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Provisional finerary

Tuesday 15 Januad019 Farming and conservation

8.00 am Depart Bryant Hall

8.00:8.45 am Drive to Ormsby Far®ekanui Rd, Ngutunui (Pirongia Mtn)
Meet Megan atNgutunui School

9.00-10.30 am Keith and Margaret Ormsby ddaym, Pekanui Rd
10.30:11.00 am Drive to Otorohanga

11.0012.00 Otorohanga Kiwi house and bird sanctuary

12.0012.45 Lunch at Ronni€xafé Otorohanga

12.451.30 Drive to Garland Farm, Rahiri Rd, Retangi (Maungatautari Mtn)
1.30-3.30 Bill and Sue Garld sheep and beef farm

3.304.15 Special afternoon tea at nearby far@ambridge R(US connection)
4.154.30 Drive to Leamington section

4.30-5.00 Horotiu soil on late Quaternary tephra mantle (allophanic) on volcanogenic alluvium, Leamington
(Vitric Hapudand)

5.005.30 Return tdBryant Hall, Knighton Rélamilton

Wednesday 16 Januai3019 Rotorua geysers and tephras
8.30 am Depart Bryant Hall
8.30-10.00 Drive to Te Puia, Hemo Rd, Rotorua
10.00 Arrival at Te Puia
10.15 Concert
11.00 Guided tour
12.151.00 Lunch at Te Puia or local eatery (e.g. BP Connect)
1.00-1.30 Drive to Brett Rd, Lake Rerewhakaaitu
1.30-2.30 Rotomahana soil on layered Holocene tephras, buried soils (Typic Udivitrand)
2.30-2.45 Circumnavigate Lake Rerewhakaaitu (view Mt Tai@we
2.453.15 Drive toOkareka Loop Rd tephra section
3.153.45 Okareka Loop Rd tephra section
3.45-4.30 Redwood forest (Long Mile Drive)
4.30-6.00 Return tdBryant Hall, Knighton Réiamilton

Thursday 17 Januarg019 Waikatopeatsand gardens

8.30 amDeparture

8.308.45 Drive to Raynes Rd

8.459.30 Kainui soil, late Quaternary tephra mantle (halloysitic) on buried clayey paleosol (Typic Kandiudult)
9.309.45 Drive to Moanatuatua bog and blueberry orchard, Jary Rd, Ohaupo

9.4510.15 Rukuhia soil on peuwiith thin tephra layer (Taupo Tephra 232 + 10 CE) (Sapric or Typic
Haplohemist)

10.1510.20 Drive to The Orchard Café, Blueberry Country processing sheds, Jary Rd

10.3011.15 Talk about blueberry operation by Warrick Macdorfgiheral manager, BlueberGountry)
11.1511.45 Drive to Pirongia village

11.4512.30 Lunch at bakery in Pirongia

12.3012.45 Drive to Grey Rd and visitor centre, Mt Pirongia

12.451.30Mangakara forest walk, Mt Pirongia

1.30-2.15Drive to Hamilton Gardens, Cobham Drive

2.15-3.00 Te Parapara garden (humamodified soils) (Tamahere soils), Hamilton Gardens with talk by
Wiremu Puke

3.004.30 Free time, Hamilton Gardens

4.30:5.00 Reurn to Bryant Hall, KnightondRHamilton



Introduction to volcanism and its products

Volcanoes are not only conical mountains, but span a very wide range of landforms. A volcano is any landform
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reflect how often it erupts, the sizeend types of eruptions, and the composition of the magma it produces.
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oxygen, aluminium, magnesium, iron, calcium, sodium, potassium and titanihiat sum 98% or more by

weight. Oxygen and Si together are generally the most abundant elements, making 1 %8oy weight of

most magmas. The chemistry of magma, especially Si content, is important for influencing the way it erupts,
and three main maga types, and resulting volcanic rocks, are identified on the basis of their chemical
composition. A fourth type, dacite, is usually grouped with artdedbutis intermediate between andesite

and rhyolite in compositioSmith et al., 200/

ABasaltis rich in Fe and Mg and low in Si and erupts at very high temperatures (PDI0C) as a very fluid
magma. Basalt magma with very little gas cools to form dark black, dense lava, but where magma erupts with
lots of gas it cools to form ragged scoriaagh.

A Rhyolitemagma is rich in Si, K and Na and erupts at temperatures betweert8300C as an extremely
viscous magma. Rhyolite magma containing lots of gas bubbles cools to form pumice, but if the magma
contains little gas it may form obsidian glass

A Andesitg(alsodacite) magma is intermediate in composition and physical properties. Erupting at3800
~C itis more viscous than basalt, but much less viscous than rhyolite. Andesite magma cools to form dark grey
lava if gagpoor or scoria or ashi gasrich.

Volcanic eruptions vary remarkably in style and size. The smallest may just dust the summit of a volcano with
volcanic ash, whereas the largest are capable of creating entirely new landscapes across whole countries.
Although there is great dersity of volcanic behaviour, eruptions can generally be classed as one of two broad
typesc either explosive or effusive.

Explosiveeruptions

Explosive eruptions are caused by gases violently ripping apart and shattering magma into pieces which cool
andsolidify into pumice (if the magma is rhyolite), scoria (if the magma is andesite or basalt), and volcanic ash
(sand and dussizedfragmentsmainly of volcanic glass). Explosive eruptions take place in one of two ways.
The first involves gas that is caimied within the magma at depth. As magma rises to the surface the drop in
pressure causes these gases to bubble and expand violently. Close to the surface magma becomes like the
foam that explodes out of champagne or a can of fizzy drink when first opaiedsecond type of explosive
eruptions occurs when magma contacts water, either beneath the ground (at an aquifer) or at the land surface
(either a lake or the sea). The very high temperature of magma;(ZIM C) means that it instantly boils the

water, causing violent steam explosions, which blow apart the magma, eject liquid water and steam, and rip
up the ground containing the water. These types of eruptions allead phreatomagmatic eruptions

In both types of explosive eruptions, the shatteredgma and other rock fragments are carried violently into

the air by the uprush of expanding gases, before settling back to the ground to form a pyroclastic (literally
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the higher the tephra and rock fragments will be carried into the air. The higher the material goes, the further
from the volcano it will be blown by the wind, and so there is a close correlation or relationship between the
energy ofan eruption and how far the eruption products are spré&dith et al., 2007



Effusiveeruptions

Effusive eruptions occur when magma contains little gas and so cannot behave explosively, but instead quietly
extrudes at the surface forming flows tava. The very fluid basalt lavas can flow long distances forming
extensive, almost flat volcanoes, whereas very viscous rhyolite lava piles up around the vent, like toothpaste
squeezed from a tube, forming large, stegiged mounds called domes.

Three different types of volcanoesn North Island
Althoughb 2 NJi K a&ctivé Vol¢aRd@silook quite different from one another, all can be grouped into one
of three main landform types:

Aclassic cones or stratovolcanoes (e.g. Mt Taranaki, Mt Ruapehu)
Avolcanic fields (e.g. Auckland Volcanic Field, South Auckland Volcanic Field); and
Acaldera collapse craters (e[otorua calderaTaupo caldera, Haroharo caldera)

Each of these has obvious landforms and the violence and styles of eruptions are tmigaeh. These
differences reflect the type of magma erupted: basalt at the volcanic fields, andesite at the cone volcanoes,
and rhyolite at the calderas. During our trip, we will see mainly rhyolitic or dacitic depoditaraadforms

Caldera volcanoes aneruptions

A calderais a large, deep crater resulting from the caving in of a rhyolite magma chamber. In places the caldera
walls can be seen as steep cliffs, but many are difficult to observe in the landscape because they may be filled
in with erupted méerial or covered by water. Calderas have extremely violent origins and form when a vast
amount of viscous rhyolite magma, bubbling with gas, erupts explosively from a magma chamber that may
only be a few kilometres beneath the ground. During these ermgti®o much magma is erupted that the
chamber empties, leaving the ground above it unsupported. This area collapses, dropping like a piston, to form
a wide, deep depression. Lake Taupo, the area to the east of Rotorua known as Okataina, and Mayor Island or
Tuhua, are three examples of recently active caldera volcanoes in New Zealand. Some older calderas exist in
the area between Taupo and Rotorua and on the Coromandel Peniiseddrig. 2 below)

Rhyolite calderas may be active for several hundred thouganads, but large eruptions are rare, with typically
thousands of years between events. Caldera collapse is not the only effect on the landscape arising from these
large explosive eruptions. Huge quantities of pumice, ash and gas are pumped into the faneosnd

through a combination of heat and momentum, a roiling column of this material may rise to over 50 km above
the caldera. From this height, ash and especially aerasgéses and tiny drops of aciccan spread around

the globe, affectingthewodR Q& Of AYIF GS F2NJ aSOSNIf &@SIFNBR® /f2aSNJ]
by metres of pumice. The most devastating process, however, occurs when this column of material falls back
to earth like a fountain, then surges out in all directions fromdhklera as a hurricarkke billowing, ground
KdZA3Ay3a Fft2¢ 2F K20 LlzyAO0S: akK yR 3lad ¢KSasS LR
at the speed of a racing car, leaving behind a layer of volcanic (pyroclastic) debris that rmigihretiban 100

metres deep. Some flows are so hot (6080 C) and thick that the ash and pumice fragments weld back
together, forming solid rock known as partially or densely welded ignim{iteith et al., 2007)

Dome building

Eruptions from rhyolite @lcanoes are not always so explosively catastrophic. A small amount of rhyolite
magma may remain after a caldera eruption, which is exhausted of all gas and so can only ooze from the
volcano slowly, often along the faults and fissures opened up by eealigera collapse. The very high viscosity
means the silicaich rhyolite lava will not flow far, and instead, piles up around the vent, like toothpaste
squeezed from a tube, to form a stesjiled dome or dome complexes. These domes are prominent landscape
features amongst the caldera volcanoes of theupo Volcanic ZondVY2Z (Fig. 1)Mokoia Island and Mt
Ngongataha are rhyolite lava domes erupted within Rotorua caldera, and Mt Tarawera comprises a collection
of lava domes erupted. AD 1314within Haroharo/Okataina caldera.



Defining tephra, ash, and lapilli

We¢ SLIKNI Q O2 YSa tephn¥aning aghésBasd]is ag-atidhiRpassing term for the explosively
erupted, loose, pyroclastic (fragmental) products of volcanic eruptiboge, 2011)it includes all grain sizes

ranging from the finest dust to blocks the sizeafsh W! a KQ A& y20 | o0dz2NYy i NBAARC
<2 mm in diameter including rock patrticles (lithics), pumice, mineral grains (crystals), and glass shersls. G

2¢64 mm in size are called lapilli (lapillus for single grain), and particles >64 mm are called blocks if they are
sharp and angular in shape, or bombs if they are partly rounded or smooth in shape.

L2

Photo: C. Wilson

Lapilli Block

Table 1Tephrarelated nomenclature in brief (m Lowe, 2011).

Term Definition .

Tephra All the explosively-erupted, unconselidated pyroclastic products of a
volcanic eruption (Greek tephra, ‘ashes’)

Cryptotephra Tephra-derived glass-shard or crystal concentration, or both, preserved in
sediment (including ice) or soil and not visible as a layer to the naked eye
(Greek kryptein, ‘to hide’)

Tephroestratigraphy Study of sequences of tephra layers and associated deposits, their
distribution and stratigraphic relationships, and their relative and numerical
ages. Involves defining, describing, characterizing, and dating tephra layers
in the field and laboratory

Tephrochronology Use of tephra layers as isochrons (time-parallel marker beds) to connect
(sensu stricto) and synchronize sequences and to transfer relative or numerical ages
to them using stratigraphy and other tools. An age-equivalent dating
method

Tephrochronology All aspects of tephra studies and their application
(sensu lato)

Tephrochronometry Obtaining a numerical age or date for a tephra layer



Quaternary volcanism iffaupo VolcanicZone

The highest concentration of Quaternary volcanic activity in New Zealand occursliWZiiéis narrow band

of cone and caldera volcanoes extends from Ruapehu in the south, over 240 kilometres to Whakaari (White
Island) in the north, with the Taupo, Okataina, Rotorua and other calderas nestled between. Some of the
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most recent small eruptions (Ruapehu 198896, Whakaari 20Q0Te Mari craters on Tongariro 20}2

Volcanism occurs in the TVZ, and at Taranaki, because of subduction of the Pacific tectonic plate beneath the
North Island. As this plate descends and is heated, water and other fluids are boiled off and stream into the

mantle rocks under the North Isid. These fluids cause chemical changes that enable the otherwise solid rock

of the mantle to melt, forming basaltic magma. This magma rises until, because of its higher density, it gets

trapped underneath the continental crust of the North Island. Here Wlery hot basalt magma acts like a
gigantic blowtorch, melting the crust and mixing with it to form andesite magma, which is then erupted as

cone volcanoes. Where enough melting of the continental crust occurs, rhyolite magma forms, generating

caldera vécanoes (Smith et al., 200
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TVZ

The TVZompriseshree distinct partgFig.1). A southern part, dominated by andesite cones, includes the
active Ruapehu and Tongariro volcanoes and the probably extinct Pihanga an{akihiamea cones. A
northern part, which is also dominated by andesite stratovol@mancludes the active Whakaari (White 1s.)

and midHolocene Putauaki (Edgecumbe), and the much older, deeply eroded cones of Motuhora (Whale Is.)
and Manawahe. These two stratovolcano clusters beo#l the third and largest central part of the zone,
extending from Turangi north to the Rotorua lakes district. This area is dominated by rhyolite calderas,
including the highly active Taupo and Okataina volcafiBies 1-2), and older calderas including Mangakino,
Kapenga, Whakamaru, Reporoa, Rotoramag newly-identified Ohakuri caldera (Gravely et al., 2007). The
origins and extent of Rotorua caldera are debated. Large explosive eruptions over the last 2 million years or
so from this nested collection of rhyolite volcanoes have produced a huge volumgamiagstic deposits,

which when loose are called tephra$aple ), and many of the older volcanoes cannot be seen in the
landscape because of burial underneath hundreds of metres of volcanic material from more recent eruptions.
The products of these calde eruptions are most obvious as the extensive plateaux flanking the western and
eastern sides of the TVZ, which erosion reveals to be made up of many layers or sheets of ignimbrite, pumice,
and tephra fallout layers. However, caldera eruption products fatend far beyond the more obviously
volcanic landscape of the central North Island. If we consider a volcano as including all the material erupted
from it, then in a sense the entire area from Auckland to Hawkes Bay is pantugkaaldera volcano cengd

on TVZ.

Introduction to Taupo Volcanic Centrand the Taupo eruption

Taupo volcandFig.2) is the most frequently active and productive rhyolite volcano on Earth. Activity began
after the eruption of the widespread and voluminous c. 340 ka Whakamaru group ignimbrites, including
widespreadRangitawa tephra from Whakamaru caldera. Modern actibiégan ¢.50 kawith nearly 40
eruptions recognised (Fi@). These wereverwhelmingly pyroclastic (>95%ihd from vents mostly now
concealed beneath Lake Taupo (Wilson et al., 2006). Pyroclastic deposits exposed in thiMdimsparea
represent 11 eruptions from &0 ka to c. 8 cal ka, and then the phreatomagmatic Kawakawaiui
eruption occurred at c. 28d ka. Thissupereruption was extremely voluminous with a total dersek
equivalent (DRE) volume of ~530%fequivalent to nearly 1200 khas bulk pyroclastic material) (Wilson et

al., 2006), and it generated one of the most widespread and stratigralbphieseful tephreall deposits in the

New Zealand region (Wilson, 2001; Wilson et al., 2006; Lowe et al., 2008, l20i1 et al., 2010). Caldera
collapse associated with this eruption generated most of the modern outline of the basin now partlyyilled b
Lake Taupo, and much of the central North Island landscape was changed as a consequence of the eruption
(Manville, 2002Manville and Wilson, 2004; Wilson et al., 2D09

Since the Kawakawa eruption (also known as the Oruanui eruption, hence now deftoreas
Kawakawa/Oruanui eventhhere have been a further 28 eruptions, all but three tajplace in the last 12,000
calyears. The most recent (apart from lava extrusion of eruptigrr@garded in some papers as part of the

Taupo eruption sequence: Hohton et al., 2016 ¢ & GKS SEGNBYSt & LIBBmSNF dzt
Taupo eruption event (Wilson and Walker, 1985; Wilson, 1993ble 2) Wilson (1993) erected a
volcanological nomenclature for these 28 events beginning wittthe oldest) fobwed byWz ! & XX |y
Other names are also used for some of them (Froggatt and Lowe, 1990).
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Table 2 Summary of tephra names and ages and other information for 28 Taupo eruptivesdatosj the
Kawakawa/Oruanueruption c. 25cal ka (afterWilson, 1993, 1994). Note that ages for some eruptives have been
modified sine this table was published.¢we et al, 2013)

: Adopted age Eruptive
Previous published Adopted age (years BP) Bulk volume in ~ Other volume activity
tephra formation Volcanological (years BP) calibrated km asused by ~ estimates, in Pyroclastic Lava
name name 14 time scale timescale Wilson (1993) km3 ‘dry" fall ‘wet' fall flow(s) extrusion
(not defined) Eruption Z - 1740 0.28 - o - - yes
Taupo Tephra Unit Y 1850 1770 44.75 65, 105 yes _yes yes =
Tephra UnitX - 2150 2150 0.8 0.65,2, 6 yes yes - (possible)
(not recorded) Unit W (2650) 2750 0.023 - - yes - yes
‘Whakaipo UnitV e 2700 2800 0.8 08,15,2,6 yes yes - (possible)
Tephra Unit U (2750) 2850 0.2 - __yes -
(not recorded) Unit T (3000) 3200 0.08 - - ves - (possible)
‘Waimihia Tephra Unit S 3300 3550 16.9 15,17, 19,29 yes - yes -
Unit R 3950 4450 0.05 yes yes - -
Unit Q - (4050) 4550 0.15 - yes - (possible)
Unit P (4100) 4750 0.05 yes yes - (possible)
- UnitO (4150) 4800 0.05 yes yes = (possible)
Hinemaiaia Unit N 4200 4850 0.15 3) yes yes - (possible)
Tephra Unit M (4500) 52500 0.2 yes (possible) - (possible)
Unit L 4550 5300 0.07 = yes - yes
Unit K (4600) 5350 0.35 yes yes - (possible)
Unit J (4620) 5370 0.015 - yes - (possible)
Unit I (5200) 5950 0.02 - yes - (possible)
Motutere Unit H (5300) 6050 0.2 (0.5, 1) yes yes - (possible)
Tephra Unit G (5800) 6650 0.5 yes yes 2 (possible)
(not recorded) Unit F (6150) 7050 0.12 - - yes - yes
Opepe Tephra Unit E (9050) 9950 4.8 4,5, 12 yes yes yes -
Poronui Unit D (9780) 11 380 0.2 (3,357 - yes - yes
Tephra Unit C (9800) 11 400 0.75 yes yes - (possible)
Karapiti Tephra Unit B 10 100 11 800 1.4 2,5, 6 yes yes - -
(not recorded) Unit A (c. 14 200) (c. 17 000) (0.01) - - yes - (possible)
(not recorded) Unit Q (c. 15 600) (c. 18 800) 0.1 - yes yes - -
(not recorded) Unit ¥ (c. 17 200) (c. 20 500) (0.05) - yes _yes - (possible)
Kawakawa  Oruanui ignimbrite 22 600 24 000- 300 yes -
Tephra _Oruanui fall deposit 26 500 c. 500 - yes z 2

Taupo eruption

The secalled Taupo eruption (eruption Y) took place in late summer to early autumn (typically late March to
early April) on the basis of fruit and seeds me®d in a buried forest at Pewra (Fig.4) and the lack of an
outer latewood ring (Clarkson et al., 1988; Palmer et al., 1888Lowe and King2015. The eruption year
wasAD232 +10 ADbased ordendochronology and wiggtenatch datingoy Hogg et al. @12, 2019. A total
eruptive bulk volume was estimated at ~105%rB0 kni DRE).

177°E

Bay of Plenty

hakatane

Fig. 4 Distribution of
Taupo ignimbrite
radially around Lake
Taupo and tephra
fallout isopachs (in cm)
derived from the
Taupo eruption (after
Hogg et al, 2012;
Houghton et al., 2014;
Wilson and Leonard,
2015).
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Fig. 5Summary of the stratigraphy of pyroclastic deposits of the Taupo eruption (eruption Y of Wilson, 1993). Graphs at
right indicate qualitative changes in the inferred degree of magvater interaction and the magma discharge rate

66 KAOK 0 S 02 dubng empladerieNtBBLEND Y6, Taupo ignimbriteduring the eruption. E = erosion horizons
formed by running water; S = erosion horizons from shearing beneath themaging pyroclastic flow that deposited

the Taupoignimbrite (after Houghton and Wilsot986 Houghton et al., 2015) (note: subunit Y7 = eruption Z in Table

2).

¢KS SNUzZLIGA2Yy 61 a O2YLX SEX 3ISYySNIGAy3a GKNBS LIKNBI (3
flow intraplinian ignimbrite, and at the eruption climax, the extregnglolently emplaced Taupo ignimbrite
(Subuwnit YB) (Fig5). The duration of the entire eruption episode was of the order of tens of hoursatitbak

after Y3 (probably < 3 weeks). The heightha main ultraplinian phase (Sulmit Y5) eruption columinas

been estimated at 585 kmi f § K2 dzZAK | 2dzZaK{i2y SG I fd onwnmnd &dz33S3
a plinian event with an eruption column height ~86 km this phase lasted for ~6 o/ hours (Walker, 1980).

The ignimbritic material was emplad cataclysmically over about 400 seconds (~7 mins) by an extremely
energetic pyroclastic flow (also called a pyroclastic density current or PDC) moving3a{®@@sover a near

circular area (~80 km radius) of c. 20,00¢ knound the vents (Wilson, 1881993; Wilson and Walker, 1985;

Smith and Houghton, 1993}s temperature was about 40800 C at 50 km from vent (within ~3@0 km of

the vent it was 15800 C) (McClelland et al., 2004; Hudspith et al., 2008 nonwelded ignimbrite was
spreadtih yt &8 20SNJ 0KS fFyRaOlILIS G2 3ASYSNIdGS Fy | NOKSO
1985). Ignimbriteveneer deposits (IVD) are generally 0.5 to think and drape topographic highs; valey

pond ignimbrites (VPI) infill valleys and depfess to depths of 5 to 60 m (Manville, 2G)1Because of its

extreme violence and energy releasel60 + 50 megaton TN&xplosive yieldcf. Hiroshima bomb 0.015 Mt

and by analogy with the 1883 Krakatau event, it is like#t the ignimbriteemplacement phase generated a
volcanemeteorological tsunami that may have reached coastal areas worldwide (Lowe and de Lange, 2000).
The emplacement of the ignimbrite destroyed all forests in its path (about 1 déntimber), and then
ignimbrite contains numerous charred logs and charcoal, many of the logs notably being orientated radially
around the vents (Froggatt et al., 1981). Yet the forests recovered with#2@0@ears (Clarkson et al., 1992

1995 Wilmshurst and McGlone, 199Bwe and King, 2015

The wide variation in eruption styles and dynamics relate to variations in discharge rate and the degree of
interaction between the magma and water in the prdtake Taupo (Wilson and Walker, 1985; Wilson, 1993,
1994; Houghton et al., 2010). Much of Lakeiffo was expelled, evaporated, or drained into a calaeiéapse
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structure beneath the current lake floor during the eruption. Afterwards it refilled over approximately 15 to
40 years, reaching a height of ~400 m, abouti80n above its present level (8tn) to form a semcontinuous,
wave-cut bench and highstand shoreline deposits (Manville et al., 1999, 2008. Catastrophic failure of a
pumiceous pyroclastic dam led to the restablishment of the Waikato River and the release of*Iater

in asingle phase, the peak discharge being 20,@@0000 n¥/sec, equivalent to the Mississippi River in flood
(Manville et al., 1999). The breakit flood deposits can be traced 220 km downstream of Lake Taupo
(Manville et al., 2007including on the low terce that supports the Hamilton Gardens

Introduction to Okataina Volcanic Centre artdaharoaand Taraweraeruptions

The Okataina Volcan@entre(Figs. 12) comprises twanainparts, the northern Haroharo Volcanic Complex
(andOkareka embaymeptand the southern Tarawera Volcanic Comgesntred on Mt Tarawena Since c.
50 cal ka there have been at least 25 eruptions from Okatainad)Fagd the most important tephras since c.
25,000 cal years ago are listed in Tabldelow)

Kaharoa erugion

Most of us are aware of the basaltic Tarawera eruption ofA Jithe 1886: the high toll on life (~120 people),
landscape devastation, and loss of the Pink and White TerraceghBuivas not the first time that Mt
Tarawera produced an eruption of importance both to volcanology and human history. The Kaharoa eruption
occurred at Mt Tarawera in the winter of 1314 AD (+ 12 years) (Hogg 2008 SahetapyEngel et al., 2004
Theimportance of the Kaharoa eruption is at least threefold (Lowe and Pittari, 2()4)is the most recent
rhyolite eruption in New Zealand, and the largest New Zealand eruption volumetrically of the last millennium.
(2) The Kaharoa tephra is an impaortanarker horizon in late Holocene stratigraphy and geoarchaeology
(Vucetich and Pullar, 1964;owe et al. 1998, 2000), and in particular helps to constrain the timing of
settlement of early Polynesians in North Island, which occurred in c. AD 1280, debéates before the
eruption (Newnham et al. 1998; Wilmshurst et al., 2008). (3) There is a link between the soils that developed
2y GKS YIFKFENRIF GSLKNIEX GKS FyAYFf Wgl athdggvdromeRA &4 S|
soil survey groups an independent organisati@fonkin, 2012).
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Table 3Summary of main rhyolitic tephras deposited in the Rote@alatea region since c. 25,400 cal yr BP.

Name (source)

Date or agé

Description

Tarawera Tephrérlr) 10 June 1886 | Comprises basaltic scoria (Tarawera Scoria) with occas

(Tarawera) NKez2ftAGS Ofrada | yRk2N 7T
(Rotomahana Mud). Mud was dispersed more widely th
the scoria.

Kaharoa Tephra (Ka) 1314 +12 AD Fine to coarse white to grey ash, with occasional de

(Tarawera) (636° 12 pumice, rhyolite, obsidian and basalt lapill. Conta

cal yr BP) abundant biotite.

Taupo Tephra (also know| 232+ 10 AD Creamy coloured coarse ash with plentiful shossedded

as unitY) (Tp) (1718° 10 pumice lapilli (crushable). Ignimbrite unit always associa

(Taupo) cal yr BP) with charcoal fragments.

Whakatane Tephra (WKk) 5526 + 145 Showerbedded pale yellow coarse ash, overlying a fing

(Haroharo) cal yr BP coarse rhyolitic (pale grey) ash. Rich in cummington
Reddishbrown uppermost horizon (sometimes wit
basaltic Rotokawau tephra c. 4 cal ka).

Mamaku Tephra (Ma) 7940 + 257 Loose, coarse yellowidtrown pumice ash grading into

(Haroharo) cal yr BP weakly showetbedded coarse ash/lapilli.

Rotoma Tephra (Rm) 9423 £ 120 Showerbedded fine grey to yellowish brown ash wi

(Haraharo) cal yr BP coarse ash layers, cummingtonite. Marked by a dark
horizon at top, sometimes with charcoal, or podzolised.

Waiohau Tephra (Wh) 14,009 £ 155 Grey fine and coarse showbedded ash. Distinctive v. fin

(Tarawera) cal yr BP cream ash layer at the base. Usually has well develg
yellowishbrown or greyish upper soil horizon. Depositec
few centuries before latglacial cool episode (NZ@) in
NZCES§

Rotorua TephrgRr) 15,635 + 412 Showerbedded pumiceous yellowish lapilli or bloc

(Okareka embayment) cal yr BP (gravel). Occasional rhyolitic lithics. Deposited at start
late-glacial mild episode (NZ€8 inNZCES

Rerewhakaaitu Tephr@Rk) 17,496 £ 462 Yellowishbrown ash grading down into tephric loess.

(Tarawera) cal yr BP Contains abundant biotite. Marks transition from Last
Glacial to posglacial conditions (Termination I);
reafforestation occurredgoon after deposition.

Okareka TephréOk) 21,858 + 290 Yellowish brown ash contains abundant biotite. Typically

(Tarawera) cal yr BP encased in yellowish to olive brown tephric loess.
Deposited just before stadial A (NZ8pNZCES

Te Rere Tephr@le) 25,171 + 964 Yellowishbrown ash (typically encased in yellowish to

(Haroharo/Okareka) cal yr BP olive brown tephric loess).

Kawakawa Tephrék)(also 25,358 £ 162 Olive brown to pale yellowish brown ash (typicahcased

known as Oruanui) cal yr BP in yellowish to olive brown tephric loess). Deposited just

(Taupo) before interstadial D (NZe®) in NZCE&

*Terminology is based mainly on Froggatt and Lowe (1990). Descriptions generalised because character may differ from
proximal to distalocations and from site to site. The region has received additional distal tephras from Taupo and Tuhua
volcanic centres, and has been dusted regularly with andesitic tephra fallout from numerous eruptions at Tongariro
Volcanic Centre and Egmont/Taranakidano, most recently in the 19986 Ruapehu eruptions.
TAges are given in calibrated or calendar (cal) years (95% probability roefgeg present (BP). Ages are based on
Bayesian probability age modelling: Lowe et al. (2008, 2013). Calendar dates #atithroa and Taupo eruptions have
been determined by dendrochronology attC wigglematch dating (Hogg et al., 2003, 202D19.
SNZ climate event stratigraphy of Barrell et al. (2013)
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Tarawera eruption

The Tarawera eruption of 10 June, 1886, wadiilggest and most destructive eruption in New Zealand during

the historical (European) period. It was a basaltic rather than rhyolitic event, but was nevertheless very
SELX 2aA0SY (KS NBadzZ GAy3a &a02NAL Flrittbthat &f the Mebugil®B NI {
79 AD pumice fall and is one of the few known examples of a basaltic deposit of plinian type from a fissure
source (Walker et al., 1984). The eruption cored out a series of craters-kmalohg fissure through the
antecedent rlyolite domes (including those emplaced during the Kaharoa event) of Mt Tarawera, and then
generated more craters along ark@rlong southwest extension of the fissure across the Rotomahana basin
(which contained two shallow lakes and large silica sinteBp/ a8 > GKS WtAy1Q |yR @
asssociated with extensive hydrothermal activity) to Waimangu. Narratives (summarized authoritatively by
Keam, 1988) indicate that after a series of precursory earthquakes from ~12.30 am, the eruption began at
Ruavahia Dome at about 2.00 am on 10 June, 1886, and then gradually extended both northeastward and
southwestward. At ~2.10 am the eruption intensified with the ascent of a tephra plume from the vicinity of
Ruawahia Dome up to ~9.5 km. By 2.30 am cratergyatiom whole length of the fissure were erupting, with

the Rotomahana extension beginning to erupt possibly at ~3.20 am. By 3.30 am, craters along the entire 17
km-length of the fissure from Wahanga to Waimangu were in eruption. This paroxysmal stagesaipitien

was over by 6.00 am when most activity ceaseee also recent papers by de Ronde et al. (2016a, 2016b),
Keam (2016)and Lorrey and Woolley (2018).

Fig. 7. Isopach map of 188¢
Tarawera scoria fallout (in cm). x
location where scoria occurs
mixed with Rotomahana Mud, bu
does not form a discrete laye
(from Walker et al., 1984).
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The erupted products were exclusively pyroclastic (no lava flows werraged, although basalt dikes were
emplaced). The total volume (as deposited) of Tarawera Scoria is *@\atker et al., 1984). The eruption
along the Rotomahana and Waimangu extension was mainly phreatomagmatic (interaction between basalt
magma and hydithermal water) and phreatic. The explosive expansion of superheated water fragmented the
country rock containing the hydrothermal system, plus subordinate lake sediment, to produce surge beds and
FlLEf RSLRaAGA oWw2i2Yl KI y lof the & @fiPleniykahdibeydid ¢ Skits 2 dzi
deposited). Near Rotomahana, the surge beds were emplaced violently by hot arddaisig turbulent
pyroclastic surges or density currents up to ~6 km from source (Nairn, 1&g98(
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Lightning during th eruption set fire to a house in Te Wairoa and to the forest on the north shore of Lake
Tarawera; strong winds flattened many trees at Lake Tikitapu; and suffocating gases and falling mud and ash
made breathing difficult at Te Wairoa, where most buildingse buried or collapsed under the weight of ~1

m of mudfall. A notable exception wanemihj a large meeting house where most survivors were sheltered,
because wooden forms for seating guests during Maori concerts were used to prop up the roof.

All but seven of the 108 known fatalities arising from the Tarawera eruption were Maori (the true number of
deaths may have been ~120, but the-ofted ~150 is erroneous: Lowe et al., 2001). The majority of deaths
were the result of the Rotomahana exploss, especially the lethal, scorching pyroclastic surges and blasts.
Clearly the event had a profound impact on Maori (and others) in the Te Wairoa and Rotomahana area
especially, but trauma was felt throughout the extensive fallout zone in the Bay diyRled eastern North

Island (Keam, 1988). For example, some groups of Maori in the region of the Rangitaiki and Tarawera rivers,
north of Tarawera, became refugees at Matata. Although they had escaped with their lives and without serious
injury, their posessions were buried by ~¢30 cm of tephra (some were retrievable by excavation), many
potato pits were lost and those with livestock had no feed for them and so many starved (Keam 1988; Lowe
et al., 2002). These people were eventually resettled in £2935. The plight of these and other Maori seem
minor in comparison with the difficulties of those from Te WaiR@omahana: apart from the lives lost, all
possessions had been buried and many crushed. Among livestock, most smaller animals were kilteg, but d
pigs, cattle and horses that survived wandered loose and starving. The main livelihood of the region, tourism,
had been destroyed, literally overnight. Whilst Maori continued to participate in the tourist trade, its control
effectively moved into Eumean hands from 1894 with the opening of the railway line to Rotorua. However,
perhaps the biggest societal impact, according to Keam (1988), was the loss of land. For thirty years, Maori
groups in the region had been generally secure in possession ofléinei and property. In previous times,
under the old order, the prospect had always existed that a group might lose homes and land through warfare,
but by the time of the Tarawera eruption, the people, leegfablished traders with European settlers, had
become accustomed to a newfound security.

The eruption rather than warfare (against which there could at least be retaliatory or conciliatory action to
makegood losses) had destroyed that security and dispossessed the people of the land, which theydthd

most. Offers of resettlement for the surviving group, mainly the Tuhourangi subtribe or tegi) ( were

received from various parts of central and eastern North Island and beyond, but most settled at
Whakarewarewa and Ngapuna, both near Rotorwaniually gifts of land were formally ratified and provided

a home for most of the Tuhourangi people. Other Tuhourangi settled for a time in the Bay of Plenty and
Coromandel. After 380 years almost all the refugees or their descendants had returned &k#éfbwarewa

or Ngapuna and the gifted land was returned to the donors (Keam, 1988; Lowe et al., 2002; see also Cashman
et al., 2008).
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Fig.8. Map of Tarawera area showing locations of the main craters of the 10 June 1886 fissure eruption across Tarawera
Volcanic Complex, Rotomahana Crater (includingepoption lakes Rotomahana and Rotomakariri), and Waimangu
craters (after Lowe et al., 2002)ocations of villages and associated fatalities (numbers in parentheses) are based on
Keam (1988) (there was an additional death at an unknown locality). Fatalities were all Maori apart from six Europeans
at Te Wairoa and one European and three (part) MabWaingongongo. On the night of the eruption nearly half of Te

I NA1AQ&a HT NBAARSyida 6SNB OF YLISR G tAy]l ¢SNNFOS o6hidz
limits of tephra fallout from the eruption (based on maps by A.P.W. Thoh&88). Ash fell on several ships at sea, the
farthest beingJulia Prycéc. 300 km) and S.8/aimea(c. 1000 km) north of North Island (Keam, 1988).

Distribution of main soilforming tephras

The thickest tephra sequences occur downwind of the TVZ iRRtiteruaTaupo area, Bay of Plenty, East
CoastPolBNIi & . | @3 | y R9).IMbdérat&yQhick deposits aredfduiidn Wangaifiaranaki, King
CountryWaikatoCoromandeland Auckland regions. Fewer tephra layers occur in other parts of the North
Island. Only a handful of tephras has been recognised so far in the South Island. They include Rangitawa Tephra,
erupted c. 340,000 years ago from Whakamaru volcano, and Kawakawa Tephra, erupted c. 25,400 cal years

ago from Taupo volcano.
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Fig.9 Map showng plate tectonic setting, the main volcanic centres that produced parent materials for many tephra
derived soils, and the general dispersal of tephra on North Island. EG, Egmont/Taranaki volcano; TG, Tongariro Volcanic
Centre; TP, Taupo Volcanic Centref, @kataina Volcanic Centre (includes Mt Tarawera and Haroharo volcanic
complexes); TU, Tuhua Volcanic Centre (Mayor Is.); W, Whakaari (White Is.) (from Lowe and Palmer, 2005).

Tephraderived soils of New Zealand

The relatively young landscapes of madltentral North Island, especially the Bay of PleFayipeTongariro

area, are predominantly of volcanic origin. Consequently, the nature and distribution of the soils contained in
these landscapes are very strongly influenced by the volcanic hiasomell as faulting(tectonism)and
reworking by water and windvariations in the age, thickness, and mineralogical composition of the tephra
deposits in which the soils are forming have significantly contributedhéosbil patternsPostdepositional
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erosbn and reworking of tephra deposits have helped to shape the landscape and, in tuss, ¢r@ated
WISYySGiA0Q fAyla 2F QOIFNEBEAYy3I adNBy3IidKGomeeltenyg didafic i KS
and indigenous vegetation gradients have alserbémprinted upon thesoilsand their distributionpattern

(Molloy and Christie, 1998).

Classification of tephralerived soils

Soils formed from tephra deposits are represented by five orders of the New Zealand Soil ClassfiZz&in (

which reflect inceasing age and development: (Tephric) Recent Soils (~1% of North Island soils), Pumice Soils
(~15%), Allophanic Soils (~12%), and Granular Soils (~3%) and (rarely) Ultic Soils (Lowe and Palmer, 2005
Hewitt, 2010; see also table below for relative abunciesof New Zealand soils).

ORGANIC

MINERAL PARENT MATERIAL PARENT
| ! MATERIAL

Well-drained to imperfectly drained soils Soils with persistent
(or those with perched water tables) high water table

| | | . | p|ant

quartz, tephra mafic or limestone or material
felspar, mica ultramafic calcerous
domilnated roiks matlerial l
RAW RAW RAW RAW RAW ORGANIC
RECENT RECENT RECENT RECENT GLEY

Time

[ I 1 I_I_I I_l_l

semi-arid  subhumid  humidor  glassy sand ashor semi-arid  humid or
l Wetter  orpumice scoria  orsubhumid  wetter

SEMIARID  PALLIC ~ BROWN ~ PUMICE  ALLOPHANIC ~ MELANIC ~ BROWN  MELANIC

stable  strong leaching stable stable
sites I sites sites
ALLOPHANIC ~ acid forming
BROWN vegetatlon
\ 4 v ¥
utric PoDZOL GRANULAR uttic 0XIDIC

Fig. 10Major taxonomic development paths of New Zealapdss(afterA.E. Hewit in Molloy and Christie, 1998

Tephric Recent Soils (Entisols)

These soils occur on very young, mainly andesitic or basaltic erugtit@8;600 years old) close to the
volcanic centres of Taranaki, TongafRaapehu, Rangitoto Island, and Mt Tarawera. They are typically
gravelly or sandy and have few nutrielgtthe result of insufficient time for weathering to release therand
cannotstore much water.
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Fig. 11Relative abundances ofisorders in New Zealand (afté.E. Hewitt in Molloy and Christie, 1998llophanic
and Pumice Soil@\ndisols}ogether cover about 2% of the North Island

Pumice Soils (mainly Vitrands)

Covering a large swath of the central and eastern North Island, these shallow soils are made up of coarse
rhyolitic pumice deposits derived mainly from the Taupo (c. 232 AD) and Kaharoa eruptions (c. 1314 AD). The
young and weakly developed soils formednh these deposits (~7@02800 years old) are extremely deficient

in many elements essential for animal health including copper, selenium,(espmkcially)cobalt. The
Californian Monterey pineRinus radiata grew fast and vigorously on the problematic ReenSoils, partly by
tapping into nutrients and moisture in the paleosols and soil horizons foim&gphras buried beneath them

(see notes below about Co deficiency and plantation forestry).

Allophanic Soils (mainly Udands)

These deep, versatile soilseaiormed typically on accumulating sequences of thin,-r&ned interfingering

tephra layers from both rhyolitic and andesitic volcanoes, and occur in the OhaMarfmiru area, Taranaki,

King CountnWaikato, and western Bay of PleABoromandel. Smaflatches are found on basaltic scoria
cones in Aucklantilorthland. Most Allophanic Soils have taken between 10,000 and 25,000 years to form,
with some as old as c. 50,000 years, and clearly are irreplaceable, yet they are undervalued by most people.
Theirname comes from the tiny nanocrystalline clay mineral formed in them, allophane, which dominates
their physical and chemical properties because of its positive charge and huge surface area: a single teaspoon
(about 5 g) of allophane has the surface area aiigby fieldareas range from 250 hgf! to as much as 1125

m? g** (Lowe and Palmer, 2005; Neall, 2006; McDaniel et al., 2012; Huang et al., 2016a).
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Table4. Abundances of 12 soil orders of the world (of Soil Taxonomy) vs abundances in New Zealand
(rank = relative abundance) (after Lowe et al., 2000a).

Waorld' New Zealand®

Landarea % Rank Land area % Rank ~ Main NZSC order(s)
Order (ice-free) 4 :
AJﬁs:uls 9.7 4 9.9 4 Pallic Sails ‘
An_d:_sols 0.7 12 129 3 Allophanic, Pumice, Recent Soils
Anc_hsols _12.0 2 0.9 9 Semiarid Soils
Entisols - 162 1 7.4 5 Recent, Gley, Raw, Anthropic Soils
Gelisols 8.6 5 0’ 12 —
Histosols 12 11 0.9 8 Organic Soils
Incep.nsols N 9.8 3 474 1 Brown, Gley, Pallic, Recent Soils
Mqihsols 6.9 8 1.2 7 Melanic Soils
Oxisols 7.5 7 0.2 10 Oxidic Soils
) Spqdusols 2.6 9 13.1 2 Podzol Soils
Ulns‘ols 8.5 (3] 42 6 Ultic, Granular Soils
Vemsol; : . 24 10 0.1 11 Melanic Soils
(Non-soils} (13.9) . (2.0 (Raw Soils)

After Soil Survey Staff (1999).
* Correlations with NZSC based on Hewitt (1998, p.10-14); land area percentages are approxrmatc and based
on 1: 1 000 000 maps published by Landcare Research in 1995.
_ ! Gelisols (on fmst—chumed materials underlain by permafrost) probably occur in NZ's Ross Dependency, AntarcHca
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Fig.12 Distribution of four main groupings of tephuerived soils in North Island (after Kirkpatrick, 1999, based on Rijkse
and Hewitt, 1995; modified from Lowe and Palmer, 2005).
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Fig.13 General subdivision of the main groupings of Andisols in North Island into six zones according to tHayaredti
soil character (soil stratigraphy), the primary compositions of component tephras, and approximate ages-of tezf

soil profiles (from Lowe and Palmer, 2005). Ages on Kaharoa and Taupo tephras from Hogg et al. {2pOSp&0
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Pumice Soilsd 0 dza K &, an@ plafitatidrafdrestry

Inherently lowin Cq these pumiceous parent tephras led to low Co levels in soils and herbage, and ultimately

to a deficiency in ruminant animals (sheep and cows) that developsdiaus and commonly fatal wasting
RAASIFAS 1y26Yy |a aodzaK aAi 0|y Sy &). Thiterd @ferregtRa varlety Y S NI
of symptoms exhibited by livestock stemming from their inability to produce vitamin(d®balamine,

discoveed in 1948), of which Co is an essential componentéd blood cell productiofCornforth, 1998;
Hendy, 2008).
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Fig.14W. d&#AKO1 Q 0246 2y (nh, Stk Waikatd From-Giande Ard RaB1®32)

Identified in 1911, bush sickness becaameincreasingly urgent problem in the late 1920s when many farms

on Pumice Soils, settled after WW |, were abandoned as the depression hit. The association of bush sickness
with the Pumice Soils was recogniZeg LesGrange (who began mapping volcanic deipmin 1926) in the

early 1930s (Grange and Taylor, 19G2ange, 193)7 Acquired Co deficiency also occurred in some other soils
where high rainfall and strong leachiagre the causeVeterinarians were unable to diagnose any diseases,

and it was thoughthat some property of the soil was responsible. Analytical techniques of the day (early
Mpnnaov BSNB (22 AyaSyaArdrAgsS G2 akKz2g oKIG GKAa YA3
from some, but not ajla 2 dzZNOSa LINE @A RS R (HalBy, 2088 helle &vas lsoma rivalr@ip this#t A O
work. Elsa Kidson (Cawthron Institute) and K.J. McNaught (Department of Agriculture) each developed
essentially the same methods for finding trace amounts of cobla#ty published a series of papers on cobalt

f S@Sta Ay NROlax az2ifaz |yR Lk(@onkiagNBIR): oKATS LRAYI(.

A > 4 A x

LYAGAFE NBaSINOK gl a RANBOGSR I .10 MBARER. GritnmettaridIL It S
F.B.Shorland (senior chemists at the Department of Agriculjuiceind that the iron ore which gave the best

results contained significant amounts of cobalt, and went against popular wisdom by dosing animals with
cobalt, with spectacular results. Australiaibderwood and Filmer (1935) confirmed the association.
Grimmett and Shorlanthen developed cobaltised suganosphate fertiliser, which has been applied to the
affected area ever since at a rate of a few grams per hectare, and has resulted in the addibontd?50,000

Kl 2F LINRBRdzOGA @S T NIHossilyg this gche disGoery %8 paidlfoyaR 6f the stiéngfid | @
research ever carried out in New Zealand (Hendy, 2008). F RRAGA 2y X DNJI y3ISQa Ay aA
becoming a separat independent branch of the Department of Scientific and Industrial Research (DSIR) in
Mpoc NIGKSNI GKI-gyQTFSO0GKESDE2E gANORR { dA9STénkin NI y O
2012). Grange was the first director of Soil Survey (ated &adirector of Geological Survey); it was renamed

Soil Bureau in 1945 until morphing into Landcare Research in July, 1992.
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Fig. 15Map of North Island showing single isopachs of tephras deposited from Taupo and Kaharoa eruptions, soils on
GKAOK ¢gSNBE RSFAOASY(H Ay /2 gKAOK NI adztdo8dicieRcy als® ocdeirdd & A O
in soils insome other areasinder high rainfallCartoon bygeochemisDr Nick Kim.

Fig. BLandscape at Litchfield, midway between Putaruru and Tokoroa, underlain by shallow Taupo soils on Taupo tephra.
The Co deficiency here was thes firstto berectifiedb on the nearbyfarm of K.S. Cox
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Partly as a result of these agricultural problems, a forestry industry became established, the mainstay tree
beingPinus radiatdrom California (known as Monterey pin®. radiatahas been very successful, it matures
rapidly in about 25 years on average, and can grow on ‘clapped out' soils with little problem. Its roots can
easily punch through surficial pumice deposits to reach nutrients and water in buried soil horizons. §he soil
to the east of SH1 between Putaruru and Tokoroa are now growing theirdp (rotation) ofP. radiata
Palmer et al. (2005) used abAsed nutrient model to establish th& radiatawas growing sustainably after

two rotations on Podzol Soil\ndic Halohumods)developed on Taupo tephra in elevated areas on the
southern Mamaku Plateau to the east of Tokoroa. Models to preiictis radiatgproductivity throughout

New Zealand were developed by Watt et al. (2010) aaibus spatial prediction techniqudsr developing

Pinus radiatgroductivity surfaces across New Zealand were compared by Palmer et al. (2010).

Erodibility

The soils developed in loose Taupo tephra deposts around Lake Taupo are susceptible to severe gully erosion.
The erodibility of the @ils under three classes of vegetatiqrpasture grasses, ungrazed grass, and sgrub

was assessed by Selby and Hoskins (1973) with the use of a specially designed flume that simulated gully
erosion. Erosion was found to be significantly higher beneathbsitran beneath grass vegetation when the

same erosive stress was applied in each case. Under natural conditions, however, greater runoff, and therefore
greater erosive power, always occurs on pasture grasses than under scrub. In spite of the greagst inher
erodibility of scrub, actual erosion is therefore greater on pasture lands (Selby and Hoskins, 1973). Under
pasture grasses, plant roots and organic matter bind the soil particles and inhibit erosion. This effect is less
under scrub. Gully erosion itt@butable largely to the low density and easy entrainment of pumice particles.
WWwSGANBYSYiGiQ 2F &4dzOK 3IdA tASa gA0GK GNBS LA FydAy3a K|

Classification

Andisols are one of 12 soil orders in the international soil claasin systensoil TaxonomgSoil Survey Staff,
1999). They are often deep soils commonly with depositional stratification developing mainly from ash,
pumice, cinders (scoria), or other explosively erupted, pyroclastic volcanic material (referred tovedjlers
tephra) and volcaniclastic or reworked materials. Andisols occur much less commonly on lavas. Unlike many
other soils, Andisol profiles commonly undergo upbuilding pedogenesis as younger tephra materials are
deposited on top of older ones, as @eibed below. The resulting profile character is determined by the
interplay between the rate at which tephras are added to the land surface and classical topdown processes
that form soil horizons. Therefore, understanding Andisol genesis usually requateatigraphic approach
combined with an appreciation of buried soil horizons and polygenesis (see notes below) (McDaniel et al.,
2012). TheNZSGplits Andisols into Allophanic Soils (mainly Udands) and Pumice Soils (mainly Vitrands).
Vitrands are defined as slightly weathered, coaesdured, glasslominated Andisol with <15% 1500 kPa
water retention on airdried samples and <30% kPa water réien on undried samples (Soil Survey Staff,
2014).

Andisols are defined by characteristic andic soil properties that include physical, chemical, and mineralogical
properties that are fundamentally different from those of soils of other orders (andiceptigs are termed
allophanic soil materials NZSE The coarser fractions of Andisols are often dominated by volcanic glass. This
glass weathers relatively quickly to yield a fine colloidal or nanoscale fracd@Qhm) dominated by short
rangeorder YI G SNAFf & O2YLIR2aSR 2F WFEOGALBSQ 'f3X {AX CS=:
RSAaONAOGSR SNNERYS?2 dzarange okdér matdriafs2chiipgfse extiemaly tiaykbat Ntfuctured
nanominerals, referred to nowadays as nanocrystalline, itein ones being allophane and ferrihydrite.
Another colloidal constituent, imogolite, comprises long filamental tubes and therefore has both ahdrt
longrange order (Churchman and Lowe, 2012). The nanominerals, chiefly allophane, ferrihydrite, aid also

or Fehumus complexes, are responsible for many of the unique properties exhibited by Andisols (McDaniel
et al., 2012). The formation of allophane and other minerals including halloysite are described by Churchman
and Lowe (2012). Some properties afried soil horizons may be altered via diagenesis.
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Allophane and its formation

Allophane is a nanocrystalline aluragilicatecomprising tiny hollowspherulegsometimes called nanoballs)
~3.5 to 5.0 nm in diameter and withademical composition ¢2)30.-AbOs-(2¢3)HO (Abidin et al., 20Q7
Huang et al., 2016& heng, 2019(Figs. Z-19). It provides many tephralerived soils including llphanic Soils
and Pumice Soilgith many of their unique chemical and physipabperties(McDaniel et al., 2012/uan and
Wada, 2012 With its small size, extreme surface area (up-1200 n? g*!) (Allbrook, 1983, 1985; Parfitt,
2009; Yuan and Theng, 2021uang et al., 201§aand variable surfaceharge characteristics that arise via
(OH)AI(Ok) groups at wall pdorations of itsouter gibbsitic octahedral sheet [Al(QH)allophane has strong
affinity for water, metal cations, anions, organic molecules BhNA Harsh, 2012Huang et al., 2014, 20164,
2016bh.

The essential conditions for the formation afophane are the activity of silicic acid in the soil solution, the
availability of Al species, and the opportunity formecipitation (Fig.21). These conditions are controlled
largely by the leaching regime, the organic cycle, and pH, which, in aoenpotentially influenced by
numerous environmental factors including rainfall, drainage, depth of burial, parent tephra composition and
accumulation rate, dust accession, type of vegetation and supply of humic substances, and human activities
(such as brning vegetative cover), together with thermodynamic and kinetic factors (McDaniel et al., 2012).
Availability of Al, derived mainly from the dissolution of glass or feldspars, is assumed to be unlimited in this
model, though potentially more is availabfeom andesitic and especially basaltic tephras than rhyolitic
tephras. In contrast, in pedogenic environments rich in organic matter and with<pHsumus effectively
competes for dissolved Al, leaving little Al available fepexipitation with Si todrm allophane or halloysite.

In these environments (such as in parts of Japanhuilus complexes are formed instead of allophane
(McDaniel et al., 2012).

Imogolite tubule
(‘nanotube’)
(Al:Si =

:«—3.5 -5 nM——p

2)
Broken bond

defects (~0 3 nm) ;
o 7 1om » i

- fb —- * Intra-
spherule
Q void space

Silicate
tetrahedral
7 sheet Proto-imogolite
. .| ossioH ‘fragments’
— (OH)3Al;03Si0H
Allophane
spherule (‘nanoball’)
(AL:Si = 2)

Gibbsitic
octahedral

sheet
(OH)3Al2

Fig. I Diagram of imogolite nanotubes and-#dh allophane nanospheres, which have similanaures at the atomic
scale (from McDaniel et al., 2012).
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Fig.18 Micrographs of (A) allophanighowing hollow spherulesind (B) imogolite (external diameter of hanotube®

nm) (from McDaniel et al., 2012after Parfitt, 1999

Volcanic glass

Typical part compositions, e.g.
Si0, Al,0; (Wt%)
~786 124 rhyolitic
~61.8 16.2 andesitic
~500 16.8 basaltic

Dissolution of Si
(breaking of Si-O-Si bonds)

Monosilicic acid

——

Formation of
gibbsite-like sheet

Dissolution of Al

e

xSi0,.Al,0;.
nH,0
where
Xx=1to2
n=2to3

Formation of allophane
spherule

Fig. B Various volcanic glass compositions and dissolution of Al and Si and their reprecipitation to form allophane
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In New Zealand, both mineralogical and swilution studes on soils derived from tephras extending across a
rainfall gradient showed that rainfall, coupled with througtofile drainage, helps govern Si concentration [Si]

in soil solution and thus the likelihood of allophane being formed or(Ratfitt et al, 1983; Singleton et al.,

1989; Parfitt, 1990, 200 hurchman and Lowe, 2012 he Si leaching model is summarized as follows: where
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[Si] is less than ~10 ppm (m{,lallophane is formed; where [Si] is greater than ~10 ppm, halloysite is formed.
If [Si]is close to ~10 ppm then either allophane or halloysite may predominate. A profile throughflow threshold
of approximately 250 mm per year of drainage water likely controlg;[I88s than ~250 mm means that the
loss of Si is insufficient for-Ath allgphane to form and halloysite (or-8¢h allophane) forms instead (Parfitt

et al., 19841 owe, 1986McDaniel et al., 2012)

~¢——— More leaching of Si

Fig. 20 Simplified allophanehalloysite rainfall Si
_ Allophane increases leaching mode{from McDaniel et al., 2012).

-

Halloysite increases
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Fig.21 Environmental influences and controls that govern the critical conditions leading to the formation of different
clays from the weathering of tephras, and the likely occurrencenot, of Andisols fiainly Allophanicand PumiceSoils
in NZS¢as a resul(from Churchman and Lowe, 2012)indicates that the clay mentioned may also be present.
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Why Andisols (Allophanic Soils) are rich in carbon

Studies by Huang et al. (2016a) have determined, using an experimental approach with-spérmarDNA

and artifical allophane, why Andisols may contain large amounts of organic matter (ug1@%8organic

carbon). The formation of very stable allophan@oaggregates and microaggregateseFig. 40 enables up

G2 wny " of DNAtA be adsorbed (~80% of total) within tiny spaces (nanopores) between allophane
ALIKSNYz S& YR FfEt2LKIYS yIFy2F33aINB3aFiSa &1oiDNALIKE &/
adsorbed by the allophane. The stability of the allophdDMA nane and microaggregates likely prevents
encapsulated DNA from exposure to oxidants, and DNA within small pores between allophane spherules and
nanoaggregates may not be accessible toyemzs or microbes, hence enabling DNA protection and
preservation in such materials. By implication, substantial organic carbon is therefore likely to be sequestered
and protected in allophanic soils (Andisols) in the same way as demonstrated for DN, pnatiominantly

08 SyOl LkadzZ I GA2Y AGKAY | (2Nldz2dza ayly2fl o@NRY(K,;
nanoaggregates and microaggregates, rather than by chemisorption alone.

Forming a soil whilst tephraaccumulate:geological vpedological processes

A distinctive feature of many tephw@erived soils is the multilayered nature of their profiles which attests to
building up the landscape via the deposition of tephras from numerous eruption. Adstablishing the
stratigraphy (gelngical layering) of the sequences, the interplay of topdown pedogenesis (soil formation) and
the accumulation to tephrasn the land surface can be considereglfuilding pedogenesis

Topdown pedogenesid & (G KS WOt I a soik HOlizongh afr&ilNNrbugHivAridus Précesses that

AN} RdzF f £ & RSSLISYy (KS LINETA Sexistiag parenRngatenakoh ANsableyland A y 3
surface withnil or negligible additionso the surface. Soil formation proceeds by effectively modifyireg p
existing parent materials to a greater or lesser extent according to a range of factors that dictate a range of
processesHowever, inmany landscapes, such as those of alluvial plains, or where tephras or loess are
deposited, aggradingarent materialsare very common. The evolution of soils in such landscapes therefore
has an additionatomplexity because the impact from topdown processes is modified by the rates at which
new materials ar@added to the landsurface via geological processes (Almondamidrl, 1999). The resultant

soils are formed by upbuilding pedogenesis.

Upbuilding pedogenesiss the ongoing formation of soilia topdown processeshilst tephras or loess (or
alluvium, colluviumpare concomitantly addetb the land/soil surface as normal geological procestesvé

and Tonkin, 2010; McDaniel et al., 2012). The resultant soils may show distinctive layering and buried horizons
(sometimes referred to as paleosols), formimglti-layeredprofiles The frequeny and thickness of tephra
accumulation (and other factors) determine how much impact topdown processes have on the ensuing profile
character, and iflevelopmentabr retardant upbuilding, or both, will take place. These terms were coined by
Johnson and Waon-Stegner (1987) and Johnson et al. (1990) as part of their dyrameionodel of soil
SP2tdziAz2y 6KSNBXoe az2Afa NS Syg@gaal3aISR G2 S@2t O3S o8

o Developmental upbuildingpccurs when the rate of additioof tephra or loess to the land is incremental
and sufficiently slow so that topdown pedogenesis effectively keeps pace as the land gradually rises (a
corollary is that each part of the profile has been an A horizon at one (irig22).

0 Retardant upbuilding occurs when a relatively thick layer of tephra (or alluvium, colluvium) is
instantaneously added to the surface, or the rate of accumulation of thinner additions is fast, so that the
original soil is rapidly buried (overwhelmed), and thus beceatauried horizon cut off and isolatébm
the new land surface in which pedogenesis begins affegy 3).

Wemaysee examples of soils dominated by developmental (Tirau) and retardant (Rotomahana) upbuilding.
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Time ———  About 25,000 years

Last Glaciation Holocene .
© Developmental upbuilding © Retardant upbuilding € Developmental Taupo ignimbrite
pedogenesis pedogenesis upbuilding (non welded)
- topdown pedogenesis keeps - deposition of thick tephra pedogenesis 232+ 10 CE
pace with incremental additions - land surface rises suddenly, resumes 7,
of tephras (~5 mm/century antecedant soil is buried and . (1718 cal BP)
- land surface slowly rises isolated
- Depth
---"A fn_‘i{
Tephra
layer
el Multiple thin

tephra-fall beds
(c.25.4ka to
1718 cal BP

Kawakawa
~Tephra
c.25.4ka

Initial geomorphic surface (e.g. thick tephra layer)

Fig.22 Model of upbuilding pedogenesis tephra deposits and the formation of a midiyeredprofile (photo at right)

over c. 25,000 years iSouth Waikato. The underlying initial surface is marked here by a thick parkegHayer of
Kawakawa Tephra (c. 25,400 cal yr BlR)phase 1, thindistal tephras accumulate slowly whilst topdown processes
imprint weak horizonation features on them as the land surface gradually (deeglopmental upbuilding)in phase 2,

the sudden deposition of a tephra layer ~@rbthick, Taupo ignimbritehere (c.AD 233, from a particularly powerful
eruption buries the antecedent soil, isolating it from most surface processes so that topdown processes begin anew on
the freshly deposited tephréetardant upbuilding)In phase 3, incremental tephra deposition e thew soil continues

and devdopmental upbuilding resumes (aftdfcDaniel et al., 2012).

Fig. 23 Very clear gample ofa multilayered soil formed
through retardant upbuildingt Brett Rd near Mt Tarawera
After each tephra is deposited, soil beginsdevelop unti it
is buried by anothetephra and topdown pedogenedi®gins
operating i the fresh deposit. The burigd Y A y A Q an2
#+ Whakatane tephra (4Bwb, 4C horizonejlects ~3800 year
of pedogenesis, the amount tifme it was at the landwsface
before burial ly Taupotephra; that s Taupo tephra (3ABb
3BCh, 3Qkflects ~1100 yearshat on Kaharoa tephra (2Ahk
2Bwb, 2BCb) reftads ~570 years; and the topmo&urface)
mini profile (Ap, BC(x), C) reflects ~120 years of pedogen
on hydothermally altered, nud-rich tephra depo#ed in AD
1886 by the Tarawera eruptigffrom McDaniel et al., 2012)
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Buried brownrather than blackWii 2 LJA2 A f Q K2 NRAT 2y &

dzNA SR W! CGewEReglandonh tepifras tehdy/to ble brownish rather than dark or black (and hence often
have AB or Bwather than Ah notationsand there is debate as to the reason for this. One suggestion is that
in New Zealand they have largely been developed under poddwaigdleared forest until very recent times
(last c. 700 years) and that such soils, especadityphanic Soilstend have brownish rather than dark A
horizons anyway (this applies in USA for Andisols under conifers: P. McDaniel, pers. comm., 2008).
Alternatively2 NJ Ay | RRAGAZ2Y S 2y 0SS WI Q K2NAT 2y&a | NB 06dz2NRA SR
isolated from the organic cycle and hence no longer receive new organic matter to maintain their darkness via
melanisation (Fig25).

L - Lessivage (illimerisation)

P - Padoturbation

M - Melanisation

S - Silicon migration in solution
W - 95% Wetting fronts

F - Frost activity

Topdown pedogenesis

Surface L F

=

@

Topdown pedogenesis

Fig. 24dealisedmodels of buried soil horizons at differer
depths and how they may be impacted by surfic
(topdown) processeafter Schaetzl andhompson 2015).
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Residual colours after removing organic matter from A horizons:By &t burningin the labare similar to

those of buried horizons on the tephras (P.J. Tonkin pers. comm., 2006). In some cases the depositional (burial)
SPSy i Ylthe topidil€(e.d., di®ng emplacement of the Taupo ignimbrite), leaving effectively subsoils

to represent the antecedent (now paleo) land surface. Forest fires following eruption events may also partially
Wof S OKQ dAWISShNIOR 2adInéetegtsiof podzolisation (acid leaching), giving riseléathed

WY gatbic) horizons over dark brown or reddidivown podzolieB (spodic) horizons are also evident in soils on
Holocene tephras including on Taupo, Whakatane, and Rotoma tephras (Lowe26t.2).

Impacts of deforestation and burning, and the role of bracken fern, on the properties of surficial or buried
soil A-horizons

Bracken fernRteridiumspp.) is an aggressive plant that commonly invades disturbed sites. Its success as an
invaderis attributable, in part, to its ability to produce abundant growth, both below ground in the form of
rhizomes and fine roots and above ground as fronds and stems (bahleve and McDaniel, 2010). This
biomass production has been shown to affect numersois properties. For many years, the black A horizons
often found on Pumie Soils have been attribute®i2 o6 NI} O1 Sy TSNy 6KAOK NBL
Analyses of humus and phytoliths in the A horizons of soils developed especially on Kaharagandpraas

in central North Island (buried beneath 1886 Tarawera eruptives irpénts of Bay of Plenjyshowed that

type-A humic acids predominated and that fernland and grassland had replaced thxigting forests (Fig.

25) (Birrell et al., 1971; Sa et al., 1988; Hosono et al., 1991; Sase and Hosono, 1996). Pollen, phytolith and
associated studies, together with tephrochronology, have shown that huimduced deforestation by
burning began in New Zealand soon after Polynesian settlers arrived (fdewat al., 1998; McGlone and
Wilmshurst, 1999; McWethy et al., 2002014. The repeated burning resulted in the formation of extensive
fernlands (McGlone et al., 2005).

Table5 Bracken biomass comparisogdew Zealand and northern Idaho, USA

Rhizome biomass Frond biomass
Location Mean Range Mean Range
(kg ) (kg )
Nelson, New Zealand - 7.08 (max.) - 1.41 (max.)
New Zealand (23 stands) 2.92 0.91:5.19 - -
Idaho, USA (9 stands) 1.96 1.142.54 0.52 0.27-0.89

*From Lowe and McDaniel (2010)

In northern Idaho, USA, establishment of bracken is associated with the conversion of allophanie to non
allophanic Andisol mineralogy (Johndglaynard et al., 1997). These changes include increased soil carbon,
darker soil colours, lower pH, and increasedanic forms of active Alln Japan, a major part of soil organic
carbon in Andisols and associated soils comprises humic acids, which are characterized by their stability and
aromatic (humified) structure (Shoji et al., 1993; Hiradate et al., 2004)eThatures arise from the presence

of labile and active metals, chiefly Al and Fe, supplied by the weathering of glass and other tephric materials,
which are able to bind humic substances through strong coordination bonding to form macromolecules of Al
and Fehumic acid complexes very resistant to degradation or leaching (Hiradate et al., 2004).

The resultant very dark or commonly black A horizons, typically melanic horiz8o8 ifraxonomyTable6),
can contain up to 15% organic carbon (Hiradate®@t®al Hnnno @ ¢ KS W LI y $MsE&nthish Y LI 3
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sinensisa C4 plant with large amounts of root residues, has been maintained artificially for millennia in ancient
Japan to provide roofing material, straw bags, and fodder for grazing. Burning the grass in early spring before
germination was common practice (bsidf the pampas grass are several centimetres underground and so are
not damaged) (Lowe and McDaniel, 2010). During burning, large amounts of vesottawked and charred
microparticles were produced and these provided a second source of humic acigmriipas grass has been
NE3IFNRSR +a | OWY &falaylacardageRshaji2ttall 1980NI9932HMAdate et al., 2004).

Table6 Main properties ofmelanic horizon*

Munsell colour values and chromas®? (dark) throughout
Melanic index¢ 1.70 throughout

2 6% organic C as weighted average

Andic soil properties

2 30 cm thick

=A =4 =4 -4 -4

* After Soil Survey Staff (1999, p.23)

The relative importance of these two mechanismél) stabilization of humic acids by complexing reactions
with Al and Fe, or2) cultivation oM. sinensisand its charred derivatives as a major source of carbon in humic
acids- s & S@Iftdad GSR o0& | A KEaalyses of Bumic substancésimarange ofddild iy’ 3
Japan. Hiradate et al. (2004) were able to compare the contributions fronor@34plant- derived carbon
becauseM. sinensiswas effectively the only C4 plant species in (traditional) Japan. They thabdhe
contribution to humic and fulvic acids of carbon derived fréfnsinensiganged from 18 % to 52 %. Their
conclusions were that although highiyimified, i.e. darkcoloured, humic acids tended to be derived from C4
plant-derived carbon (ultimatly M. sinensi}, the dominant source of carbon for humic and fulvic acids in
many cases was from C3 plants (mainly forest vegetation). Consequently, the overriding importance of active
Al and Fe especially on the formation and accumulation of the-daldured humic acids iKurobokusoils
(Andisols) was reinforced (Hiradate et al., 2004).

LYy bS¢ w%SIHflFyR (KS woftl O1Q ! K 2odiXd rbtyndeet h&hicknbiss f £ @
ONARGSNAZ2Y F2NJ YSEFYAO SLALSRRZYESQ®YRAEtKef BHid&RitdinG 2 BE >
fernland and tusssock grassland and most contaipp& humic acids (x charcoaNon-melanic topsoils are

formed under fores{most have non Aype humic acids, including Pg irtype humic acids from deciduous

trees) (Fig. 25, 32. Differences between New Zealand and Japan thus relate largely to differences in human
settlement history and impactsyith New Zealand having an exceptionally short prehistory of only c. 700 years
(sincec. 1280AD) in comparisowith >10,000 years in Japan (Lowe and McDaniel, 2010).
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Breaking in the
land acre by acre

By Penelope Hall ____

NGUTUNUI dairy farmer Keith Pairiki Orms-
by has worked tirelessly on the land he broke in.
And says he couldn't have done it without the

* help of his parents and his wife Margaret.
“Margaret and I are a team. Ifsas simple as that””

ONE OF FOUR

Keith dates his farming legacy back to his great
grandparents.

Robert Ormsby (1823-1920) who emigrated
Takiari (1828-1905) of Ngati Maniapoto in 1848.

Although they weren't farmers, it was Meri's land
that has been farmed by their offspring through
the generations.

lndudingthﬂ'rthixddlﬂd.Kddfsmndﬁﬂm;AﬂhurOrmsby(lBSS—
1926) who married Matire Wright (ca 1855-1935).

And their 13th child was Keithis father, Robert Ormsby (1899-1967)
who married Mabel Randall (1904 ~1988).

Keith was born in 1936 to the Puketotara dairy farmers.

He was the third of Robert amd Mabels four children — Noel then
Gloria — followed by younger sister Beverley.

Keith attended Pirongia School and Te Awamutu College but left to go
farming once he earned his School Certificate.

Heuys:'lwasnlwaysgningmbeafnrmu,solmyedwnﬂdngonmm
and dad’s farm after that”

That ended when his parents moved to Pirongia in 1955 and Noel took

-
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over the property.

BUYING A BLOCK

Keith, then aged 18, went off to forge his own
future, buying 52.60ha (130ac) of maiden bush
on Pekanui Rd, in Ngutunui.

“My parents couldn't help financially, but they
went guarantor for the loan and helped me break
in the land.” he says.

“Td use the chainsaw, dad would take out the
undergrowth, mum would pick up the scraps -
and burn them and I'd pull up the stumps with
the digger.

“When I moved up here I built a wooden
lean-to for the fertiliser, with alittle room where
Ilived. It was hard work, but the fact my parents
were helping me, made me stick with it”

Trees were either milled or burned, but Keith retained some bush in-
cluding everything surrounding the 10 waterways running through the

property.

As the land was cleared, hed add livestock until he had 14 cows, nine
heifers and some sheep.

Heuy&”lhat‘awhm:conpleofundesamemdhdpedmehﬁldmy
first cow shed in 1958.

“It was a three-bay walk through unit, which still stands on our property
today and meant I could convert to milking.

MEETING MARGARET
It was then he met Margaret Keltie, originally from Thames and a sec-

retary at Te Awamutu legal firm Edmonds Judd
and Goldfinch.

Keith says the two were “set up on a blind date”
at the Hamilton River Carnival by a good mate.

“She was a challenge, but I thought she was
alright”

The couple married in Te Awamutu in May
of 1961, settling into married life in the lean-tos
living space at Ngutunui, alongside farming tools
and equipment.

to page 3

four children — Kaye born in 1962, followed by “But I reared calves and did all the milking

s0 it was a good way to go financially”

“Living there through the winter was tough,”
says Margaret who was “happy” to move into
their newly built home on the property in No-
vember.

‘That same year, the couple bought an adjacent
52.60ha (130ac) bush block and Keith continued
clearing it between milking twice a day.

Margaret continued working full time until
Christmas, before the birth of the first of their

Brett, Ross and finally Angela, in 1969.

MARRIED LIFE

Keith remembers going out in the morning
darkness to milk, spending all day with his father
clearing bush, getting the cows in for milking in
the late afternoon, then coming home in the dark
after the children were in bed.

“It was hard for me to do much milking with
four children running around,” says Margaret.

when Keith was haymaking”

‘The dairy herd increased to about 120 by the
early 1970s which is when Keith felt hed cleared
enough land to run some drystock.

h Ak +h
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do well in hill country and friesian bulls because
they're the closest to beef bulls.

“Margaret and I would buy calves locally, rear
them through to two-year-olds and sell them on
asbull beef. America took the bull beefungraded,
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DEVASTATING

In 1984 life took a horrific turn when their
16-year-old son Ross broke his neck in a col-
lapsed scrum during Te Awamutu College’s 1st
XV rugby trials.

The incident left him a tetraplegic.

“It was devastating,” says Margaret.



st e

“I stayed with Ross for three months in the Ot-
ara spinal unit and only went home once in that
time. When I did, is when I crashed [mentally].

“I needed to get back up there. I felt as long
as I was there with him, it was alright no matter
how sick he was.

Margaret says they always looked on the
bright side which helped get them through and
now “he’s absolutely amazing doing things most
people don't do.

“He’s a bit of a daredevil and lives his life to
the fullest”.

During the mid-1980s, Keith — by this time
in his 60s — wanted to slow down while getting
the best financial return so they entered into their
first 50/50 sharemilking contract. And it's been
that way ever since.

Keith and Margaret boughta
ﬁminzoonoa:pmdtharholdingm%709ba
(660ac) total, of which 242.81ha (600ac) is ef-
fective rolling contour land milking 580 cows.

Keith says: “Our [current] sharemilker Gra-
hame Wallis has done a great job here for the
past 10 years.

“I drive around the farm and it’s in great order,

4;..

so I don’t need to be out there anymore”

No longer tied to the farm, the couple have

“We've been lucky,” says Margaret.

“But people don’t know what it was like in the
early days when we didn’t have anything.

“The one thing we always did, was pour all our
money back into the farm, otherwise we wouldn't
have what we've got today.”

REPLANTING THE BUSH

Keith and Margaret are most proud of replac-
ing some of the bush that was felled to create

Breaking in the land acre by acre

the farm.

So, with the help of their children and grand-
children, 27,000 trees and plants were reintro-
duced between 2006 -2015.

‘They have also protected 15ha (37.06ac) with
two QEII National Trust covenants.

In 2009, Keith and Margaret were presented
wnhPGGWrigh!sonIandandUﬁamrdﬁ)'r
3 farm practices and leadership
Andinzolad:cywereredpiﬂmofDona@ys
Farm Stewardship and Waikato River Catchment

improvement awards.

KEITH sayshecouldﬂhavemadeﬂ'efarmM\atlthdawaMargaretmNs“m Bell, Margaret, Noel Ormsby, Ngaire Ramage and Bill
and Margaret two years before.

for the past 57 years.
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A FAMILY get together in 2003, IncﬁldedMMlo(Mg)Roa(leﬂ),l‘hryAm\sh'ong,le Jean
Armstrong. The

the adjoining land purchased by Keith

event was held to bless

Breakmg in the land acre by acre
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when Keith suffered
ahnnam‘:kandanangbplmywasperﬁrmed.
which was followed by a second last December.

He says: “I was in mid-sentence when I

dropped.
“I died, but a policeman passing by gave me
CPR and brought me back to life”

MY VOCATION
Now aged 82, Keith looks back on being a
farmer saying, “I never thought about being a
farmer, it’s just what I did, it was my vocation”.
“I don't think about what I've achieved,” he

"Bmwhenldﬁvethmughthefamlknow
why we're still here more than 60 years later.

“Buying the land was a challenge, breaking it
in was a challenge, changing over to dairy was a
challenge. It's been many challenges all the way

“But I cut it out of the bush.

“It means everything to us, we're connected
toit”

So big is Keith's love of the Pekanui Rd prop-
erty that one section of bush is known by the
family as Pairiki’s Last Stand.

“It’s the place I want to go when I die”.

KEITH and Margaret have been involved in many
activities off the farm as well..

Rugby — Keith played and coached for the
Pirongia Rugby Club and coached. He was pre-
sented a life membership by former Wallaby Nick
Farr-Jones at the club’s 125-year celebrations in
2001. He also captained the Te Awamutu Repre-
sentative team and later played for Waikato Maori
Rugby during their Samoa, Fiji tour in 1962.
Horse racing — the Ormsby family have now
been part of the Pirongia Boxing Day Races for six
generations and Keith, a life member since 2011,
counts his mother being pregnant with him at the
event as his first time and been there every year
since.

Golf — Keith and Marmaret have heen nart of the
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Pirongia Golf Club since the 1970s. Keith has also
played for the Eagles Golf Society since 1990.
Tennis — the Ngutunui Tennis Club presented
them both with life memberships in 1985.
School — Ngutunui School, facing closure due to
low student numbers in 2004, brought Keith in as
chairman of the board of trustees. He knocked on
the doors of new parents in the area asking them
to send their children to the school as well as
requesting parents who'd taken their children out,

instigated a calf rearing scheme raising more than
$25,000 for the school to buy their own minivan.
Singing — Margaret is a founding and lifetime
membher of the Rneetnwn Charictare



STOP HOROTIU SANDY LOAMEAMINGTON
LocationBD34 159025elevation ~60 m asl, rainfall ~12200 mm pa
Beware of traffic

Horotiu sandy loamwith parent material ofcomposite, intermixed late Quaternary tephfall mantle over
volcanogenic alluvium (Hinuera Formation). Discuss origin of Hinuera Formation (depo&6@00 cal. yr

BP at this location or soon after). Cores from lakes in the area have provided eviftgncontinuing
incremental accumulation of teph#all deposits since deposition of the Hinuera Formation ceased. Note
views d terraces along Waikato River.

Soil Taxonomyitric Hapludand
NZSCTypic Orthic Allophanic Saoll
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Mamaku Plateaw; developmentof complexignimbritic landscape

High topography
Low topography I
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and hill landscape
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Ignimbrite — thick and welded in valleys (valley-pond)
@ - thin and less welded on hills (veneer)

Ignimbrite is deposited and s |/— =
-

infills existing landscape
(buried paleo-
topography) P
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Fig. 26Left. General model for landscape inversion in an ignimbrite terrain involving the emplacement of an ignimbrite
as valleypond and veneer deposits, and the subsequent erosion of the ignimbrite to form wide mesas and narrow buttes,
and smaller tors, alongside dp valleys (after Hill et al., 199®ight. General development of landforms in an ignimbrite
sheet comprising three units with different degrees of welding, forming gorges then widened valleys flanked by mesas
and buttes. Tors may originate where fumacahctivity has caused strengthening by secondary mineral deposition and
alteration. Modified after M.J. Selby in Healy (1992, p. 261).
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