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ABSTRACT

Geochemical and stratigraphic study of the Akaroa Volcanic Complex can
reveal pre eruptive processes and inform eruption style. Volcanic deposits record
many details from their formational history, including source material, magma
chamber dynamics, and eruption style. Geochemistry can be used to show the
evolution of stacked lava flow composition as well as the beginning of new volcanic
cycles. All data must be taken into actint when studying this complex, intraplate
system. Previous assumptions of a single vent, shield volcano will continue to be
revised asmore evidence shows Akaroa as a large complaith many vents
erupting from shallow lava chambers sourced by a deep resvoir. This study
analyzeslava flow and ashdeposits in the southeasten area of the volcano to create
an eruptive model recognizing contemporaneous explosive eruptions.

INTRODUCTION

Volcanic deposits on Banks Peninsula tell a geological history, reflexy the
processes that occurred deep below the surface millions of years aganks
Peninsula offers a unique view on volcanism due to its intraplate nature, a less well
understood tectonic setting for volcanismGeochemistry, mineral textures, and
stratigraphic sequencing of rock samples provide clues to reconstructing the nature
of past eruptions. The Akaroa Volcanic Complex on Banks Peninsula, NZ shows
clear, cyclic geochemical trends repeating all over the peninsula (Beckham 2015,

Johnson 2012). Beckhan(2015) studied six eastern bays to create a shallow magma
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picritic basalt to trachyte and decreasing phenocryst percentage within successive
lava flows.
This study seeks to add thee transects in the southeastern area of the

volcano (Figure 1) to the geochemical database, analyse the beginning stages of the
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GEOLOGICAL BACKGROUND

Banks Peninsula, B AOAA 11 . Ax : AAl A1l Adcansigsi OOE

of two Miocenevolcanic complexes. The Lyttelton Volcanic Complex (1210.4 Ma)

is older but the younger Akaroa Volcanic Complex (9-8.8 Ma) constitutes two

OEEOAO 1 £/ OEA DAT &nd &nith, 298I THe wad Eodplexes Ard O A O

thought to be a result of two large lithospheric detachments, causing asthenospheric
upwelling and large intra-plate eruptions (Timm et al., 2009). Previously the
volcanoes were thought of as simple composite shielblcanoes fed by intraplate
dykes, but more recent studies have revealed a more complex picture (Sewell et al.,
1992).

There is one 1:100000 scale geologic map of the peninsula created in 1992
and described by Sewell and Weaver in a series of guideseTiapwas created on
the assumption of a singular vent for both the Lyttleton and Akaroa complexes
(Sewell et al., 1992)Recent work undertaken by Hampton and Cole (2009) was able
to map 15 separate eruptive vents for the Lyttleton volcanic complexshowing how
much revision is needed in the Sewell (1992) map and formation units.

The Akaroa Volcanic Complex formation has been studied most recently by
Johnson (2012), Patel (2013), and Beckham (2015). The volcanics are
predominantly lava flows ranging in composition from picrite basalt to benmorite
(Beckham, 2015). Johnson (2012) coelated cycles of repeating geochemical
sequences spatially around different parts of the volcano, suggesting a model of
many eruptive vents similar to Hampton and Cole (2009). These batches of lavas are
sourced from multiple shallow magma chambers beneatthe peninsula, fed by a
much deeper reservoir linked to the lithospheric detachment (Johnson, 2012, Timm

et al., 2009). This gives the whole complex similar geochemical trends while having
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varying evolutions depending on the individual vent and shallow ciimber.

Replenishing events begin the eruptive cycle with picrite basalt containing altered

crystal inclusions and over time to become more aphyric evolved lavas (Beckham,

2015). These altered crystals are the remnants from the pastcyéled OT AOODPOAA
magma, essentially having new cycles start off by clearing out the shallow magma

chamber (Beckham, 2015).
METHODS

Five transects were taken in southeastern bays in BankeRinsula
i (AUT T AE 8 OnhFled BalySodthd NorthAahdMNorth Eastresulting in 49
samples.Fieldwork was conducted in July 2015 and overseen by Frontiers Abroad.
Samples were taken in stratigraphic order, working either from the top to the
bottom of ridgelines or from the bottom to top.

Whole-rock geochemical data obtained from >Ray Flwrescence and
Diffraction (XRF) was organized based on stratigraphy and plotted in IgPet2012 to
identify rock type, magma batches, and trace element ration within picritic
basalts.Rock type was determined through the Total AlkalSilica Diagram. Elemen
and compound trends were plotted to define the boundariesf individual batches
and spatially mapped onto the study area (Figures-2). Thin sections were
photographed under normal and cross polarized light to highlight textural features.
Mineral textures were analysed according tothe Beckham (2015) Petrographic
Guide (Figure § based off of Viccaro et al. 2010.

Shankle (2015) sampled 17 ash beds across Banks Peninsula and obtained
XRF/XRD data and conducted thorough thin section microscopy analysis.
RE3JLTS

Substantial, stratigraphic geochemical data was obtained for three of the five
transectsj ( AUI T AEGO " AUh $AI T 1 @kenihdouthedsierA &1 AA
Banks Peninsula. 37 dta points were organized vertically by compounds and
elements to showgeochemical variations within batchegFigures 2-4). Thin sections
were compared under normal and cross polarized light. Batches with three or more

sequential samples were analysed under thin section microscopy, looking for trends
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and patterns within the matrix and mineral composition as the batch evolves
(Figures 7-9).
DISCUSSION
UNIT DISTINCTION IN AKAROA COMPLEX

In 1992 the New Zealand Geologal Survey created the first 1:10000 scale
map of Banks Peninsula. In this map there is a clear distinction leten two
formations in the study area as seen in Figure 10hese two formations are the
French Hill Formation (light green) and the Te Oka Formation (dark green). As
I EOOAA ET O"Aiilicu 1T &£ OEA 1 EAOT A 7A00
overlaysthe French Hill formation and is marked by a shift from porphyritic varying
basalts to steeply dipping aphyric hawaiite flows. Two transects collected by
Frontiers Abroad students crossed over the dividing line between the two
formations and two stayed conpletely within the French Hill Formation, as shown
by red lines in Figure 10

A spider plot using Pearce 1983 of trace elements in picritic basalts from the
four transects was created in IgPet2012 (Figure )1 There appears to be no

significant variation between the trace elements in varying transects or within the

OxI OOAT OAAOO OEAO AOI OO0 OEA & Of AOCETI

South).Field observations recorded by Frontiers Abroad students showed no sign of
AT OT AT T &£ Oi EOU Bak @ EléaiBayG&uth trahdettth adaiton,
Sewell & Weaver (1990) state Te Oka Formation rock type is exclusively hawaiite.
Total Alkali- Silica Diagrams created in IgPet2012 list rock types from these
transects as varying from picrite basalt to hawaii.

These results indicate that a largescale revision must take place in analysing
the formation units of the Akaroa Volcanic Complex. The origin of the distinction
between the Te Oka and the French Hill formation must be questioned. With new
wise to create a new map of the whole volcano, as local formations may appear

depending on their spatial relation to varying vents. This map has already begun
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120 through the collaboration of many generations of Frontiers Abroad students, but
121  should be opened to all geologists wishing to join.

122 ERUPTIVE MODEL

123 Batches of evolving geochemistry within bay transects are consistent with
124  Beckham's (2015) shallow magma chamber model designed for eastern bays in
125 BanksPeninsula. Transects in Figures-2 show clear, cyclic geochemical evolution
126  where increasing SiO2 corresponds to increasing K20, MgO, P205 and Zr and
127 decreasing Al203, FeO, V, and Sr. The consistency within these transect's

128 geochemistry implies the southeastern bays went througmagma reclarge events
129  (Figure 12). It is possible one magma chamber was not shared by all the samples,
130 but itis likely the same primitive source underlay the volcano.

131 Thin sections show evolution of melt through mineral percentages

132 andOtextures. As magma is rechaed into the shallow chamber it mixes

133 leftoverOphenocrysts, partially melting or refractionating crystals, leading to a

134 plethoraOof textures and higher mineral percentages seen in the g picrite

135 basaltO(Figures 7-9). Sieving, patchy cores, and resorbatmns all support

136 theOhypothesis of an intrusive, hot melt signalling the beginning of a new

137 batchOand altering existing crystal cumulate mush. As the source for the

138 injectionOdepletes, mixing stops and flows become more aphyric as well as evolve
139 intoOhigher silica lavas. In the southeasterndys the lavas evolved from picrite

140 basalt to hawaiite to mugearite. However, before these lavas even erupted, another
141 important stage in the batch cycle occurs.

142 Shankle (2015) found that ash deposits on Banks Peninsuare almost

143  exclusively sourced from early stage picritic magma. This would indicate that

144  explosive, ash producing eruptions only occurred early in the eruption sequence
145  when the newly injected magma was still primitive. The ash deposits sampled were
146  almost all found stratigraphically below picrite basalt flows (Figure 13). As a result a
147  collaborative model has been developed to explain the evolving nature of the

148  Akaroa Volcano going from explosive to effusive in eruption style.

149  Eruptive Model Stages
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1) Acapped vent traps volatiles within the vent and the attached shallow magma
chamber, crystal cumulates sit at the bottom of the chamber, leftover from the last
magma batch

2) A new injection of magma into the chamber begins to mix the crystals, partially
melting and recrystallizing them, as well as increasing the pressure within the
chamber and conduit as volatile bubbles grow and coalesce

3) The cap fails at a critical pressure resulting in an explosive eruption driven by the
rapid expansion of volatiles depositing layers of asly immediately followed by
continued explosive activity, erupting picritic basalt containing the sieved and
resorbed minerals phenocrysts

4) The magma injection is over and explosive eruptions become less frequent,
magma within the chamber begins to fractionate new crystals which sink to the
bottom without the mixing the injection had provided

5) Lava erupted becomes more evolved and aphyric over time, from picrite basalt to
hawaiite to mugearite, and fractionated crystals buildip on the bottom of the
magma chamber

6) In the final stages the evolved, aphyric lava is erupted effusively and the conduit
closes signifying the end of the injected lava batch and returning to stage 1

CONCLUSION

1 The shallow magma chamber model for Akaa developed by Johnson (2012)
and refined by Beckham (2015) applies to the sampled southeastern bays:
repeating geochemical and thin section textural evolutionary trends matched
those described in Beckham (2015)

1 Formation of Akaroa complex in the southestern area of the volcano
requires revision: no significant geochemical or morphological differences
were found to distinguish between the French Hill Formation and the Te Oka
Formation, no boundary between the two was found in transects

1 Ash deposits cannform on early eruption cycle dynamics: in conjunction

with Shankle (2015), a model was created to integrate an early explosive
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179 eruption stage, supported by intermittent ash layers with picrite basalt
180 origins, into the already existing shallow magma chamlvenodel

181 91 Future study should focus on pre eruptive magmatic processes revealed
182 through thin section crystal alteration, in addition the field area should be
183 revisited to find more ash deposits overlain by lava flows to further the
184 model created here
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Haylock’s Bay Transect
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Flea Bay South Transect
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Haylock's Bay Transect Fiea Bay South Transect
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