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Abstract

At the southern part of the Taupo RIift, crustal extension is accommodated by a
combination of normal faults and dike intrusions, and the Tongariro Volcanic Centre
coexists with faults from the Ruapehu and Tongariro grabens. This close coexistence
and volcanic vent alignment parallel to the regional faults has always raised the
question of their possible interaction. Further, many periods of high fault slip-rate seem
to coincide with explosive volcanic eruptions. For some periods these coincidences are
shown to be unrelated; however, it remains important to evaluate the potential link
between them. In the Tongariro Graben, the geological extension was quantified and
compared to the total geodetic extension, showing that 78 to 95% of the extension was
accommodated by tectonic faults and only 5 to 22% by dike intrusions. Within the latter,
4 to 5% was accommodated by volcanic eruptions and 18 to 19% by arrested dike
intrusions, with an unknown percentage of hybrid extension. Short-term variations in
fault slip-rates and volcanic activity for the last 100 ka in the Tongariro Volcanic Centre
may have been influenced by static stress transfer between adjacent faults (within <20
km from the source) and dike intrusions (within <10 km), or by fluctuations in magma
input through time. The amount of magma involved in the rifting process will condition
the predominant extension mechanism and thus influence the predominant type of
volcano-tectonic interaction. A record of volcanic and seismic activity for the last 250 ka
was assembled, from new and published studies. This was used to analyse the spatio-
temporal associations between volcanic and seismic activity in the southern Taupo Rift.
Data on the faulting history, slip-rate variation and seismic hazard of the Upper Waikato
Stream, Wahianoa, Waihi and Poutu faults formed the core of the analysis. These
faults are capable of producing a Mw 7.2 earthquake with a single-event displacement
of 2.9 m, posing an important hazard to the region. Data gathered in this study provides

an update to the National Seismic Hazard Model for New Zealand.
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Zone; PM, Pahoka-Mangamate sequence at ~11 cal ka BP; BF, Bullot Formation; MF,
Mangawhero Formation; Tg, Mt. Tongariro; Ot, Oturere lavas. (157)

Figure 40. Eruptive volumes of the main tephras and lava flows in the TgVC (Table S11). Mt.
Ruapehu sourced deposits in blue and Tongariro Volcanic Complex in green. Ng, Ngauruhoe
(Moebis et al., 2011); PM, Pahoka-Mangamate sequence (Nairn et al., 1998); WhF, Whakapapa
Formation (Conway et al., 2016); BF, Bullot Formation (Pardo et al., 2012); MF, Mangawhero
Formation (Conway et al., 2016); TWLF, Te Whaiau Laharic Formation (Lecointre et al., 2002);
WLF, Whangaehu Laharic Formation (Keigler et al., 2011); Tg, Mt. Tongariro (Hobden et al.,
1996); Ot, Oturere (Hobden et al., 1996); WF, Wahianoa Formation (Gamble et al., 2003); Pk,
Pukekaikiore (Hobden et al., 1996); THF, Te Herenga Formation (Conway et al., 2016); TL,
Tama Lakes (Hobden et al., 1996). (158)

Figure 41. Spatio-temporal associations for the Tongariro Volcanic Centre from known paleo-
earthquakes (fault slip-rates and events) and volcanic eruptions for six different periods,
showing their variation in activity for the last 250 ka. The triangles are the volcanic vents and the
lines are the faults. R, Ruapehu; TL, Tama Lakes; Ng, Ngauruhoe; Tg, Mt. Tongariro; Ot,
Oturere; NC, North Crater; TM, Te Maari; Pk, Pukekaikiore; Pn, Pukeonake; P, Pihanga; KT,
Kakaramea-Tihia; Hg, Hauhungatahi; OC, Ohakune Craters; HC, Half Cone; NP F, National
Park Fault; UWS F, Upper Waikato Stream Fault. At time 4 there was a major caldera forming
eruption at Taupo caldera: the Oruanui ignimbrite at 25.4 cal ka BP (Vandergoes et al., 2013).

(160)

Figure 42. Scenarios for volcano-tectonic, volcano-volcano and fault-fault interactions in the
Tongariro Volcanic Centre (marked in red) for six different periods in the last 250 ka based on
regional spatio-temporal associations from fault slip-rates and volcanic eruption volume
changes (Fig. 41). (162)

Figure 43. Stress change models with different source faults. Red areas are positive, where the
stress changes are likely to encourage a fault rupture or a dike intrusion on the receiver fault or
dike. Green lines represent faults on surface and red lines represent faults at depth. A, Negative
normal stress change on Ngauruhoe and other dikes in the Tongariro Volcanic Complex, and
positive normal stress change on Mt. Ruapehu after a Waihi Fault rupture. B, Negative normal
stress change on the Tongariro Volcanic Complex dikes, and positive normal stress change on
Mt. Ruapehu after a Poutu Fault rupture. C and D, Positive Coulomb stress change on Rangipo,
Upper Waikato Stream (UWS) and Ohakune faults after a Wahianoa Fault rupture. E, Negative
normal stress change on Mt. Ruapehu after a Wahianoa Fault rupture. (165)
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Figure 44. Stress change models from different source faults. A and B, Positive Coulomb stress
change on Wahianoa and Upper Waikato Stream (UWS) faults after a Rangipo Fault rupture. C,
Negative normal stress change on Mt. Ruapehu after a Rangipo Fault rupture. D, Positive
Coulomb stress change on Wahianoa Fault after an Ohakune Fault rupture. E, Positive
Coulomb stress change on the Wahianoa Fault after an Upper Waikato Stream Fault rupture. F,
Positive Coulomb stress change on the Rangipo Fault after an UWS Fault rupture. (167)

Figure 45. A, Negative Coulomb stress change on Wahianoa and southern Waihi faults, and
positive stress change on southern Poutu Fault and Tama Lakes dikes after a NNE-SSW
Ruapehu dike intrusion. B, Positive stress change on southern Waihi and Poutu faults, southern
Wahianoa Fault and Tama Lakes dikes, and negative stress change on northern Wahianoa
Fault after a N-S Mt. Ruapehu dike intrusion. C, Positive stress change on Poutu Fault and
Tama Lakes dikes, and negative stress change on Waihi and Wahianoa faults after an E-W Mt.
Ruapehu dike intrusion. D, Positive Coulomb stress change on Waihi and Poutu faults after a
NNE-SSW Tongariro Volcanic Complex dike intrusion. E, Positive normal stress change on
Ngauruhoe, Te Maari, Tama Lakes and Ruapehu dikes after a Tongariro Volcanic Complex dike
intrusion. (168)

Figure 46. Possible scenarios for dike-fault, dike-dike and fault-fault interactions by stress
transfer in the Tongariro Volcanic Centre for the last 250 ka after evaluating the Coulomb and
normal stress change models (Figs. 43-45), where the red colour denotes a positive stress
change and the blue colour a negative stress change. (169)

Figure 47. Combination of tectonic and magmatic extension in the Tongariro Graben. Fault slip-
rate variation could be explained by different tectonic and magmatic input to the total extension.
Input can fluctuate through time but total extension remains constant. Magmatic input could vary
from 22 to 5% and tectonic input from 95 to 78% of the total extension (Chapter 5). 177)

Figure 48. Mt. Ruapehu volcano from Waihohonu moraine (June 2014 by Agnes Samper).
(210)
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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.

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 ¢’. 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.

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_4b: fault exposure cutting through 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 11/4_5: faults
and fractures that cut through greywackes and younger tephras, cropping out by the river level.

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.

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.

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.

Figure S7. Poutu Fault main field outcrops. A-B, Field outcrops ‘Tong 72" and ‘Tong 73’ on F1a
Poutu Fault strand. C-D, ‘Tong 76’ and ‘Tong 77’ field sites showing displaced tephras between
~14 and 11 ka.
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