2+1.2 - ? 1+1.1  1+1.1 2412 2+1.2 2+1.2 2+1.2 - - 17?
Whakapapa Formation (10.6 ka) - ? - ? ? - ? 8+1.8 818 ? N ? ? ? ? - ? - ? ? ? - ? = ? - ? - ? 16?
Red Crater/North Crater/Te Maari lava (<12 ka) - ? ? ? 515 3£19 - ? ? - ? 515 5*15 ? - ? 20+£3 18+3.2 8+1.8 8xl.8 - ? 414 218 7x1.7 52 414 4%1.4 15
Tangatu debris fan (<14.7 ka) ? ? ? - ? - ? - ? ? - ? - ? - ? - ? - ? - ? - ? ? ? - ? ?
Oturere moraine (>15 ka) 6+1.6 6+1.6 - ? ? ? - ? - ? ? - ? ? ? ? - ? ? ? - ? - ? ? - ? 14
Waihohonu moraine, Te Heuheu debris fan (<20 ka) - ? 102 9423 717 7+1.7 5#15 015 - ? ? - ? ? 6+1.6 6+1.6 - ? ? ? - ? 515 1#2 ? - ? 13
Mangawhero Formation (>20 ka) - ? - ? 102 3+2.6 - ? 14+2.4 63 ? - ? ? 102 4426 - ? ? ? - ? ? ? ? - ? 12
Mangatepopo moraine (20.7 ka) - ? ? - ? - ? ? ? ? ? - ? ? - ? - ? ? ? - ? - ? - ? ?
Mangatepopo moraine (21.9-22.8 ka) - ? - ? ? 15+2.5 10+2.9 - 12+2.2 12+2.2 ? ? ? ? - ? ? ? - ? - ? - ? 11
Makahikatoa lava, North Crater scoria (<25 ka) - ? 10£2 02 - ?  16%2.6 1+3.6 - - - ?  16£2.6 16%2. ? ? - ? ? ? 15425 14%27 - 14%¥2.4 7+29 15:25 11329 10
Mangatepopo moraine (30.6 ka) - ? 12422 243 13+2.3 313 - ? - - - ? - ? - ? ? - ? - ? - ? ? ? - ? ? ? ? 9
North Crater lava/scoria (<40 ka) 1525 943 - ? ? ? - ? - - - ? - ? 40+£5 355.2 ? - ? 29+3.9 9+49 28+3.8 20+4.2 - - - - - 8
Te Whaiau debris fan (40.5 ka) - ? ? - - 37+4.7 21+5.4 - - - ? - ? ? ? ? - ? 4045 11+6.3 ? ? - - - 7
Mangatepopo moraine (>50,52.6 ka) - ? ? - 405 3%6.9 - - 18+2.8 6+3.6 16+2.6 0+2.6 - - ? - ? ? ? - - - - - - 6
Summit Formation lava (59 ka) - ? - ? - - - ? - - ? ? ? ? - - - ? ? ? - - - - - - - ”?
Moraine Q4, matling tephra (60 ka) - ? 32+4.2 20+4.7 - - - ? - - - - - - - - 25+#3.5 15+4 25+3.5 25+3.5 - - - - - - - 5
Mangahouhounui lava, Waimarion debris fan (>60 ka) - ? ? - - - ? - - - - - - - - - ? - 2 - - - - - 2
Wahianoa Formation (>70 ka) - ? 32+4.2 0+4.2 - - - ? - - - - - - - - 2 - Il - - - - a
Tongariro/Oturere lava (85 ka) 73+8.3 58+8.7 ? ? - 61+7.1 21+8.7 - - - - - - - - ? - ? - - - - - 3
Mangahouhounui, Waihohonu/Oturere lavas (<100, 97 ka) ? ? - - - - ? ? - - - - - - - - ? - ? - - - - - 2
Mangahouhounui lava (150 ka) - - - - - - - - - - - - - - - - - ? - 2 - - - - 2
Pukekaikiore lava (190 ka) - - - - - - - - - - - - - - - - 35+4.5 10+5.7 - ? - - - - 2
Tama Trig lava (200 ka) - - - - - - - - - - = : B : - - 55%6.5 20£7.9 67+7.7 42485 - - - - - 1
Total offset (m) 94+8.8 55+5.3 30+4.3 176+10.7 22+3 30£3.6 16+2.6 45+5.2 131+9 92+8.5 91£7.1 36+4.2 16x2.7 11+2.4 23+3.2 19+2.9 17?
Mean slip rate (mm/yr) 0.54+0.18 0.44+0.48 0.43+0.23 0.64+0.7 0.73+0.28 0.43+0.11 0.47+0.17 0.7+0.28 0.34+0.21 0.38+0.1 1.1+1.1 0.68+0.34 0.47+0.46 1.3+3.3 1.1+1.1 0.47+0.24  0.64+3.8

Note: Fault offsets shown on dip-slip displacements for each fault associated with a surface rupture event. The last column represents the minimum number of rupture events. All the values are in meters. All the ages are cal ka BP. See methodology for data accuracy. Table without anomalous data

and averaged values (when multiple). PD, progressive displacement. >2.9 m = more than 1 event; based on 52 km surface-length and Mw 7.2 earthquake; worst case scenario calculated using a fault-scaling relationship developed for the Taupo Volcanic Zone (Villamor et al., 2007; Stirling et al., 2012).

-, no value; ?, uncertain; *, antithetic fault strand.

TABLE S7. WAIHI FAULT, OUTCROP OFFSETS AND PROGRESSIVE DISPLACEMENTS

Location

Field number

Offset (m)

Taupo pumice (1.72 ka)
Mangatawai Tephra (3.52 ka)
Stent Tephra (4.32 ka)

Papakai formation (3-11 ka)
Poutu lapilli (11 ka)
Okupata-Pourahu (11.77 ka)
Ohinewairua (Shawcroft, Bullot F.)
Waiohau Tephra (13.64 ka)
Karioi eruptive period
Rerewhakaaitu Tephra (17.7 ka)
Okareka Tephra (21.9 ka)

Total
Fault observations

Fault termination
Mean slip rate (mm/yr)
Fault number

NW Ruapehu-round West Mt.
Pukekaikiore-Ngauruhoe mountain Tongariro West Mt. Tongariro Mangatepopo valley Events
Tong 20 Tong 22 Tong 62 Tong 70 Tong 78
Net-slip PD Net-slip PD Net-slip Net-slip PD Net-slip PD
0 ? 0 ? - - ? 0.33+£0.11 0.33%0.11 6
0.024+0.1  0.024+0.1 0.7+0.15 0.7+£0.15 - - ? 0.98+0.18 0.65+0.21 5
? ? ? ? ? - ? 1.11+0.19 0.13+0.26 4
0.06 0.1 0.036x0.14 1.05+0.19 0.35+0.24 ? - ? ? ? 3
? ? ? ? ? - ? - - ?
- - - - ? ? ? - - ?
- - - - 1.45+0.24 ? ? - - 2
- - - - ? 4.33+0.66 4.33+0.66* - - ?
- - - - - ? ? - - ?
- - - - - 5.44 +0.82 111+11 - - 1
- - - - - ? ? - -
0.08 +0.14 1.75+0.24 1.45+0.24 9.77 £1.05 242 +0.28 6
010-059/60-90 NW and 047-095/
024/85 SE 144/66 NE (older) 61 SE-vertical 020/84 SE 010-030/64-85 SE
<3.52 cal ka BP <3.52 cal ka BP c. 3.52cal ka BP <11 ka <1.72? <1.72?
0.003 +0.01 0.15+0.07 0.12 +0.03 0.31+0.07 0.24 £ 0.12 0.18+0.32
Fault 5a Fault 2a Fault 5a Fault 4b

Note: Fault offsets shown on dip-slip displacements for each fault associated with a surface rupture event. The last column represents the minimum number of rupture events. PD,
Progressive displacement. All the values are in meters. All the ages are cal ka BP. See methodology for data accuracy. -, no value; ?, uncertain.

* More than one event.






TABLE S8. POUTU FAULT, GEOMORPHIC SURFACE OFFSETS AND PROGRESSIVE DISPLACEMENTS

Fault number la 1b 2a 2b* 2+ 3a 3pt 2a* 5a* 6a* 6b 6c 6d* 7b* 7ct 7d* 8a 8d* %a 10a* 11a* 12a*
Stratigraphic units (age) Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD Netsip PD =S
Onetapu debris fan, Taupo Formation, Te Maari lava (<3 ka) 2 1x11 11 2 ? 2 ? - ? ? - ? 11 11 - ? 3113 3:13 - ? ? 2 2x12 2412 ? ? ? ? 2 2 2 2 2 132
Whakapapa Formation (10.6 ka) ? ? - ? 3413 3:13 4:l4 4414 - ? ? 2 ? ? - ? - ? - ? ? ? - ? ? ? ? ? ? ? 414 4x14 2 ? 122
Red Crater/North Crater/Te Maari lava (<12 ka) 8118 818 - ? ? . ? ? ? 7417 THELT G 52 ? ? ? ? ? ? ? ? ? ? ? ? ?  gg 8:18 11
Tangatu debris fan (<14.7 ka) 2 . 2 2 2 2 2 . 2 2 . 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Oturere moraine (>15 ka) - ?  qoipp 11£25 ? ? 1121 11321 o ? g8 1#£25 ? 2 ? ?  16:26 16£2.6 12:22 12422 gi1g 8:18 . ? 2 ? 2 ? 2 ? 2 ? i1 212 joip  10£2 ?  gs19 126 10
Waihohonu moraine, Te Heuheu debris fan (<20 ka) 1082 26227 20:3 8:37 gi1g 6:23 2 R ? 818 B8+18 11:21 328 10s2 4426 5115 5:15 ? ? - ? ? 14124 12427 12323 12422 1082 10£2 15s25 1525 15125 15+25 ? ? ? 2 ? 9
Mangawhero Formation (>20 ka) 17427 7434 . ? 12122 329 ? ?  15:25 T3 13123 2431 12427 243 gi1p 1422 ? ? ? ?  1gi2g 437 . ? ? . ? ? ? ? ? 8
North Crater lava/scoria (<40 ka) - ? 22432 2+4.4 ? ? ? ? ? ? - ? - ? - ? ? ? ? ? ? ? ? ? ? ? ? ? 7
Te Whaiau debris fan (40.5 ka) 14+2.4 024 - ? ? ? ? ? - ? ? ? ? ? ? ? ? ? ? ? ? ? ?
Summit Formation lava (59 ka) - ? - ? - - - 7 24:34 13+4 30:4 17+4.6 ? - ? ? ? ? - ? - ? ? ? ? ? ? ? ? 6
Moraine Q4, matling tephra (60 ka) - ? 27437 5:49 - - 12422 8426 20:39 5:52 ? ? 7 22:32 1636 ? ? - 7 28:38 20842 - ? - ? ? ? ? ? ? ? 5
Mangahouhounui lava, Waimarino debris fan (>60 ka) 2743.7 13+4.4 38+4.8 1146 18+2.8 6+3.4 ? ? 28+3.8 16+4.4 - ? ? 29439 13+4.7 28+3.8 16344 60+7 3248 304 12+4.9 30+4 18+4.6 35+4.5 25+4.9 32+4.2 17+4.9 ? ? ? 25435 21+3.8 4
Tongariro/Oturere lava (85 ka) 2 2 2 2 . 2 . 2 2 2 2 2 2 2 2 . 2 . 2 2 i . 2 2 2 . 2 2 2 2
Mangahouhounui, Waihohonu lava (<100, 97 ka) - - - - - 45155 17:67 - ? 27437 24139 - - 55165 25:7.6 607 308 5416.4 22+7.6 15+2.5 0:25 56:6.6 54+6.7 50:6 406.3 - 3
Mangahouhounui lava (150 ka) - - - - ? 7 38:4.8 16158 - ? - - ? ? ? ? ? ? ? ? ? ? ? ? - 2
Pukekaikiore lava (190 ka) 2 - 2 2
Tama Trig lava (200 ka) 5046 12+7.7 65+7.5 38+8.4 1
Total offset (m) 76+5.8 120+7.9 24432 34438 6445.6 2343 69+5.6 102+7.6 121+8.6 9548.5 45+4.7 40+4.4 96+8.2 119+8.6 102+8.4 45+4.9 1018 30435 5846.7 60£6.3 29438 17+26 13?7
Mean slip rate (mm/yr) 0.22+0.31 0.63+0.55 0.44+0.18 0.29+0.16 0.54+0.55 0.58+0.22 0.57+0.29 0.48+0.49 0.28+0.13 0.53+0.9 0.78+0.23 0.63£0.19 0.67+0.33 0.67+0.65 0.5+0.38 0.54£0.27 0.61+0.58 0.45£0.15 0.35:0.1 0.59+0.45 0.40.16 0.63+0.47 0.52+1.8

Note: Fault offsets shown on dip-slip displacements for each fault associated with a surface rupture event. The last column represents the minimum number of rupture events. All the values are in meters. All the ages are cal ka BP. See methodology for data accuracy. Table without anomalous data and averaged values (when multiple). PD, progressive displacement. >2.9 m = more than 1 event; based on 52 km

surface-length and Mw 7.2 earthquake; worst case scenario calculated using a fault-scaling relationship developed for the Taupo Volcanic Zone (Villamor et al., 2007; Stirling et al., 2012).

-, no value; ?, uncertain; *, antithetic fault strand.

TABLE S9. POUTU FAULT, OUTCROP OFFSETS AND PROGRESSIVE DISPLACEMENTS

NE Ruapehu-  Oturere- Oturere-
NE Ruapehu-round round Waihohonu Waihohonu- Waihohonu Events
Location Otokou road mountain mountain track Waihohonu-Tukino track ~ Tukino track  Oturere-Waihohonu track track
Field number Tong 09 Tong 10 Tong 11 Tong 50 Tong 72 Tong 73 Tong 76 Tong 77
Offset (m) Net-slip Net-slip PD Net-slip Net-slip Net-slip PD Net-slip Net-slip PD Net-slip
Mangatawai Tephra (3.52 ka) - - ? - - - ? - - ? - ™
Stent Tephra (4.32 ka) - - ? - - - ? - - ? - ?
Papakai formation (3-11 ka) ? - ? - - - ? - - ? - ?
Poutu lapilli (11 ka) 4.89+0.74 ? ? - - ? ? - ? ? ? 6
Pahoka Tephra (11 ka) ? 2.93+0.45 2.93+0.45" - - 0.53+0.13 0.53+0.13 - 0.42+0.13 0.42+0.13 3.85+0.59 5
Okupata-Pourahu (11.77 ka) - 4.05+0.62 1.12+0.77 3.33+0.51 - - ? ? - ? ? 4
Ohinewairua (Shawcroft, Bullot F.) - 6.43+0.97 2.38+1.15" - - 0.79+0.15 0.26+0.32 0.73+0.24 2.2+0.34 1.78+0.36 - 3
Waiohau Tephra (13.64 ka) - >0.52+0.13 0£0.98? - ? 0.81+0.16 0.02+0.22 ? ? ? - 2?
Karioi eruptive period - ? ? - 3.14+0.48 ? ? - - - - 1
Rerewhakaaitu Tephra (17.7 ka) - - - - ? - - - - - - ?
Okareka Tephra (21.9 ka) - - - - - - - - - - -
Total 4.9+0.7 13.92+1.24 3.33+0.51 3.1+0.5 2.13+0.25 0.7+0.2 2.62+0.36 3.85+0.6 7
. 036-042/68- 036-042/68- 030- 014-030/84-

Fault observations 030/NW 025-039/55-76SE 90SE 90SE 040-045/81-86SE 050/58SE 014-025/65-90SE 90SE
Fault termination <11 ka? <11 ka? <11.77? <13.64 ka <11 ka? <11.77 ka? <11 ka? <11 ka? <11 ka?
Mean slip rate (mm/yr) 0.44+0.08 0.29+0.14 0.28+0.05 0.21+0.04 0.06+0.02 0.07+0.02 0.11+0.04 0.35+0.06 0.19+0.19
Fault number Fault 7b Fault 1a° Fault 1a° Fault 4a° Fault 1a° Fault 1a° Fault 3b Fault 2b°

Note: Fault offsets shown on dip-slip displacements for each fault associated with a surface rupture event. The last column represents the minimum number of rupture events. PD, Progressive displacement. All
" Van Dissen, 1999; T More than one event; °, antithetic fault strand.






TABLE 510. MAIN STRATIGRAPHIC UNITS

Epoch T(L?]E Laharic Formations Andesitic Tephra Rhyolitic Tephra
: F Kaharoa tephra (Ok) 1.314 £0.012 ka AD (Hogg et al., 2003)
Onetapu 2 cal ka BP-present (Hodgson et af.,2007) Tufa Trig Formation 1.72 £0.03 cal ka BP-present (Donoghue et al.,, 1997) _
o ” tawai Tephra (Ng) 3.52 cal ka BP (Moebis et al, 2011) Taupo pumice 1.718 £0.005 cal ka BP (232 AD) (Hogg et al., 2011)
: angatawai Tephra (Ng) 3. i N
5 5 Mangaio 4.6 cal ka BP (Donoghue & Neall, 2001) Mapara tephra (Tp) 2.059 £0.12 ka BP (Wilson, 1995)
5 . .
= Manutahi 5.37-3.2 cal ka BP (Lecointre et al,, 2004) Upper Papakai Formation (Tg) 3.7 cal ka BP (Donoghue et al., 1995) Stent tephra (Tp) 4.322 cal ka BP (Alloway et al., 1994)
T Murimotu 10.5 cal ka BP (Eaves et al., 2015) Ngauruhoe Formation 7 cal ka BP (Moebis et al., 2011) Hinemaia tephra (Tp) 5.225+0.05 ka (Wilson, 1993)
10 Whakapapa Formation 10.6 cal ka BP (Eaves, 2015) Whakatane tephra (Ok) 5.53+0.02 cal ka BP (Hajdas et al., 2006)
T tu 17.7-5.37 cal ka BP (Hod , 1993 i
angatu cal ka BP (Hodgson ) Lower Papakai Formation (Ru) 11.1 cal ka BP (Donchgue et al. , 1995) Motutere tephra (Tp) 6.9+0.25 cal ka BP (Moebis et al., 2011)
Mangamate Formation (Tg) 11-12 cal ka BP (Hitchcock & Cole, 2007) Poronui tephra (Tp) 11.2£0.08 cal ka BP (Hajdas et al., 2006)
Poutu lapilli 11 cal ka BP (Hitchcock & Cole, 2007)
Ohakean Terrace Te Rato lapilli
15 Pahoka Tephra 11 cal ka BP (Nairn et al., 1998) Karapiti tephra (Tp) 11.4£0.2 cal ka BP (Hajdas et al., 2006)
Late-glacial warm period 14 ka (Eaves et al., 2015) .
Bullot Formation (Ru) 25-11 cal ka BP (Pardo et al., 2012)
Okupata-Pourahu 11.77+0.19 cal ka BP (Hajdas et al., 2006)
Ohinewairua eruptive period (Akurangi, Oruamatua, Shawcroft) Waiohau tephra (Ok) 13.64+0.17 cal ka BP (Lowe et al., 2008)
Gturere motaine (>15 ka) Karioi eruptive period 15 ka Rotorua tephra (Ok) 15.6 cal ka BP (Hajdas et al., 2006)
g ) ) Tukino eruptive period 17-13.6340.17 cal ka BP (Topping, 1973)
8 Waihohonu moraine (<20 ka) Rotoaira lapilli 17 cal ka BP (Shane et al., 2008)
=} Te Heuheu >25.4-17.7 ka BP (Hodgson, 1993) X ) . Rerewhakaaitu tephra (Ok) 17.7+0.56 cal ka BP (Shane et al., 2007)
20 £ -21.840.
% . rangipo@Empkivespanion 1121 sx0 s cal kBl Okareka tephra (Ok) 21.8 £0.5 cal ka BP (Shane et al., 2008)
o Mangatepopo moraine (21.9-20.7 ka) Mangawhero Formation 50-15 ka (Gamble et al., 2003) Oruanui tephra (Tp) 25.3620.16 cal ka BP (Vandergoes et al., 2013)
25 Ratan Terrace 32 ka Hokey Pokey eruptive period (23-21.8+0.5 cal ka BP) Omataroa tephra (Ok) 28.2 cal ka BP (Froggatt & Lowe, 1990)
Okaia tephra 28.6 cal ka BP (Molloy et al., 2009)
. *
35 Horopito 45-25.4 ka Tama Lakes pyroclastics (37 ka) Hauparu tephra (Ok) 36.1 cal ka BP (Shane et al., 2005)
45 Te Whaiau 45-36.1 ka (Lecointre et al., 2002) *
55 Porewan Terrace >45 ka * . Summit Formation Lavas (Mt. Tongariro) (59 ka) Rotoehu ash (Ok) 45.16+3 ka (Danisik et al,, 2012)
Waimarino Formation 80-45 ka .
Wahianoa 166-80 ka (Gamble et al., 2003) *
65 Tongariro Trig lavas (>80 ka)

Whangaehu 180-45 ka (Keigler et al., 2011) *

Oturere lavas (70-100 ka)
Tama Trig lavas, Te Herenga formation 200-150 ka (Hodgson, 1993)

Note: Chronological stratigraphic summary of the laharic formations and andesitic tephras from the Tongariro Volcanic Centre interbedded with distal rhyolitic tephras from the Taupo Volcanic Zone calderas.

Radiocarbon dating was used for most of the rhyolitic tephras (Topping, 1973; Froggatt & Lowe, 1990; Lowe et al., 2013), combined with isotopic dating methods like 238U/230Th isotopes and (U-Th)/He zircon (e.g., Topping, 1973;
Danisik et al., 2012). Isotopic K/Ar and 40Ar/39Ar dating were used for lava flows (e.g., Gamble et al., 2003; Conway et al., 2015). Cosmogenic nuclide dating was also used for some glacial sediments and lava flows (e.g., Eaves et al.,
2016).

* The oldest laharic formations’ ages are based on the Rotoehu ash age (45.16 cal ka BP; Danisik et al., 2012) Ru=Ruapehu, Tg=Tongariro, Ng=Ngauruhoe, Tp=Taupo, Ok=0kataina.






TABLE S11. MAGMA VOLUMES OF THE TONGARIRO VOLCANIC CENTRE

Volcanic vent Time Volume Source

(ka) (km3)
Tongariro (Tama Lakes 1) 295-202 2 Hobden et al., 1996
Tongariro (Tama Lakes 2) 295-202 10 Hobden et al., 1996
Tongariro (Pukekaikiore) 200-140 6 Hobden et al.,, 1996
Tongariro (NE Oturere) 140-110 11 Hobden et al., 1996
Ruapehu (Turakina Fm.) 340-280 >1 Tost and Cronin, 2015
Ruapehu (Te Herenga Fm.) 250-180 28 Gamble et al., 2003
Ruapehu (Wahianoa Fm.) 180-119 45-74 Tost and Cronin, 2015
Ruapehu (Waimarino Fm.) 100-55 12 Lecointre, 1998
Tongariro (SW Oturere) 100-70 5 Hobden et al., 1996
Tongariro (Mt. Tongariro) <80 12 Hobden et al.,, 1996
Tongariro (Te Whaiau Fm.) 45-36.1 0.5 Lecointre et al., 2002
Ruapehu (Mangawhero Fm.) 50-15 28 Conway etal.,, 2016
Ruapehu (Bullot Fm.) 25-11 >3 Pardoetal., 2012
Ruapehu (Eastern Ring Plain) 32-5 >3 Croninetal., 1996
Tongariro (Rotoaira lapilli) 17 0.2 Topping, 1973
Ruapehu (Whakapapa Fm.) <15 12 Conway et al., 2016
Tongariro (Red Crater) <12 0.3 Hobden et al., 1996
Tongariro (Te Maari) <12 0.2 Hobden et al., 1996
Tongariro (Pahoka-Mangamate) 11 7 Nairn et al., 1998
Ruapehu (Murimotu Fm.) 10.5 0.2 Palmer and Neall, 1989
Ruapehu (Papakai Fm.) 11-3.7 1.5 Topping, 1973
Tongariro (Ngauruhoe Fm.) 7-3.52 2.2 Moebis et al., 2011
Tongariro (Mangatawai Fm.) 3.52 1.5 Donoghue et al., 1997
Ruapehu (Tufa Trig Fm.) 1.72 1 Donoghue et al., 1997
Total 141.6

Note: Fm., Formation






TABLE S12. CO-SEISMIC SLIP FOR THE SOUTHERN TAUPO RIFT FAULTS.

Fault Slip Magnitude Length Source
(m) (My) (km)

Poutu 1.6 6.9 30 this thesis (Chapter 5)
Waihi 2 7 38 this thesis (Chapter 5)
Upper Waiakto Stream 0.8 6.5 15 Goémez-Vasconcelos et al., 2016
Wahianoa 1 6.7 20 Gomez-Vasconcelos et al., 2016
Rangipo 1 6.7 20 Villamor et al., 2007
National Park 0.4 6.1 15 Stirling etal., 2012
Raurimu 1.1 6.7 21 Villamor and Berryman, 2006b
Ohakune 1.2 6.7 22 Villamor and Berryman, 2006b
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Abstract: In the central North Island of New Zealand lies the intra-arc Taupo Rift, where crustal extension is achieved through a
combination of dike intrusion and normal faulting. In the southern Taupo Volcanic Zone, the Tongariro volcanic complex lies in
the here defined Tongariro Graben, between two regional and parallel NNE-oriented active normal fault sets; the Waihi and Poutu
fault zones. This study presents an analysis of the movement associated with the Waihi and Poutu faults between 200 and 1.72 ka.
We evaluated the time-variant movement associated with these fault zones by measuring vertically displaced geomorphic
surfaces over 227 strands and field exposures. The Waihi and Poutu faults have a mean slip-rate of 2.6 and 2.3 mm/yr,
respectively, and are capable of producing a Mw 7 earthquake. A better understanding of the kinematics and evolution of these
faults will help improve the seismic and volcanic hazard assessment in the Central North Island.

Key words: Paleoearthquake history, Waihi and Poutu fault zones, slip-rates, Tongariro Volcanic Centre, New Zealand.

INTRODUCTION vents that have produced hundreds of eruptions over

the last ~300 ka (Topping, 1973; Cole, 1978; Hobden et
Extension in volcanic rift zones is reflected by a al, 1996; Gamble, et al, 2003). Extension (strain)
combination of normal faults, extensional fissures and direction in the Tongariro area has an ESE-WNW
dike intrusions (McCalpin, 1996). In the here defined direction (ca. 110°), as suggested by the trend of active
Tongariro Graben, crustal extension started at ~ 0.5 Ma faults and dikes (Rowland and Sibson, 2001).

(Villamor and Berryman, 2006). Two NNE-oriented
parallel fault zones in the rift axis accommodate most of
the extension in this area, and bound the western and
eastern flanks of Tongariro volcano; the Waihi and Poutu
faults, respectively.

We aim to quantify the spatial and temporal variability of
extension of these fault systems. We further aim to
improve seismic and volcanic hazard assessments in the
region, since the Waihi and Poutu faults represent a
significant component of the present seismic potential
of active faults in the region (Lecointre et al., 2004; _

Villamor and Berryman, 2006). | Preaans vy

GEOLOGICAL AND STRUCTURAL SETTING

The Taupo Volcanic Zone is a NNE-trending Quaternary
volcanic arc located in the North Island of New Zealand
and associated with a crustal extension regime created
by slab rollback (Seebeck et al., 2014) and fore-arc
clockwise rotation of the NNE-SSW Hikurangi Trench,
where the Pacific Plate subducts below the Australian
Plate (Wallace et al., 2004). Faults within the volcanic arc
define the intra-arc Taupo Rift (Acocella et al., 2003; Fig.
1).

The Tongariro volcanic complex is a NNE-aligned
andesite volcano complex, with vents aligned along the
same strike as the Tongariro Graben axis (Topping, 1973;
Rowland and Sibson, 2001; Villamor and Berryman, 2006;
Fig. 1). The complex includes more than 17 overlapping

o0 ars 18 3km
Lo Lo

AR :
[ ¥E20000" P e - s '<c/ /e
Fig. 1: Location map of the Tongariro Graben in the southern
Taupo Rift (B) in the North Island of New Zealand (A) showing the
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regional geology, main volcanic vents and the Waihi and Poutu
fault zones (offsets marked with black and green dots). Active fault
scarps marked in red, inferred scarps marked with red dashed lines
and possible scarps marked in black. 17 transects are marked with
white lines. Field points marked with purple dots. The fault planes
are plotted in stereographic (lower hemisphere) projection and
superimposed rose diagrams of fault strike frequency (right-hand
rule).

METHODOLOGY

We measured fault geometry (azimuth and dip),
movement sense, fault displacements with field
measurements (Fig, 2), and geomorphic analysis of the
faults using ArcGIS on a 2 m resolution Digital Surface
Model (S. Ashraf, methodology described in Gémez-
Vasconcelos et al., 2016). We traced 117 profiles across
the Waihi Fault zone and 110 across the Poutu Fault
zone, perpendicular to the fault strands, at locations
where the faults displace geomorphic surfaces of known
ages. The age of stratigraphic markers and geomorphic
surfaces provided a broad age control of vertical fault
motion. Vertical displacements were converted to net-
displacement to calculate net faults slip-rates, following
the methods described by Villamor and Berryman (2001
and 2006).

In order to calculate seismic hazard, earthquake moment
magnitudes (Mw) were calculated using a fault-scaling
relationship developed for the Taupo Volcanic Zone
(Villamor et al., 2007; Stirling et al.,, 2012), based mainly
on the surface-rupture length (Mw = 4.80 + 1.33 X log
[subsurface rupture length]). Fault lengths were
measured in this work, based on fault displacements,
geomorphology and field observations. For fault width
we assumed a 15 km-thick seismogenic crust, as
suggested on previous seismic studies (Hurst & McGinty,
1999; Hayes et al.,, 2004; Stirling et al., 2012).

THE WAIHI AND POUTU FAULT ZONES

The Waihi Fault Zone is an active NNE-oriented normal
fault set at the western side of the Tongariro complex,
downthrown to the ESE (Grindley, 1960; Van Dissen et al.,
2003). The zone comprises 19 parallel fault strands and 1

paleoseismidity.org
antithetic fault, with an average strike of 055. The Poutu
Fault Zone, at the eastern side of the Tongariro complex,
is downthrown both to the SE and to the NW (Van Dissen

et al, 2003), and comprises 23 fault strands, with an
average strike of 041 (Fig. 1).
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Colluvial
M1 wadge

Oruamatua
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Karioi Eruptive period

Tonga 77

Fig. 2: Field outcrops from the Poutu Fault. A, Tonga 11: normal
fault displacing the Pahoka and Okupata-Pourahu tephras. B,
Tonga 77: Normal fault (F2b) displacing the Okupata-Pourahu
tephras (11.77 cal ka BP; Hajdas et al., 2006,).

Table 1. Waihi and Poutu faults transects

Waihi Fault Vertical displacement (Fault) Totaloffsets  Vertical  Total offset* Vgnical
Transect # (age) (m) (sumall) slip-rate ‘Su;::il;ﬁ;m slip-rate
(mm/yr) (mm/yr)
Transect 15 (12 ka) 3+1.3(1¢) 5+1.5(3b) 5+1.5(4d) 11+2.1 (6b) 24#3.5 2:0.4 2413.5 2+0.4
Transect 10 (20 ka) 3+1.3(1a) 4+1.4(1b) 5+1.5 (2a) 8+1.8(3a)  55#6.5(5a,200ka) 22+3.2 (6b, 200 ka) 2843.6 1.39:0.2 2843.6 1.39:0.2
Transect 12 (22 ka) 3+1.3(2a) 5+1.5(3b) 15+2.5(3b) 12+2.2 (4b)  13+2.3(4c,30.6ka) 65+7.5(5a, 59 ka) 69+5.6 3.12+0.25 69+5.6 3.12+0.25
Transect 11 (25 ka) 1042 (2a) 16%2.6 (3b) 2043 (5a) 15+2.5(5a) 615.1 2.44+0.32 615.1 2.44+0.32
Transect 16 (40ka) ~ 16+2.6(1d)  45+5.5(3b)  28#3.8(6b)  33+4.3(6c) 11£2.1(2) 2743.7(3) 16049.4 440.32 16049.4 440.32
Transect 13 (52.6 ka) ~ 37+4.7(3b) 5+1.5 (4b) 8+1.8(4c) 40#5(5a, 40ka) 10248.1 1.95:0.2 10248.1 1.95$0.2
Transect 14 (59 ka) 2243.2(1¢) 30+4(3b)  16+2.6(4c,25ka) 19+2.9 (Sb, 25ka) 36+4.6 (6b, 40 ka) 173£10.9 3.1840.3 173£10.9 3.18:0.3
Transect17(85ka)  73+8.3(1d)  617.1(3b) 15#2.5(1T,25ka) 14+2.4(3,25ka) 1+1.1(7b, 3ka) 206+12.8  3.0740.5 1494115  2.47+0.47
Mean slip-rate 2.6+0.9 2.6+0.8
Poutu Fault
Transect5(15ka?)  25+3.5(la)  25#3.5(1b)  12+2.2(1b) 10£2 (2¢) 12+2.2(2c) 5+1.5 (3b) 5+1.5(3b)  8+1.8(3b) 2838 (4a,60ka) 1106.1 7.2740.6 79:4.7 5.3+1.8
Transect 9 (17.7 ka) 1242.2(7¢c) 16+2.6 (7b) 2+1.2(9a) 1042 (10a) 10+2(10b)  4+1.4(11a, 10ka) 9+1.9(12a) 6615.2 3.7¢0.33 40+4.1 2.3:0.24
Transect 1 (20 ka) 1042 (1a) 1242.2(2a)  15#2.5(3a)  3%1.3(3b) 3+1.3(3b) 5+1.5 (4a) 5+1.5(4b)  5+1.5(5a) 5845.6 2.9:0.7 3743.9 1.9+0.27
Transect 2 (20 ka) 10+2 (1a) 9+1.9(2a) 6:1.6(3a)  13+2.3(3b) 6:1.6(4a)  38+4.8(5a, 128ka) 50+4.8 2.540.34 3843.9 1.940.5
Transect 3 (20 ka) 1742.7 (1a) 16+2.6 (2b) 1042 (3a) 11+2.1(3b) 1242.2 (4a) 22+3.2(5a, 60 ka) 7245.7 3.60.46 38+4 1.90.5
Transect7(20ka)  22+3.2(1b,36.1ka) 14:2.4(7c)  10#2(7d) 354.5(7b, 60ka) 4+1.4 (8a) 5+1.5 (8b) 6+1.6(8c)  15+2.5(8d) 7845.7 3.9:0.42 41%4.2 2.140.29
Transect 4 (60 ka) 25#3.5(1a) 2743.7 (2¢) 1242.2 (2b) 3044 (3b) 49+5.9 (4a, 97 ka) 124+7.9 2.1#0.15 8216.5 1.4£0.16
Transect 6 (60 ka) 38+4.8 (1b) 29+3.9 (6b) 28+3.8 (6¢) 6047 (6d) 1042 (6e) 3044 (7c) 2+1.2(7b,3ka) 50%6(7b, 110ka) 232+11.8 4.4:0.64 9547.3 1.620.18
Transect 8(100ka) 607 (7c) 13+2.3(7b,17.7ka) 56#6.6(%) 5046 (10a) 10#2 (11a)  9+1.9(12a, 17.7ka) 291415 3+0.21 181#12.2  1.840.22
Mean slip-rate 3.7+1.38 2.3£1.9

* Displacement values were converted to transect ages when the existing values were of a different age. Antithetic fault strands
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FAULT GEOMETRY AND SLIP-RATE

The Waihi and Poutu fault zones show a complex
geometry (e.g., en-echelon fault traces, horsetail fault
splaying and non-parallel fault strands). The two fault
systems trend slightly closer together towards the south,
creating a narrower graben at the axis of the rift, parallel
to, but offset from, the modern volcanic vent complex. In
the northern part of the Tongariro Graben the fault
strands splay outward from the volcanic vent alignment
(Fig. 2).

We infer that these multiple surface fault strands splay
and merge into a single fault plane at depth, as also
suggested elsewhere in the rift by Villamor and
Berryman (2001) and Nicol et al. (2010). Based on this
interpretation, we traced eight transects across the Waihi
Fault strands and nine transects across the Poutu Fault
strands (Fig. 1), which we summed and analysed as the
best representation of the total deformation
accommodated by these faults. Fault slip-rates were
calculated from these transects: the Waihi Fault has a
mean slip-rate of 2.6+0.8 mm/yr and Poutu Fault of a
mean slip-rate of 2.3£1.9 mm over the last 200 ka (Table

1).

MAGNITUDE AND RECURRENCE INTERVAL OF
POTENTIAL EARTHQUAKES

The seismic parameters for the Waihi and Poutu faults,
such as earthquake magnitudes and recurrence times for
segments of different surface lengths, have been derived
from slip-rate calculations and different models of fault
rupture length (Hurst & McGinty, 1999; Hayes et al., 2004;
Stirling et al., 2012; Table 2).

The complexity of the surface fault expression and the
lack of historic fault surface ruptures in this region make
the fault segmentation uncertain. Nevertheless, we
suggest different possible scenarios for segment surface-
length rupture for each of the fault zones, mainly based
on the fault strands geometry (morphometry and
distribution; Fig. 3). Although we suggest a minimal
segment surface length of 12 km, we expect it to be at
least as long as the thickness of the seismogenic crust; c.
15 km (Hurst & McGinty 1999; Hayes et al. 2004), as
suggested by previous seismic hazard studies (Stirling et
al. 2012).

Waihi Fault is at least 38 km in length (up to 52 km if it
extends to the SW boundary of Lake Taupo). Waihi South
segment (18 km) is based on relatively continuous ~025-
trending parallel fault strands; it could finish against ~N-
trending fault strands. Waihi North segment (20 km)
starts with ~N-trending fault strands, changing again to
~025-trending rift-parallel fault strands. Poutu Fault is at
least 30 km in length. Poutu South segment (12 km) is
based on relatively continuous ~025-trending parallel
fault strands; it could finish against ~060-trending fault
strands. Poutu North segment (18 km) starts with ~060-
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trending fault strands, changing again to ~025-trending
rift-parallel fault strands.

If the entire length of the Waihi Fault Zone were to
rupture (38 km-long) we calculated a My, 7.0 earthquake
with an average single-event displacement of 2 m. For
the whole Poutu Fault Zone rupture (30 km-long) we
calculated a M. 6.9 earthquake with an average
displacement of 1.6 m. The worst case scenario would be
a 52 km-long rupture, including the whole Waihi Fault
Zone and the SW boundary of Lake Taupo, generating a
Mw 7.2 earthquake with an average single-event
displacement of 2.9 m (Fig. 3; Table 2).

When slip-rates are combined with the derived average
displacements we obtain a recurrence interval of 1.0 ka
and 0.9 ka for Waihi and Poutu faults, respectively.

v 1825000

1835000 | 1845000
P #

Fig. 3. Potential segment surface length rupture models for the
Waihi and Poutu faults, marked with purple and green lines,
respectively. Ng= Ngauruhoe volcano

Table 2. Moment magnitude and single-event displacement for different fault lengths. Estimated average single-
event displacement in meters and earthquake moment magnitude (Mw) based on Webb's equation, for a certain
segment surface length (km) and fault area (as described in Villamor et al. 2007; Stirling et al. 2012).

Segment surface length Sub-surface length  Average displacement

Fault (km) m m

My

Poutu South segment 12 14 0.7 6.3
Waihi South/Poutu North 18 21 1 6.6
Waihi North segment 20 23 11 6.7
whole Poutu Fault 30 35 16 69
whole Waihi Fault 38 44 2 70
whole Waihi + SW Lake Taupo 52 61 29 72
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PRELIMINARY CONCLUSIONS

Earlier studies on the Waihi and Poutu fault zones (GNS
science, unpublished data) estimated mean slip-rates of
1.3 and 1.85 mm/yr, respectively. Our data show that the
Waihi Fault mean slip-rate value could be 2.6+£0.8 mm/yr
and the Poutu Fault mean slip-rate could be 2.3+1.9
mm/yr, increasing the seismic hazard potential.
Consequently, our study would provide an update to the
National Seismic Hazard Model for New Zealand (Stirling
et al,, 2012; Litchfield et al., 2014).

Available vertical slip-rates will aid calculation of the
extension rates for the Waihi and Poutu fault zones.
Future studies involve a comparison between tectonic
and volcanic extension and insights of volcano-tectonic
interactions.
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