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Abstract

Over the last 5000 years B.P., at least 53 explosive eruption episodes occurred at Mt.
Taranaki, (western North Island, New Zealand) from either the summit-crater (2500 m),
or a satellite vent on Fanthams Peak (1966 m). These eruptions are represented in well-
preserved pyroclastic successions on the upper volcano flanks. At least 16 episodes
produced deposits with lithostratigraphic characteristics comparable to those of the last
sub-Plinian eruption at AD 1655, suggesting an average recurrence of one Plinian/sub-
Plinian eruption episode every 300 years. Several large-scale mafic-intermediate (~48-60
wt.% SiOy) eruption episodes sourced from the two vents were studied in detail to
determine the “maximum” intensity, magnitude and eruptive styles from this volcano.
These episodes comprised climactic phases with sustained and steady, 14-29 km-high
eruption columns, often starting and ending with unsteady pulsating, oscillating and
collapsing plumes. The columns erupted 0.1-0.5 km?® DRE at mass and volume discharge
rates of 107-108 kg/s and 103-10* m®/s, respectively, indicating magnitudes of 4.1-5.1. The
unsteady initial, pre- and post-climactic eruptive phases were dominated by dome-
collapse, column-collapse and lateral-blast pyroclastic density currents (PDCs), with run-
out distances of 3-19 km and volumes of up to 0.02 km® DRE. The steadiest phases were
associated with eruption of rheologically homogeneous magmas producing homogenous
pumice textures. Unsteady phases produced density and porosity pumice gradients by
magma stalling in upper conduit levels. Three eruption onset scenarios were developed
from this work: a) initial closed-conduit decompression by vent unroofing and dome-
collapse, b) transient open and clogged conduits produced by repeated plugging-and-
bursting of chilled or gas-depleted magma, and c) rapid conduit opening with more mafic

eruptives. In all scenarios, the climactic phases are comparable, with pyroclastic fallouts



covering 1500-2500 km?. The most violent phases of these events, however, are lateral-
blast PDCs that could reach a broad arc between 14-19 km from source. This reappraisal
of the hazardscape at Mt. Taranaki integrates many new details that enable a more realistic
hazard management and provides a range of findings that can be applied to other similar

andesitic volcanoes prior to reawakening.
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labeled with black numbers inside white squares (in centimeters). Black contours were interpolated from
field data (Appendix 4.1) using methods described in the text. Red contours were partially or fully
extrapolated using parameters described in the methodology. Coordinate system: NZGD 2000 New Zealand
Transverse Mercator.

FIOUNE 4.0 185
Isopleth maps of the diameters of pumice clasts, vesicular juvenile clasts (scoriaceous) of the Manganui-D
bed-set, and dense andesitic clasts in centimeters, corresponding to fall deposits of bed-sets: a Burrell,
modified from Platz et al. (2007), b-c Kaupokonui, d-f Manganui-D, layers MD1 to MD3, sourced at the
satellite vent of Fanthams Peak, g-h Upper Inglewood, layer Uig7, i-j Kokowai, layer Kw4, and k-I
Kokowai, layer Kw7. Grey numbers indicate average diameters measured in the field. Black contours were
interpolated from field data (Appendix 4.1) using methods described in the text. Red contours were partially
extrapolated using parameters described in the methodology. Coordinate system: NZGD 2000 New Zealand
Transverse Mercator.

QU 4.0, e 187
Maps of area of distribution of pyroclastic density current deposits from bed-sets Upper Inglewood (layers
Uigl to Uig6) and Kokowai (layers Kwl to Kw3, Kw6 and Kw8). Coordinate system: NZGD 2000 New
Zealand Transverse Mercator.

FIQUIE 4. L. 190
Eruptive parameters and classification of the studied deposits. a Normal distribution of total column heights
(HT) in kilometers, calculated by using different methods (Table 4.1, Appendix 4.9). Numbers indicate
minimum, maximum and average HT corresponding to individual fall deposits. b-c Isopleth data plotted in
the diagram of Carey and Sparks (1986) to determine HT and wind speeds, based on diameters of dense
andesitic clasts and pumice clasts (or vesicular juvenile clasts of the Manganui-D bed-set), ranging from
0.8 to 2 cm and 1.6 to 4 cm, respectively, and on the corresponding clast’s bulk-densities (kg/m?). d
Diagram of Pyle (1989) of classification of the eruptions based on parameters (bc, bt) calculated from
isopach and average isopleth (pumice and dense andesitic clast) data, and on the dispersal index of Walker
(1973, Appendix 4.9). e Diagram of Bonadonna and Costa (2013) of classification of eruptions based on
HT, and on parameters (Ath, AML) calculated from isopach and isopleth data (Appendix 4.9). f Diagram
modified from Sparks (1986) and Carey and Bursik (2000) to determine volume and mass eruption rates
(Q and MER, respectively), considering the average HT calculated from each individual fall deposit. The
curve of HT calculated by using the model of Sparks (1986) is indicated. Neutral buoyancy column heights
(HB) were estimated by using the average HT of each fall deposit and “bc” of Pyle (1989, Appendix 4.9).
Fields corresponding to Plinian and sub-Plinian eruptions were modified from Bonadonna and Costa
(2013). g Plot of average HT vs. Minimum dense-rock-equivalent (DRE) eruptive volumes. The latter were
calculated from average total volumes, and bulk and solid densities (Table 4.2). h Plot of average HT vs.
Magnitude (M = Log10(mT)-7) calculated using the method of Pyle (2000). Total mass in kilograms (mT
= (solid-density) (DRE volume)) calculated using the method of Wilson (1976). i Plot of average HT vs.
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minimum duration of the eruption, in hours (T=mT/MER, Table 4.2), estimated using the method of Wilson
(1976).

FIOUNE . L. o o 216
A Tectonic setting of the North Island (NI) of New Zealand (modified from King and Thrasher 1996;
Henrys et al. 2003; Sherburn and White 2006). CEFZ Cape Egmont Fault Zone, R Mount Ruapehu, SI
South Island, TVL Taranaki Volcanic Lineament (yellow line), TVZ Taupo Volcanic Zone. B Zoomed area
of the TVL. The latter comprises four <1.75 Ma and NNW-SSE migrating andesitic volcanoes (Neall 1979)
or their eroded volcanic edifice-remnants: Kaitake, Pouakai and Mt. Taranaki (and the satellite cone of
Fanthams Peak — topped by Syme Hut). C Zoomed transect of the proximal eastern flanks of Mt. Taranaki
and the type sections of this study (points A to Y, Appendix 5.1). Digital profile modified from Google
Images (2017). D 10 cm-thick isopachs of fall deposits produced during <5 ka Plinian (white ellipses) and
sub-Plinian (grey ellipses) eruptive episodes at Mt. Taranaki (modified from Torres-Orozco et al. 2017b,
Table 5.2). Red circles indicate the position of the summit crater and the Fanthams Peak vent. Coordinate
system of all insets: NZGD 2000 New Zealand Transverse Mercator.

FIgUNE .2 o 225
Proximal lithofacies transitions of the 4700-4600 cal BP Kokowai (Kw1-Kw8). KA Kapuni-A, KB Kapuni-
B, Ko Korito. Sections indicated on top of each profile (A-Y, Fig. 5.1). Yellow lines on photographs indicate
lower and uppermost bed-set contacts. Lithofacies codes (Table 5.3) indicated to the right of each profile
and inside white boxes on pictures. FA fine-ash, CA coarse-ash, FL fine-lapilli, CL coarse-lapilli, B
block/bombs. Scale on pictures represented by a black bar or a scraper (32.5 cm-long).

U 5.3 226
Proximal lithofacies transitions of the 3800 to 3500 cal BP Kapuni-A (KA: KA1-KA2), Kapuni-B (KB:
KB1-KB4) and Korito (Ko: Kol-Ko8). Kw Kokowai, Uig Upper Inglewood. Sections indicated on top of
each profile (A-Y, Fig. 5.1). Yellow lines on photographs indicate lower and uppermost bed-set contacts.
See Fig. 5.2 for more details. The scale on pictures is represented by a black bar or a scraper (32.5 cm-
long).

FIQUIE B e 227
Proximal lithofacies transitions of the 3300 cal BP Upper Inglewood (Uig1-Uig7). Sections indicated on
top of each profile (A-Y, Fig. 5.1). Yellow lines on photographs indicate lower and uppermost bed-set
contacts. See Fig. 5.2 for more details. The scale on pictures is represented by a black bar, a long (32.5 cm-
long) or a small scraper (20 cm-long), or a 10 cm-long scale.

FIgUNE 5. D o 228
Proximal lithofacies transitions of 3000-2600 cal BP members Manganui-A (MA: MA1-MA3), Manganui-
B (MB), Manganui-C (MC), Manganui-D (MD: MD1-MD3) and Manganui-E (ME) of the Manganui
Formation (Torres-Orozco et al. 2017a; b). Uig Upper Inglewood, DF debris flow. Sections are indicated
on top of each profile (A-X, Fig. 5.1). Yellow lines on photographs indicate lower and uppermost bed-set
contacts. See Fig. 5.2 for more details. The scale on pictures is represented by a black bar, and a long (32.5
cm-long) or a small scraper (20 cm-long).

FIgUNE DB . o 237
A Example of landscape elements that integrate the present-day micro-topography of the upper eastern
flanks of Mt. Taranaki. The gradient of deposit confinement is indicated (modified from Schwarzkopf et
al. 2005). B Profile of the general lateral transitions, relative to landscape, of deposits corresponding to
each lithofacies association. Dotted white line indicates section not represented (not rep.) in the profile.
Proximal (P-lateral) and proximal-medial (M-lateral) lateral lithofacies transitions relative to a reference
incision-channel (i) are sketched. Digital image modified from Google Images (2017).
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FIGUIE B, 7 . e e 239
Hazard maps indicating the possible distribution of different types of eruptive activity, throughout distinct
eruptive phases, during a future Plinian eruption at Mt. Taranaki. Insets A to D correspond to opening, pre-
or post-climactic eruptive phases. A dome-collapse block-and-ash flows, B blast type PDCs and lithic-rich
surges, C column-collapse PDCs, D fallout, ballistics, and lava flow distributions. Insets E to G correspond
to climactic eruptive phases. E blast type PDCs, F fallout, ballistics and lava flow distributions, G column-
collapse PDCs. Inset H represents possible distributions of channel-confined lahars and small-scale
landslides during any eruptive phase. Coordinate system of all insets: NZGD 2000 New Zealand Transverse
Mercator.

U .8 243
Volcanic hazard scenarios for Plinian eruptions at Mt Taranaki’s summit-crater and Fanthams Peak vent.
A-F Scenario I: initial eruptive phases of close-conduits and conduit-decompression by vent unroofing and
dome collapse. G-K Scenario II: transient open and clogged conduits by repeated plugging-and-bursting of
gas-depleted or chilled magma. L-O Scenario Il1: rapid progression into steady phases by open-conduits.
The possible upper conduit dynamics for each scenario were sketched based on data and interpretations of
Torres-Orozco et al. (2017a; b).

FIOUIE 5.0 247
Event-tree sequence of the volcanic scenarios expected at Mt. Taranaki during a possible Plinian eruptive
episode (magnitudes 4 to 5), produced at either the summit crater, or a satellite vent. For any vent, the
eruptive sequence progresses from an opening and pre-climactic phase (1), throughout a climactic phase
(2), to a post-climactic phase (3). Vent and/or conduit conditions (A to H) may direct into different
processes and events (i.e., Scenarios | to I11). Dotted lines indicate subsequent, alternative directions. Run-
out distances simplified from Fig. 5.7.





