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Abstract

Monogenetic basaltic volcanism is characterised by a complex array of behaviours
in the spatial distribution of magma output and also temporal variability in magma flux
and eruptive frequency. For understanding monogenetic volcanoes different topographic
and remote sensing-based information can be used, such as Digital Surface Models
(DSMs). These data are most appropriately analysed in a Geographic Information
System (GIS). In this study a systematic dataset of the Auckland Volcanic Field (AVF),
New Zealand, was collected and pre-processed to extract quantitative parameters, such
as eruptive volumes, sedimentary unit thicknesses, areas affected, spatial locations, and
topographic positions. The topographic datasets available for the AVF were Shuttle
Radar Topography Mission (SRTM), Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER), contour-based Digital Elevation Models, and Light
Detection And Range (LiDAR) datasets. These were validated by comparing their
elevations to high accuracy ground control reference data from multiple Real-Time-
Kinematic (RTK) Global Positioning System and Terrestrial Laser Scanning surveys.
The attribute extraction was carried out on the LIDAR DSM, which had the best vertical
accuracy of <0.3 m. The parameterisation of monogenetic volcanoes and their eruptive
products included the extraction of eruptive volumes, areas covered by deposits,
identification of eruptive styles based on their sedimentary characteristics and landform
geomorphology. A new conceptual model for components of a monogenetic volcanic
field was developed for standardising eruptive volume calculations and tested at the
AVEF. In this model, a monogenetic volcano is categorised in six parts, including
diatremes beneath phreatomagmatic volcanoes, or crater infills, scoria/spatter cones,
tephras rings and lava flows. The most conservative estimate of the total Dense Rock
Equivalent eruptive volume for the AVF is 1.704 kmr’. The temporal-volumetric
evolution of the AVF is characterised by a higher magma flux over the last 40 ky, which
may have been triggered by plate tectonic processes (e.g. increased asthenospheric
shearing and back-arc spreading underneath the Auckland region). The eruptive
volumes were correlated with the sequences of eruption styles preserved in the
pyroclastic record, and environmental influencing factors, such as distribution and
thickness of water-saturated post-Waitemata sediments, topographic position, distance
from the sea and known fault lines. The past eruptive sequences are characterised by a
large scatter without any initially obvious trend in relation to any of the four influencing
factors. The influencing factors, however, showed distinct differences between sub-
domains of the field, i.e. North Shore, Central Auckland and Manukau Lowlands. Based
on the spatial variability of these environmental factors, a susceptibility conceptual
model was provided for the AVF. Based on the comparison of area affected by eruption
styles and eruptive volume, lava flow inundation is the most widespread hazard of the
field. To account for this, a topographically adaptive numerical method was developed
to model the susceptibility for lava flow inundation in the AVF. This approach
distinguished two different hazard profiles for the valley-dominated Central Auckland
and North Shore regions, and the flat Manukau Lowlands. A numerical lava flow
simulation code, MAGFLOW, was applied to understand the eruption and rheological
properties of the past AVF lava flow in the Central Auckland area. Based on the
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simulation of past lava flows, three eruptive volume-based effusive eruption scenarios
were developed that best characterise the range of hazards expected.

To synthesise, susceptibility mapping was carried out to reveal the patterns in
expected future eruption styles of the AVF, based on the eruptive volumes and
environmental factors. Based on the susceptibility map, the AVF was classified as
highly susceptible to phreatomagmatic vent-opening eruptions caused by external
environmental factors. This susceptibility map was further combined with eruptive
volumes of past phreatomagmatic phases in order to provide an eruption sequence
forecasting technique for monogenetic volcanic fields. Combining numerical methods
with conceptual models is a new potential direction for producing the next generation of
volcanic hazard and susceptibility maps in monogenetic volcanic fields. These maps
could improve and standardise hazard assessment of monogenetic volcanic fields,
raising the preparedness for future volcanic unrest.

i
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interpolation takes place. During resampling the grid cell value of the new
resolution is the value of the cell located the closest to the new grid cell centre
(€.2. WO, 1996). ...cceiiiiieeiiiee ettt ettt e 57
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Figure 3.15 Graph shows two profiles through the youngest volcanic edifice, Rangitoto,
with all the available topographic data from Auckland. The summit crater with a
diameter of 200 m is not resolved by the coarser topographic data sources, such as
SRTM DTM or ASTER GDEM. The surface roughness on a dm-scale is shown in
the inset. This example surface is based on the TLS DSM data on the distal parts
of Rangitoto a’a lava flow. The blue line is the LiDAR 2m data, while the black
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.......................................................................................................................... 85

Figure 4.3 Outcrop photos of volcanic deposits from the AVF. (A) Photos showing the
well to poorly sorted deposits in one of the scoria cones of Three Kings volcanic
complex. The inter-particle void space can be large. (B) Contrasts between
juvenile-rich and juvenile-poor units exposed in the succession at Browns Island.
Note the large diversity of accidental lithic clasts from the underlying Miocene
Waitemata sediments, such as sandstone (black horizontal arrows). (C) A typical
lava flow surface from the youngest eruption site, Rangitoto. The lava flows in
Rangitoto wusually range from shelly pahoehoe to rubbly a’a lava flow
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evaluation plot for the counts. (D) Closer view of two juvenile fragments with
CONLrasting VESICULATILY. ......eeiiiiiiiiiiiiiiiie ettt e e e e e eaeee e e 91
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Figure 4.6 Results of the new DRE eruptive volume estimates for the AVF. (A) The
results of minimum estimates, including those volcanic parts where the volumes
can be estimated with a relatively high accuracy. (B and C) Overall DRE eruptive
volumes change if distal tephra blankets and diatreme volumes are considered. 102
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AVF for each estimate. The ages are based on the most likely simulated eruption
history based on the probabilistic analysis of Bebbington and Cronin (2011). The
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Farm and Onepoto, 2 — Mt. Victoria and Mt. Cambia, 3 — Grafton volcano and
Auckland Domain, 4 — Purchas Hill and Mt. Wellington, 5 — Mt. Richmond and
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Geographic divisions on the left of the map include: North Shore, which includes
areas now occupied by sea water in the Waitemata Harbour; Central Auckland,
which encompasses the elevated parts of the Auckland Isthmus; and the Manukau
Lowlands including the Manukau Harbour and the alluvial plain areas with the
western slopes of the Hunua Range. The size of the green dots is scaled to the
eruptive volume of the phreatomagmatic phase (in x10° m®) of past volcanoes. 133

Figure 5.4 Area-equivalent circles revealing eruptive histories with either increasing
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relation to (A) thickness of post-Waitemata non-volcanic sediments, (B) pre-
eruptive elevation, (C) distance from the present coastline, and (D) distance from
known fault lines. Note that in graph A, the thickness is inferred to be <5 m under
volcanoes in the Central Auckland region. .........cooocvveiiiiiiiiiiniiiiie e 142

Figure 5.12 Box plots showing the distance from the coast to the volcanoes from three
distinct sub-areas of the AVF and the total field in relation to (A) a sea level
higher than the present day by 10 m, and (B) 5 m, as well as (C) a sea level lower
than the present day by S mand (D) by 10 m. ....oooeiiiiiiiiiiiiiiiiiiieeeeeee, 143

Figure 5.13 A model for internal (red circles) and external (green circles) factors
influencing eruption styles in the AVF. Future hypothesised eruption site
examples are shown as black dots with the four environmental factors (dsa —
distance from sea; dgue — distance from known fault lines; Zi,, — topographic

Xiv



Kereszturi: Approaches to forecast volcanic hazard Preface

position, as well as hy, — thickness of water-bearing units). The significance of
each environmental factor varies between parts of the field, and there is no sole
controlling factor for eruption styles and histories. The listed external
environmental factors are in the order of inferred importance. Note the excavation
depth of the maar volcanoes is not constrained well, but it is inferred to be very
shallow, 50-100 m (Cassidy et al., 2007; Agustin-Flores et al., 2014). The fault
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Volcanic Field (after Sporli and Eastwood, 1997). The coordinates are given in
New Zealand Transverse Mercator (NZTM2000). The solid boxes indicate the
location of Figs. 6.3, 6.4 and 6.8. (B) Location of the 52 eruptive centres (green
triangles) within the AVF overlaid on a false-colour multispectral SPOT-5
satellite image. Note that the areas in grey to green are the urban and heavily
populated parts of Auckland, while the red colour shows distribution of vegetated
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Figure 6.2 Flow diagram for input data, data processing and results.............cc.cce..... 159
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explanation. (A) Watershed ranking based on the averaged kernel density. The
contour lines (black lines) represent the 25%, 50% and 75% percentage of input
point used to estimate the probability density distribution. (B) Watershed ranking
based on cumulative bulk volume. (C and D) These two maps show the area
portion (pie diagrams) of zones within watersheds for the Scenario 1 (C) and
Scenario 2 (D). The colouring of the watershed boundaries shows the ratio
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as depressions (red) and low-lying areas (pink). The colours used here are the
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