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Panoramic view of the west shore of Lake Taupo with three lava domes from the Motuoapa Peninsula

“Fach volcano i1s an independent machine—nay, each vent and
monticule is for the time being engaged in its own peculiar business,
cooking as it were its special dish, which In due time is to be
separately served. We have instances of vents within hailing distance
of each other pouring out totally different kinds of lava, neither
sympathizing with the other 1n any discernible manner nor
influencing other in any appreciable degree.”

Clarence Edward Dutton






PREFACE i

Abstract

In the past 350 ky, the Taupo Volcanic Zone (TVZ) has been the most productive silicic
volcanic region in the world, with 12 silicic large-volume (35-2200 km?® DRE) caldera-
forming eruptions and hundreds of predominantly silicic smaller-volume eruptions.
These spatially and temporally scattered small-volume events are characterised by
relatively short-lasting single eruptive episodes that may have been strongly influenced
by location-specific environmental factors. The aim of this study is to evaluate the
volcanic hazards associated with the activity of these small-volume volcanoes using
two different approaches. At the local scale, possible eruption scenarios were defined
through three example localities (Ohakune, Motuoapa, Puketerata) that are
characterised by different chemical compositions, eruption styles, as well as distinct
environmental conditions representative of the entire TVZ. At the field scale,
evaluation of small-volume activity was focused on the spatio-temporal and volumetric
distribution of vents and their relationship to the structural elements of the TVZ. The
most common small-volume eruptions form lava domes that were originally thought to
be rarely associated with explosive activity. In contrast, this study shows that dome
emplacement is often accompanied by explosive activity. However, the associated
pyroclastic deposits are characterised by a low preservation potential. The most likely
scenario for future eruptions is a rhyolitic eruption with an initial phreatomagmatic
phase followed by the effusive emplacement of lava with or without associated
explosive activity. Based on the average eruptive volumes (0.2-0.3 km®) of single TVZ
events and typical eruption rates of dome-forming activity (2-5 m>/s), future eruptions
are expected to last for several months to a few years. TVZ-scale spatio-temporal
analysis of eruptive vents indicates that small-volume volcanism is not entirely limited
to active calderas. Instead, frequent fissural activity indicates a strong linkage to the
fault system of the TVZ. The temporal and volumetric pattern of small-volume
volcanism displays a sudden increase of activity at 45 ka, producing at least 130 km? of
volcanic material to date. The random occurrence, great variability of eruption styles,
small but significant volumes, prolonged duration and relatively high frequency of
small-volume volcanism pose a significant threat within the entire TVZ, which New

Zealand will have to face in the near future.
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derived from an 8 m DEM (LINZ — Land Information New Zealand, 2012). The inset map shows
its geographic position and extent within the TVZ, coordinates are in NZTM2000. The vent
locations mentioned in the text are labelled: 9 — Motuopuhi Island; 10 — Kuharua; 11 —
Motuoapa Peninsula; 12 — inferred post-Oruanui vents related to a NNE-SSW trending
lineament; 13 — Ouaha Hills; 14 — Acacia Bay dome; 15 — Kinloch Basalt; 16 — Lake Rotokawa;
17 = PVC aNd Te HUKUI BASQIt. ..ottt ettt sttt ettt st et s st st ss st 26



PREFACE xvi

Figure 2.6 Topography of the Whakamaru (Wh) and the Ohakuri (Oh) Volcanic Centres as
displayed on a shaded slope map derived from an 8 m DEM (LINZ — Land Information New
Zealand, 2012). The inset map shows its geographic position and extent within the TVZ. The
vent locations mentioned in the text are labelled: WDC — Western Dome Complex; NWDC —
Northwestern Dome Complex; MWC — Maroa West Complex; MEC — Maroa East Complex; 16 —
Lake Rotokawa; 17 — PVC and Te Hukui maars; 18 — Whakaahu Dome Belt; 19 — Pukeahua
Dome Complex; 20 — Whakamaru Domes and Coulees (part of NWDC). —.........cceververenee.. 27

Figure 2.7 Topography of the Kapenga (Ka)-Reporoa (Rp)-Rotorua (Ro)- and Okataina (Ok)
Volcanic Centres as displayed on a shaded slope map derived from an 8 m DEM (LINZ — Land
Information New Zealand, 2012). The inset map shows its geographic position and extent
within the TVZ. The vent locations mentioned in the text are labelled: NWDC — Northwestern
Dome Complex; MWC — Maroa West Complex; MEC — Maroa East Complex; 21 — Horohoro
Cliffs; 22 — Maungaongaonga and Maungakakaramea/Rainbow Mountain; 23 — Puhipuhi lava
dome complex 24 — Earthquake Flat volcano; 25 — Mokoia Island; 26 — Rotokawau-Rotoatua
fissure vents; 27 — Terrace ROAd BASAIt.  ......cveeeeeeeeseeceeeeetttetse e ste et srs e e et sn e 29

Figure 3.1 Potential relationship of small-volume volcanism (typical erupted volume <1 km’
DRE) based on their spatial and magma plumbing system relationships to polygenetic central
VENE VOICONISITI. oottt sttt ettt sttt s et et et asste s et s s st s tesaasstessssesssssssesens 36
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Figure 3.5 Classification of lava domes by dome height (H) versus radius (R) ratio (Blake, 1990).
H/R calculations of Peléan domes were based on nine historically erupted domes of composite
volcanoes/lava dome complexes, whereas low lava dome values were achieved from 16 domes
of La Primavera (Mexico), eight domes of the Coso Volcanic Field (USA) and five unidentifiable
domes of the Maroa Volcanic Centre (New Zealand). *For low lava domes the average H/R
value was recalculated from the graphics of Fig. 13. of Blake’s paper (1990), as it was
expressed differently than for the values of the Peléan domes, figure modified after Blake
(1990). oo eee e eee et et e e e oo s et et seseeee et eeeess e seenan 57
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Figure 3.6 The classification of lava domes by morphology and surface textures of lava domes
corresponds to the decrease of WB from spiny to axisymmetric domes (Fink and Griffiths,
J998). ettt ettt ettt et s e et et et et st ea ettt et et e aear st e et eneas 59

Figure 3.7 Examples for rockfall-dominated spiny domes with characteristic conical shape
summits. A — Ceboruco 1870, Mexico (photo courtesy: J. Méndez Harper); B — Mt. Redoubt
1990, Alaska (photo courtesy: Alaska Volcano Observatory);, C — Mt. St. Helens 2005, USA
(photo courtesy: Cascade Volcano Observatory); D — Sinabung 2016, Indonesia (photo courtesy:
Z. Ginting); E — Devil Hill domes ~2 ka, South Sister, USA; F — Kelut 2007, Indonesia (photo
courtesy: Smithsonian Institution); G — Bezymianny 1956, Russia (photo courtesy: G.S.
Gorshkov); H — Paluweh 2012, Indonesia (photo courtesy: R. Roscoe/Stocktrek Images); | —
Soufriere Hills 2010, Montserrat (photo courtesy: photovolcanica.com). .............cceeeueuen.. 64

Figure 3.8 Flat-topped spiny domes with characteristic flat tops that change without transition
to the steep-sided slopes. A — Volcan de Colima 2010, Mexico (photo courtesy: ClIV, Universidad
de Colima); B — Soufriere ~3 ka, Gaudeloupe (photo courtesy: Smithsonian Institution); C — Mt.
Pelee 1902, Martinique (photo courtesy: Smithsonian Institution); D — Augustine 1986, Alaska
(photo courtesy: Alaska Volcano Observatory); E — Novarupta 1912, Alaska (photo courtesy:
Alaska Volcano Observatory); F — Tarumai 1909, Japan (photo courtesy: panoramio.com); G —
Puy de Dome ~10 ka, Auvergne, France (photo courtesy: gettyimages);, H— Um Raqubah, Saudi
Arabia (photo courtesy: K. Németh); | — Wahanga ~1314, Okataina, New Zealand (photo
COUITESY: TEAIA.GOVE.NZ). oooeeeeeeeeeeteeet st ete st ettt ete st eta e ss et s s ste s et s s stesa et sesstesasessasesenasanas 66

Figure 3.9 Lobate domes with characteristic zigzag-shaped outlines in the early phases. A —
Awu 1931, Indonesia (photo courtesy: Smithsonian Institution); B — Soufriere 1972, St. Vincent
(photo courtesy: The University of West Indies, Seismic Research Unit); C — Augustine 2011,
Alaska (photo courtesy: Alaska Volcano Observatory); D — Puketerata ~16 ka, New Zealand; E —
Mt. St. Helens 1986, USA (photo courtesy: Cascade Volcano Observatory); F — Soufriere 1971,
St. Vincent (photo courtesy: Smithsonian INStitution).  .......ccceeveeeeeeveeececeseece e 67

Figure 3.10 Platy domes with characteristic convex summit and increasing slope gradient
moving away from the vent. A — Sinabung 2014, Indonesia (photo courtesy: M. Szlegat); B —
Galunggung 1918, Indonesia (photo courtesy: Smithsonian Institution); C — Taranaki ~1785,
New Zealand (photo courtesy: Platz et al., 2012); D — Merapi 2012, Indonesia (photo courtesy:
AP Images); E — Mt. Redoubt 2009, Alaska (photo courtesy: Alaska Volcano Observatory); F —
Soufriere 1979, St. Vincent (photo courtesy: D. Pyle); G — Mt. St. Helens 1980, USA (photo
courtesy: Smithsonian Institution); H — Awu 2004, Indonesia (photo courtesy: flickr.com); | — El
Ombligo, Nevado de Toluca ~1350, Mexico (photo courtesy: hiveminer.com); J — Pukekaikiore,
e 10T o I =2 A o ] Lo T2 Lo USRS 68

Figure 3.11 Axisymmetric domes with characteristic low aspect ratio and flat tops aside from
crease structures, pressure ridges and diapirs. A — Kei Besi/Makian 1988, Indonesia (photo
courtesy: W. Piecha); B — Chillahuita ~400 ka Chile (photo courtesy: volcano.oregonstate.edu);
C — Te Horoa ~5 ka, Okataina, New Zealand (Google Earth image); D — Rangitukua (lower part)
~130 ka, New Zealand; E — Little Glass Mountain, Medicine Lake volcano ~1ka, USA; F — Big
Obsidian Flow, Newberry volcano ~1 K, USA. ... ee ettt ssteete e e s e eeas 69

Figure 3.12 Examples of coulees. A — Cerro Chao ~400 ka, Chile (photo courtesy:
volcano.oregonstate.edu); B — Big Obsidian Flow, Newberry volcano ~1 ka, USA (photo
courtesy: R. A. Jensen); C — Mt. Elden, San Francisco Volcanic Field, USA (photo courtesy:
mountainproject.com); D — Satellite image of Cerro Chao, Chile (Google Earth image); E— 1 m
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resolution LiDAR DEM of Big Obsidian Flow, Newberry volcano, USA; F — 1 m resolution LiDAR
DEM of Newberry FIow, SOUth SiSter, USA. e eeeeeeeeststsstee e ste e ss s e s ses s e 70

Figure 3.13 Examples of lava dome complexes. A — Black Butte, ~10 ka, Mt. Shasta, USA; B —
Ciomadul/Csomdd ~28 ka, Romania (photo courtesy: D. Kardtson); C — Chaitén 2010, Chile
(photo courtesy: D. Schneider); D — Santiaguito 2012, Guatemala (photo courtesy:

photovolcanica.com); E - Tauhara, ~190 ka, New Zealand (photo courtesy:
greatlaketaupo.com); F — Tarawera Volcanic Complex, 1886, New Zealand, G -
Edgecumbe/Putauaki ~2.5 ka, New Zealand (photo courtesy: wikipedia.org). .................. 71

Figure 3.14 Comparison of shape of Ilava dome complexes with other conical-shaped
volcanic structures (lava dome and composite volcanoes) with examples from New Zealand.
Cross-sections were derived from an 8 m NZ DEM (LINZ - Land Information New Zealand,
D0 ) T 73

Figure 4.1 Comparison of methods in the recognition of vesicles using 2D imagery.
Experimental results are indicated. A — Imagel-based measurement considers all the area of
the image, however the incomplete vesicle shapes have to be excluded from the result of shape
analyses; B — This hypothetic method includes all the vesicle area in total, but the incomplete
vesicles have been excluded from the area of the vesicles; C — FOAMS-based measurements
exclude all the incomplete vesicles, thus the measured total vesicularity of the sample will be
lower than the ActUal VESICUIQITEY. — .c.eeveeeeeeeeeeeeceeeete et eeesvveteeteteee s veesve st essesvesnesssassessessenes 79

Figure 4.2 The most common types of elevation data networks (Moore et al., 1991). A — Raster-
based grid; B — Vector-based TIN; C— Vector-based contours (polylines). ..........c.ccoueuuuc... 82

Figure 5.1 Topography of the southern, dominantly andesitic part of the TVZ as shown on
shaded slope map derived from a 8 m DEM (LINZ - Land Information New Zealand, 2012). Inset
map shows its geographic position within New Zealand. .............ccooeeeceevvevvveesvirivriveieanen, 92

Figure 5.2 Aerial photograph of OVC with its proposed architecture. The main edifices are
labelled; West ejecta ring (WER), East ejecta ring (EER), Central scoria cone (CSC), South scoria
cone (SSC), North scorit CONE (NSC). ettt e ss s sssevesaseaseassrsneas 95

Figure 5.3 Morphological features of OVC. A: View from the rim of WER to its crater floor. On
the right edge the foot of the CSC partly fill in the crater. B: The quarried section of the
coalesced EER and the rim of CSC. C: View from the highest part of the CSC to its crater floor
(grassland) and its quarried interior of alternating welded and unwelded Strombolian (or
Hawaiian) units. The railway line is also cut through the scoria cone and EER on the left and
WER ON ThE FIGRAT. oottt ettt st e et e e e s st st s s staatestessans s sassessnas 96

Figure 5.4 Stratigraphic sequence of the proximal part of EER at the northwest corner of the
quarry. This is one of the locations exhibits the opening of a new vent. Note the oxidation
pattern of right hand side oOf the fOUIt.  .........ooovceee oottt et 99

Figure 5.5 SEM images of juvenile ash fragments characterised by high to low vesicularities (A—
E) and a typical aggregate (F). Type a with spherical vesicles is extremely rare at OVC would
represent Strombolian fragmentation (Heiken and Wohletz, 1985), type b with microlites is
the most vesicular of the common fragments and might related to eruptions with minor
influence by water/magma interaction, while c—e types might have more phreatomagmatic
origin. By comparison, a block was smashed by hammer and the bits were similar to type-c
e e L T=1 0 1 YOO OO U U USSR 101
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Figure 5.6 a — Cumulative grain size distribution of distinct units from the proximal sequence of
EER. Bb unit distributions are only represent estimations based on field observations. b —
Density variations of bomb/block and lapilli (-3 phi) sized juvenile fragments from EER proximal
SCQUEINCE.  oveeveevieiesieeeietieestestsasttees st asstesessassasteasessae et e ssesss st tessen sasasesnsassss st sessesssssssenssesseasans 105

Figure 5.7 SEM images of bombs/blocks (A-D, G, H) from OVC and SEM images of scoria
fragments from Mt. Roskill (E) and Rangitoto (F), Auckland Volcanic Field (AVF) for comparison.
The two samples from AVF exhibit a Hawaiian and Strombolian (or Violent Strombolian)-style
eruptions (Kereszturi, unpublished data) as the vesicles show mostly spherical or subspherical
shapes (Lautze and Houghton, 2007; Moitra et al., 2013). The textures of samples from OVC
are completely different from textures forming during these mild types of eruptions, however
similar to basaltic Plinian eruptions of Etna 122 BCE and Tarawera 1886 (Moitra et al.,
2013). ettt ettt ettt ettt et ettt et en st et e Rttt eteara et eneteneserenearas 105

Figure 5.8 A — Vesicle size distributions (VSD) are In(n) as a function of L plots,with In(n) the log
of the vesicle number densities per size class, and L is the equivalent diameter in mm. The left
part of the segment mostly reflects multiple stages of bubble nucleation and growth. The lower
part of the VSD slopes often exhibit coalescence (e.g. J4, T3) which may have occurred at
multiple stages. B — Cumulative vesicle size distributions (CVSD) are log(NV > L) as a function of
log(L) plots, where NV js the total vesicle number density. Vesicle density measurements were
used based on the objects per cubic mm greater than L. CVSD trends also suggest multiple
stage of nucleation and growth with coalescence and bubble collapse events in most of the
cases (e.g. A1, D3, J4, T3, X2) (Shea et al., 2010). ....cocoeeeveeeeeseeeeeseeeeiereese e erevse s 107

Figure 5.9 Range of OVC bubble number density (NV) values measured on blocks and bombs
from Bb and BbA type units in comparison with selected eruptions exhibiting different eruption
styles; (A) Stovall et al. (2011);(B) Lautze and Houghton (2007); (C) Mattsson (2010); (D)
Murtagh et al. (2011); (E) Sable et al. (2006).  ......ceoeeeeeeeeeeeeeeeeeeeteve et 108

Figure 5.10 SEM images of phenocrysts (antecrysts) from Bb and BbA type units showing the
hyalopilitic textures and growth relationship between olivine, orthopyroxene and
clinopyroxene. Element mapping was executed by EDAX. — .....ccueeeeeeeeveeeseeceecveiseressessreeannas 109

Figure 5.11 Harker diagrams for selected major element oxides normalised to water-free
compositions. Red circles represent ash fragments, blue squares represent groundmass glass
compositions Of BIOCKS AN DOMDS. ...ttt sttt st ss et 110

Figure 5.12 AFM diagram shows glass compositions measured on ash fragments (red circles)
and groundmass glass of blocks and bombs (blue squares) in comparison with whole rock
compositions of Ruapehu volcano (grey field) (Price et al., 2012, e-appendix 10).  ............ 111

Figure 5.13 Compositional variations of SiO,, K,0 and MgO of ash (yellow fields) and blocks and
bombs through the SEQUENCE. ..ottt e et ss s e et et s e aestestesresre s es s s 112

Figure 5.14 Delineation of distinct edifices of OVC. The obtained area and thickness values were
applied for bulk volume calculations. Pie charts represent the DRE correction scheme applied
for volume estimation from the different parts of the volcanic complex (Kereszturi et al., 2013).
As the first step of the DRE corrections, the bigger pie charts imply the proportion of juvenile,
non-juvenile and interparticle void space. Secondly, the smaller pie charts show the remaining
juvenile content was corrected with the available vesicularities. — .....ocooeveeceveveceierinnne, 114

Figure 5.15 Cartoon showing the evolution of facies architecture and eruptive mechanism
during the OVC formation (see text for explanation).  ........veceeeeeseeeeeceeieeeeee e 118
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Figure 6.P.1 A — Locations and exposures of the Te Hukui sequence (yellow lines). See Fig. 6.1
for the location in its broader environment. Orange arrow indicates the viewpoint of B. B —
Overview of the type locality of the Te Hukui sequence on the left bank of Te Hukui stream. C —
Roadcut exposure of the Te Hukui sequence on the right bank of the Te Hukui stream (full size
panoramic image along with further supporing pictures are in Appendix A.6.1). .............. 123

Figure 6.1 Spatial distribution of the basaltic vents within the Whakamaru-Taupo area as
displayed on a shaded slope map derived from an 8 m DEM (LINZ - Land Information New
Zealand, 2012). Shaded areas represent the edifices of silicic lava domes. Basaltic vents: 1 — Te
Hukui, 2 — Tatua, 3 — Kakuki, 4 — Akatarewa Stream, 5 — Mangamingi Road, 6 — Ongaroto, 7 —
Trig 8543/Matapan, 8 — Acacia Bay, 9 — Pekanui, 10 — Kaiapo, 11 — K-Trig, 12 — Punatekahi, 13
— Kinloch, 14 — Otaketake Stream, 15 — Marotiri, 16 — Poihipi/Ben Lomond. Caldera margins
with black dashed line after Houghton et al. (1995a). Inset maps: (a) shows the geographic
position of TVZ; (b) red triangles indicate the location of Te Hukui basalt exposures in relation
with the architecture of the Puketerata Volcanic Complex (shaded structures are lava domes of
Puketerata, yellow and white dashed lines show the rim of ejecta ring and maar craters, red
dashed line represents the Orakeikorako Fault) (KOsik et al., 20164a). — .......coceveveeeevecrerrnnns 126

Figure 6.2 Lower (a) and upper (b) section of Te Hukui Basalt at the E side of the Te Hukui
Stream; (c) indicates unit A and its contact with the basement Orakonui ignimbrite; (d.
massive polymict breccia of unit B; (b) and (e) show the topmost part of the sequence with
variously inclined units of moderately to well-sorted coarse ash and poorly-sorted fine ash
JAYEIS (UNIE F). oottt ettt ettt e st et sae et e v st ste et st at e sases st ate st et sessan s sesens 128

Figure 6.3 Stratigraphic log of the eastern outcrop of Te Hukui sequence (a) with images of
accidental lithic fragments of unit B (scales represent 1 cm), and characteristic sections from
the western outcrop (b-d); (b) shows a ~50 cm ignimbrite block from unit B, (d) indicates the
uppermost part of western outcrop comprising of reworked deposits accumulated near the
bottom of the Te Hukui crater, intersected by a listric normal fault. — ............ccocvevveennnne. 129

Figure 6.4 Grain morphology and petrographic characteristics of the Te Hukui Basalt; (a)
slightly cemented lapilli tuff of unit C; (b) grain morphology of -2.5 - -3.5 phi size scoriaceous
juvenile fragments from unit F; (c) grain morphology of bulk 2 phi fragments from unit F, (SEM
image); (d) typical morphology of 3 phi size basaltic juvenile and accidental rhyolitic fragments,
(SEM image); (e) vesicle textures of lithic clast with two types of vesicularity; (f) crystal nodule
with plagioclase (pl) and olivine (ol) crystals; (g-h) groundmass textures, vesicle shapes with
predominantly lath shaped plagioclase crystals, cross polarised light;, (i) SEM image of
clinopyroxene (cpx) and plagioclase crystal with resorbed Na-rich core; (j) SEM image of
plagioclase crystal with Na-rich spongy cellular core; (k-I) Na and Ca element map of zoned
plagioclase crystal captured by field emission SEM (Hokkaido University). ........cccevuvunnn.. 131

Figure 6.5 TAS classification of Te Hukui basalt (L.A. lithic A; L.B. lithic B; S.1. — scoria; S.2. —
scoria) and other basalts of the Taupo-Whakamaru area (Ben. — Ben Lomond; Kak. — Kakuki;
Kin. — Kinloch; K-Tr. — K-Trig; Ong. — Ongaroto; Tat. — Tatua) (Brown et al., 1994; Hiess et al.,
2007; MAtRESON, 2010). oottt et s e ete st e s s sr et es et as s eteetearenrearteateres 133

Figure 6.6 Possible topographic relationships between the craters of the Te Hukui Basalt and
Puketerata subject to the exposure of the Te Hukui sequence, not to scale; (a) Te Hukui
sequence represents intra-crater deposits; (b) exposed Te Hukui sequence represents the
remnant of ejecta ring. In both cases, the Te Hukui outcrops were exposed by the latter
PUKELErata QCLIVILY. oottt ettt st et ettt et e te s te s te st s s e e s et as s s e e ateste s snasesesseans 134
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Figure 6.7 Conceptual model for possible rock types of erupting magma due to the interaction
between variable sized basaltic magma intrusions (Bl) and rhyolitic melt lenses (ML) in case of
a melt-dominated or crystal mush-dominated silicic magma reservoir. Basaltic eruptions are
expected only in case of minor interaction with melt lenses (E), while other cases basaltic
magma may trigger rhyolitic eruption (A and B) or mixing with rhyolitic magma without
eruption (C and D). Magma reservoir model modified after Cashman and Giordano
20 136

Figure 7.1 Regional map showing the geographic location of the Taupo Volcanic Zone (TVZ)
and the site of study (PVC) within the North Island and its relative position to the subduction of
the Pacific Plate beneath the Australian Plate (inset map). The border (bold red dashed lines)
between the Old TVZ and the Young TVZ and the present-day compositional divisions (red
dotted lines) between the more andesitic Southern and Northern TVZ and the rhyolitic Central
TVZ are from Wilson et al. (1995). Outlines of rhyolitic calderas (black dashed lines) located
within the Young TVZ are from Houghton et al.(1995b) Ka — Kapenga; Ro — Rotorua; Rp -
Reporoa; Tp — Taupo, Wh — Whakamaru;, Ok — Okataina; Oh — Ohakuri. Vent locations of
domes, dome complexes and coulees were mapped from 8 m NZ DEM (LINZ - Land Information
New Zealand, 2012) using geological maps of Rotorua area (Leonard et al., 2010) and Okataina
Volcanic Centre (NQirn, 2002).  .....eeeeeeeeeeeeeeeeverierieteseereeeevestessssesesseseessssseesessesssssssessessessans 142

Figure 7.2 Location of the PVC (red dashed square) within the Maroa Volcanic Complex with
the nearby lava domes (shaded areas), calderas (dashed lines) and mentioned lava
domes/flows; 1 Ngangiho, 2 Hipaua, 3 Ben Lomond (inset map) and architecture of the PVC
with the active faults (Langridge et al., 2016) and the important exposures of the Puketerata
sequence Coordinates are given in New Zealand Transverse Mercator 2000 (NZTM2000)
projection. Letters A and B indicate the viewpoints for Fig. 7.3.  ..eeeeeeveeeeeceecveereeeanns 145

Figure 7.3 Panoramic views of the structures of the Puketerata Volcanic Complex. A: The larger
dome and the surrounding ejecta ring from the top of the fault carp of the Orakeikorako Fault.
B: View from the summit of the smaller dome to chain of the maar craters (locations of
Viewpoints Are SNOWN Gt FiG. 7.2). oo eeeeeeeeevetietest e eteeteste s e et ssss s araastessesssseans 146

Figure 7.4 Cross sections from the prominent parts of the volcanic complex used 2x vertical
exaggeration. The paths of the cross sections are shown at Fig.7.2.  .....oeeeevevveveeeceiennns 147

Figure 7.5 Slope map of the dome and surrounded ejecta ring using a 5 m resolution shaded
relief DEM layer as a background indicates the main morphologic features of the volcanic
<o ] Lol =SSV 149

Figure 7.6 Key outcrops at proximal locations. Green dashed lines indicate internal
disconformities, yellow dashed lines indicate the boundary between Puketerata and the
subsequent Taupo Pumice deposits. Fall beds (F) are delimited by red dashed lines. BS: bomb
sags. For accurate geographic positions of the outcrops see Fig. 7.2.  ..oveeceevevereveeierenn 153

Figure 7.7 Main outcrops at the road cut of State Highway 1. Major fall beds (F1 to F8) are
delimited by red dashed line, block-and-ash flow units (BAF) delimited by black dashed line
within yellow background. BS: bomb sags. Yellow dashed lines indicate the boundary between
the basement, Puketerata and the subsequent Taupo Pumice deposits. Blue dashed and dotted
lines indicate faults and related displacements (5-15). For precise locations of the outcrops see
FIG.7.2. ooeeeeeeeeeeeeeeeeseeeeeeceseeeeee s eesese e s ses st eee et eee et et e s et st en s e et sresetene e 155
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Figure 7.8 Detailed stratigraphic log of the medial deposits of PVC. The lower 2 m (red)
observed at locality 5-15, (Figs. 7.2 and 7.7) while the upper part (blue) incorporates the upper
sequence from locality 2-09 (Figs. 7.2 and 7.7). The most dominant lithofacies is indicated for
each unit using abbreviations of lithOfaCIeS. ~  ....ceoeeveeeeeeeeeeeeeeeteet et 156

Figure 7.9 Density distribution of essential clast from selected major fallout beds. (F2, F4, F6
represents single fall beds sampled from 2-09 (Fig. 7.7), the other two layers marked by
asterisks at 4-21 AN 3-26 (Fig. 7.6).  oeeeeeeeeeeteeteeeee et eeete e ste s et av s eteeteetesre s sneraenens 157

Figure 7.10 Photomicrographs and BSE images of Puketerata rhyolite. A: Most frequent
phenocrysts; plagioclase (pl), biotite (bt) quartz (qz) in glassy fractured groundmass (sample 3-
02), B: network of fractures in dense glass (sample 3-02), C: variability of textures of
vesicularity (sample 3-03) , D: BSE image of C showing fracturing of glass among vesicles
(sample 3-03), E: Deformed flow banding, dark bands are rich in microlites (sample 3-21), F:
detail from E showing two types (t1 and t2) of vesicularity in fluidal glassy groundmass (sample
3 ) U 161

Figure 7.11 Example for ejecta ring (tuff ring) - lava dome complexes with different evolution.
Rims of ejecta rings are marked by white dashed lines, dome margins are marked by yellow
dashed lines. Source of data: Kaleni (Druitt et al., 1995); Panum Crater (Sieh and Bursik, 1986;
Kelleher and Cameron, 1990); Cerro Pinto (Zimmer et al., 2010).(*Possible dome volume of
Cerro Pinto derived from the volume of BAF deposits).  .eeeveeeeereeeeeeiereeeeesveise e s 168

Figure 7.12 NE-SW trending profiles along the eruptive vents are showing the evolution of the
PVC and pre-eruptive volcanic structures (A) at the vicinity of Puketerata (not to scale). Initial
phase (B) was characterised by deep to shallow-seated phreatomagmatic activity along the
fissure vents. Main stage (C) was dominated by extrusive emplacement of lava domes with
associated shallow-seated phreatomagmatic activity and destruction of the larger dome.
Excavation of the dome margins created a moat between the dome and the ejecta ring. The
late stage of activity was characterised by dome growth with minor explosive activity
(2 171

Figure 8.1 Geological settings of the Motuoapa Peninsula and its neighbourhood based on a
geological map of the Rotorua area (Leonard et al., 2010). The background slope map was
derived from an 8 m NZ DEM (LINZ - Land Information New Zealand, 2012) with the coordinate
system of New Zealand Transverse Mercator (NZTM2000). See Fig. 2 for the slope map key. The
regional map (inset map A) shows the geographic position of Lake Taupo and the TVZ within
the North Island and its relative position to the subduction zone. Inset map B indicates the
location of the study area relative to Lake Taupo, with the highest localities of lacustrine
sediments at Kaiapo (x) and RANGituKuQ (V). ettt ettt s 176

Figure 8.2 Geomorphology of the Motuoapa Peninsula as indicated by a slope map with a
shaded relief DEM layer as a background. Cross section displays the lake terraces formed after
the Lake Taupo post-1.8 ka high stand. Data source was a 1 m resolution LiDAR DEM (Waikato
Regional Council and NZ Aerial Mapping Ltd., 2006). Inset map (a) shows the morphology of
Korohe dome and lake terraces (north of KOrohe). ..o 179

Figure 8.3 Aerial image of the Motuoapa Peninsula with the sampling locations, main
geological units and inferred faults (Waikato Regional Aerial Photography Service - WRAPS,
2012): a. pyroclastic sequence relating to the eruption of rhyolite magma; b. brecciated or
coherent rhyolitic lava; and c. coherent dacitic 1ava. —  ..oeeeveeeeeee e 181
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Figure 8.4 SEM images of variably vesicular ash particles (A-C) with quenching cracks (C, yellow
arrow) and a mosaic of microscopic images of well-cemented lapilli tuff with fragments, with
highly vesicular cores and non-vesicular chilled rinds (D, red arrows). — ...................... 182

Figure 8.5 Representative pyroclastic sequences of the Motuoapa Penisula. A — Chaotic
arrangement of breccia and stratified lapilli tuff (loc. P3, Fig. 8.3); B — Stratified lapilli tuff
alternating with matrix-supported diffusively-stratified tuff breccia; C — Non-graded, clast-
supported diffusively-stratified tuff breccia; D — Reversely-graded, poorly-sorted, clast-
supported tuff breccia (loc. 2-02, Fig. 8.3); E — Normal-graded, poorly-sorted, clast-supported
breccia enclosed by non-graded, matrix-supported lapilli tuff (loc. 2-02, Fig. 8.3); F — Matrix-
supported diffusively-stratified tuff breccia (loc. P6, Fig. 8.3); G — ~100 m thick alternating
sequence of cross-stratified tuff and matrix to clast-supported lapilli tuff (loc. P5, Fig. 8.3); H —
Poorly-sorted, diffusively-stratified lapilli tuff from locality 2-05 (Fig. 8.3) with grain size
distribution indicated (MD mean diameter; o=sorting, Folk and Ward, 1957); I-J — Cross-
stratified tuff and matrix to clast-supported lapilli tuff (loc. 3-09, Fig. 8.3); K-L — Cross-stratified
tuff and matrix to clast-supported lapilli tuff (loc. P5, Fig. 8.3).  eeeveeeeeeeeeeeevene. 186-187

Figure 8.6 Representative outcrops of effusively emplaced lithofacies of Motuoapa Peninsula. A
— Columnar-jointed coherent rhyolite lava (loc. P4, Fig. 8.3); B — Flow-banded, flow-foliated
coherent rhyolite lava (loc. P2, Fig. 8.3); C-F — Lava breccia with different degrees of
fragmentation (I0C. P1, Fig. 8.3). oottt eesve v v seseseesevssvesereeressessesssssasenees 189

Figure 8.7 TAS classification of XRF bulk-rock and EPMA matrix glass chemical results of the
extrusive rocks located around the Motuoapa Peninsula. Matrix glass compositions of dacite
are at least as evolved as the rhyolite. The outlier bulk-rock low alkali content of rhyolite
(sample 3-01) is interpreted by sodium loss during hydration (e.g. Fig. 8.8C).  .................. 193

Figure 8.8 Characteristic macroscopic and microscopic textures of the two rock types of
Motuoapa Peninsula. A — Hydrated and fractured glassy rhyolite from locality 3-01 (Fig. 8.3); B
— Less hydrated rhyolite lava variety from the pyroclastic sequence located at 2-05 (Fig. 8.3); C
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