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Itinerary in brief

Day 1 (Fri 28" Nov): Auckland to Rotorua

8.00 am Depart Ventura Inn, Airport Oaks

Morning: Scientific stops-P

Lunch: Academy of Performing Arts, Univ. of Waikato, Hamilton
Afternoon: Scientific stops-8

6.30 pm Arrive Rotorua

Accommodation at Ventura Inn, Rotorua

7.30 pm Meal at Valentes Buffet Restaurant

Evening free

Day 2 (Sat 28 Nov): Rotorua to Rotorua
8.00 am Depart Ventura Inn, Rotorua

Morning: Scientific stops-4

Lunch: Rerewhakaaitu Hall, Rerewhakaaitu
Afternoon: Scientific stops-b

5.30 pm Arrive Rotorua

Accommodation a¥entura Inn, Rotorua

7.00i 9.00 pm Meahnd Maori concertRydges Hotel

Day 3 (Sun 38' Nov): Rotorua to Palmerston North

8.00 am Depart Ventura Inn, Rotorua

Morning: Scientific stops-B

Lunch: Aratiatia

Afternoon:Break afTaupo gardens, Taupnoo scientfic stops

6.00 pm Arrive Palmerston North

6.00- 7.15 pmMeal andrefreshments (ice breaker)@Vhareratd Massey University
7.15 pm Transported to accommodation
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Preface

Welcone to New Zealand or Aotearédad L a n d  odf lingeringedayftwalight] 67 and to

our threeday preconfer e nce Nor t h Ashsdaadngs .d\e sdstgourtstay ipp 6
New Zealand is both informative and friendligyd there is something for everyone on the trip.
The itineraryin brief and a nap of the North Island showing the main scientific stops are
shown aboveAt the time of guidebook preparationgvinave a group of including four
students,on the tour with participants from Japan, Taiwan, USA, UK, Australia and New
Zealand The tour eadersareProf David Lowe (Univ. of WaikatoHamiltor) and Dr Haydon
Jones (Scion &search, Rotorua). s&istant leadeis Prof Paul McDaniel (Univ. of Idaho
Moscow),on leave athe Univ. of WaikatoJuly- Deeember,2008 We offer a warm welcome

to you all Because we have considerable distances to travel (especially Day 3), as well as a
range of stops planned, we will need to leave the hotel at 8.00 am each day.

Themes

Our route takes us progressively towards the locus of the most recently active veécdiras

in central North Island, and so the surficial tephra deposits and buridtbgaibrs generally
become successively younger and less weathereards the Rotorua and Taupo aréd&®

will see Ultisols, Andisols (including Vitrands), and Entisdls oldest soil being possibly
~250,000 years and the youngest 122 yéatsough there is a twist in that the 122 yelt

soil contains 2030% clay) The oldest buried soil dates to Mh. Tephric loess will be seen

at several stops. Concepts of upbimy pedogenesis in tephmaantled terrains will be
discussed. Topical issues relating to soil and water quality and land management of intensive
horticulture, pastoral farming (especially dairying), plantation forestry and C budgetihg
modelling and nunicipal effluent disposal by land treatmentll be considered as well. The
declining quality of water in lakes in the Rotorua region and in Lake Taupo (mainly as a
result of increasing N and P), and laigale lanelise conversions from plantatioorégry to

dairy farming in thelaupo areaand implicationsare examined on days 2 and 3 of the trip.

Weather and clothing

Late November is regarded typically as late spring in New Zealand. The weather can be rather
unpredictable and range from very warndaunny (>20 C) to cold (<10 C), windy, and

wet, sometimes all on the same day! It is essential therefore that you are prepared for
changeable conditions and so you mhestea warm pullover/jumper or sweater and (light)
windproof jacket/rainproof coatf it is sunny or only partly cloudy you will need hats and
sunblock. In Rotorua, the mean daily maximum temperature for November@ fl&e mean

daily minimum is 9.6 C. There are 10 raidays £1.0 mm rain) on average in Rotorua in
November, and theict y6s mean November rainfaldl is 102
mm). At some sites we will be ~29n to ~450 m above séavel and it can get quite cold
around Lake Rerewhakaaitu (where we will spend the afternoon of Day 2) if a southerly wind
gets up Because conditions underfoot could be muddy or wet in places, appropriate footwear
is essential boots are recommendekh. Rotorua,will walk several hundred metres along a

road in a redwood forest, and ab@&@ m into a pine foresbut other than thse excursions

we will not be hiking any distance.

Safety

At all times be careful when we are at roadside cuttingarticipants especially from Taiwan

and USA please look extra carefully before crossing the road. Each participant will be issued
with an oange HiVis fluoro vest to wear during the stops. At some roadside stops we will
put out road safety signs and traffic cones to slow traffic and minimiseY@k: assistance

with this task will be appreciatett.is essential that all participants ardetya conscious and
responsiveo trafficand if you are asked to move off the road or away from theadgel.
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For emergencies in New Zealand the call number by phone or cell phbhe ¥ou will be
asked if you want (1) police, (2) ambulance, or (3 $ervice You must state where you are
including the name of the towmecause calls are routed through centralised call centres.
Ambulance services aprovidedby an organisation calle@rder of) St JohnBe careful in
New Zealand and be aware of persicsafety and possessions, especially after dark.

Accommodation Auckland (one night)
All participants have been booked int@ntura Inn, 14 Airpark Drive, Airport Oaks,
Auckland, for the night of Thurs 27 November.The accommodation includ@ continetal
breakfast on Friday 28Nov.
Contact detailsVentura Inn, Airport Oaksphone +64 9 278540, fax +64 9 278546
Reservations manager: Rita Ré&mckland.airport@venturainns.co.nz

Tour meetingevening offhursday 2% Nov

We planto hold a brief meeting of tour participants at Ventura lackland,in eitherthe
lounge (lobby) or conference room at 8 pm. The meeting will leintieduce ourselves,
check we ee all hereprovide a fewfinal details about the toand a copy of this guide bopok
and answer questions

Internet

There is a charge of $9.50 for internet access at Ventura Inn, Airport Oaks (pays for 24 hrs of
access). Please pick up and pay individually for your access ctiaefatnt desk if you want

to use the internet at the hotel or"2November. Wireless connections are available only in
the lounge areas; broadbandre connection required) is availablegonestrooms.

Breakfast

Please help yourself to breakfast (utes tea/coffee) any time Friday maorg in the lobby

area We plan to depart from Ventura Inn at 8.00 am sharp. Bags must be ready for loading in
the lobby by 7.45 am. Please note that we have no baggage héandéerse your help with
baggage will bgreatlyappreciated!

Accommodation: Rotorua (two nights)
All participants have been booked in#@ntura Inn, corner Fenton and Victoria streets
Rotorua, for nights of Friday 28 and Sat 28 November. The accommodatidncludes
continental breakfasts d®at 29" and Sunday 3D November, andree access to the internet
for 48 hrs from arrival (wireless throughout the hotel). All participants need to pick up their
freeinternet access codes amial at Ventura Inn, Rotorua.

Contact details: Ventura InRotorua phone +64 7 35Q211, fax +64 7 35@212

Manager: Sharlene Herhigtorua.gm@venturainns.co.rar rotorua@venturainns.co.nz

Evening mealsin Rotorua Friday 28" and Saturday 29" November

Evening meals have been organised for both Friday (Valentines Buffet Restaurant, about 5
mi n u watk rdm Ventura Inj and Saturday (Rydges Hotel), which will includéangi

(meal cooked in underground/en) and a Maori concert. Costs for these meals, and some
drinks, will be met by us (tour leaderSmart casual clothes are acceptable.

Lunches and morning/afternoon teasand special dietary considerations

We will provide lunches each day. On Friday"28ovember we will have lunch at the
Academy of Performing Arts, University of Waikato, Hamilton. On Saturddy @ Sun

30" November we will have packed lunches. Morning and afternoonirteksling biscuits

will be provided from ingredients carried ls on the bus. We have short, designated stops
for tea/coffee breaks and, usually, toilet access.


mailto:Auckland.airport@venturainns.co.nz
mailto:rotorua.gm@venturainns.co.nz
mailto:rotorua@venturainns.co.nz
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Introduction to Quaternary volcanism, tephras and tephra-
derived soils in New Zealand

David J. Lowe
Department of Earth and Ocean Scienddsiversityof Waikato, Hamilton

Richard T. Smith
Ministry of Civil Defence& Emergency Management, Wellingtdormerly Univ. of Waikato)

Haydon Jones
Scion, Rotorua

Introduction

The first part of this article is derivgglartly from Smith et al. (2006) and Leonartl a.
(2008).0ther usefureviewsincludethoseof Neall (2001) and Chapter@ For ges of Mi
E a r)tinfGéaham (2008). There are numerous papers on tephras in Newd@ald ecent
reviews include Shane (2000), Alloway et al. (2007), Lowe (2008)Lamee et al. (2008,
2008H. A history of tephra studiesvas published by Lowe (1990)he second part
introduces tephrderived soils in New ZealandSuch soils include Entisols and Andisols
(mainly Vitrands and Udands), as reviewed by Lowe and Palméb)2and UltisolsBooks

on these and other soils of New Zealandude New Zealand Soil Bureau (1968), Gibbs
(1980),McLaren andCameron (1996), Cornith (1998),andMolloy and Christie (1998)An
excellentweb-based overview wasreparedy Hewitt (2038). Tonkin (2007a, 2007b, 2007c)
provided a history of soil survey ansbil conservationactivities in New Zealand. A
quantitativelybasel c | assi f i c at isdemestdal enWenment#as aublshed 6
by Leathwick et al. (2003).

Volcanoes, volcarsm, and tephras

Volcanoes magmas, andypes of eruptions

Volcanoes are not only conical mountains, but span a verg wadge of landformsA
volcano is any |l andform that results from mi
surface. The size dnshape of a volcano reflect how often it erupts, the sizes and types of
eruptions, and the compositicof the magma it producedagmas contain almost all of
Earthds known c¢hemi cal compriseanlg mne s siliton, toxygeny pi ¢ a l
aluminium, magnesium, iron, calcium, sodium, pstam and titaniuni that sum 986 or

more by weight. Oxygen ansli together are generally the most abundant elements, making

up 4876 % by weight of most magmaghe chemistry of magma, especiaBycontent, is

important for influencing the way it erupts, and three main magma types, and resulting
volcanic rocks, are identified on the basistheir chemical compositionA fourth type,

dacite, is usually grouped with andesites but is midway between tndesi rhyate in
composition.

ABasaltis rich inFeandMg and low inSi and erupts at very high temperature$100 1200
“C) 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 gaedls to form ragged scora ash

A Rhyolitemagma is rich irBi, K andNa and eruptsat temperatures betwe@00 850 C as
an extremely viscous magma. Rhyolite magma containing lots of gas bubbles cools to form
pumice, but if the magma contains litjas it may form obsidian glass.

A Andesite(also dacite magma is intermediate in composition and physical pragserti
Erupting at ~8001000 C it is more viscous than basalt, but much less viscous than rhyolite.
Andesite magma cools to form dark greydalvgaspoor or scoriar ashif gasrich.
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Volcanic eruptions vary remarkably in style and size. The smallest may just dust the summit
of a volcano with volcanic ash, hereasthe largest are capable of creating entirely new
landscapes across whole caieg. Although there is great diversity of volcanic behaviour,
eruptions can generally be classed as one of two broaditgi®er explosive or effusive.

Explosiveeruptions

Explosive eruptions are caused by gases violently ripping apart and shattegnga into

pieces which cool and solidify into pumice (if the magma is rhyolite), scoria (if the magma is
andesite or basaltand volcanic ash (sand and deited splintergnainly of volcanic glass).
Explosive eruptionsake placen one of two ways. Té first involves gas that is contained
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 adrfizzy drink when first openedl'he second 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 vertemgerature of magma
(700-1200 C) meanghat 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 sorts of eruptions are called phreatomagmatic eruptions

In both types of eXpsive eruptions, the shattered magma 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 | i t er al | y &édepositr The rhoreaegplosve tha | 6 )
erugion the more energetic this roaring stream of gas, and the higher the tephralkand roc
fragmentswill be carried into the airThe higher the material goes, the further from the
volcano it will be blown by the wind, and so there i€lase correlation or elationship
between the energy of an eruption and how far thetieruproducts are spread.

Effusive eruptions

Effusive eruptions occur when magma contains little gas and so cannot behave explosively,
but instead quietly extrudes at the surface formiog/dl of lava. 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,
steepsided mounds called domes.

Three different types of volcanoes
Al t hough New Zealandds active volcanoes | ool
grouped into one of three main landform types:

Aclassic cones or stratovolcandesy. Mt Taranaki, Mt Ruapehu)
Avolcanic fields(e.g. Auckand Volcanic FieldSouth Auckland Volcanic FieJjdand
Acaldera collapse craters (e.g. Taupo caldeéaapharocaldera)

Each of these has obvious landforms and the violence and styles of eruptions are unique to
each. These differences refidbe type of magma erupted: basalt at the volcanic fields,
andesite at the cone volcanoes, and rhyolite at the caldewasg our trip, we will see

mainly rhyolitic or dacitic deposits and landforms but some basaltic materials are also on
showat the sart (South Agkland Volcanic Field) and on Day 2 near Mt Tarawera

Caldera volcanoes and eruptions

A caldera is 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, Iyt ana difficult to observe in the
landscape because they may be filled in with erupted material 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 magma chamber that may only be a few
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kilometres beneath the ground. During these eruptions, so 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 degpsion. Lake Taupo, the area to the east of Rotorua known

as Okataina, and Mayor Island or Tuhua, are three examples of active caldera volcanoes in
New Zealand. Some older calderas exist in the area between Taupo and Rotorua and on the
Coromandel Peninsulaee map below)

Rhyolite calderas may be active for several hundred thousand years, 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 exypgosiuptions. Huge quantities of pumice, ash

and gas are pumped into the atmosphere, and through a combination of heat and momentum,

a seething column of this material may rise to over 50 km above the caldera. From this height,
ash and especially aerosélsggases and tiny drops of acidcan spread around the globe,
affecting the worldodos climate for sever al y
buried by metres of pumice. The most devastating process, however, occurs when this column

of materialfalls back to earth like a fountain, then surges out in all directions from the caldera

as a hurrianelike billowing, groundhugging flow of hot pumice, ash and gas. These
pyroclastic flows or O6density curra@gngtas, 6 can
leaving behind a layer of volcanic (pyroclastic) debris that might be more than 100 metres
deep. Some flas are so hot (66800 C) and thick that the ash and pumice fragments weld

back together, forming solid rock known as partially or denselded ignimbrite.

Dome building

Eruptions from rhyolite volcanoes 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 slgwloften along the faults and fissures opened up by
earlier caldera collapse. The very high viscosity means the-sidttahyolite lava will not

flow far, and instead, piles up around the vent, like toothpaste squeezed from a tube, to form a
steepsided dome or dome complexes. These domes are prominent landscape features
amongst the caldera volcanoes of the Taupo Volcanic Zomdokoia Island and Mt
Ngongataha are rhyolite lava domes erupted within Rotorua caldera, and Mt Tarawera is a
collection of lavadomes erupted around 1314 AD witlHdaroharoDkataina caldera.

Quaternary volcanism in North Island

The highest concentration Qfuaternaryolcanic activity in New Zealand occurs in the area
known as the Taupo Volcanic Zone (TVZ). This narrow band oé @ caldera volcanoes
extends from Ruapehu in the south, over 240 kilometres to Whakaari (White Island) in the
north, with the Taupo, Okatain®otoruaand other calderas nestled between. Some of the
pl anetds | argest and nmaveadccurked foom éis zoneyas walasn i ¢
New Zeal andds m eraptions r (Ruapemia9951996,aWhakaari 2000).
Volcanism occurs in the TVZ, and at Taranddecause of subduction of the Pactictonic

plate beneath the North Island. As this pli@scends and is heated, water and other fluids are
boiled off and stream into the mantle rocks under the North Island. These fluids cause
chemical changes that enable the otherwise solid rock of the mantle to melt, forming basaltic
magma. This magma risestil, because of its higher density, it gets trapped underneath the
continental crust of the North Island. Here the very hot basalt magma acts like a gigantic
blow-torch, melting the crust and mixing with it to form andesite magma, whicheis
erupted a cone volcanoes. Where enough meltfighe continental crust occurs, rhyolite
magma formsgenerating caldera volcanoes (Smith et al., 2006).
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Taupo Volcanic Zone

The TVZ can be thought of in three distinct parts. A southern gaminated by andesite
cones, includes the active Ruapehu and Tongariro volcanoes and the probably eximga Pih
and TihiaKakaramea conesA northern part, which is also dominated by andesite
stratovolcanoes, includes the active Whakaari (Whijeasd the recently active Putauaki
(Edgecumbe), and the much older, deeply eroded cones of Motuhora (Whabnds
Manawahe. Mese two stratovolcano clusters bookmark 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 Okataircanoés, andix older
calderas including Mangakino, Kapenga, Whakamaru, Reporoa, Rotorua and (daroa
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seventh is the newdsecognised Ohakuri caldera: D.M. Gravley in Spinks et al., 200%0

origins and extentof Rotorua caldera ardebated(see W.R. Edr, this volume).Large
explosive eruptions over the last 2 million years or so from this nested collection of rhyolite
volcanoes have produced a huge volume of pyroclastic rock, and many of the older volcanoes
cannot be seen in the landscape becauserwl hunderneath hundreds of metres of volcanic
material from more recent eruptions. The products of these caldera eruptions are most obvious
as the extensive plateaux flanking the western and eastern sides of the TVZ, which erosion
reveals to be made up afany layers or sheetd @nimbrite, pumice and tephrallout
layers.However, caldera eruption products are found far beyond the more obviously volcanic
landscape of the central North Island. For instance, ignimbrite erupted from Mangakino about
1 million years ago is found 170 kilometres away in Auckland (up to 9 m thick) and rhyolite
ash layers erupted from Whakamaru caldei260,000 years ago are found under the seabed
1200 km east of Napidthe Rangitwa Tephra)f we think of a volcano as incluaty all the
material erupted from it, then in a sense the entire area from Auckland to Hawkes Bay is part
of a gigantic caldera volcano centred on the TVZ

Volcanoesand landscapes

Volcanoes are both feared and revered for devastating eruptions thattélaedscapes and
terrestrial ecosystems, destroy buildings and other constructions, and injure or kill humans.
Yet they provide benefits in many ways, including the formation of large areas of special,
high-class soils, geothermal energy, lakes andradtteactive landscape features favourable

for healthy living, recreation and tourism, and materials for building and other purposes.
Volcanic lakes form in calderas (e.g. Lakaupq Lake Rotoma), explosion craters (e.g. Lake
Okaro), or in valleys dammeay lava flows (e.g. Lake Rotoehu) or pyroclastic flow deposits
(e.g. Lake Rerewhakaaitu). They are especially attractive to people, and used for water supply
and transport. Also appreciated are andesitic or dacitic stratovolcanoes, mountains or ranges
known for their grandeur. Solitary or clustered stsafed rhyolite domes and lava flows, and
scoria cones and craters in basaltic volcanic fields (e.g. Auckal@hnic Field), similarly

provide landscape relief. Less dramatic but still impressive are xtensive layered
landscapes of the central North Island and Arafutaruru, MamakidRotorua, and
Kaingaroa areas constructed from sheets of welded ignimbrites and characterised by cliffs and
gorges, mesas and buttes (large and mediapd flattopped take lands), and thumbhaped
inselbergs (small steepded rocky mounds sometimes called tors). Draped with tephra
fallout layers and buried soil horizons (sometimes called paleosols), rollingsuafates

have formed where the sheets become thinner.
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Generalised development of land forms in an ignimbrite sheet emplaced over sandstone. In
weakly welded upper part of the sheet has been stripped to ledike tigatures where, it has bee
suggested, fumarolic activity has caused strengthening by secondary mineral deposition (espe
silica) and alterationbut simple erosion duringlagials of softer materials is more likefgiagram
designed by M.J. Selby, from Healy, 1992).
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What is/are6t ephr ad ?

OTephrad comes tephramearing &S areks anwakencompassing term

for the explosively erupted, loose, pyroclastic (fragmental) products of volcanic eruptions. It
includes all grainsizes ranging from the finesust to blocks the size afofas The first
recorded use of Otephrad was by Aristotl e wf
the Lipari (Aeolian) Islands near Sicilyefore ¢.300 BC. The first modern useage was b

Sigurdur Thorarinsson of Iceland in 1944, who resurrected the term to fit with Greek words

lava and magma and to link these with classical volcanology that derives from the Roman
name for the island Vulcano, the southernmost of the Lipari IsladBdst the pohr ad anc
Ot ephrasod ar e [Reovatee termbale etephpobtratigraghys thstudy of

sequences of tephra layensd their agesand tephrochronologyheuse of tephras toonnect

and date sequences from place to @land thusa powerful,widely-applied dating toolln
comparatively recent times, glass shard concentrations preserved within peats and lake
sediments and ice cores, not visible in the field as layers, have been recognised and the term
6cryptot ephr a&ngpteif fo hidenhastbéer ap@iedaocthem (see Lowe, 2008).

A

What are 6éashdé and o6l apilli6?

0Ashd is not ash in the sense of a burnt re:
particles, mineral grains (crystals), and glass shards, all defined asrghall@ mm in size.

Fine ash is <0.06 mm, medium ash is D@6 mm, and coarse ash isi®5nm. Grains 264

mm in size are called lapilli (lapillus for a single grain), and particles larger than 64 mm are
called blocks if they are sharp and angular iapgh or bombs if they are partly rounded or

smooth in shape as a result of being erupted through the air whilst still hot arplasii

Tephra layers blanket the landscape

As well as erupting lavas and other materials, and modifying or building lamslfo
comparatively close to vents, NortHalsd volcanoes have blasted huge volumes of tephra
into the air to be blown over northern New Zealand and in some cases far out to sea, more
than 1000 km from source. The accumulation of laymnlayer of tephrdallout deposits

has helped volcanologists work out the history of volcanism and the distribution ofatheir
reaching airborne productg many parts of North Island natural cliffs along terraces, river
banks or at the coast, together with cuttings mawiéng road construction or quarrying,
reveal blanketing layers of tephra fallout from numerous eruptions. A feature of such layers is
that they drape the landscape on which they fall, following the contours of hills, terraces and
valleys, although theyam also be washed into valleys by rain and rivers, slump off hillsides,
and be blown by the wind if forest cover has been damaged or is missing, for example during
glacial periods. Landscapes draped with tephras, such as in the Taranaki and Waikato regions
tend to have slopes generally smoother tharetihout tephra mantling.

Mapping t e poher-hassn dhand

A law in geology states that the oldest deposits in a layered sequence occur at the bottom and
are overlain progressively by younger deposits,miost recent therefore being right at the top
(Law of Superposition)This natural arrangement means that quite often only the youngest
deposits are seen in a road cutting because the earlier layers are too deeply buried and
therefore accessible only byilting, especially near volcanoes where the deposits are very
thick. Tephra layers are mapped by tracing each layer from cutting to cutting across the
landscape and by drilling holes, digging pits, or coring lakes or peat bogs to fill any gaps. A
tephra @posit from a single eruption may be tens of metres thick near its source but beyond
about 100 km it thins quickly to only a few centimetres or millimetres. As well, the shattered
rock fragmentscrystalsand glass shards making up tephra layers are tiypiziggest near

source but become finer with increasing distance away from it because smaller grains are able
to be carried further by the wind. Consequently, mainlysasé particles (<2 mm) are found

in tephra deposits at localities several hundreahkédtres or m@ from the source volcano.
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Distribution of tephras in North and South islands

The thickest tephra sequences occur downwind of the TVZ in the Rétau area, Bay of

Plenty, East Coa overty Bay, a
WanganuiTaranaki,
tephra layers occur in other parts of the North

recognised so far in the South Island. Theyude

nd Hawke 6 ds aidoynd inMo d e r |

King CountsWaikatoCoromandel and Auckland regions. Fewer

Island. Only a handful of tephras has been
| Rangitawa Tephrarupted ¢ 350,000

years ago from Whakamaru volcamamd Kawakawa Tephra, erupted?@,100cal. yeas ago

from Taupo volcano.
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(from Lowe and Palmer, 2005}G, Egmont or Taranaki volcano; TG, Tongariro Volcanic Centre
(includes Ngauruhoe, Tongariro, and Ruapehu volcanoes); TP, Taupo Volcanic Centre; OK, Okataina
Volcanic Centre (includes Mt Tarawera and Haroharo volcanic complexes); TU, Tuhua Volcanic
Centre (Mayor Is.); W, Whakaari (White Is.); TVZ, Taupo Volcanic Zone.
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Tephra as a unique dating too(tephrochonology)

Tephrafallout layers have two special featur€s) they are eruptednd depositedver very

short time periods, geologically speaking, usually a matter of only hours or days to a few
months; and (2) they can be spread widely over land and sea to form a thin blanket that has
the same ageherever it acurs Therefore, once it is identified by chemical analysis, a tephra

| ayer provides a mar k éan isoocheod)thdt mstantdeing the datet a n t
of the eruption that produced the layer. In New Zealand and elsewhere many studies have
used tephra layersr isochronsas a dating tool, acience called tephrochronologihese

studies include looking at climatic and environmental change during glaciatioAgyveka
changes, praistoric earthquake events, flooding and landsliding histangl archaeology

(for example, helping to answer the question of timing of Polynesian settlement in New
Zealand see D.J. Lowe, this volupe
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Fingerprinting tephras

How can one tephra layer be distinguished from anotfegphrochronologistsise many
methodsto characterise each layer, both in the landscape and laboratory. In the landscape,
colour, thickness and position of the tephra in the sequence are important, and sometimes the
type of pumice is useful in identifying it. For example, pumice from the @ aupption ¢.

232 AD) is usually creantoloured andelatively easy to crush between fingernails whereas
pumice from the Kaharoa eruptign 1314 AD) is white denseand hard to crush. In the lab,

the types of minerals (crystals) present sometimes allevtephra to be identified and
matched to a source volcano. A widespread tephra erupted from Tuhua volcano (Mayor Is.)
7000 cal years agqTuhua Tephrg)for example, contains very unusual minetalduding
aegirinethat allow it to be identified inahtly with a microscope, even if justfew grains are
present. Gemical analysis of volcanic glass in tephra laysiag the electron microprole
perhaps the best way of fingerprinting them. This is because most tephras, except where
strongly weatherednd therefore altered to clay, contain abundant glass shards which can be
analysed usinghe electron microprobe or laser ablatibass spectrometrio provide a
chemical signature. Another way of helping identify tephras is by dating theenLowe et

al., 2008a, 2008b).

Volcanic topdressing

The frequent but usually localised eruptions from the volcanoes of Tongariro Volcanic Centre
and also Taranaki but less often, have added small but markedly beneficial amounts of many
nutrients to soils downwind frorthe volcano. For example, the 199996 eruptions of Mt
Ruapehu added B0500 kg h# of sulphur and small quantities of other useful elements
(including cobalt) to large areas of land in central and eastern North Island. By coring lakes
and bogs inVaikao, Aucklanda n d H a w kregidrss and aentifying many thin tephras
preserved within them(and, most recently, cryptotephras expressed as glass shard
concentrations)it has become clear that such topdressing by andesitic tephras has continued
over tensof thousands of years in the past, helping to maintain soil fertility in northern and
eastern North Island.

Painting with kokowai

Early Maori used yellowish to reddish ird
oxides called kokowaj or Or ¢
derived from seepages and stream bed;
volcanic areas as a pigment or paint. T
most important site was Kokowai Spring
Mt Taranaki.Kokowaiwas used for facial o
body decorations, paint for buildings af
canoes, and as an insect repellent. Its col(
could be altered by heating over seve
steps, becoming bright red after stron
heating. Kokowai has been identified aJ
ferrihydrite, a tiny clay mineral with a hug
surface area (>200 ‘mg’) and strong
Opigmenting power 0
stains clothing or other surfaces
Haematite, another an oxide from red
scoriaceous soils, was also an import
ceremonial pigmenting agent used maif
for facial decorations on higtanking chiefs
(Lowe et al., 2002).

Photo (left) shows ferrihydrite seepage ng
Waikato River, Hamilton (see Lowe ari
Perciwal, 1993).Phota David Lowe
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Tephra-derived soilsin New Zealand

The relatively young landscapes wfuch of central North Island, especially the Bay of
PlentyTaupcTongariroarea,are predominantly of volcanic origin. Consequently, the nature

and distribution of the soils contained in these landscapes are very strongingefiuby the

volcanic historyVariations in the age, thickness, and mineralogical composititredephra

deposits in which the soils are forming have significantly contributed dosdlil patterns

evident today.Postdepositional erosion and reworking of tephra deposits have helped to
shape the | andscape and, ofvarying strengths bataesn tier e at ¢
soils and landforms of the region. To a certain extent, climatic and indigenous vegetation
gradients have also been imprinted upon the characteristics of the soils and their patterns of
distribution (Molloy and Christie, 1B).

Classification of tephraderived soils

Soils formed from tephra deposits are represented by five orders of the New Zealand Soill
Classification NZSQ which reflect increasing age and development: (Tephric) Recent Soils
(~1% of North Island soils), FPuice Soils (~15%), Allophanic Soils (~12%), and Granular
Soils (~3%) and (rarely) Ultic Soils (Hewitt, 1998; Lowe anBalmer, 2005; see also table p.

26).

WINERAL PANENT MATERIAL ONGANK
PARENT
MATEMNAL

Major  taxonomic
! development paths
e e aw 'w o omsame  of  New Zeahnd
l!l('!‘ﬂ 'I!:(Nl ﬂ(?l'll M{'NU IA'IV SOIIS (from A”an
Hewitt in Molloy
and Christie, 198

p.235).

v v v v v v v
BEMIAAID PALLX oW ruowce ALLOPMANIC WELAMIC AhOoraN MELANC

‘‘‘‘‘

v
wne POOZOL GAANULAN QXIIC

Tephric Recent Soil¢Entisols)
These soils occur on very young, mainly andesitic or basaittiees (~100600 years old)
close to the volcanic centres of Taranaki, TongeRuapehu, Rangitoto Island, anmdt
Tarawera. They are typically gravelly or sandy and have few nutrieritee result of
insufficient time for weathering to release themmnd cannot store much water.

Pumice Soilgmainly Vitrands)
Covering a large swath of the central and eastern North Island, these shallow soils are made
up of coarse rhyolitic pumice depositerived mainly from the Taupo .(@32 AD) and
Kaharoa eruptionsc( 1314 AD). The young and weakly developed soils formed from these
deposits (~70R000 years old) are extremely deficient in many elements essential for animal
health including copper, selenium, and cobalt. The Californian MontereyRimes(radiatg
grew fast and vigorously on the problematic Pumice Soils, partly by tapping into nutrients and
moisture in the paleosols and soil horizons formed in tephras buried beneath them.
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‘Entic’ Udands/Cryands
+ Orthents

Auckland\ ;A7 ; (Tephric Recent Soils)

Humults
+ Aquults + Udults
(Granular Soils)

Udands ]
+ Aquands + Cryands
(Allophanic Soils)

Vitrands

+ Vitriaquands
+ Vitricryands
(Pumice Soils)

A

Distribution of four main groupings of tephderived soils in North llend (after Kirkpatrick,
1999, based on Rijkse and Hewitt, 198%dified from Lowe and Palmer, 2005

Allophanic Soils(mainly Udands)
These deep, versatile soils are formed typically on accumulating sequences of thin, fine
grained interfingering tephdayers from both rhyolitic and andesitic volcanoes, and occur in
the Ohakun&Vaiouru area, Taranaki, King Counityaikato, and western Bay of Plenty
Coromandel. Small patches are found on basaltic scoria cones in Aubldaihthnd.Most
Allophanic Soilshave taken between 10,000 and 20,000 years to form and clearly are
irreplaceable, yet they are undervalued by most people. Their name comes from the tiny clay
mineral formed in them, allophane, which dominates their physical and chemical properties
becase of its positive charge and huge surface area: a single teaspoon (about 5 g) of
allophane has the surface area of a rugby field (>40§%n(Lowe and Palmer, 2005).

Allophanic Soils are supreme in New Zealand for food, fibre, and water productiamsbkeca

of their outstanding physical properties. Friable and free draining, even after heavy rain, yet
resilient to repeated cropping or stock treading, they have good aeration and very stable soil
aggregates, a high organic carbon content, and they carastggeamounts of water (Molloy

and Christie, 1998). These features and their distribution on smooth, easily manageable
tephramantled landscapes make them ideal for pasture production and grazing in humid
climates. Allophanic Soils are unmatched for almhamy landuse: cropping, horticulture,
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effluent irrigation, forestry, and sports fields. However, contrary to popular opinion, these
soils are noftieychawaweadl éwrnhat ebdal fertildi
with various nutrients specially phosphorus and potassium to maintain high productivity
(Lowe and Palmer, 2005).
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General subdivision of the main groupings of Andisols in North Island into six zones
according to their multisequabil character (soil stratigrp), the primay compositions of
component tephras, and approximate ages of the soil profiles (from Lowe and Palmer, 2005).
Note: OAggregdt 0OAg §loveelnosabdgpd r e

Granular Soils (mainly Udults, Humults)
These sticky and clayey but wsliructuredsoils have formed on older, strongly weathered
tephra layers erupted from central TVZ between about 100,000 and 350,000 years ago (Lowe
et al, 2001). They occur in the northern Waikato and South Auckland regjiftmrsexample
in the Pukekoh&ombay Hills areai where the younger mantling tephra layers so
predominant in central North Island have become sufficiently thin to allow these older
deposits to emerge at the |l andds surface.
has proven suitabl®r cricket pitches in the northern North Island partly because it dries out
and shrinks relatively quickly in humid climates. Examples of these soils will be seen at stops
1 and 2 on Day 1 of the tour).

t

Y
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Upbuilding pedogenesis

A distinctive feature of manvolcanic askderived soilsis he O mul ti sequel & or
of their profiles which attests to the-bpilding of the landscape via the deposition of tephras

from numerous eruptionsDuring periods of quiescence between major eruptions, soil
formaion takes place, transforming the characteristics of the unmodified teph@pe@vn
pedogenesigAlmond and Tonkin, 1999). & processeslter the underlying material in a
downwardmoving front, forminggenerally weldevelopedsubsoilhorizons- i.e., classical
pedogenesidHowever, where tephras are added to the land sumigtellding pedogenesis

takes place and the rate of upbuilding determines the rate and impact of pedogenesis. Two
scenarios can be considered: (&phraaccumulation is incremeait or relatively slow,

|l eading to 0devel agpmeascunaulationip rapidjg.lbarial bygadhjck ( 2 )
deposit(which may become a stratigraphic marker)bbeghdingtocd r et ar dant upbui |

Scenario 1Wheresuccessive tephra deposite ¢hin and accumulate relatively frequently (e.g. at
distal locations), the materiallepositedfrom each eruption will become incorporated into the
existing soil va soil mixing and other proced®’hen tephragand tephric loessgjre accumulating
incrememally, topdownsoil formation does not stop, but its effects are lessened because any one
position in the tephra deposits is not exposed to soil processes for long before it becomes buried
too deeply for these processes to be effective as the land sgéatte rises. Nonetheless, this
upbuilding history leaves the tephra deposit with a soil fabric inherited from when the tephra was
part of the surface Ahorizon or subsurface Bw horizoThe maximum development of
subsurface soil horizons occurs when doilmation has a greater impact duriphpases of
topdown pedogenesi$n developmentaupbuilding, subsurface horizons angpically weakly
expressed.

Scenario 2Where aephra depositedn the land surface surfaiseof sufficient thickness to bury
theantecedensoil below the range of soil forming proces§es., it becomes isolatedhe buried

soil becomes part of the underlying regolith and is recognised as a buried paleosol (a soil of a
landscape or environment of the past) or more typically aetwsoil horizon. A new soil will

begin forming at the new land surface in the freshly deposited mat@hak, retardant
upbuilding recognises that the development of the ndéwhed soil has been stopped or retarded,
and t he pedoge rroforsal formationkddstant ahe petv landsurface.

The termsievelopmental upbuildirigand Getardant upbuildingwere used by Johnson and
WatsonStegner (1987and Johnson et al. (19983 part of their dynamiate model whereby
soilsevolvebyo ebb and fl owd6 through t i Mmemplicdtorhaet z I
is that loess (windblown sediment was widely generated in the central North Island during
glacial periodsUnstratified tephric loess deposits of about three metres thicknes®ite.g
Mamaku Plateail see stopb, Day 1) werederived largely from thick rhyolitic tephifall and
ignimbrite deposits, which eroded during glacial periods to form valley fill and fan deposits.
These were supplement@dobablyby glassy dust blown dietly from primary tephra fall
deposits. Tephric loess deposition slowed and petered out generally at around the time of
depogion of Rerewhakaitu tephra .(c17,600 cal years ago) after which climate began
ameliorating and full forest cover returned (Vucetiaid &ullar, 1969; Newnham et al.,
2003). Today tephric loess is found as subsurface layers in tephreequences, being
buried by tephra deposition during the Holocenee Tastest rates ¢bessaccretionin New
Zealandwere during the cold glacial peds and especially during marine oxygen isotope
stage 2, when rivers aggraded very rapitligwe et al., 2008c)The fastest ratesere 0.15

0.23 millimetres per yedl5-23 mm/centurywhere deposition was enhanced by turbulence
and the slowestas lesslhan 0.01 m per year(<1 mm/century) Accretion rates for tephric
loess in the Waikato regior0.03 0.08 millimetres per yedB-8 mm/century) are similar to
those for loess insouth Westland, 0.040.12 mm per yeaf4-12 mm/century).In an

O up b ui hasej seilgi@rmapon thus occurs simultaneously with slow loess accumulation,
f or mi ng eai dtiseadtettal., 2008c)
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Ages and rates of soil formation can be assessed for the -tgrwad soils through
tephrochronology, the use of tephra layerdinik and date sequences. The main-&wining
tephras and marker beds New Zealand for the past 30,000 cal years were documented by
Lowe et al. (2008a).

Tephra-derived soils and land use

Although many of the tephderived soils are of supreme guglisome are not. In the early
part of the 28 centuryi at a time when large tracks of land were being prepared for pastoral
agriculture’ many of the soils on the central plateau were found to be deficient in trace
elements crucial for animal health (i@balt, copper, and selenium), causing thealzd
fibush si ckneEsasrol yp rsoubrlveeny.s of s o i Hm@ming asH
shower so) showed a | ink between Kaharoa
sickness, but it was not mced on Tarawera eruptives. The worst bsisk area was on
Kaharoa Tephra and the soils were regarded
(Vucetich and Wells, 1978Note that some other areas of New Zealand also had bush
sickness, typically unddrigh rainfall, but that was a deficiency acguirfrom leaching rather

than irherited.Ironically, the cobalt deficiency led to the development of the large pine forest
plantations of central North Island. These forests were to become the foundatiow of Ne
Zeal andbés exotic timber B)nTHalanduseydebétdlasd Heeny a n ¢
recently renewed with substantial areas of forest land being converted to dairy pastures and
concerns being raised regarding the impacts of the land use obanige soils and water

quality (see Day 3).
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Abundances of 12 soil orders of the woiddl $oil Taxonomyvsabundances in New Zealand
(rank= relative abundanck(after Lowe et al., 2000a)

World' Now Zealand®

Landarea% Rank  Landarea % Rank  Main NZSC order(s) g
Order (ice-free) 7 il T
TS R AR Y N T 4 Pallic Soils =
Andnl.mh 0.7 12 129 3 Allophanio, Pumice, Rocent Soils
Arnidisols 12.0 2 09 9 Semiarid Soils
Entisoly 162 1 74 5 Recent, Gley, Raw, Anthropic Soils
Oelisols 8.6 5 o' 12 -
Histosols 1.2 11 09 8 Organic Soils
Inceptisols 9.8 3 474 1 Brown, Gley, Pallic, Recent Solls
M()'lhvmls 6.9 8 1.2 7 Melanic Soils
Oxisols 7.5 7 0.2 10 Oxidie Soils
Spodosols 2.6 9 13.1 2 Podzol Soils
lJltlg\Iu 8BS 6 4.2 6 Ultie, Granular Solls
ch.mh;. 24 10 0.1 11 Melanic Sofls
(Non-soils) (13.9) (2.0) (Raw Soils)

'After Soil Survey Staff (1999).
e 1 [ O :

Carrelations with NZSC based on Hewitt (1998, p.10-14); land area percentages are approximate and based
on 11 1 000 000 mapys published by Landcare Research in 1995,

Gelisols (on frost-churned materialy underlain by permafeost) probably occur in NZ's Ross Dependency. Antarchica

Soil classification
Solil classifications throughout this guide are given in terms of Neev Zealand Soi
Classification(NZSC) of Hewitt (1998) and Clayden and Webb (1994), and in terr8eiof
Taxonomyby Soil Survey Staff (1999,006).
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Press, Landcare Research Ltd, Lincoln.
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Introduction to regional councils in New Zealand

There are 16 regions New ZealandTwelve are governelly an elected regional council
(the first tier of local governmentjour smaller areasire govered byterritorial authorities
(the cond tier of local governmentyhich perform the functions of a regional council and
thusare known asinitary authoritiesRegional councilsarelisted in theLocal Government
Act 2002 That act requires regional councils to promosestainable developmentthe
social, economic, environmental and cultural viing of their communitiesThe current
regions and the councilswere formedin 1989 as a result oan amalgamation procedure
carried out under theocal Government Act 1974The geographic extent of the regions was
basedlargely on river catchmentand major watershed¥he amalgamatiomanticipated the
responsibilities of th&esource Management Act 1991

1 Northland
2 Auckland

3 Waikato
X-\\/ 4 Bayof Plenty
5 East Cape*

6 Hawke Bay
7 Taranaki

8 ManawattWanganui
4/ 9 Wellington
3_[

1 10 Tasman*
11 Nelson*
/ 14 | 12 Marlorough*
13 West Coast
15 14 Canterbury
,\16/ 15 Otago
é\; 16 Southland

* These rgions areunitary authoritieglocal councils)

Regional authorities are primarily responsible for environmental management, including
water, contaminant discharge and coastal management, river and lake management including
flood and drainage controhnd regional land management;gienal transport (including

public transport); and harbours, biosecurity or pest management. Territorial authorities are
responsible for locdevel land use management (urban and rural planning); network utility
services such as water, sewerage, stormwane solid waste management; local roads;
libraries; parks and reserves; and community development. Property rates (land taxes) are
used to fund both regional and territorial government activities. There is often a high degree
of co-operation between ragnal and territorial councils as they have complementary roles.

The Pukekohe area is justithin the Auckland Region(Pukekohe Hill, Stop 1, is only a few
hundredmetresfrom the southern boundary which runs along Hill Top Rd, Bayly Rd, and
Ray Wright Rd). South of Pukekohe and Bombay, the Waikato Region takes Waikato
basirandrangeprovince,through which the Waikato River flowand soutivard into the
northernKing Country and Lake TaupeTongariro area, and northeastwateking in the
entire Coromandel Peninsuld@he Kaimai and Mamaktangesmark the boundary witpart

of the Bay of Plenty Region to the east.


http://en.wikipedia.org/wiki/Territorial_Authorities_of_New_Zealand
http://en.wikipedia.org/wiki/Unitary_authority
http://en.wikipedia.org/wiki/Local_Government_Act_2002_(New_Zealand)
http://en.wikipedia.org/wiki/Local_Government_Act_2002_(New_Zealand)
http://en.wikipedia.org/wiki/Local_Government_Act_2002_(New_Zealand)
http://en.wikipedia.org/wiki/Sustainable_development
http://en.wikipedia.org/wiki/Local_Government_Act_1974_(New_Zealand)
http://en.wikipedia.org/wiki/Resource_Management_Act_1991
http://en.wikipedia.org/wiki/Auckland_(region)
http://en.wikipedia.org/wiki/King_Country
http://en.wikipedia.org/wiki/Lake_Taupo
http://en.wikipedia.org/wiki/Coromandel_Peninsula
http://en.wikipedia.org/wiki/Unitary_Authority
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The Waikato Regiorhas an area o
25,000 km2, and a population ¢
402,200 (June 2008 estimgtd)emain
city being Hamilton (populatior
g tianga ~135,000).It encompasses all or par
of twelve separatdistricts the mosbf
any region In decreasing sizethe
districts are Taupo (part), Waitom
(part), Waikato, ThameS€oromandel,
\HAURAKE .~ O_torohang_a, South Waikato, Matamal
ey : Piako, Waipa, Franklin (part), Haurak
p- L | Rotorua (part), and Hamilton City.

Coromandel

WAIKATO \\ :

ar 2 Ouir field trip will start in the Aucklanc

. HAM{C’QQN \M:::A':(‘g Region (run by the Auckland Regionz
T Ve r, 5 ; Council, or ARC), then move quickl
\h_\ WAIPA 1 e into the Waikato Region administere

A TeiRWamut by the Waikato Regional Counc
(known as Environment Waikato
EW). We spend Day 2 in the are
administered by the Bay of Pleni
Regional Counci{Environment Bay of
Plenty or EBOP). On Day 3 we-gater
the Waikato Region and then south
Tongariro National Park we enter tt
ManawatuWanganui Region which it
administered by the Horizons Region
Council.

Issues in the WaikatoRegion water and soil quality

Peter Singleton
Environment Waikato, Hamilton

Water quality and soil health in rural areas are declining in the Waikato because of ongoing
intensification in farming and the associated losses of nutrient and bacteria into waterways.
This intensificationaffectsgroundwater, streams, rivers and the coast. Monitoring of rivers
and streams shows that bacteria levels could make water unsuitable for stock to drink in 75
per cent of sites, and may be too high for people to ssafely in 70 per cent of sites
(Environment Waikato, 2008).


http://en.wikipedia.org/wiki/Territorial_authorities_of_New_Zealand
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Since the 1990s there has beenfal@ increase in nitrogen use on dairy farms and nitrogen
leaching on dairy and sheep and beef farms has increased by 25 per cent. The increase in
fertiliser use and in soil fertility means that higlgantities of nutrients are now entering
waterways. The nutrients nitrogen and phosphorus are increasing in many rural Waikato
streamsAbout 80 to 90 per cent of nutrients in streams comes from agricultural land. Point
sources, such as factories, cdnite 3 to 7 per cent. The remainder is from areas in forest.

Previously the WaikatoRiver had shown reductions in nutrient levels because of
improvements in waste management by point sources such as factories and sewage plants.
But now we are seeing théfects of higher nutrient loss from farmland and this is causing
nutrient levels in the WaikatRiver to increase.

It can take decades before groundwater draining from the land reaches a stream. As a result
the full effects of intensification are yet te Iseen in our waterways and things are likely to

get worse before they get better, even if nitrogen losses stopped todayprdibiesm is
exacerbated by continued intensification.

Large increases in intensification, such as forestry to farming, or brgages in stock
numbers (the Wai k aumbersovergneanillionscond)awillrreguirdnrew d
management approaches if further decline in water quality is to be prevented. Current best
practise will not be enough to prevent a decline in watelity in some areas and new
methods are needed. For exampe potential 37,000 ha of plantation forest could be
converted to pastoral farmir{gee Day 3) This conversiorwould increase nitrogen leaching
losses from the current 48 tonnes under fore8Rtonnes per year. And phosphorus losses
would increase by 46 tonnes.

Cadmium in phosphate fertiliser is accumulating in the soil and if the trends continue it will
limit the use of the soil and could affect the quality of the food produced. Cadmiursoc
naturally in the rock deposits from which phosphate fertilisers are made. Cadmium does not
break down in the soil so levels can increase over time as more phosphate fertiliser is applied.
Highest levels are found on dairy land and some horticultawad.| If current rates of
accumulation continue then most dairy land would exceed a recommended cadmium
guideline of 1 mg/kg (1 mg of Cd per kg of soil) in about 15 years time. Monitoring of the
soils of the Waikato regioshows that 11 per cent of samphdseady exceed the 1 mg/kg
level. While not posing an immediate threat, cadmium needs to be actively monitored and
managed, with a strategy developed to mitigate and manage the risks. Thagerndly
cadmium working group led bthe Ministry of Agriculture and Forestr{MAF) has just
released a cadnmiu report summarising the issues (see
http://www.maf.govt.nz/mafnet/ruraiz/sustaiableresourceuse/land
management/cadmiwim-nz/risks/index.htm

Farmers want sustainability, they want clean water and healthy soil, and so does the
community. Twentyfive thousandwaikato jobs directly depend on agricultural production.
Environment W&kato will continue working with industry leaders to find the new solutions

that are needed, and to ensure they are adopted fast enough and extensively enough to make a
difference. The biggest risks to trade will be from any reluctance to seriously aekigew!

these sustainability issues. We need agriculture to be successful and sustainable. It will be
neither without clean water and healthy soil.
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Trace-elementaccumulation

Nick Kim
Environment WaikatdHamilton

Cadmium

Based on reent sampling, it is estimated that perhaps 11%h®WaikatoR e g is pastéral

soils and 17% oits horticultural soils alreadexceed 1 mg/kg soil cadmiurRor horticultural

soils, this would represent appmmately 1775 hectares of lanfBor pastoral ails (sheep,

beef and dairy land), this woul@present about 15300 hectaresWithin the pastoral soils
sample set, all soil samples that have so far exceeded the 1 mg/kg agricultural guideline have
been from dairy farms.

An estimated 8.3 tonnes ofeheavy metal cadmium is currently applied to Waikato soils
each year, with the largest single sourcéndpesuperphosphate fertilise€admium is a
naturally occurring, toxic, ncmassential and biologically cumulative heavy metal.
Concentrations of cadmiu in Waikato soils have been gradually increasingesithe advent

of aerialtopdressing in the late 194@rly 1950s.

There are three means by which existing and foreseeable uses of the productive soil resource
may be lost as a result of cadmium accuniotein soils. These are:

1. Soil cadmium concentrations become such that the property can no longer be
subdivided for residential or ruraésidential use without some form of investigation
and/or remediation. This threshold is also 1 mg/kg in the &#aiRegion

Possible market access restrictions for produce; and

Non-compliance with food standards for crops grown on a property because of soll
contamination.

wnN

The average cadmium concentration in Waikato dairy soils is projected to reach the
recommendd guideline in under 15 yearét current loading rates, the average cadmium
concentration over all pastoral surface soils in the Waikato Region is expected to reach the 1
mg/kg guideline in under 40 years.

The New Zealand fertiliser industry hakso reported that preventing further accumulation in
New Zealand soils would require an 80% reduction in the cadmium content of
superphosphate fertiliser, tp@roximately 24 mg Cd/kg-Ps. The current voluntary limit for
cadmium in New Zealand phosphé&etilisers is 122 mg Cd/kB,0s.

Cadmium is a toxic heavy metal that accumulates in the body over time. The main source is
from food. The most common effects of cadmium poisoning are kidney damage, cirrhosis of
the liver and lung disease Exposure of gle@eral population to cadmium is mainly through
food. Of all contaminants in the diet, cadmium is the one that comes closest to its provisional
tolerable weekly intakeA current impact associated with the presence of cadmium in
drystock farming is the jection of offal meat. As a result of its high cadmium content, offal
from animals older than 2.5 years is not permitteloetsold for human consumption.

Soil cadmium concentrations (in combination with other soil conditions), become such that
food standards would be routinely broken in specific crgpswn on a propertyThis impact
relates to the capacity of any land to be used, either currently or in the future, for production
of specific vegetable and grain crops.
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Fluorine/fluoride

The largestisgle source for fluorine in soil is from superphosphate fertiliser. With another 60
years of fluorine accumulation, it is unlikely weuld continue to graze stockhe natural
background was und00 mg/kg as total fluorinéloday about 25% of surveyatfaikato

soils exceed a 500 mg/kg threshold for fluorine above which Mags@yersity studies
suggested that fertiliser and grazing management may be advisable to pnevenset of
chronic fluorosis.In addition, the high inputs of fluorine (superphosighcontains about
15,000 mg/kg) appear to be changing soil chemistry, because fluoaoksagtiluminosilicate
minerals. Fluorine is the most electronegative element (making it highly reactive with
aluminium and silicon), and loadings to soil from supegpinate appear to be roughly
equivalent to what youvould get deposi@ around an aluminium smelteDissolved
aluminium species in porewater of fertilised soils are predominantly present as aluminium
fluoride complexes.

Zinc

Zinc in soil is largely fronfacial eczema remedies used to treat stockmals are dosed with

zinc oxide or sulphate to disrupt the protein structure of the fungal tesponsible for liver
damageDosing can involve spraying on pasture, use in stock water, or ingestion ofsa bolu

in all cases most of the ingested zinc eventually ends up in excreted form, back on the soil.
Zinc is applied at about 1000 times the rate for cadmium, and coaiensr in soil are
increasingUse of zinc for facial eczema started with our very owad@$ Reid in Te Aroha.

Although this is not an issue for stock or humanitheainc is quite phytotoxicGuidelines

for protection of plant speézs are, therefore, quite lov@ther subtleties exist with essential
elements like zinc, for example an essef zinc may cause a deficiency in copper, or may
increase the rate of cadmium leachiripcause all three elements can interact.

Zinc is often regarded as an urban stavater contaminant, but on an a farm property where
facial eczema remedies haveehaused, annual zinc loading rates can exceed urban loadings,
and have been estimated as 5 kg/ha/yr for a beef farm, 5.8 kg/hal/yr for a sheep f&m, and
kg/halyr for a dairy farmOther sources of zinc in pastoral soils become insignificant in
relationto this.

Widespread use of facial eczema remedies appears to have caused a significant increase in
average zinc in Waikato soils from a background concentration of 30 mg/kg to a current
average of 60 mg/kg, and with over 10% of properties exceeding @0@.m The estimated

annual average accumulation rate is 700 nigg/yr. Loss of a proportion of the zinc from
pastoral farming also appears to be causing zinc to accumulate in rural lake sediments.

Phosphate fertilisers

Over recent years, New Zealandlsdave received over 2 million tonnes of superphosphate
fertiliser per annum.Superphosphate is0% gypsum (calcium sulphate)lhe major
constituents added from superphosphate fertiliser are phosphorus (P), calcium (Ca), sulphate
(SO2). In terms of ace elements, use of superphosphate results in gradual accumulation of
cadmium (Cd),fluorine (F) and uranium (U)Historically, this source has account for
virtually all (over 95% of) additional cadmium and fluorine in pastoral soils, aodtatwo

thirds of the uranium. For examplejskoric accumulation rates of Cd, F and U in Waikato
soils are estimated to have averaged 2600 pgF/kggmagCd/kg/yr and 19 ugU/kg/yr.

Single superphosphate contains up to 24 mg/kg cadmium, which in this produgb@adses

to a voluntary industry limit of 280 mgCd/kgP, although concentrations in recentrgasrs
have been less than thiglore refined phosphates such as diammonium phosphate (DAP)
generallyhave a lower cadmium content.
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The fluorine content of superphgsate is in the region ofi 3% (10,00030,000 mg/kg), with
a typical New Zealand estiate being about 15,000 mg/Kdt this concentration, ingestion
superphosphate

of

by

grazing

stock

i s

suf fic

Various sources suggetstat 60 mg/kg would be a reasonable upper estimate of the average
historic U content of New Zealarglperphosphate fertiliser§he current average may be
significantly higher than this depending on thain source of phosphate rodhe reported

uraniumcontent of phosphate rock from Morocco is about 140 mg/kg.

Nitrogen fertilisers tend to have a fairly low trace element content, because they are

manufactured from natural gas (mainly the methane,) @Ad air (dinitrogen, N (Fig. 1),

though some exceapns will exist (Table 1).

Horticultural and grazing soils

Further work on tracelement and&DDT concentrations in horticultural and grazing soils in
the Auckland and Waikato regiom&s reported by Gaw et al. (2006). They showedttieae

were elevatedevels of arsenic (<2 to 58 mg/kg), cadmium (<0.1 to 1.5 mg/kg), copper (5 to
523 mg/kg), lead (5 to 243 mg/kg) aBBDT (<0.03 to 34.5 mg/kg) in soils in both regions.
With the exception of cadmium and zinc, significantly higher levels of contaminamés we
generally detected in horticultural than in grazing soils. The degradation of DDT in New
Zealand horticultural soils (and in soils in pip and stonefruit orchards: Gaw et al., 2003) may

be inhibited by the coontamination with trace elements (Gaw et2006).

Table 1 Concentration ranges (mg/kg) of selected trace elements in limestones, manures,
nitrogen fertilisers, phosphate fertilisers and sewage sludges (after Kabata Pendias and

Pendias, 2001).

Element Limestones Manures N|tr.o.gen Ph9§phate Sewage
fertilisers fertilisers sludges
Arsenic 0.1 24.0 3l 25 2.2 120 2| 1,200 2l 26
Cadmium 0.04 0.1 0.3 0.8 0.0§ 8.5 0.1 170 2| 1,500
Chromium 19 15 5.2 55 3.2 19 66| 245 20, 40,600
Copper 2l 125 2l 60 <] 15 1| 300 50 3,300
Mercury 0.05 0.09 0.2 0.3 2.9 0.01 1.2 0.1 55
Manganese 40, 1,200 300 550 L 40[ 2,000 60 3,900
Nickel 100 20 7.9 30 71 34 71 38 16, 5,300
Lead 200 1,250 6.9 15 2| 27 71 225 50 3,000
Uranium l L l 30[ 300 L
Zinc 10, 450 15 250 1 42 50, 1,450 70Q 49,000
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Fig. 1 Flowchart showing steps to synthesis of nitrogen fertilis
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Day 1: Auckland- Rotorua

Outline for Day 1 (Friday 28" November)
8.00 amDepart Ventura Inn, Airport Oaks

8.5010.00 am STOP 1 Pukekohe Hill Reserve (Massey Memorial Lookout), Pukekohe:
overview, market gardening, Pukekohe soil
- Introduction to tour
- Ashes: Prof David Lowe
- Issues: Dr Peter Singtat (Environment Waikato)
- Market gardening in Pukekohe area
- Soil resilience, erosiot{'Cs), N, Cd, urbanisation issues
-Franklin Sustainabil i t:Won® 6pepceA.$. Wilcaxr ower s
and Sons growers packers, andistributorsof fresh produce
- Pukekohe silt loan(iTypic/Andic Kandiudult)

10.00-10.30 amMorning tea/coffee, Pukekohe HRleserve
1050-11.00 amToilet stop, Bombay services, State Highway (SH) 1

11501230 STOP 2 Gordonton Rd, G o r gbits,nKaiounand 6 ol d 6
Naike soils

- Stratigraphy of sequen¢el Maand younger)

- Kainui silt loam(Aquic Kandiudult) Naike clay(Typic Kandihumult)

1245-1.30pm LUNCH Academy of lBrforming Arts, University of Waikato, Hamilton

140-2.15pm STOP 3 Markevin Lane (Pencarrow Rd), Tamahere: Horotiu soils
- Horotiu sandy loanfVitric Hapludand) Horotiu mottled silt loanAquic Placudand)
- High versatility soils vs rural subdivision (lifestyle housing development)

2.30-3.00pm STOP 4 Swayne Rd, Hautapu: nitrgen in the dairying landscape
- Denitrification bed experiment: Assoc Prof Louis Schipper (Univ. of Waikato)

3.06-3.35 pm Afternoon tea/coffee and toilet stop, Thornton Rd gardens, Cambridge

4.15-5.15 pm STOP 5 Goodwin farm, Tapapa Rd, Tapapa: welded igmbrite, tephras,
loess, buried soils, Tirau soil

- Stratigraphy of sequen¢e230 kaand younger)

- Tirau silt loam(Typic Hapludand)

6.00-6.20pm STOP 6 Kuirau Park, Ranolf St, Rotorua: explosion crater
- View results of Bmin seam eruptiorof 26 Jan P01

6.30 pm Arrive Ventura Inn, Rotorua (Cnr Fenton and Victoria streets)

- 7.30 Dinner at Valentines Buffetd’taurantdnr Fenton & Amohou streets min walk
from Ventura Inn

- Rest of evening free



35

Day 171 route and scientific stops
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Progress in understanding erosion rates and management at
Pukekohe

Les Basher
Landcare Research, Lincoln

Craig Ross
Landcare Research, Palmerston North

Introduction

Soil erosion in the Pukekohe area has been a concern to vegetable growers and environmental
manages for many decades. Many local farmers have periodically used scrapers to transport
soil back upslope within their fields. Clearing of sediment from drains and roadways,
particularly after large storms, is a significant cost to both farmers and localiaesho
Concerns about erosion were highlighted by the impacts of large storms in May 1996 and
January 1999, which caused widespread soil loss within fields as well as flooding and
sedimatation within Pukekohe townand led to the establishment of the rikim
Sustainability Projedisee appendix below).

Although there was some smplbt research in the early 190y Water and Soil Division of
Ministry of Works, until recently there has been little scientific study of rates and processes of
soil erosim (Basher at al., 1997). Most accounts of the types and magnitude of erosion in the
area hd been anecdotal. Rills on steeper slopes and deposition at the base ofna@pes
commonly observed within fields after storms. The terracetted nature of thedpadsvith

large steps in height at paddock boundamess cited as evidence of soil movement within
fields. Molloy and Christig(1998) suggesd from such evidence that up to 1 m depth of soil
has been transported downslope~tD0 yearsof intensive madet gardening.This report
provides a brief summary of erosion studies carried out by Landcare Research, and their
management implications. These studies have made major advances in:

1 quantifying the rates of soil erosion at a range of scales (plot, diglsmall catchment);

1 evaluating the impacts of high intensity storms;

1 investigating the mechanisms of soil erosion;

1 characterising soil physical properties that are important to runoff and sediment generation; and
1 evaluating management practices to redswil erosion.

The main soils in the area, the Patumahoe and Pukekohe series, are clayey and well structured
and have clay mineral assemblages dominated by kandite group minerals (chiefly halloysite)
and varying amountsf gibbsite and secondary iron deis; someontainallophane(see soil

data below) The soils have demonstrated capacities for supporting intensive horétultur
cropping without serious strtiiwal damage(Hewitt and Shepherd, 1997%radwell and
Aldridge (1971)and Gradwell (19733howed howeverthatareduction in aggregate porosity

and hence deterioration in soil functionigg some sitesvas attributable to pacular
cultivation practises rather than length of time under cultivation.

Rates of soil erosion

Measured export of sedimefrom a small (1.8 kf) catchment, used predominantly for
market gardening, was very low, averaging 0.5t j5&@ over a 3year measurement period
(Basheret al., 1997). Bedload was negligible compared with the suspended sediment load.
Sediment yieldduring winter and spring storms were higher than during storms with the
same peak runoff in other seasons.
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By contrast, soil loss from small plots (13 m by 3 m) of continuously bare soil was two orders
of magnitude higher, averaging 57 t*hw™ overa 2.5 year measurement period (Basiter

al., 1997). Soil loss during individual storm events reached more than 18. tAhamall
proportion (32 %) of the storms was responsible for mos24B80df the soil loss, and these
storms were concentrated in theter and spring. Whetwo of the four plots were grassed
down, soil loss reduced to 0.4 thar.

Both the plot and small catchment studies showed the importance of the winter and spring
periods for sediment generation. These times of the year asctghésed by a high frequency

of storms, poor ground cover and increased sediment concentrations in storm runoff.
Attempts to reduce sediment load and soil movement need to target this time of the year. The
difference in yields between the plot and catehtnscale suggested large quantities of soll
were mobilised within fields by storms, but little of this sediment was transported into
streams. The withipaddock soil redistribution (by both water erosion and tillage) has been
investigated using the radiodlide tracer caesiwh37 ¢3'Cs) to calculate net rates of soil
erosion and deposition, by both water and tillage, since 1953 (Basher and2B@3s,
Results fromthreefields within the small catchment where sediment yield was measured are
summarised iable 1. In each field there was:

i An extremely wide range of measurB&Cs values indicative of both erosion and deposition
(at rates up to 100 t Har?);
1 Net soil loss from all fields, with the highest net loss from the steepestffidtti 1); >30 cm

of soil has been lost from the upper parts of these fields (7.4 mMmamd up to 45 cm
deposited in the lower parts (10.2 mm‘)yrsince 1953. The high soil deposition rates are
consistent with observed accumulations of topsbiin deep in théower parts of fields.

| A characteristic pattern of soil redistribution with most of the field dominated by erosion, and
a small area near the base of each field (where slope gradient was lower) with very high rates
of deposition (Fig. 1). Sediment dedry ratios in the three fields ranged from 28 t&4.3

1 Only a small proportion of the soil redistribution was by tillage. Most was caused by water
erosion and deposition.

Table 1Water and tillage erosion rate estimates ff8f@s data for three fields
at Pukekohe (reference value 13{Cs in an undisturbed site is 774 Bf)m

Field 1 Field 2 Field 3
Slope angle (mean and range) 7.0 (210) 5.0 (28) 3.3 (:4)
Slope length (m) 120 135 280
Mean'®'Cs areal activity (Bq i) 520 688 659
Range (Bq i) 253 1488 1712144 4191438
Mean'®'Cs residual (%)* -32.8 -11.1 -12.9
Range (%) -67 to 92 -78to 177 -45 to 90
Net erosion rate (t Fayr™) -29.7 -11.3 7.1
Mean water erosion rate (t"hsr™) -31.4 -8.2 7.3
Mean tillage erosion rate (t hgr™) 1.7 -3.1 0.2
Sediment delivery ratio (%) 73 28 57
Mean topsoil depth (cm) 46.9 46.9 37.3
Range of topsoil depth (cm) 251110 261120 261 68

* Represents the proportional loss'dtCs relative to the reference valumegative values represent éovg
positive values deposition.
* Ratio of soil erosion to soil deposition.
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Fig. 1 Pattern of soil redistribution in field 1

While there was massive redistribution of soil from upper sldpdower slopes within fields

in each field the aregaining soil was far smaller than the adesingsoil and there was a net
loss of soil over thé¢hreefields of 21 t hd yr’. Thisvaluerepresents a total net loss of 9.8
cm of soil since 1952~@.4 mm yi'). From discussions with Franklin District Counsihff,

we estimated 5 t Flayr™® (~0.6 mm/yr) of soil was being removed each year from drains and
roads- the'*’Cs data suggest the loss could be highecaussediment export only accounts

for 0.5 t ha yr* of the net loss of soil of 21 t Hayr’. The small proportion of sediment
being generated by erosidhat is delivered into streams a function of both the small
proportion of fields that deliver sediment directly into the drainage system, and strongly
aggregated soils. The major loss ofl spipears to occur by removal in trucks.

Storm impacts

On 21 January 1999 a shaldration, highintensity storm caused widespread soil erosion on
market gardening lands in the Pukekohe area and extensive sedimentation in drains and on
roads. No erosiodamage occurred in fields in other land uses (e.g., pasture, orchards), except
where water had overflowed from drains. Problems with the regional drainage system which
contributed to the overflows were identified (e.g. ursieed culverts,inadequatedrain
mainterance) and are being rectifiebout 145 mm of rain fell ifour hours, at intensities

up to 125 mm Kt. While the peak L@ninute rainfall intensities were very high, they were not
that unusual at Pukekohe (28 year recurrence interval). Howeyé is rare for such high
intensity rainfall to continue for such a long period of time. Total rainfall for the storm had a
recurrence interval >100 years.

Fields damaged by erosion and sedimentation were identified from interpretation of colour
vertical aerial photographs (scale10,000) takerfive days after the storm, supplemented by
oblique aerial photos taken betweame andfour days after the storm. Erosion severity was
assessed using a sequantitative technique (based on area of the fidigctdd by erosion,

and degree of disruption of topsoil or subsoil), supplemented by a (jlmasetl survey to
provide field measurements of erosion for some of the fields. Results of the storm damage
survey were reported in Basher and Thompson (1999).
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Within the Pukekohe aredamage was localised to certain fields and roads. Many iagpp

fields (c. 52%) remained largely unaffected by runoff and erosion, despite the very high
rainfall intensities. The main form of damage was by rill erosion, typicalijnéd along

wheel tracks or the shallow surface depressions resulting from cultivation. Rills were
typically incised to 1020 cm depth to the top of the tillage pan, with a maximum depth of 50
cm. The rate of erosion in some fields was extremely high, aslosely related to soll

tilth, the impact of uncontrolled runoff from drains, and the degree of ground cover. Erosion
rates ranged from 30i 600 t ha and sediment delivery ratio from near zero to 200
depending on the variation in slope within tiedd, and the presence of barriers (such as
hedges) to trap sediment. In most fields a large proportion of the eroded sediment was
redeposited at the bottom of the field, and in many cases deposition also occurred in adjacent
fields. In onlyfour of the B fields examined was the sediment delivery rattoreged to be

greater than 50%lhe most severe erosion damage was associated with uncontrolled runoff
entering fields from drains (Fig. 2), and on bare soils cultivated to a fine tilth by rotary
hoeing.No erosion was observed where cover crops were growing, while incorporation of
stubble from previous cover crops also significantly reduced the severity of erosion. Contour
drains were effective in controlling runoff and erosion in some fields, but exdedrthe
problem in others suggesting that more attention needs to be paid to the most effective design
(particularly slope and spacing) of contour drains.

Fig. 2 Severe rill erosion where uncontrolled runoff from a drain has entered a field in which
onions have just been planted

There was little evidence of sheet erosion suggesting infiltration rates were not exceeded by
rainfall intensities, except locally in compacted areas such as wheel tracks and headlands.
Runoff was also generated where sokxdme completely saturated. The survey suggested
that if drains had been adequate to transport runoff safely, the erosion damage within fields
would have been very limited.
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Management of soil erosion

At Pukekohe most of the vegetable crops (oniongbbages, lettuces, broccoli, squash,
carrots) are grown in beds plantedarmdown slope, and the wheel tracks between the beds
appear to be the key zones for initiation of surface runoff and erosion. Field observations after
the very wet July in 1998 sggsted that most of the runoff and erosion was occurring on
wheel tracks (Fig. 3), with no obvious erosion in the beds of onion or greens crops. Erosion
along wheel tracks was observed both in crops that had receetly bep| ant ed and
crops that wee being harvested. The wheel tracks form natural channels for water to flow
down, and the soils under the wheel tracks are highly compacted and have low infiltration
rates. Wheel tracks cover about 18% of paddocks where crops are being grown in beds.
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Fig. 3Field evidencef runoff and erosion along compacted wheel tracks, July, 1998

Two trials have been undertaken to quantify the role of wheel tracks in processes of
infiltration and erosion, and to assess the utility of a simple management ptaateckice
erosion (Basheet al, 1999, 2000; Basher and Ro2801). The trials were carried out over

two years under natural rainfall. Net rates of erosion from onion beds with cultivated or
uncultivated wheel tracks were measured using a combinatkih f&fnces, erosion pins, and
repeat topographic surveys. Infiltration rates in onion beds, cultivated and uncultivated wheel
tracks, and changes in infiltration rates through winter, spring, and summer, were measured
using the doubleing, pondedwater method. Wheel tracks were cultivated by dragging a
single tyne down each track to depth o8@.cm.

When wheel tracks were uncultivated the erosion rate was 21 ¢dmaparedwith 1 t ha'

when wheel tracks were cultivated. Most erosion occurred invihter/early spring period
when storm frequency and rainfall intensity was highest, and infiltration rates in the
uncultivated wheel tracks lowest. Erosion occurred through mobilisation of soil along the
edge and base of the wheel tracks, with no evideheeosion of the onion beds. Most of the
eroded soil comprised soil aggregates, with 75% between 0.25 and 4 mm in diameter,
suggesting soil was transported in runoff along the Wheeks as stable aggregates.
Uncultivated wheel tracks had very low itfdtion rates comparedgith those ofonion beds

and cultivated wheel tracks (Table 2).
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The differences between cultivated and uncultivated wheel tracks were consistent in both
trials, with minor differences due to rainfall patterns and the implementk taseultivate

wheel tracks. There were clear trends in infiltration rates through time, with rates in the
uncultivated wheel tracks increasing through the growing season from 0.5 to 77 ramdhr

in onion beds from 400 to 900 mni‘hwhereagates in tle cultivated wheel tracks decreased

from 60,000 to 8500 mm Hr The major increase in uncultivated wheel tracks occurred after
October when the soil surface began to dry out, and frequent wetting and drying cycles caused
the compacted surface soil to dtand break up.

Table 2Infiltration rates (mean standard deviation) measured at June@aimber
1999, and January 2000

Infiltration rate (mm hr ™)

June October January
Uncultivated wheel track 0.5+0.5 12.7+21.9 77.2+53.7
Cultivated wheelrack 60,312+ 45,341 12,456+ 10,668 8582+ 4256
Onion beds 411+ 243 485+ 394 907+ 674

Both trials were carried out in onion crops but we believe the results would also apply to other
crops grown in beds such as greens crops, carrots and squashe \WMecartain of their
application to potato crops but this could be easily assessed by measuring infiltration rates in
potatoes. Cultivating wheel tracks is a simple and highly effective practice to increase
infiltration of rainfall and reduce erosion raten these clayich, strongly structured soils.

Solil physical properties

In many soils breakdown of soil aggregates to smaller particles is a major contributor to the
erosional susceptibility of the soils. However, at Pukekohe analysis of aggregasndize
stability indicates the soils are resistant to structural breakdown by slaking and dispersion into
sand, silt, and clay particles that would contribute to suspendeddbgsically, the soils are
characterised by high clay content, strong maened nicro-aggregation, and structural
stability (i.e. low structural vulnerability; see Hewitt and Shepherd, 198§y contents in
surface horizons are >60 %, and up to 10% of the clay fraction is allophane.

Mean weight diameters of soil aggregates sampitad under a variety of crops, and from
within drains (representing transported sediment), were in the 1 to 2.5 mm range. All samples
were moderately to strongly watstable, with between 73 and 91 %aggregates remaining

on 0.52 mm sieves (Fig. 4) at wet sieving. The samples from the drains had a higher
cumulative net percentage retained {81 %) than tle samples from the fields (¥81 %).

The drain samples also tended to have a higher proportion of coarser wateagtabhates
(retained on th@-mm sieve) than samples from the fields. These trends probably reflect loss
of a small proportion of unstable soil aggregates by abrasion and dispersion during bedload
transport in the drainage system. The laboratory measurements of aggregate stadbility, a
field observations during the wheel track trials and after storms, both suggest breakdown of
soil aggregates is not a significant contributor to the erosion problem.
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Fig. 4 Aggregate stability analysis of soils under a range of crops and sedimensnisi
percentage of aggregates remaining on 2, 1 and 0.5 enas sifter wet sieving

The Granular 8ils (Ultisols) used for cropping have strongly developed tillage pans at a
depth of 2635 cm and these could limit water movement into and througlrsdiie To
investigate the role of the tillage pan in percolation of water and runoff generation and assess
the influence of cropping on soil physical properties, hydraulic conductivities have been
compared in soils under cropping and pasture (Table 3j€eTtesults suggest:

1 cropping has led to a reduction in saturated hydraulic conductivities in A horizons, but
the measured values are still high compared to typical rainfall intensities;

1 the B horizon below the tillage pan is the limiting layer for watevement;

1 differences in the upper B horizon (33 cm) probably reflect the impact of erosion.

Table 3Comparison of saturated hydraulic conductivity (meatandard
deviation) measured under cropping and pasture

Hydraulic conductivity (mm hr ™)

Horizon Depth (cm) Cropping Pasture
Upper A 7-17 85+ 65 134+ 191
Lower A* 2535 55+ 62 261+ 382
Upper B 3343 2+2 58+ 107

B 5363 2%+0.9 2%+1
B 75-85 3+6

* Tillage pan under cropping
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Conclusions

These results suggest that erosionaigyedly an orsite problem with a high rate of soil
redistribution within fields, but relatively little soibeing transported into stream$he
average net loss of soil is20 t ha' yr* (from both the™*'Cs data and the wheel track trials),
with most & this soil deposited close to source in drains and on roadsfifithiisg indicates

the market gardening lands are unlikely to be a significant source of sediment into the
Manukau Harbour. Thé*’Cs data suggestet soil losses up to &0 cm since 1953nithe

upper parts of these fields, and net gaind@ccm in small areas of the lower parts of the
fields. Thisresultimplies in the upper parts of fields all the original topsoil has been lost and
that the present topsoil, with low organic matter conteas formerly part of the subsoil.

The hydraulic data indicates that infiltration rates and saturated hydraulic conductivities in
topsoils in the crop beds will not generally limit water movement. Much of the erosion
problem is due to the practice of giag crops in beds with highly compacted wheel tracks
between the beds. Runoff is generated in compacted areas of the fields (wheel tracks and
headlands) and entrains sediment from the edge of the crop beds. Cultivation of wheel tracks
can be used to impve infiltration rates and reduce erosion rates to negligible levels. It is
likely to be effective in reducing erosion rates even in high intensity storms.

Erosion risk is greatest in the winter and spring periods when storm frequency tends to be
high, gound cover is relatively poor, and infiltration rates in wheel tracks are at their lowest.
An integrated drainage system to safely discharge runoff into streams is essential to erosion
control, particularly in high intensity storms.
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Appendix: Franklin Sustainability Project
(seeEnvironment Waikato websitéitp://www.ew.govt.nz/Environmentatformation/Landand
soil/Landusein-the-Waikato/SoitManagemenin-the-Franklin-District/)

In 1997, the Franklin Satainability Project was set up to:

1 test a range of sustainable land management techniques
f involve growers in planning and monitoring the techniques.

The Pukekohe Vegetable Growers Association and Agriculture New Zealand lead the project.
They are testg:

1 surface water runoff managementusing contour drains, grassed waterways, silt
traps, and raised access ways to reduce erosion and nitrate leaching

1 the use ofcover crops and mulchingto reduce erosion and nitrogen leaching,
increase organic mattand improve soil structure

1 ripping and vegetating wheel tracksto increase infiltration and reduce run off and
erosion

1 reducing cultivation to improve soil structure, boost organic matter levels, and
reduce erosion

1 the impacts of subsoiling- tilling the soil without turning it upside down on
infiltration and erosion

§ irrigation managementto improve efficiencyreduce run off and nitrate leaching

1 fertiliser management optimising fertiliser rates and timing to reduce nitrate
leaching while maintaing production

f integrated pest managemento reduce the use of pesticides

1 soil quality monitoring so growers can monitor and manage changes in soil quality.

The project emphasises education and voluntary involvement. Technical advice and funding
for the project are offered by Environment Waikatackland Regional CoungilFranklin

District Counci| Crop and Food ResearcNew Zealand Vegetable and PwotaGrowers
Federation, Landcare Research, MAF Policy, Biistry for the Environment.

Vegetablegrowing on Ultisols orthe Bombay hillseast of SH1in late summerd3 March 2007 -
irrigators were operating in some field®hota David Lowe


http://www.ew.govt.nz/Environmental-information/Land-and-soil/Land-use-in-the-Waikato/Soil-Management-in-the-Franklin-District/
http://www.ew.govt.nz/Environmental-information/Land-and-soil/Land-use-in-the-Waikato/Soil-Management-in-the-Franklin-District/
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STOP 1- PUKEKOHE SILT LOAM , PUKEKOHE HILL
LocationQ12 & R12783397, elevation210 m as|, rainfall 1280 mm pa

Potatoes growing in Pukekohe soils gantly slopingshoulder of Pukekohe Hill, 10d@ober, 2008
View towards southwest where the h{limme basaltjcare bounded by Waikato Fault. Waikato River
flows in valley withits mouth at top righ(Port Waikao). Phota David Lowe

Introduction

Pukekohe Hill is an excellent starting point for the tour in various wayprowides a
commanding view ofimportant market gardens developed within Ultisols; tMassey
Memorial Lookout on the hilltop commemorateistirborn, South Auckland identity William
(6Bi g Bill d) Fen9h) PeneMiniter of NewyZea(add8 #1925, after
whom Massey University our tour destination is nhamed; and we drove up Anzac Rd to get
to the summit, a fitting road tdast our 4" joint Australian and New Zealand soils conference.
Pukekohe town has a population of about 23,000.

Pukekohe Hill

Pukelohe Hill formsa high point(222 mabove sea levgivithin the basaltic South Auckland
volcanic field active between c. 1ladd 0.5 MaThe hill is underlan by basalt lavasrupted
about 056 Ma (Briggs et al., 1994Edbrooke, 200land is the youngest effusive centre in the
field. But the intensively used dominantly brown (7.5YR), clayey, strongly structured
Ultisols in the areaare in most places formedainly in stongly weathereddistal tephras
derived fromrhyolitic eruptions infar-off central North IslandThe distalweatheredephras
with 60-90 % clay content comprise a composite sequence witte collective name
Hamilton ash beds Theydrape ovethe basalt®n whichdark reddisForown (5YR- 2.5YR)
buried soilhorizors are foundThe Hamiltonash bedsa full sequence of which will be seen
at Stop 2, are ~1.1 m to ~3.5 m thick in this area (Rae, 1995). hidweyanage span ot.
350,000to c. 100,000 years andh turn are overlain with a patchy, thin~0.3 04 m),
compositecover bed veneer of intermixed tephras that have accumulated incrementally
millimetre-by-millimetre over the past c. 60,000 yearghe bae of he coverbed being
identified as c. 60 cal ka Rotoehu Ag¢bowe, 1981) The soils thus reflect upbuilding
pedogenesidor the last c. 60 kaand also probably for substantialperiods before then



46

(Bakker et al., 1996)An importantinitial point here regardg parent materials is that the
lithological unitsshownon geological mapare not necessarilythe parent materials of the
modernsoilsassociated witla geological mapinit. Thevolcanic terrais within northern and
central North Islandare usually layered and so a stratigraphic approads will be
demonstrated on the tous,essential teinderstandinghe soils and their relationship with the
landscape.

Pukekohe Hill pukekoheneans o6hi Il I with kohekoheo6,- the
looki ngd tr ee wDysdxlum spectgbpvas okeared @fnativieroad leavedorest
between 1876 and 1900, the development of the main trunk railway generating a demand for
sleepers. The hard, dense timber from puriri ti@é®x luceny common inthe Pukekohe

area and on Pukekohe Hill, was utilised for railway sleepers. With the forest clearance,
horticultural crops of potatoes and onions were grown, although these were first grown in the
wider area from the 1850s. Specialised gardening of orbegan in 1892 with the first
significant commercial crops produced in 1904 (Rae, 1995, after Morris, .196&)first
potatoes were grown on Pukekohe Hill in 1§BB/nn, 2005). Other vegetables groamthe

eay rolling to rolling landscape@clude greea (cabbage, lettuce, broccoli, cauliflower
silver beet snowpea$, squashpumpkin carrots, spring onions, and asparadgueduction

yields are among theighest in New Zealand: oniori t/ha; potatoes0 t/ha; cabbage 30

t/ha @fter Molloy and Christe, 1998). Many fields been used continuously or semi
continuausly for >30 years, some fo¥60 years and some for100 yearsoften wih more

than one crop each yedihe vegetables grown in the Pukekohe areassentiafor the large
Auckland marketand provide about onthird of Ne w  Z e areshvegeialde prduction

The total area in vegetable production is al80@0 ha

Soils

A soil survey of the area (1: 63,36@)gether with a largescalesoil map of Pukekohdown

(1: 25,000) was publishedn 1977 to assist the agricultural development and to provide
fundamental planning data for future land usend especially to show the importance of the
soils in the Pukekohe area for food production in response to a proposal to relocate the
Auckland mobrway through Pukekohe (Orbell, 1977). Rae (1995) undertook a soil survey
and drilling programme in a small aré@26 knf) a little to the northwest of Pukekohe Hill

near Hilltop Rd and Blake Rd to determine the thickness of the Hamilton Ash and diyth to
paleosols on the underlying basalts. He then developedh&i&d models to analyse modern

and buried paleosol surfaces to examine relationships between drainage and the underlying
paleosols (only a weak relationship was found, the modern topograptyyrhere important

with poorly-drained soils occuring in drainage sinks and depressions) (Rae, 1995).

The bulk of the Patumahoe and Pukekohe soils in the area, formed mainly from Hasfilton
beds are possiblyagedc. 250,000 years (+50,000 yearg? bu as noted above thiin
topmost parts of the profilare younger and date from c. 60. Khe soils become more
weathered with depth, quite likely a result of the accumulatory character of deposition of
tephra materials combined with effectively continsigoil formation on them, i.e., upbuilding
pedogenesidhias dominatedBakker et al., 1996)Unlike the denserheavierNaike clay,
which we will see at Stop 2, the Pukekohe and Patumalilsecentain moderate allophane,
gibbsite and kaolinite, and relagly high amounts of crystalline Fe oxidess well as
halloysite (which predominates in the Naike godnd vermiculite Both soils contain clay
coatings in the subsoils. The fiotay/totatclay ratio in the Patumahoe s@.7-0.8; fine clay

=< 0. 0 2indatey that clay illuviation has occurred but the lobed appearance and non
laminated character of ¢hclay catings suggests neoformation (Bakker et al., 1996
Patumahoe soil has a well developed pedal microstructure with 90 % of theahfater

t han ,afd manysmall, irregular iron oxide nodules-510  gBakker et al., 1996).

The peds in the B horizons tend to be tightly packed but separate (Giblhg et al., 1968)
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The soils are sticky when wand topsoilshave limited wokability then but they are more
friable and lavemore even moisture contarhat the firm, compacted Naike and Kainui soils
(Gibbs et al., 1968)l'he soils are slowly permeable, resulting in periods of percliiewit,
1998). They are effectively selfmulching, i.e, after cultivation thesurfacetends tore-
aggregate into a strong granular structure wisctjuite persistentDifferences between the
Pukekohe and Patumahoe soils are subtle but local growers suggest thaekoh@soils on

the Hill beravedifferently from the Patumahoe soils on the lower rolling slopes, being much
easier to cultivate and holding their structure better (G.E. Orbell, pers. comm.,
2008).However, althougtthe soils are highly suited to vegetable producaond arevery
reslient, frequent cultivatiorover a long periothasincreased soil erosidias described above
by Basher and Ross, this volumieds reduced soil organic matter and soil biological activity,
and degraded soil structui@arratt, 1971Basher and Ross, 2002

' 1 Decline in organic C over time ii
Patumahoe soils under intensi
o sk \e vegetable cropping, Pukekof
wh N, (from Haynes and Tregurthe
o 1999)

Other environmental issues include nitrogen leaching and groundwater contamination in a
periurban environmentincreases in diseases and pests and use of herbicides, fungacides,
pesticides, and insecticided loss of soils to urban enachment (C.\WRosspers. comm.,
2008). Onion white rothas become established in the Pukekohe district and fungicide
resistance is widespreaHdlland and Rahmari,999). The production system for onions in

this district is regarded as unsustainable beeaid the disease and insect problems combined
with degradation of the soil resouregpsionand leaching.

Both Pukekohe and Patumahoe soils have methuow fertility status: Pretention is low to
medium but can be high (99 % in lower subsoils ofif@hoe soil)K and Mg reservesare

low, sulphate tends to be strongly adsorbed on B horizmtsC and N levels are moderate
(Hewitt, 1998; Molloy and Christie, 1998)Large amounts of N can be leached through
fertilizer use on crops over winter, espdigigpotatoes which are the single biggest contributer

to nitrate leaching in the arekréncis et al., 2003 Potatoes planted in early winter receive
~480kg N/ha, with 70% applied at planting. However, because potato plants do not take up N
until at leas 30 days after planting, fertilizer N appliedthe time ofplanting is at risk of
being leachedaround114 kg N/ha) Similarly, winter cabbageseceive 150 kg N/ha ahe

time of planting in May, with much of this being leached before the plantsrgeel@ough to

take up theN. August & a better time to apply N fertilizer when the plaatsbig enough to
utilise it. The growing of cover crops during autumn fallograddsorganic matter to the soil

and the cover crops will also take up potentigggchable N from the soiFrancis et al.
(2003) showed thatats and ryegrass as a cover crop produced sigmifogpaantities of dry
matter bedw ground (roots) campared with sorghum, and 145 kg N/ha of N uptake compared
with 62 kg N/hauptakefor sorghum.
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Micromorphological features in a range of teptesived soils in North Island including
Patumaoe (from Bakker et al., 1996)
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Pukekohesilt loam on edge of Massey Memorial Lookout reserve, Pulekth. Location
V16 783397(borderingk e n B &eld$) e 6 s

Composite teph
¢ 60 cal ka =+

! Hamilton Ash Mangansin lower subsoil of Pukekoht
Ic. 100 250 ka (?) soil (in close up below, cutting blade |
f L {10 cm long)

3bBi(f)

Provisional stratigraphyagesand horizonatiorfprofile not examinealosely) Data for Pukekohand
Patumatoe soils are given opages belowPukekohe datéunpublished)from Landcare Research
National Soils @tabase; Patumahdata from Parfitet al. (1981)Modern forizonation of Pukekohe
soil profile SB8432 (below): B1 = BA; B2 = Bty C=tanother Bthorizon.Photos David Lowe.
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Soil Nane: PUKEXOHE SILUT LOAM Blite Lab No: SBOBA3IZ
Description of Profile Mo: 8431  for Project No: 28
Map Series) Grld ref unknown

Author: G20 fate: 17-Feb-1965
Map refersnce: 0 0
Classification: Brown grasular loes,
US Taxonomy :
NISCy Mottled-acidio Orthic Granular Soll
Survey: Pranklin County (part) Reglon: Auckland
Location: Northarly facing slope, Upper Quesns Street roadside cutting.

Tupdressing:
Annual Rein: Lidlae Elevetion: 137 o Mesh Tenp - Anouel: 12 ©
Landform: Siope Landforn Genesis,
Miororelief) Flepa: T degy Aspect: 45 deg
Rock cuterapy:
Flope Yovemant:
Drainspe) Mnulh.x well Land Use: Hortloulture

tion + BRACKEN- FASPALUN- MARSHNELLON-EOUGH ROADSIDE
Parunt hul‘hhx noderstely weathered, ANDESITIC VOLCANIC ASH
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Classification: Pukekohe silt loam

NZSC: Allophanic [or Acidic] Orthic Granular Soilsephric, rhyolitic silty/loamy; slow
Soil Taxonomy. Clayey, mixed, thenic Typic Kandiudults ¢r Andic if in upper profile BD
¢1.0 g/cniand Alo + 1/2Feo >1.0]

Build-up ofredistributed(eroded)soil along hedge line forming an artificial terrag&kekohe soils)
Photo: David Lowe

¥ n GE of nain treck on M boundary of PATUMAHOE SILT LOAM
locat foy: Second block SE of glssahouse o Grid ref: M7/380173
Asprect . Altitude (w): S1 Rainfall (mm)}: 1200 Slope: 1evel Landform: Usdulating ash mantled plain
> , Ryegrass, white clover, docks, spaln, flatwoeds, -
Vepotation: o tter strip between track and [l:ps:m:ntal plots, Drainage class: Well drained to moderately well drained
Lamd use! Experimeatal area for horticultursl crops research, Parent saterial: Mamilton Ash Formstion over basalt
Generally sarker gardoning sad dairying in surrounsding district. {with pailacosal )
PROFILE DESCRIPTION
Apl 7.5YR 3/7 allt loan; friable; strongly developed wedium and and swdiun pores; many thin discontisuous cutams (skeletans)
0- 6 e coarse syt structure crushing under pressure 10 moderately dev- poderately developed fine block structure crushing to
eloped fine crumb structure; few bloch Mn oodules up to & nn; strongly developed cosrse crunb structure; distinct wavy
abundant yeots] many coarse pores; distince lrregular bousdary, boundary,
3 pear 10YR 3/3 sdit loasg soderately flirmg brittie; weakly bg! T.5YR 5/6 clay loam; soderately weak; brittle; noa sticky;
6-15 developed fine mut structure crwshing under pressure to weakly 82-94 slightly plastic; many distinct and diffuse fine 5YR 4/4
developed fine crumb structure; fow distinct inclusions of under- mattles; many coarse snd very coarse and few medism pores;
Iying B horizon; few fine hard Black Mn concretions; few fine vory few roots; very few thin discontinuous cutans
distinct 2.5YR 4/8 nodules (porcelinite) many roots; few coarse {skeletans); weakly developod sedise block structure
und medium pores; few very fine bluck charcoal fragesents; crushing to strongly developed sedium crush structure;
diffuse wavy boundary, distinct wavy boundsry,
ApS 10YR 873 hewvy siit Joan; soderately fim; brittle; soderstaly pgl 7.0 5/€ clay losm; soderstely weak; beittle; nom sticky;
1526 doveloped modiue snd fine nut structure crushing easily to 93-119 non plastic; slightly siippery; sany distinct coarse and
moderately developed coarse and sedium granular structure] many vary cosrse SYR 4/6 wotties;very few pores; few roots;
roots; many large (to & cn) isclusions of B horizom; abundant nany distinct continuous this cutans; msoderately developed
conrse and medlum pores (few wp to 5 mn);many black ¥ congret- nedius and coarse block structure crushing to wesk fine
lona; distinct Irregular boundary, crush structure] diffuse wavy bowumdary,
[ 13} 7.5YR 4/& crushing to 7,5YR 5/6 clay leam; soderately firmg gt T.5Y0 576 elay; moderately weak; brittie; siightly sticky;
26-38 brittle; fow distinct fime iscluslons of overlying horizons; 119134 slightly plastic; moderstaly developed sedium sad coarse
pany roots, few coarse and many sedium pores; shusdant contine blocky structure crushing to moderstely developed fine
uous very thin cutans (skeletans) moderataly developed fine cruml structure} many sedium and fine SYR 4/6 mottles; many
block structure crushing to stromgly develeped coarsa crusd fine 7.5YR 7/4 nesr vertical sheets (following structural
structure; moderstely sticky; nea plastic) diffuse wavy boundery cracks); very fow roots; very few pores; many thin
191 7.5YR 4/6 crushing to S5YR 5/ clay loam; wederately wesk; discoatinueus cutans; distinct wavy boundary,
1.3 brittle; slightly sticky; mom plastic; stromgly developed cosrse | Jiw T.5YR 5/6-10YR 576 ¢lay loam; moderately weak; brittle] mon-
block structure crushing to strongly developed coarse snd 1534.165 sticky; nom plastic; weakly developed coarse block
pedlum crumh structure; few roots; few fine distinet 5YR 4/4 structure; crushing to strongly developed coarse cruh
bard nottles; few course peres; many thin discomtinuous cutans structure, few coasrse and very few modius pores; no roots;
(skeletana); diffuse wavy boundary. fow fine diffuse (near 7.5YR 5/6) mattles;distinct wavy
a3 between 7.5YR 5/6 and SYR 5/6 crushing to pear 5YA 5/ clay T
S8-82 loas; very wesk; brittle; slightly sticky; slightly plastic;
fow coarse diffuse SYR 4/6 soft mottles; few roots; few coarse b 7.5YR 5/8 slippery silt loam; scderately week; brittle; non

165-187 cm sticky; slightly plastic; many fine white sodular inclusions
(Thalloysite); mamy distinct SYR 5/6 patches; sany glisteming
crystals; few discontinuous thin cutans; no roots; distiact

Ty,
M 7.5YR 5/6 clay loan; very firm; brittle; nos sticky; non
187 « plastic; few distinct medium black Mn comcretions; sbundant

coarse clean guartz crystals; abundant coarse pores; massivo;
abundant comtinuous very thin cutans; no roots,

over 2.5YR 4/6 allppery sllt loam; mon sticky; mom plastic.
(on suger)
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ausmay  PATUMAHOE
W ﬂ Exchangeable catlons (eeq/i00 g) air. klahy-n (=¥ tm Base imm (V)
Mo, KCL| dpit |mar | Ca L") 1 8 Na (é}__ﬂ_@l) (&;'ill.l'l’y1 (oeg /100 g) (BCEC| N OAc | £ Cat.\l!u -&ﬁ
“1' 6.2]-0.8] 9. 8250 | 1,53 | 0.7 | 0.43 0,17 0.1 9.9 27.9 M “aa (100) 1
| ] S$.2]-1.2] 9.2]12.9 | .08 | 0.54 | D40 .00 2.8 2.6 4.8 PN ».3 bl b
C 4Rfe1.2 0.0 0.5 | 0.69 | 0.15 | 0.4 0.0% .7 4.7 1.7 200 . “ n
n L. 7]-0.8] 9.7]8.7 0.57 | 0.05 | 0.56 0.00 2.0 .0 1.9 10.4 »i “ *
E .2].1.0(10.09]5.7 0.50 | 0.4 | 0.45 1.2 8.2 n.0 7.9 16.4 R ‘" 1"
¥ 4.6 |-0.7 IU.:IC.I 0.39 | 0,05 } 0.3 0.25 7.8 7.6 5.8 1.6 3.4 » 13
€ 4. 8|-0.5]11.0]4.1 0,44 | 0.0 | 0.8 0,11 4.7 4.6 5.0 0.5 “w.e n n
W 4. 8|-0.7(10.9]1.% 0,86 | 0,07 | 0,49 0,08 4.0 45.0 3.3 na o.3 15 7
1 4.5|-0.5(10.5{0.5 0,80 | 0.05 | 1. 0.35 6.5 5.9 1.9 0.9 SE.0 12 &
J JA06,0]-1.1110.0]0.3 1.00 | .05 1.68 .9 5.5 0.4 8.3 6.0 .7 in 13
1 3 JOe.2]-0.8|10.6/0.4 0.66 | 0.0 | 1.19 1.5 T 5.9 4.0 6.5 0.0 15 ]
Sasple WT?EA P {ng/100 &) ¥ on. Git. Tazn ox. ﬁﬁ« Wesarves | EXEFACEADIE |
3 b . |Retention s 133) ) (weg/100 §) s
: ?:). . (5, (:; (05 h) sl [ i) e ) ar | B | A | st | ore : A | ke | Mg (pps)
’:" 0-8 Apl 5.9 | 045 70 33 73 ot i 1.1% 0.70 | 0.45 |0.01 0.43 | 0.2t 0.10 1.9 19
| ] 615 Ap2 35 |05 L ™ 67 13 4.4 (L 0.6% | 0,45 |00 0.5¢ | 0.28 | 0,20 14 2
4 1526 Apd 3.2 0.0 70 (3 o o0 4“5 (12 0.77 | 0.51 |0.05 0.66 | 0,32 | 0.10 1.7 20
] 2658 i 1.2 jo1 1 50 s . 5.8 114 .27 | 0,40 jO0.01 o.M | 0.5 | 020 1.2 56
E 4 3858 | _*} 0.9 0.0 14 o) 19 3] 5.7 |Le 0,30 | 0.87 0,11 1.3% | 0.5 | 0.11 14 020
¥ se-n2 3] 0.9 0.7 P s 1” 90 5.4 |28 048 | 1,89 |0.72 1.01 | 0.70 | 0.1} 1.5 1152
[ NZ-08 gt e.9 |o0.07 n a7 n " 49 |31 o8| 20 |15 0.66 | 0,84 | 0,00 1.4 1148
" 98-119 | N2 0.8 | 0,06 » “n 1 100 e |40 01| s 1T 0.40 | 0.56 | 0.00 1.8 un
1 19134 | g 0.5 |o0.02 piJ W v L 55 |26 0.6 | 2.5 |10 0.27 | 0.43 | 0,07 1. nas
J 104165 | I 0.3 |D.0t 10 13 . | M 3.2 |0 0.27 | 040 |0.12 0.50 | 0,34 0.9 1.5 e
K 165-587 | 30w 0.4 |02 16 0 10 » 3.3 (8 ) 0,07 | 1.45 (0.9 0.80 | 0.42 | 0,07 | 12,0 L
PARTICLE SIZE DISTRIBUTION (<2 mm) Patumahoe i
Sample an Silt Clay Fine clay
No. pepth | Hor. | 2-0.1 mm 0.1-0,05 mm|0.05-0,002 mm|<0,002 mm|<0.0002 mm| Fine clay | Stones
SB (cm) (%) (%) (%) (%) (3) [Total clay| (%)
9578A 0-6 Apl 4 3 27 66 45 0.68 (<1)
B 6-15 | Ap2 4 3 26 67 46 0.69 (0
c | 15-26 | Aps3 4 2 27 67 46 0.69 (<1)
p | 26-38 | Bt1 2 1 15 82 68 0.83
E | 38-58 | Bt2 1 1 9 89 75 0.84
F | 58-82 | Bt3 0 1 9 90 68 0.76
6 | 8z2-98 | Bg1 1 2 10 87 61 0.70
H | 98-119 | Bg2 1 0 16 83 54 0.65
1 | 119-134 | Bg3 1 2 23 74 42 0.57
J | 134-165 | 28w 0 2 10 88 63 0.72
K | 165-187 | 38w 7 6 21 66 45 0.68
. |
PHYSICS
15 bar water Field Cap. [Wilting Pt J
Hor. Hor. | Field | Air Core | Dry bulk | Total Large (at 0.2 (at 15 |Availabl
Depth moist | Dry Depth | density |porosity| pores bar) bar) water
(em) ®w | ® (cm) (T/=%) (O] L) (5 v/v) (S v/v) | (§v/v)
0-6 | Ap1 | 30.8 |24.8 o~t | loy
6-15 | apz | 29.8 |23.8 7;;:0 g:;
. -9
15-26 | Ap3 | 30.2 |23.7 te23| 090
26-38 | Be1 | 45.8 |31.0 U3 gap
38-58 | Btz | s53.4 |33.2 - —
58-82 | Bts | 64.4 |31.4 o6
82-98 | Bg1 | 71.0 |31.4 o0
98-119| Bg2 | 75.5 |30.8 (73]
119-134| Bg3 | 68.2 |34.4 018
134-165| 2Bw | 64.4 |42.2 -
165-187| 3Bw | 55.2 |31.7 =
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Mineralogy Pat
o Clay Practiom (V) Sand Frection (V)
s - - -~
5 g E e« 2 = . i 3 . 3
8 § 8 % % 7 32 i % 2 ] 5 = 4 om » % < 00
- g2 % 8 =3 = g. - w ! - |- -~ T oM B2 e 7 2 “
Sample Depth  |Mor. at éu - E : = B i % < E 3‘: - E = 2 - 3 R £ 8 -"
AN AR IR R R AR R I B AR AR AR AR
sB EMES, R, 2,528, 1818,48,2,£,2,2|8,85,2,¢ ,8,4,4,2,8,8,5,5,2,%
95784 00 Apd 2 9 2 17 2 1 1 (- R 8 tr R tr 8 5 8
" 18 | Apd tn L TR U TR | e @ $ tr ® 5 s s
T 1526 | Ap3 5 N 3 10 17 1 1 S a e C /K tr R A K-S
0 26-38 | B2 P » 17 3 15 tr otr 10 w/A « C s 5 5 s 8
3 36-56 | Be2 2 14 11 35 22 tr tr 18 a ¢ ¢ € " tr § 3 3 R
i Sh-A2 | Be3 16 11 40 21 zr tr N A ¢/S ¢ § " tr tr B s Wi
G 82-98 | Bgt 12 S & 21 tr 19 a/A tr § ¢ € " tr 8 8 S/e 1
H a8-115 | Bg2 1% &% 1& i . " . 8/c 5§ S/
T | 115-134 | Bg5 1 65 5 15 € R A tr 84 e
J | 13a~1es | I 8 tr 12 A tr EC 2 § S/cc/C
K | 185187 | 38w " W 4 [ ] s s & 5
Total Elensnt Asalysis
0 Fe ™ i 4 i g ) S ) LY [~ (Y G & W S ¥ 5| Iy
Ko, (ppm) loss
) ! ! | o A L ! I 1 4 i L o)
P57AA [ Apl | 5.55 o8 o.68 0.78 0.3 017 At 11,7 0.3 <02 &7 e 1 e .“ 14,7 M4 19,6
BlApz| 5.79 0.t6 070 0.44 0.3 0.7 218 121 0.3 @.2| 63 B0 &8 1y W 53 14.5 354 {17.8
clap3| s.7¢ o042 o0 0.3% 0.3% 0.16 22,0 13,0 0.2 <02 &8 77 & w8 52 5.0 M1 {170
plecr] a0 00e oM 0.19 0,22 0,05 5.2 13 o w@.2| € 7.7 & % B 16 9.2 351 174
pf 82| 637 002 0.70 0.2¢ 0,26 0,00 107 W3 032 @3] 2 W4 N W n n 7.6 359 |19.0
Fims| e.70 <002 0,67 0.10 0.4 006 A5 197 0.2 w2 | 49 40 (TR ) 2.9 6.9 36 |00
Gisgl| 6.06 <002 0.81 0.08 0.12 0.07 M0 0.2 <020 <02 &8 138 73 (A 2 12.3 5.3 4% (210
u|ng2| 5.88 <0.07 0,57 9.05 9.12 0.07 4.5 204 .20 <0,2]| ¥ 134 8 1.2 59 6.6 616 | 20,0
1]sgs]| 404 02 048 @01 0,12 O0¢ 123 19,7 o0 «<w2| 3 0.0 5 04 W8 73 3,5 1060 |16.4
J{se| €82 .02 0.48 <001 0,17 @,07 9.7 17,8 WX WiI| W 5 4 M o s 5.7 1100 {14.8
3 lsa- 4,05 <002 0.46 0.06 0,50 0.03 198 1.3 0. @2 2 «wo =N W 187 1IN 6.5 9% '15.2

Classification: Patumahoe clay loam

NZSC: Allophanic Oxidic Granular Soilgephric, rhyolitic clayey; slow

Soil Taxonomy: Clayey, mixed, thermic Andic Palehumults
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STOP 2- KAINUI SILT LOAM & NAIKE CLAY , GORDONTON

RD
LocationS14133859 elevation~60 m as|, rainfall 1200 mm pa

Please be very careful of traffic at this stop.

At this stop & severaremarkablefeatures botltstratigraphicand pedological and- a o0t w
st or i ek &ainsiilt lbam alongsiden(just a few places) th&laike clay Both soils

are Ultisds. Thesequence of tephra bedad buried soil horizongpanning about 1 million
yearswasexposedn 2007 by road works

Tephra cover bec

¢c. 60 al ka
OIs31

. _0IS10

Kauroaash
beds

Provisional stratigraphy of Gordonton Rd section. Seb provides the Bbate. David Lowe

Stratigraphy

(1) At the base of the section is thiey remnant of an ancient landsurface represented by a
buried clay-rich soil >0.78 Maon the basis of itseversed magnetis@and other evidence
(Horrocks, 2000; Lowe et al., 20pBeveal undifferentiated bedasible beneath it argkely

to bec. 1 Ma or older.These old tephra bedst the base of the Gordonton Rd section
(northern endarepart of the secalledKauroa ash bed sequentiee uppermost unbeng the
Waiterimu ash member &15 (Ward, 1967Lowe and Percival, 199%0we et al., 2001).

(2) Overlying K15, with an unconformity is thewhite ~0.5m thick Rangitawa Tephra aged
0.35 Ma one of the most widespread tephras in the southwest Pacific region tithtriied
Marine Oxygen Isotope (MI) Stage 10 Rangitawa Tghrais overlainin turn by a~3-m
thick sequence of weatherggkllowish brown to brown to reddish brovetayeytephra beds
and buried soil$ the Hamilton ash bedsthat represent MOI stag@sto 5. The uppermost
distinctive, dark reddish-brown buried sojlknown asthe Tikotiko ash membesr bed H6/7
(Ward, 1967 see beloWy represergprobablythe Last InterglaciglOIS 5)paleclandsurface.
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(3) At the topis athin, silty cover bedmantleof intermixedlate Quaternaryephras abat 04-

0.6 m thik, occasionally overthickened in hollowg to ~1.2 min thickness that have
accumulated incrementally over the past c. 60,000 {€d& 3 1). As at Pukekohe Hillthe

base of the cover bdths beendentified as Rotoehu Asft. 60 cal k) but it is evident from

detailed mineralogical and geochemical studies that the component tephras making up the
composite mantle have bestmonglyintermixedduring upbuilding pedogenegisowe, 1981,

1986 2000. Nearby lakesformed c. 2018 calka fdlowing deposition of the volcanogenic

alluvium of the Hinuera Formation (se®ps 3-4), havepreserved>40 multiple, thinyvisible

tephra layers within their sediments (e.g. Green and Lowe, 1985; Lowe, 1988). These tephras
each range in thickness fronfeav millimetres toseveralcentimetres and in this area amount

to an estimated ~37 cm in total thickness (Lowe, 1988). Togettibrtephras deposited
betweenc. 60 and 20 cal ka, they form the parent material of the upper part of the Kainui soil
(Lowe, 1986). The thin tephras preserved in the lake sediments are both ichyolit
(predominant) and andesitic and were derived from six volcanic centres 70 to 200 km away
(Lowe, 1988).Ther e are | ikely to be nwimeirbluesd vtee phi
spase concentration zones of glass shards, known as cryptot¢phoagy et al., 20073)in

the lake sediments as well as the visible layers. Fem@ntwork on lake cores and peat bpgs

such cryptotephras amonfirmedin the Waikato region (Gehrels dt,&2006, 2008) and thus
probably were assi mil at e ttomismaiszaletetugionklames ui s o

Tuhua c. 7 cal ka
(Mayor Is./Tuhua VC)

(Above)
Lake Maratotpsouth of Hamilton, was formed c. 2
cal ka.Phota David Lowe

Mamaku c. 8 cal ka

) . (Okataina VC)
(Above right)

The first core of 33 eventually takeroin the lake
(April 1979). Grey layer near base is alluviu
overlying dark protdake lake sediment (near taf
head) and prake soil (Green and Lowe, 1985
Phota Rex Julian

(Right)
Close up of tephras in core from Lake Rotong
(SW of Putaruru)Phob: David Lowe

! Rotoma c. 9.5 cal ka
(Okataina VC)

‘ Opepe (E) c.Q.1 cal ka
| (Taupo VC)
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(Left) Central Waikato area showing locations of lakes cored to obtain detailed @0stal katephra
record.Gordonton Rd section is near L. TunawhakapéRayht) Cores from Lak&otomani4a sliced
open to show tephra layers preserved in dark lake sediments (from Lowe, 1988).

Lake sites are: 1, L. Maratoto; 2, L.
Rotomanuka; 3, L. Ngaroto; 4, L.
Mangakaware; 5, L. Mangahis; 6,
L. Rotoroa; 7, L. Rotokauri
(thickness measurements do not
include Rerewhakaaitu Ash); 8, L.
Kainui; 9, L. Rotokaraka; 10,
Leeson's Pond; 11, L. Okoroire;
12, L. Rotongsta.

Thickness and compositional
relationships based o]
measurements of tephras in la
cores. Bars with hatching 1
total thickness of all tephraé

c. 20 cal ka; blank bars 1
rhyolitic tephras; stippled bar
= andesitic tephra. Solid bars
actual measurements, dashg
bars = thicknesses corrected f
compaction and disseminatio
in sediment cores. Dashed ling
= isopachs(in mm) of sum of
tephras at subaerial sitg
deposited since c. 20 cal K
(from Lowe, 1988see also datg

p.70).

2N

Total thicknessesfdephras < c. 20 cal ka oental Waikato area based on lake core measurements
and esti fhatnedd {qdrupbaeri al ) thi

Total visible

Compaction -

thickness in corrected
cores thickness
Area (average) (visible x1.75)
Hamilton-Ohaupo 25 44
Whitikahu-Morrinsville 20 35
Okoroire-Tirau 42 74

cknesses

Estimated Total equivalent
dissemination dry-land
thickness thickness
(visible x0.1) (approx.)
2.5 47
2.0 37
42 78

* Assumed to represent airfall material only, with no modification to thickness by ws(&msiliond reworking

or catchment erosion.

(val ues
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Fgure 10.4 Transect ocross the Homilton Basin showing
the simplified strafigraphy and age of late Quatemary
tephra deposits overlying Homitton Ash on the low hills.
Marker beds are distinguishable in the field in the south
(Otorohanga and Te Awamutu-Ohaupo profiles) but
around Hamillon the tephra deposits, thinning away from
their sources, become infermixed 1o form a compoasite
cover bed with no distinguishable marker beds, Where this
cover bed is eroded, exhumed Hamilton Ash ocours af the
surface, as for the Huntly profile, but thin late Quatemary
tephras are present further north fowards Auckland. The
inset shows the strafigraphy of prominent tepiva layers
preserved in lake sediments in a core from Lake Maratoto,
a 17 000-year-old peaty loke about midway between
Ohaupe and Homilton (see Figure 10.5). | indicates
potential confributions of specific teptvas as probable
parent materials in fhe upper soil peofile (hatching). ka =
1000 years BP. After Lowe (1986).

Ages in*“C yr ka. Otorohanga and Ohau
soils (Hapludands) occur at sites marked
columns 1 and 2; Kainui soils (Udults) .
' site marked by colums 35 ( 6 Ha @
Gordonton Rd); and Naike soils (Humult
at site mar k ed by
(from Selby and Lowe, 1992).

50 ha
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Stratigraphy and correlation of pest 20 cal ka visible tephras in cores from 14 Waikato lak

(from Lowe, 1988)
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Kauroa and Hamilton ash bed sequences

The Kauroa Ash Formatiormomprises a sequenap to~12 m thickof exremely weathered,
clay-rich (~70i90% <2mm clay), multiple tephra deposits and associabedied soil
horizons together with interbedded loess (Ward, 1967; Pain, 19@&pcks, 2000__owe et

al., 2001 2009. The formation wadefined in the Waikatareaby Ward (1967). The
sequencenear Raglans underlain by basaltic deposits dated at c. 2.25(Bfaggs et al.,
1989), and overlain by the Hamilton Ash Formation, of which the lowermost member (H1 or
Rangitawa Tephra) is dated at c. 0.35 (dee below) Sdter (1979) divided the Kauroash
sequencento 15 major members, K1 (base) to K15 (top), and this framework, modified in
part, has been used subseque(iiggs et al., 1994; Horrocks, 2000; Lowe et aD01)
Distinctive sanes i zed 6 mi ¢ § mieevals i bedoK3 amu IKEekaolinite books
and stacks (Salter, 1971 was dated at 2.24 + 0.29 My Lowe et al. (2001) using the
zircon fissiontrack method confirming the previous age Members K2 and K3 gave
indistinguihable ages between 1.6®.12and 1.43 + 0.17 Ma. Member K12, a correlative of
Oparau Tephra and Ongatiti Ignimbrite, was dade1.15 £ 0.15 Ma, consistentth an age

of 1.2 1.3Ma obtained by various methods on Ongatiti Ignimbi@eggs et al.2005. From
palaeomagnetimeasuremest members K13 to K15 (top uniére aged between c. 1.2 Ma
and 0.78 MgHorrocks, 2000; Lowe et al., 2001)/e use an age of c. 1 Ma.

The Hamilton Ash Formatiowomprises a sequence, up~t m thick, of strongly weathered,
clay-textured ¢60i 85% <2mm clay) multiple rhyolitic tephra beds and associated paleosols
(Lowe andPercival, 1993; Briggs et al., 1994owe et al., 200l The sequence may also
contain intercalated loessic beds at some sites. bEus arewidespread throughout the
Waikatoand Coromandel regiorad extendhorthward to the Pukekohe ar@de sequence

is underlain, usually with a marked erosional unconformity, by the Kauroa Ash, of which the
uppermost member has an age~of Ma (notedabovg. In turn the Hamilton ash bedsea
overlain bythe compositecover beddf younger multisourced tephsa the basalkephrabeing
Rotoehu Astt. 60 ka (e.g.see age models Berryman et al.,, 200(§lewnham et al., 2004;
Wilson et al., 2007).

Ward (1967) divided the Hamilton Ash Formationo members numbered from H1 (basal
unit) to H9. However, members H8 and H9 (f ol
but now known to comprise Rotoehu Ash and younger tephras) are redundant, and so the
uppermost bedare H6 and H7 (top unit). Theseo beds togethedefine the Tikotiko Ash
Member.The basal member ithe sequencethe Rangitawa Tephra (knowpreviouslyin the

Waikato region as Ohinewai Ash, and elsewhere as Mt Curl Tephraharacteristically

pinkish+ to brownishgrey in colour, 8ty, halloysitic, and contains distinctive sasted

gol den o6platyd minerals i d e n tkaofiniteeidtergmades 2 : 1 :
(Lowe andPercival, 1993afterShepherd, 1984 A thin (c. 5 cm) yellowish layer containing

coarse sandizad quartz crystals marks the base of the tephra.

Rangitawa Tephra is a distal coae of Whakamaru
group ignimbrites of similar age derived froi
Whakamaru caldera (Kohn et al., 199Qnrrelation was
based on similarities of stratigraphic position a
mineralogy, and on majalement compositions of glas
(Lowe et al., 2001). The tephwas dated by Lowe et a
(2001) using the zircon fissiemack technique at 0.38 :
0.04 Ma. This age matches those obtained by var
methods on Rangitawa Tephra of 0.885 Ma (Pillans
et al., 1996; Alloway et al, 2007a), supportil
correlation. Merber H5 is estimated to be c. 24@0 ka
Map showing distal ismachs of five in age, and the youngest members of the sequenge,
tephras: Potaka (-1 Ma), Rangitawa (~3  H7, are estimated to be c. 18D ka in age (Lowe et al.
ka), Rotoehu (~60 cal ka), Kawakawa (~.  2001) (an approximate age of c. 100 ka is used foere
cal ka), and Kaharoa (~1314 AD (from the paledandsurface

Shane, 2000)
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Pedological interest

Other interesting featureat this site include the markedly irregular boundary between the
uppermost cover bed and tdarkr eddi sh br own obQla Sburied soifi er gac i
probably the hollows representreeoverturn pits. Secondly, prominentapproximately
horizontalto wavy; thin (1- 3 cm), greyclay veinsare evident in upper parts of the sequence
They seem tamore orlesslie alongthe lower boundaryof the dak reddish brown Last
Interglacial unit bedH7/6) andthe underyling buriedorown soil horizon/unit probablybed

H5. Following Shepherd (1994), Lowe et al. (2001) considered that bed H5 represented soil
formation during OIS 7. If so, then it Epeculatechere that the veins may mark impeded
drainage along the OIS paleclandsurface which is wavy and in places irregular like the
treeoverturned surfacat the top of theOIS 5 soil now buried by the cover bed tephras
(Rotoehu Ash and younger depositdflanganese concretions (redox segregations or
concentrations) occur commonly near the base isfcthver bed where drainageimpeded

for several months each year by the slowly permeable underlying clayey soil (e.g. Lowe,
1986, 1991; McLeod, 1992). Perhap® threy veinsthen are equivalent reductimorphic
features- i.e. low chroma mottles (redox depletionsthat developed irtephric materials
deposited during OIS 6 over the antecedent clayey andysfmymeable soil formed in OIS

7. Several of the veins $&d at this site are currentlydrel c e d based oanddsohe Chi
may represent both relict and modern featysesnetimes the veins mimick the concave
curvaturemarkingthe base of the overlying cover bdgisg on the OIS 5 paleosurfacd he
greyclay veinsare commonplace in the uppermost weathered Hamaltbrbeds suiparallel

to andnear the modern land surfage other parts of the Hamilton BasiWard (1967)
attributed them to sefiorming processsrather than a relict of parent materiatiaéions and

noted an association with dense root mats in plddesalsotentativelylinked them with
vegetation assemblages containing katigathis australis

Possibleiee overturn features shown up by contrasting colours and textures of paided
tephras (OIS 31) and dark reddisbrown soil in weathered upper Hamilton Ash unit H6/7
(OIS 5) Layers of gey (low chroma)clay veinsareevident at op of brown unit H5 QIS 7?)

l evel wi t .MNaike sdilsboscuitfreqaetitlywhere the cosr bed is missing?hota
David Lowe
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Kainui soll

The main (modern) sodvidentat thissite is theKainui silt loamwhich comprises two parts,

the uppermost silty cover bed of late Quaternary tephras, the base of wRatbesiu Ash (c.

60 ka), andpart of the buried clayich soil developed on strongly weathered Hamilton ash
bedH7/6.1 n 6 Soi |l s of New Zeal andd PaaChurchRdditd 96 8)
is better considered as part of the Kainui sglliesve, 198). Kainui soils have beenapped

and described by Bruce (1979), Wilson (1980), and McLeo8411®®). The data below are

from McLeod (1992) (see also Lowe, 198Ihe upper subsoil horizons formed in the tephra

cover bedare often sufficiently pale and weakly structured to quadiy E horizons in

Clayden and Hewitt (1989) because they contrast with darker buried Bt horizons below. In
other cases they afteetter considered perhaps as pBle horizons and occasionally BE
horizons. In manynstancegheyexhibit redox features includg few to abundant manganese
concretions especially towards the boundary with the buried Bt horaehsubhorizons are

labelled accordinglyMcLeod (1992) suggested that the upper subsoil horizons are eluvial,
which might imply thatthe underlyingBt horizon complemerg themas part of a sequum

However, the boundary between the lower E and the 2bBt isthilogical discontinuity

(Lowe, 198%) and so the E and Bt horizons havet been 6éconnectedd th
period of soil genesi¢t unrelatal, t hen a o6pal ed Bw notation mi

The twestoried Kainuisoil is a classic example of the result pfogressiveupbuilding
pedogenesigLowe, 2000). The rate of accumulation of tephras since the fall of-cal6a
Rotoehu Ash (~ 25 cm thickere based on a mineralogical abundance nafdedwe, 1981)

is on average only about 1 mm per centgapout the same rate as very slow loess
accumulation on the West Coast, South Island) (Lowe et al., 2008% topdown processes

have operated continuously for the past c. 60,000 years while the land surface has been rising
very slowly.Each part of the profile has at some point been an A horizon.

The tephra cover bed and the associated Kainui soil are typically halloysital]opdtanic,

because soil solution levels of silicon at this and other sites northward of Hamilton remain
high (>~10 ppm) because of slow permeability of the underlying buried soil, markedly dry
summers from time to time, and other reasons (Lowe and Pert®@8; Lowe, 1986, 1995)

(see also Singleton et al., 1988&r many years, the naallophanic character of the relatively

young tephra mantle (considered to be loess at one stage because of this character) was a
puzzle because allophanic soils occurlate Quaternary tephras south of Hamilton and in
upland areas to the west and east of the Hamilton Basin (McCraw, 1967).
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However, the development of a rainfdlstribution based silicon leaching model by Parfitt et

al. (1983, 1984), supported by strasighic andother evidence by Lowe (198)rovided an
explanation (Lowe, 2002) . As noted by Lowe
t hat ¢ hange ditrdpresentsggenesis sn@n gnvironment sufficiently different for
relatively recehtephra materials to weather directly to halloysite rather thafldphane as

occurs not far to the soytiWhere the cover bed mantle exceeds about 1 m or so in thickness
(typically in treeoverturn hollows), the drainage through the composite tepisrdess
constrained by the impermeable buried clayey soil on Hamilton ash because it is deeper, and
consequently allophane can be found in the A and uppegoEBw) horizons (Lowe, 1981,

1986).

Naike soil

The Naike clayis formed on weathered Hamiltonhas.e. without the silty cover bed mantle

(apart from perhapsl10-15 cm forming anA horizonwith silt). It is very similar to soils of

the Hamilton seriesThe Naike soils are thus exhumbdried soils (buried paleosolsirom

which any subsquent tephraave been erode@ndarelikey to be at least c. 10025 ka,

possibly older if earliebeds in theHamilton Ash sequencénave been exhumedike the

Pukekohe and Patumahoe soils, the Naike soil is sticky when wet and tdEsaigery

limited workability in this condition but the Naike clayis firmer, denser and more
compactedBulk densities exceed 1 g/énm Bt horizonsThe clay mineral assemblagéthe

Naike soil ispredominantly hat y si t e wi t h o u tinfluenkeeof allopltadeeanda t i n g
gibbsie that occur in the Pukekohe aréidhe Naike soil has a wetleveloped, strong pedal
microstructure with 90% of the material finer than ra® (Bakker et al., 1996)Topsoils,
however, tend to be more fAcloddyo dmd msver
Pukekohe or Patumahoe soils (G.E. Orbell pers. comm., 2008).

The Naikesoil becomes more weathered with demtiiggesting upbuilding pedogenesis has
predominatedLarge quantities of microlaminated, anisotropic clay coatifgdloysite or
kaolinite, the les®ordered character observed micromorphologically strongly favouring the
former) are present in Bt horizorend are the result of clay illuviation (fine clay: total clay
ratios of 0.7 to 0.8 support this inference) (Bakker et al., 199&® clay coatingshave been
responsible for impeding drainagend thus further reducing loss if Si and favouring more
halloysite production)Cutans in a bBtg horizon have iron hypocoatinfise gleying is a
more recent process than the clay illuviation becauséypocoatings are superingea upon

the clay coatings (Bakker et al., 1996). Large amounts of Fe oxide coatings observed in both
Patumahoe and Naike soils provide the reddish brown to strong brown colours in the B
horizons of both soils.

The difference between the Naike and Patumahoe soils, despite similar parent materials,
were attributed by Bakker et al. (1996) to slightly different climatic and vegetation histories at
each site: pollen studiggave shown that the Pukekohe area has probably alwaysubeler

forest cover, whereas the Hamilton Basin has additionally experienced a drier, grass-or shrub
dominated vegetation cover during the last glacial period (e.g., Newnham &98B,1999;
Alloway et al., 200B) and presumably earlier glacial petgas well including OIS 6. Thus
Bakker et al. (1996) inferreithatthe Patmahoe and Pukekohe sites were effectively warmer
and wetter, thereby favouring the formation of allaph and presumably gibbsite and Fe
oxides through enhanced Si leaching. Intast,the postulated drier conditions (during the
glacial) for the Naike site may have been sufficient to reduce Si leaching tofeex@lsing
halloysite formation.Dataon Naikeare available in Parfitt et al. (1981, {8-83), Bakker et
al.(1996)amd i n 60Soil s of Ned) NakendHamiltrisoilshawe beer8  ( p .
described and mapped the Waikato aredy Bruce (19781979, Wilson (1980), McLeod
(1984) and Singleton (19%
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(Left) Simplified rainfaltbased Sleaching model for the formation of Aich allophane and
halloysite from weathering of tephras in the Waikato region (from Lowe, 2002, after Parfitt et al.,
1983). A morecomprehensive model is given by Lowe (1986) and Lowe and Percival (1993). (Right)
Some factors governing clay formation in volcanic ash mateftaisians could be added, ega
burning/deforestatiorgnd the keyelementd  ¢f silicic acid concentridon and Al availability (from

Lowe, 1995).
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Fig. 5 Cartoon summarising the main parameters involved in the forma-
tion of Al-rich allophane vs halloysite or Si-rich allophane, Al-humus com-
plexes tend to form where ph is <4.8 and organic matter is abundant.
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Description and data for Kainui silt loam c8 9% a1 A
Hauraki Plains survey (by Malcolm McLeod and Brian [{ajy ::: HE 12 q- £
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SiTe—Slopat (#] Nature of Slope

Aspect! - & Exposure:

Microfestures:

Eroslon: = = ’9/'”1 # ,JQC}P

Disturbance

’ ¢ { .
Drainage loJemloly el Arowined
. - 1 o e L 3
VEGETATION {over sample)taight: /7 <A Main Species: 9§ Ak 5 e O
{at sise)~Meight: /S A Main Species
Type of Vegetation:
Hiscory

Reot Distribution
PARENT MATERIAL: 57 € /M ﬁl)[e/u*ow- _zry/ .u o /« ’r_ /‘)645 'a(e,ag //S =7, ‘/, ond”
andssif '.'-’./c-tr{:» Ales fﬂ\n;/, ar)?///a ed s bcene /n;J//L,. @y
Earent Rock Qe Sefsi L’M/.- il axh

Classification: Kainui silt loam

NZSC: Podzoli¢ [ o r GdBuameldar 6] SdHe tephacywmixed rhyoliic and

andesitié; silty/clayey moderateglow

Soil Taxonomy. Clayey, halbysitic, thermic Aquic [oOxyaquic]Kandiudults

Yt is possiblet hat the 6organic matt erin abavevdescripiomight sedinOa ot ed f ¢
(pyrolusite) coatings, almdant in lower subsoiléhear boundary upper/lowgiarts of profilg¢ of many Kainui
soilsFoPodézol i cd subgr oup 218% humds ttoatingsrc@atings of celaquuvalued, and

pH ¢4.8 in the E horizon if preserty preferred classifications to add anew6 Bu rgireachul ar® subagr
rather than use Podzobkeibgroupto encompaswidespreadainui soils.

’See Clayden and Webb (1994) p. l4differentiated using ferromagnesian mineral assemblafesand

fractions(see also compositional data in Lowe, 198486 1989
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Aspuet:

Vegotatiom:

Land

use:

rizon Depth
(cm)

Ap

L33

0-12

12-20

20-48

45-73

73.97

4w

grass, white clover, browntop,
stins, after broldlutlpodocury forest
mcp. dalrying, (conl mining)

10YR 3/2 hesvy silt loam; strong fine nut {peds very hard);
soderately firm; brittle; shundant coarse pores; shusdant
roots, mamy clean quart: crystals or gloss shards; diffuse

wavy boundary,

7.5YR 4/6 (moist) 10YA 4/4 (rubbed) clay ltoam; slightly
sticky; slightiy plastic; moderstely firm; britzle;

sbundant 10YR 3/2 casts of Ap horiion; abundent roots; very

Altitude [m): 100
pazpaius,

69

Description and data for Naike heavy silt loam
Rotowaro(near Huntly

NATKE HEAVY SILT LOAM

Loctation: 1 m west of roadside pusphouse, morth of woo)whed

Rainfall (me): 1240

PROFILE DESSg,&m (mp o

fow vory thin cutuns; stromg fine mut structure; many
coarse pores; diffuse wavy boundary,

T.5YR 4/6 (moist) 7.5YR 5/6 (rubbed) clay; sodorately stickyy
moderstely plastic; soderstely fimm; brittie; faw coarse
many medium pores; many thin comtinuous cutans; (mo grains

showing through costings); stromgly developed medium nut

structure; many roots; Jdiffuse wavy boundary,

T.5TR 4/6 (moist]) 7.5YR 5/6 (rubbed) cley: slightly sticky;

moderstely plastic; few coerse many medium pores;
styongly developod medius block
many thin continuous cutans (no grains showing through);

moderately flrm; brittle; (pods are very firm);
and very fine pinkish white flecks; modevately developed

structure; samy ToOts;

nmodive block structure; diffuse wovy

botween 7.5YR 4/6-5/6 (molst) 7.5YR 5/8 (rubbed) clay;
slightly sticky; soderately plastic; moderately fim;
brittie; few roots; wamy fime pinkish white flecks; few
faint diffuse fine SYR 4/¢ potties; suny very thin

cont inuous cutans; moderately developed sedium block
structure; diffuse wsvy b

SLASSIFICATION -

N.I, Gemetic:

Y

irown grumular loas

Classification: Naike heavy silt loam

=any fine

(cm)
Brg  97-13)

Beg  131-153

Cpl  153-165

Cg2  165-181

IRt 181-215

Grid ref: WNS0/!

Slope: 8¢ Landfora: su. -::y- of m;ﬂ.hom
rlented spur of hilil
Drainage class: mdeuuly well drained

Parent material! jumilton Ash Formation

75Tk 5/6 (moist) 7.5YK 6/6 (rubded) clay;
moderately sticky; moderately plastic; moderately
firm; brittle; many distinct fine and medius

SYR 4/6 mottles; fev fime roots; mederately
developed medium block structure] many coarse st
modise pores; few thin discontinuous cutans; man)
very fine plakish white flacky; diffuse suvy bow

SYR 5/6 (moist) 7.5YR &/6 (rubbed) clay; soderat:
sticky; very plastic; moderately fire; britcle;
moderately developed wedium block structure; fo
very cosrse many coarse and msedium pores;abundant
fine and sedium pinkish white flecks (T gibbaite)
few fine and medium diffuse SYR 4/4 mottles; fow
Fioe roots; few very thin discontinuous cutans;
indistinct wavy boundary,

75 5/8 (moist) 7.5YR 6/6 (rubbed) ciamy; siight
sticky: very plastic; sodarately fire; brittie]
daveloped coarse block structure; many coarse mi
wedium pores; sbundant cosrse and medium piakish
white (7.5YR 8/2)(7gibbsite/halloysite) nodules;
falnt diffuse 5YR 4/4 patches; very few fine root
indistinct wavy boundary,

7-5YR 6/6 (woist) 7.5YR 7/6 (rubded) clay;slight)
sticky; very plastic; sbundant very coarse and o
7.5YR T/4 distinct mottles; abundant fime and wed
SYR 5/8 distinct mottles; many diffuse 2.5Y 7/4
patches; many coarse and sedius pores; very fow
reots| soderately firm| semi-deformable; soderate
weakly developed coarse block structure; few ver
discontineous cutans; distinct wavy boundary,
YR 4/6 (so change on mubbing) clay; slighely sti
slightly plestic; soderately firm; brittle; many
sadium diffuse near 5Y 7/3 patches] many coarse 1
pores; veakly developed coarss block structur
unkthnn mtlmoul cutans; fow coarse prmin-m

NZSC: Typic Oxidic Granular Soilstephric, rhyolitic clayey, slow
Soil Taxonomy. Clayey,halloysitic, thermic Typic Kandiumults

mm FK h:ﬁnnubl' nnm [ mem ) Wate saturation
Ne. Depth [Her, (M O[XC1] spit [NaF Mg Acldity | (meq/100 g) [ECEC| SH Oac | & Catians L hases T hases
58 (em) (m) (:cn )| [pht 8.2) (o 7) | (ph 8.2) |cfEWiohc | T Catfons
oi" 0-E2 |Ap }5.0]|4.5)-1.18.7| 10.8 | 1.83 | O.B6 | 0.28 0.26 7.8 0.5 4.1 5.4 a.e 5 33
] 12-20 |Bw  |5.6|4,.4)-1.210.3| 6.3 | 1.46 | 1,15 | 0.43 0,32 0.7 0.4 S.6 17.8 30.0 52 i
c 20-48 |pel 3. 5[4,0)-0.200.6] 3.4 | 1,10 | 044 | G.M 1.5 21.3 19.8 7.4 16.1 7.2 by 2
0 48.73 |Bel }5.215.9|«1.3|9.6| 1.9 | 0.8B8 | 0,10 | 1.15 2.9 234 .5 L8 ) 16.0 T 25 15
E 75-97 [ped |5.3]5.9]-1.¢|9.8( 1.5 | 070 | 0.06 | 1.21 3.0 3.7 0.7 e 15.5 7.5 25 13
? 97-131|Btg 15.5(5,5[-1.0}9.7| 1.¢ | 0.67 | 0.16 | }.4) 2.3 18.5 16.2 3.9 "o 2a 20 i
c 131355 |Bwy [5.4(3.9/-1.519.7| 1,2 | 0.47 | 0.15 | 1.28 2.8 18.1 15.3 $.9 .7 n.2 28 15
" 163-165|Cgt |5.5]3.61-1.4(9.7| 0.9 | 0.¢0 | 0.05 | 3.08 2.4 15.4 13.0 4.8 14 7.8 2 3
1 163-381|Cg2 15.53/3.9)-1.,4[2.7( 0,9 | 0.57 | 0.05 | 0.9¢ .0 13.5 1.5 4.3 10.1 15.8 3 15
Eample Total | Total F (ng/100 ) ¥ BIzhion. eit. Yaen ox, l’rﬂfﬁ- m"ﬁ-‘-“rﬁmﬂ-—
No. Depth | Mor. c N i;50, | tnorg. | Org, !htﬂl!lﬂ )] (L) o) (meg/100 g) s
Sh (ce) m V) (0.5 N n Fe Al Fe Al 81 Fe Al X Mer (ppe)
’EA" 0-12 Ap 6.6 |0,48 3% 45 50 53 2.8 0,79 | 0,49 | 0,32 | 0,05 | O0.64 | 0,32 | 0,07 1.5 17
L] 12-20 L .5 |0.18 L] i 14 63 3.2 0,82 | 0,39 | 0.35 | 0.02 | 0.2) | 0,48 | 0,06 os 2@
C 20-¢8 be1 1.0 |0.06 ‘ ) s 70 3.6 |09 | 0,27 | 0.5 | 0,02 | 1,08 | 033 | 0,05 | 0.7 188
o 45.73 B2 0.7 |0.03 Kl 5 6 75 3.6 0.2 | 0,24 | 0.38 | 0.02 | D.97 | 0.32 | 0.04 0.7 520
n 75-97 by 0.6 0,08 3 0 5 0] 16 0,84 | 0,33 | 0.46 | 0,06 | 0.90 | 033 | 0.03 0.7 314
F 97-131 | By 0.4 |0.01 4 5 2 7 31 0.60 | 0,19 | 0.29 | 0.04 | O.45 | 0.19 | O, 4 0.5 3
0 151-153 | Bwg 0.3 |o.m1 4 4 0 ot 1.3 0.47 | 0.18 | 0.29 | 0.04 | 0.27 | 0.13 | 0.04 0.0 278
H 153-168 | Cgt 0.2 |o.01 1 3 0 “ 108 | 0,43 | 0,18 | 0,2¢ | 0.06 | 0,15 | 0,30 | 0,05 1.4 223
1 165-181 [ Cp2 0.2 |o.01 3 2 0 51 1,39 | 0.35 | 0,09 | 0.21 | 0.4 | 0.09 | 0.11 | 0,08 2.2 180
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PARTICLE SIZE DISTRIBUTION (<2 mm) Naike
Sample Sand Silt Cla Fine cla
No. Depth | Hor. | 2-0.1 mm [0.1-0.05 mm|0.05-0.002 mm as.a'ai min | <0.0002 mm| Fine clay | Stones
S8 (em) (&) (%) % () (%) Total clay| (%)
9579A 0-12 Ap 6 3 30 61 411 0.67 (<1)
B 12-20 Bw 3 3 19 75 60 0.80
[ > 20-48 Btl 1 0 12 87 70 0.80
D 48-73 Be2 1 1 15 83 83 0.76
E 73-97 B3 1 1 16 82 59 0,72
F 97-131 Btg 1 1 13 85 57 0.67
G 1531-153 Bwg 2 2 20 76 50 0.66
H 153-165 Cgl 5 3 21 71 40 0.56
I 165-181 Cg2 S 4 19 72 39 0.54
PHYSICS
15 bar water Field Cap. [Wilting Pt. J
Hor. Hor. | Field | Air Core Dry bulk Total Large (at 0.2 {(at 15 Availabl
Depth moist | Dry Depth | density [porosity| pores bar) bar) water
(em) (%) (%) cm _a(;;_-‘) (%) (%) (% v/v) (% v/v) (4 v/v)
0-12 | Ap 28.7 | 24.8 0»::
2 3 o0,
12-20 Bw 35.6 | 28.5 p-xo | 0.9]
20-48 | Bt1 | 45.5 [34.6 2048 | 1.1y
48-73 | Bt2 | 50.7 | 36.4 uE3| 1)
73-97 | Bt3 | 52.4 | 36.4 7397 299
97-131| Btg | 57.0 |40.2 97-131 | 0.43
131-153| Bwg 53.4 39.3
153-165| Cgl | 48.4 | 36.6 Brens J+o!
165-181 Cg2 | 42.8 | 33.4 DS-MI 102
SB 8579 Naike
o0 ?———vvr YT T L B e e 8 §
<
g0
2
] " .
I3
g o
!
4
gw
o A Leetdhaded bl A A A A AL A LA A L Ll el AA A A AA PR "
001 < | Lo 0 100

Tarticle Sias ~ *heaine
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Minerslogy Natke
= Clay Fraction (V) . Ssnd Fraction (V)
o - !3 - - -
E : .; ~ S : ~ 3 & .E E S :
: 3235y 2i: . 38§z, i. 8 f::.fzz:zif
Sample Depth [Her.| 1 & 19 & = :§ Z B % ¥ o8 E, _':;T 8 = + ®mS W oW § X 2 2B = - o 8w
No. | (em) ciggjgg,gz:g.:_;xg‘:zgia,se:E;::ag
58 g 23,823,588 %,84,2,5,8,0,2,&£,;8,2|8,&2/ %G £ 8,2 ,%,8,&§,8, & £,
95794 0-12 Ap 15 » 50 3 1 1
B 1220 v 2 10 55 2 3 a
C M- bl 2 9 1 o
n 48-73 B2 L] s 1 5
L} 75-97 |13} 4 90 1 5
F 97-131 | Brg 7 3 5
G 151-153 | Bwg 9 s
" 153-105 | Cp 23 T
1 165-181 | Cgz (] tr
Tetal Elesent Anslysis
[Samplefor. T fe M T1i Ca 14 ¥ 51 AT 1173 Na r NI [£7) ) i) 51 4 g Ta Tie. |
No. m (ppa} loss
£3 | TV [ 1 = ! ! | ! ! ! ! ' | ! )
TN | N a.18 0.11 0.5 049 0.53 0,02 3.0 10.6 0.26 0.59| 34 <3.0 L° L1 1 63 11.2 480 120.0
LN 4.48 0.05 0.45% 0.24 0.37 0,02 22.3 15.8 0.24 0.3 | 32 4.0 4z 7”7 7 50 7.6 580 |15.¢
Clstl] 4.95 <p,02 0.49 0,10 0.1 «0.02 15.6 17.) 0. 0,30 29 L 3 0 12,7 ) 2.8 889 |15.7
Dot | 5.9 <0.02 0,49 0.04 0.7 <D.0Z 9.1 18.2 <0, 20 <0.20| 28 6.7 &1 08 3.7 6.4 i.6 981 | 18,7
E| B3| 4.8 <0.u2 u.47 0,02 0.06 .02 18.2 5.4 <0.20 B.30] % “.0 £ ] LL) 2.3 8.8 3.8 1068 | 15.2
F|htg| 4.62 <0,02 0.47 0,02 0.06 <p.02 19.9 18,0 2.1 “«0.20] 25 18.7 “ 54 5.9 7.1 1.1 931 | .2
Q) Bwg| 5.8 <0.02 0.41 <0.02 o1 <0,03 0.5 .32 «0,20 0.0 2 18,2 1. (1} 14,5 3.0 1.8 922 | 159
nlCgi| 348 <0,02 0.3 <0.02 0.35 <0.02 1.4 17.4 <0.20 <0.20) 19.7 15.8 0.5 4 40 6.3 7.0 807 | 18,5
ijcgz| 3.1 <0.02 0.35 0,03 0.5 <0.03 2.5 .. <0, 0 <. N 18.6 12,7 <4.0 » 7 2.0 11.2 778 | 12.8
Oapts  TAMM TAGTATRA Ay KOTOTUNA
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s Vv sate
e cu an
o0&
oM ety
- iy -
theractw
-
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| 1
w
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el
0r
i
“.;.-
:a“y ’ X
" .
AMPHIBIL Lol | S
T T
wTapape 0 | | ™
/- . \ u’n!uu-f:: | -
LY
v \ *emapan o I Fro, & Rebative V /Mo rasios of titanomagnesies {from XIF snalysis) and sheir disritution
A 2T i ek with depth st e reforerion sitms. Mavima rebaie 102 sgnifcant ssdestic character, misima o4
/" \f . \\ wgriicant rinelitic charscter. Kk, Kawwkawa Tephre: Re, Roteettn Al Hm, Hamilion A,
/
A ' \
AR LN s \
AT \‘\
/ = 7/ \ Map (@boveleft) showing locations of four tephisil
/ b o sequences and the relative andesitic vs rhyolitic
» B < \
/ Jan® g \ character of samples for each based on (left)
LY ARE N ferromagnesian mineral a&sablages and (above) V/Mn
/ iy ratios of titanomagnetites (from Lay1986). All sites
i S e e X contain both rhyolitic and andesitic coonents but the
NYPERSTHENE AGTE

o T Termary diagram sbvowing relstive stwndanoes of smphitole dcaleic and bialte
hocndlende. ¢ v ) dugits (CRmopy L and hypersthene [orfhapyroacas) in D
eavy minern) ssemblages of the 2 -4 (25063 jun) dze fractioss (wmmed to 008 in the
sarrples from e foer reforence sites. The disgtam illuerates thas the Kabepuks uie (wath
highest propotions of megto) has & grestor component of andesitic tephiras than the other sites,
pearscalarty (n e post Kawakaws Tephry deposss (soparated by the dashed hine) (of. Fig. K1
KX, Kanakawa Teplire, Re, Rosoeho Ash

proportion of subordinate andesitic material increases
towards the southweg¢Kakepuku) Analyses of tephras

in lake cores, especially glass compositions, provided
another measure of the contributions rbyolitic vs
andesitic fallout over the regideee p. 5Y.
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Main landscape units and geological materials, Hamilton Basin

nuera
Sands/gravelly sands [:::.wul
Younger taphras (< 60 ka)
Osder tephra (Hamiton Ash)

Key
§ ] =1 Pumiceous asuvium | A. Low hills . B. Alluvial plain ]
; ! Peq: (AC:‘; ::)’ C. Low terraces
Eg R ot

(c.80- 350 ka}
B Pyroclastic deposits and sfuvium
0.35to >t Ma)

SA.ONO M

Soil-landscape model, Hamilton Basin
A. Low hills B. Alluvial plain

I
|§

ZxDZOZAD a;g

—
-

-------

SASDIN aduvium

(Upper) Main landscape units and geological materials in the Hamilton Basin and (lower)
associated soil seriesgnstructedy D.J. Lowe after McCraw, 1967; Bruce, 1979; Singleton,
1991). Hamilton soils are similar to Naike soils (not depicted on map). &pemal geology

was described by Kear and Schofield (1978) and Edbrooke (2@8@&eomorphologywas
described by Selby and Lowe (1992).
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StoP 3- HOROTIU SANDY LOAM , HOROTIU MOTTL ED SILT

LOAM , MARKEVIN LANE (PENCARROW RD)
LocationS15179679 elevation~50 m as|, rainfall ~L200mm pa

Two soils for the price of one!

Landscape positions for Horotiu mottled silt loam (left) and Horotiu sandy loam (right) in Markevin
Laneoff Pencarrow Road. The road cdmwnthrough a terracen volcanogenialluvial sediments of

the Hinuera Formation near the Waikato Riverthin mantle (-50-70 cm) of tephras (overlying the
Hinuera Formation) forms the uppermost litholdgpwe, 1988) Rate of tephra accumulation since c.
18 cal ka is ~4 mm per centurgee soillandscape model previous page. Detaitetiscape position
model is given belowPhotos David Lowe Nearbyon lower terracandelsewherealong the Waikato
River in the HamiltorBasin are Maormodified soils (Tamahere series) developed for growing sweet
potato (kumara) brought from eastern Polynesia but ultimately defreen South America (see
review by Gumbley et al., 20D4

H2 Horotle shatlow allt loam
H Horotiu siit loem
#Hm Horotiu mottiod silt loam
BR Bruntwood silt leam
BRa Brumtwood sllt loam, pale subsoll variant
TK To Kowhal solis

Soil-landscape model showing relationship betwasoils of the Horotiu seriesspecially H
and Hm and Bruntwood and Te Kowhai seri@om Singleton, 199)

Classification: Horotiu sandy loam

NZSC: Typic Orthic Allophanic Soils; tephricmixed rhyolitic and andesitidpamy/sandy
[silty/sandy at PonClub site]; moderate/rapid
Soil Taxonomy. Medial/sandyskeletal, thermic Vitric Hapludands

Classification: Horotiu mottled silt loam

NZSC: Mottled Impeded Allophanic Soils; tepb, mixed rhyolitic and andesitic; siltyine
sandy; moderate/slow

Soil Taxonomy: Medial/fine-silty, thermic Aquic Plaudands
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Multiple tephras
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Provisonal stratigraphy and horizonation(tfp) Horotiu mottled silt loam (uncertd)npand (bottom)
Horotiu sandy loam
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Te Kowhai Bruntwood
(Poorty drained) (Mod. well drained)
Alloph. Si soln,
Or 60 A7
_10p 24
§ 54
£ 5ot 72
8" by
166
90 256
xS
cim
|
| SWALE | LEVEE
A horizon material Ocherous colour
[ Ocherous motties (chroma >2) [ Pale colour (chroma €2)

Alloph. = Allophane as % of clay fraction  SI soln. = Soll solution Si (g m™)

Horotiu- Bruntwoood Te Kowhai soil drinage leaching sequenceand associatethineralogical and
soil-solutionanalyses aRuakura (after Singleton et al., 198®%eproduced fronbowe and Percival

1993. The soilsolution studies confirmed tlgeeneral leaching model proposed by Parfitt et al. (1983,
1984) ad Lowe(1986). The threshold value about 10to 15ppm of silicon in soil solution matched
closely thermodynamic stability diagrams because below ~10 ppm, allophane is more stable than
halloysite wheras above ~10 ppm the reverse is true and $itdl@dymore stable (Lowe, 1985

Table 4.6 Values for pyrophosphate and acid oxalate extractable Fe, Al and Si, soil solution
Si, allophane and halloysite content, Ruakura site (from Singleton et al. 1989)

A, allophane; H, halloysite

Depth  Hori- Fepy Alyy Feex  Alox  Slex Soll  Atomic A H
(cm) zon o) %) % % ™) soln I  ratio® (X of clay)
gm3)
Horotiu silt loam, well drained (Sample No. SB5944)
-6 Awl 0:20 056 0-80 3.1 1.1 62 24 &0 i5
617 Aw2 0-18 0.53 0.79 3.3 1-3 8.5 2-2 65 30
17-31 B/A 0-08 0-34 0-833 3.7 1-6 8-3 2.2 80 15
31-55 Bwl 0-02 0.19 0.79 3.3 1:6 5.2 20 80 13
55-73 Bw2 0.02 0-18 0.-76 3.7 1.9 6-0 1-9 80 15
73-91 Bw3 0-00 012 0.77 3.4 1:6 5-8 241 80 15
91-107 2C o-01 012 0-46 2.3 0-97 4-9 2-3 75 20
Bruntwood it loam, moderately well drained (S8$952)

0-7 Awl 0:24 069 11 4. 1.7 47 20 60 25
7-24 Aw2 0-25 0.76 1.1 4.2 1:6 7:6 2.2 50 25
24-38 Bw 002 0:27 1.0 4.5 2.5 5-4 1.6 55 20
38-57 Bgl 001 0-16 0.67 3.9 1:6 7:2 2.4 45 5
$7-67 Bg2 0:01 0:10 0-66 1.6 0.98 9.4 1-6 40 35
67-79 Bg3 0:02 003 0-24 0-23 0-09 16-6 2-3 3-5 60
79-105 2Cr 0.01 002 0-10 0:10 0-02 25-6 - 0 75
Te Kowhai silt loam, poorly drained (SB5945)

0-9 Aw 0-20 0-06 0-33 033 0:05 13.0 —_ 0 35
9-22 A/B 0-11 0.06 0-34 0-35 0-05 13-7 — 0 35
22-32 B/A 009 004 0-44 044 0.06 11.7 — 0 40
32-39 Brl 008 0.02 0-28 0:28 0.05 173 - 0 40
39-57 Br2 0-08 0.02 0-32 0-11 0.06 18:8 - 0 40
57-70 28r1  0-09 O0-04 0-30 0-13 0.-08 18-0 - 0 45
70-80 2Br2 c:06 ©0.07 0-11 0:19 0-07 19-2 — 0 40
§0-93 3Cr 0:01 0.05 0-03 0:11 0.04 28.2 — o 55

A (Algg=Alpy)/Stox
¥ insufficient allophane present.
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Horotiu ~ 6 ppm [Si]
= allophane more stabl{

GIBBSITE
~15 ppm [Si]

log A**+3pH

Te Kowhai ~ 23 ppm [Si]
= halloysite more stable

amorphous
6 F sidica
, i
[ :\
5 | : g L8
-6 5 ~4 3
Low Si activity log H.SiO% High Siactivity

Stability of kaolinite(Al: Si = 1:1), halloysite(Al: Si = 1:1), and imogolite(Al: Si = 2:1)
compared with that of gibbsite (from Lowe and Percival, 1993, Biecival, 198% An Al-
rich allophane line is likely to pallel the imogolite line antb be in a similar position.e.,
havesimilar stability (Lowe and Percival, 19933enerally, stability increases downwards in
the figure (solubility decreases)

Clay skins in an Andisol

Note that Bakker et al. (1996) reported mitaminated, anisotropic, clay coatings bridging
rounded grains of fluvial origin in BCt and 2bBCt horizons of the Horotiu soil at Pony Club
pit (Gordonton Rd) in HamiltanThe undisturbed character of the dekcabatings indicate

that illuviation took place after deposition of the sediment. Such illuviatidmbégpreviously
been reported in soils of the Horotiu series, nor, posssibly, in Andisols (?).
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HOROTIU SILT LOAM

30 m south alde of southeastern curner of old quarTy,
o crust of leves, 10 » wost xf'm ?:” 0

Rainfall {sa): 1270

Yogetation: Isproved pasture species - rye grass, white clover

Dalrying, stud stock (include race horses),

dark brows (10YR 3/8) silt lcam; friable; moderstely
developed modius and ﬂ,’ nut structure breaking to

fFine roots; distinct smeoth

dark yellowish brown (10YR 4/6) greasy silt lows;
wery friable; very weukly developed coarse block

breaking to medium fine crusd structure;
msy fine roots; few prominent coarse husus 1imed

crumd sty 3

worm channels; distinct wavy boundary,
yellowish browm (10YR 5/6) gressy silt lomm;

slightly fire; moderstely developed fine hlock
structure breaking to moderately developed fine
crub structure; some fine roots; diffuse wsvy boundary

yeliowish brown (10YR 5/8)
slightly fire, weakly devel
structure breakiag to med
crush structure; few fine roots; diffus,

greasy gritty silt loam;
oped ooarse block

many

land use:
.
Horizon Depth
(en)
Ap 0-18
Ewl 18-34
strusture
i M-43
BC a3-71
boundary,
Cs 72-75

T T5-100 rounded gravels and coarse sand (Himuers Pormstion).

1y

to single grain; distinct smooth

dark reddish brown (SYR 3/4) asd strong brown
(7.5Y 5/8) gravelly sand; hard; massive bresking

© sasoth

PROFILE DESCRIPTION

Plst to gently Grid relt 56/ 796326
SlopeSMuloting |oiforn: Low angle fan
Praiaage class; Well draised

Parest saterial: Rewashed prodominantly rhyolite sands
and is. (Hinvers Forsation).
Possibly some alrfall tephrs on surface,

Description of Horotiu soil at former Hallun EastPony Club pit, Gordonton R{S14
119820) from Parfitt et al. (1981(see also Bakker et al., 1996)

cmursray HOROTIU SILT LOAN
Sample’ A Py e n‘.ia iy Ecmpdh‘uucu; (ioq?ﬁ[lm 3 = E;t,r MN};‘G’;“) ECECT!';C! é::g I?lfc:_,l :n:: umnt;u: (4}
¥o. c T. a L] a Acidie, tions o 4sa3
.50 D('él e e 5 {xe1) | ceess Jipit 5.3 paRs QA7) | (pia.z) | ef R | Cations |
N‘“ 0-18 [Ap |e.8|a.3(-0.5110.2| 2.9 | 0.290 | 0.4 | 0,16 .07 510 4.9 “y a1 5400 15 ?
b | 1834 [awt [5.7]5.8]-0.4]10.2] 5.¢ [ p.2¢ | 055 | 012 0,08 | 30.5 365 || 170 | ¢o.s N 0
€ | 3423 |ma2 6,45, 7)-0.7|10.0] 5.1 | 0.33 | 0,28 | 0,27 0.02 | 26.8 5.0 feof 137 | sus o i)
b | 4355 [sct [o.8]s.70-0.0) 90.0] €8 | 079 | 052 | 0,48 b0z | 158 1.6 fes| 0 [ 304 64 EH
E | s5-72 [nc2 [roofs.af-nief Bv| 5y [ 068 | 036 | 0w 0.0z | 5.6 S0 s e | 107 2 @
¥ {;}:;"’m g} 6.05.1f-1.5) 7.9] 1.2 | 0.22 [ 0.17 | 038 noo | 33 s (el 4o 5.1 o7 i
T Total | Total ¥ 13 Ton, wit. i : Ty . Tesurver ¥ O
‘79.. Hor. .::. ol'l. H,50, [:‘If .)011 MQHQW R) ¢ -l\Ju 'ﬁ” (u:q./'oo ) rm._':‘m—
Y (ca) W | W |wsw o) Fe [AL | re | M| st | Fe | AL | Ke | Mg (ppa)
%
il I Ap 02 o | st | oes 7 8 143 | 208 | 0,96 | 3.4 | 105 | 0.3+ | om0 | 1 124
8 w-3¢ (e | 33 ot | 15 |20 9 90 20 | 20| 1s¢ a5 [0k 024 o.en [0 | 13 £22
c M-ts w2 | s lon s |1 I+ o Lo | 076 | 1o | 52 | 160 | 003 | 0.29 08
D 4355 fmc1 | 0.6 |o.o0 5 |10 ? " 135 [ 044 | 060 | 1.2 | o.az | 0.05 | 0.1 o
t 55-72 (w2 | 0.3 o2 ‘ b 0 £ a3 | 0.5 | 0.2 [ 0,21 | 0.13 | 0,08 | 0.06 1
R 18 ;';} 01 foet [ 1 |23 b 6 | o.5¢ | 008 | 013 | 0,08 | ees | 0.00 0.0z 0
PHYSICS i
15 bar water Fleld Cap. |Wilting Pt, l
Hor. Hor, | Field | Air Core Dry bulk Total Large (at 0.2 (at 15 Availabl
Depth moist | Dry Depth | density |porosity| pores bar) bar) vater
(cm) %) (%) (em) (T/m | (%) (%) (3 v/v) (% v/v) (% v/v)
0-18 Ap 25.6 | 22.3 2-9 0.80
18-34 Bwl 43.9 | 20.5 20-27 0.62
34-43 Bw2 37.5 | 18.3 35-42 0.72
43-55 BC1 23.4 | 14.8
18-56 0.96
55-72 BC2 13,5 10,5
75-100 2C 3.7 3.3
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PARTICLE SIZE DISTRIBUTION (<2 mm) Horotiu Silt Loam

Sample Sand ~Silt Clay Fine clay
No. Depth Hor. | 2-0.1 mm [0.1-0,05 mm|0,05-0,002 mm|<0.002 mm|<0.0002 mm| Fine clay | Stones
SH (em) (%) (%) (%) (%) %) Total clay] (%)
9433A 0-18 Ap 12 12 56 20
B 18-34 Bwl 8 12 67 13
C 34-43 Bw2 9 14 63 14
D 43-55 BC1 11 17 50 22
E 35-72 BC2 30 15 35 20
F 75-100 r{® B3 S 7 5

SB 9434 Horotiu Silt Loam
) e s

/0

A _

e Wl |

P | Al
<t o

2

N
N

£

Parcorduge Fintr $1an Sisa Ghunsn
k:
|

Mineralopy ”ORDT“J
g Clay Fraction (V) 2
v o E -~ - :
o = % s & = e »
8 325Ek;s 2338 31y .y
Sanple Depth | Hor, ;'5 > E ] E E .:L:. E 2 E ?.; -§' ?; 5 g
No. | (em) iadl s B3 8 333833 834
55 EaE2 @8 2 =8 % %,2,8,8,5,2,8,& 2
8434A 0-18 12 18 2 2 50 16
) 18-34 g 18 1 2 62 8
c 33-45 8 21 rtr 6 55 9
o0 43-55 8 42 tr ¢ 20 6
E 55-72 67 tr 5 8 20
F 75-100 72 tr 8 20

Summmary of possible nutrient deficiencies under pastoral farming (from W.M.H. Saunders
in Singleton, 199)

Soil Possible nutrient deficiencies Stocking rates (stock units/ha)
name Pasture Stock Present’ Potential(?)
Horotiu NPKS Mg Co Se 30 32
Bruntwood N PKSMg Se 30 32
Te Kowhai NPKSMg Se 30 32
Te Rapa NPKSMgCuMo? SeCu 28 30
Motumaoho N PKSMgCuMo? SeCu 28 30
Kaipaki NPKSMgCuMo? SeCu 28 30
Hamilton NPKS Mg - 30 32

! These are stocking rates which are current on Ruakura Agricultural Centre. The averages
on commercial farms are about 80% of these. There are, however, commercial farms with

equally high stocking rates.



Classification ofoils according to their actual or potential
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value for food production (from Singleton, 9

Class 1:
1A

1B

IClass 2:

IClass 3:

Solls of high actual or potential value for food production,
Soils of high actual velue for food production.

Horotiu soils

Bruntwood silt loam

Hamilton clay loam

Hamilton clay loam, easy rolling phase
Hamilton clay loam, brown subsoll variant
Te Rapa humidc silt Joarn and peaty siit loam
Te Rapa brown and shallow brown variants
Silverdale silt loam and clay Joam,

Soils of kigh potential value for food production,

Bruntwood siit loam, pale subsoil variant

Te Kowhal solls

Te Rapa pale subsoil varfant

Moturnaoho silty peat drained phase
Motutmacho shallow silty peat, drained phase
Rotokauri clay loam.

Soils of moderate actual or potential value for food production.

Hamilton clay loam, strongly rolling phase
Hamilton clay loam, brown subsoll variant, strongly rolling phase
Horsham clay loam

Kaipaki peat,
Soils of low actual or potential value for food production.
Not represented in this survey.

Landuse suitability classifications o
Waikato soils for various uses are given |
Singleton (1990); one example is shoamn
leftt. The Horotiu soi
versatile sils able to successfully grov
most horticultural (and other) crop
provided they are climatically suited to tF
Waikato region (the main limiting facto
can be water availabilityand irrigation is
desirable and essential for some perman
crops). Horotii soils are especially gooi
for the production of asparagus (whic
requires a free root run and good drainag
and stone and pip fruit, cereals, vegetab
and berry fruit (S.J. Franklin in Singletor
1991).

Under old legislation, these soils wel
geneally not able to be urbanised but mo
recently under the Resource Managem:
Act (1991) prescriptive land use is ne
allowed and urbanisation with lifestyl
blocks has become an issue.

This picture shows the landsurface at Markevin Lane on which Horotiu series occur on higher levees
(at right - note hedge line elevatisn The slidit changes in elevation arose from differing
depositional environments of the highergy, braided ancestral Waikato River system that was active
from c. 20 18 calka. The landsurface has subsequently been mantled with thin distal tepbeathe

river became entrenched after c. 18 calfRkota David Lowe.
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STOP 4Denitrification wall : Swayne Rd, Hautapu
LocationS15276683, elevation ~6f as|, rainfall 1180 mm pa

Soils nearthe site have been mapped as Bruntwood *solsireka soils occur inhe floor of the
adjacent paleochannel (McLeod, 1984)

Bruntwood: NZSC: Typic Gley Allophanic Soils; Tephrianixed rhyolitic and andesiticsilty;
moderate/slow
Soil Taxonomy. Typic Endoaquarsfor Aquic Hapludansd|

Eureka NZSC: Typic Orthic Gley Soils

Soil Taxonomy: Typic Endoaquepts?
This papehas beemeproduced with th&ind permission of Elsevier.

Wur Bes. Vil 33 Noo 34, pp M7 MTT. 2000
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FIVE YEARS OF NITRATE REMOVAL, DENITRIFICATION
AND CARBON DYNAMICS IN A DENITRIFICATION WALL

LOUIS A SCHIPPER® and MAJA VOIVODIC-VUKOVIC
Landcare Resoarch NZ Lad., Provate Bag 27, Mamition, New Zealand

( First rovered 24 Jody UKL acoepied i revised foren 22 Sawoary 30} )

Abstract - Donitrification walls are a useful approach for romoving sitrade from shallow groundwater, bat
hatle s keown about the sustainahlity of mitrate semoval, which i dependent on the comtinued supply of
orgamy cathon 10 dentnlying becterss. To address This queshion. we monstored witrale roonoval
demtrification and carbon dynamios m 2 pulotacale denstrificanon wall for Syr The wall continmously
romoved mvore than 5% of the incoming nitrate in groundwaler, which tanped from Sto 1SmpNL ' We
dad mon detect docrosses i total carbom duniag the Syr study. Available carbon declined for the first 200
days aftes the wall was constracied but has sioce remsined relatisely constant. While mocrotsal hsomuses
Tsan vaniod Setween 350 and S50 g C g ' there was o downmard trond. sugpeding that cacbon avadlabilay
was ot hiouting the wize of the mugroboal populastion. Howeser, there was & large docsewse in dennndying
population. s mdhcated by dechines in deminfymg etoryme activity. Despic Ui decrasse. denst Bostion
rales have rermaned igh enoagh 10 remove nitrate froen groundwater and denarificaton was himited by
sitrate rather than by carbon. Owr data demonstrabes that there was suflicent availabde carbon in this
demitrification wall to suppoct denrirification and mitrate removal for 3t least Syr. 40 2000 Elwevaer Science
Lad, AY nghs reserved

Ao worde—dentrficanon, groundwater, wirate, carbon

INTRODUCTION The sustasmabniity of denstnficaton walls arc

poarly known. Continued functionmg of these walk

Extom nitrogen mputs mio water bodies are of
» dependent on a continuous sapply of degradablc

voncern becatse they can lead to undesired cutro-

*An alternativemight beSilverdale clay loam, pale éubsoil variant (see Singlet®81), but this possibility

phication (Viousek of ol 19971 Much of the excess
nitrogen  onginaies from  nitrate  lesching  from
mtensve land wses 10 groundwater, which then enters
surface waters. There o a consoguent need o deoufy
land mansgement practions that decrease nitrogens
mputs from groundwatcer 10 surface waters. One such
approach s the construchion of demitnfication walls
{Robertsom and Cherry, 1995, 1997, Schipper and
Vojvodic-Vakovic, 1995 2000)

Denurfication walle are constructed by muxang »
carbon source, sach as sawdust, into the soll below
the water table as a permeable wall perpendicalar o
the groundwater fow. The added carbon source
stmulates ntrate reduchion o mirogen gases by
denitrification. Fackd studios have demoastrated tha
denitnfication walls remove nitrate from ground
water (Robertson and Cherry, 1995, Schipper and
Vojvodit-Vukove, 19951 We confirmed that dem
trification was a major moechaniam for observed rates
of mitrate low (Schipper and Vopvode-Vekowd,
2000

*Author 1o whom all corvespondence should be sddromed
Ted = 640040 0, « 4.7 RAME, cmmics
whappetd o+ landoare on ne

fax

carbon 1o desitrifving bacicnia as 40 CucTgy soune
Estimates of sustainability hased on the stoxchio
metne consumption of carbon by nitrate  have
stiggestiod that the carbon source might last for more
than 15yr (Robertson and Cherry, 1995). Recently,
Robertson of @l (2000) demonsirated that denitrifi-
cation walls could remove mitrate for af keast 6yr. In
this previous study, the focus was on measuning
nitrate removal from groundwater. Long term .
formation on carbon avallabiity and denitrification
rates has not boen publivhed and may indicate when a
denttnfication wall is ncaning the cod of ity opera-
tonal hife

Here, Syr of monitoring of a denitrification wall
incorpotating some of the authot’s carber data
are reported (Schipper and Vopvodit-Vakovid, 1998,
00y, Nitrate removal from  groundwater  and
changes m mucrobial blomass, the demindying
population and the amounts of total and availablc
carbon were meansured durmg the monitonng penod

MATENIALS AND METHODS

Site drscrptive s Oommvirm tiose

The study wis conducted at the Bardowse farm (37 578
ITSITEL Cambosdge. North Idand, New Zesland, The

T

needs to be checked
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farm was spray-imgated with efffuent from the nearby
Hautapu Dairy Factory. The average nitrogen loading in
1999 was 700kg N ha 'yr ' (G. Wiseman pers. comm.).
Nitrate concentrations were up 0 Omg NL ' in some
groundwater bores. The denitrification wall was constructed
in January 1996 by digging a trench (35m long. 1.5m decp,
and 1S m wide) that intercepted shallow ground water. This
shallow groundwater had lower nitrate concentrations
(S-15mg NL ') than other parts of the farm. The soil
excavated from the trench was mived with 40 m” of sawdust
(Pinws rudiara) then retumed to the trench. A network of
groundwater wells (sotted polyviny) chlonde ppe. 60 mm
diameter) was imtalled in three transects parallel 1o the
wall: 10 directly upsiope, 10 in the wall, und 10 downslope
of the wall. The groundwaler in these wells were periodically
sampled and analysed for nilrate concentration using »
standard colonmetne technique (Blakemore ef of., 1987).

Sail sampling omd anelysiv

Periodically soil samples were taken from below the water
table m the wall using o dutch auger. Samples were placed in
plastic bags and returned to the laboratory where they were
stored ot 4 C untd) analysis within 2 weeks. Gravimetnic soil
waler content was determined following overmght dryung at
105°C. Total C in samples was periodically measured uxing
a combustion furnace (LECO ONS-2000, NSW, Austrulia).

Denitrifying enzyme activity (DEA) was measured using
4 modified method of Tiedpe o7 &/, (1989). This method is &
surrogate measure of the size of the population of
denitrifying bactenia. Soil (10g fresh weight) was weighed
into airtight bottes (100mL) and amended with a 20-mlL
solution containing glucose (0.2gL "), potassium nitrate
©1gl "), and chloramphenicol (©.12gL "), The head-
space was flushed with nitrogen gas, and 10ml. acetylene
was added to mhibat reduction of NO to N;. Bottles were
incubated with shaking (200rpm) at 28°C. After 15 and
TS min, headspace samples were removed and analysed for
NyO using a gas chromatograph (Phadips PU4410, Cam-
bridge, UK) equipped with an electron capture detector.
Operating conditions were: an oven temperature of 60 C,
impector temperature of 160 C, and detector lemperature of
s0C Thccnnicr’mm 10%% methane in argon ot a flow
rate of 0mb min " through a 4m column of Poropak Q.

Actual desstnfication rates in the will were determined as
previously described by Schipper and Vojvodic-Vukovic,
(2000). Sotl samples (10g fresh weight) were spiked with
nitrate and statically mncubated in airtight bottles (100ml.)
at the temperature measured in the wall. Sufficient nitrate
(s a solution of KNO;) was added to cach sample to mutch
the average mtrale concentrabion in the upslope wells for
cach sampling date. The headspace was replaced with N
g and then acetylene (10mL) was added. Bottles were
mcubated for 15min to allow equilibrium between head-
space and dissolved gases. then headspace samples were
taken after a further duration of 1, S, and 7h. Gas samples
were analysed for NyO as described above. We calculated
two rates of denitrification. The amount of NO formed
dunng the fint hour was termed the mitial denitrification
rate, and the amount of NyO formed betwoen S and 7h was
termed the potential denitrification rate. Denitrification
rates were cakulated on a volumetne basis using a bulk
demsity of 087tm " (Schipper and Vojvodié-Vukovié,
2000) after adjusting for water content.

To determine avatdable carbon, soil (10g fresh weight)
wis weighed into botthes (610 mL) and statically incubated
a1 25°C for 7 days when a headspace sample was taken and
analysed for CO; usang un infrarcd gas unalyser (Series 225,
Analytical Development Lid Corporation,  Hoddesdon,
England). Microbial blomass carbon was determined by
chlorolorm-fumigation of soil (25g fresh weight) followed
by extraction with 100ml of 0.5M K.SO, (Vance et of.,
1987). Total orgamic carbon (TOC) in the K.SO, extracts
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were determined using a total organic carbon unalyser
(Model TOC-5000, Shimadzu  Corporation).  Non-fumi-
gated controls were smilarly extracted and analysed for
TOC. A kye factor of 041 was used 10 convert the TOC
Mush 1o microbial biomass.

RESULTS AND DISCUSSION

In terms of sustainability this denitrification wall
has removed nitrate from groundwater for almost
Syr (Fig. 1). To date, nitrate concentrations have
only been elkevated downslope of the wall when the
water table dropped below the wall. At this time the
nitrate in groundwater passed bencath the active
denitrification zone. These results concur with the
findings of Robertson and Cherry (1997) and
Robertson er al. (2000) who measured nitrate
removal in denitnfication walls for at least 6yr.
Furthermore, by the end of this study, there was no
decreases observed in the performance of the wall,

Continoed mitrate removal by denitrification is
dependent on a continued supply of degradable
organic matter as an cncrgy source. Denitrifying
bucteria are not known to degrade complex poly-
menc carbon found in substrates such as sawdust,
imstead they are reliant on a4 consortium of micro-
organisms (o release more simple organic compounds
(Beauchamp er of., 1989), The measure of available
carbon 15 an attempt to quanify the dynamics of
more degradable carbon that may be accessible to
denitrifying bacteria. In this study, available carbon
mitially declined for the first 200 days but has since
stabilised (Fig. 2). This suggests that there is a
continued slow release of carbon from the suwdust to
support the microbial population. Evidence for this
supposition was the maintenance of the microbial
biomass, which has remained constant throughout
the study (Fig. 2).

In contrast to the relatively stable microbial
biomass. the size of the denitrifying population, (as
indicated by the DEA) has been more vanable
throughout the study. DEA was onginally very high

08 et g
0 200 400 600 800 1000 1200 1400 1600
Days since construction
Fig. I Groundwater nitrate concentrations since constuc-

tion in January 1996, (@) upsiope of the denitrification wall,
and (O) in the wall. Error bars are standard ctrors (v « §).
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Sustainability of a demitrification wall

0 200 400 600 B00 1000 1200 1400 1600

0 200 400 600 80O 1000 1200 1400 1600

Total carbon (%, wiw)
1] w

0 zoo 4oo 600 8001!*!)12'0014'001600
Days since construction

Fig 2. Temporal changes in different carbon pools in the

demtrification wall since construction: (a) available carbon,

(b) microbul biomass carbon, and (¢) total carbon. Error
bars are standard errors (n — ¥).

following construction but subsequently decreased
(Fig. 3). The reasons for this large imtial dechine in
DEA are not clear because nitrate inputs and carbon
availability have not greatly changed during the last
three vears, Despite the decline in DEA, and its high
variation, initial  denitrification  rates  were  more
stuble (Fig. 3). During the last 2 years, these initial
denitrification rates have not declined and have
remained high enough 1o account for nitrale loss
previously  measured  from  groundwater  studies
(Schipper and Vopvodic-Vukovi¢, 2000). That deni-
trification rates were still high enough 1o account
for nitrate removal further suggests denitrification
was not limited by carbon availability. In fuct,

3475
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§-§"eo
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9 18
gs,o
§ No data
E- 5 1 collected L/\”\
o
5 v v
160
100
2 _ o
':.':\20
= 0 100
§ w :
2% % '
£ 401 No data
20 | collected
0

DEA
{ngN cm3 i)
. = &8 &

0 200 400 000 BOO 1000 1200 1400 1000
Days since construction

Fig. 1 Temporal dynamics in denitrification in the demi-

trification wall: () initinl denitnfication rates, (b) potential

denitrification rites, and (¢) denitrifying enzyme activity,

note log scule on yeaxiy. error burs are stundard errors
(n = §)

potential  rates  of denitrification  were  alwuys
greater than initial rates (Fig. 3), indicating that
denitrification remiins limited by nitrate concentra-
tion rather than carbon (Schipper and Vojvodic-
Vukovié, 2000).

There were no measurable losses of total carbon in
the demtrification wall. which is similar to studies of
other walls {Benner ef af., 1999: Robertson of al.,
2000) where it was estimated that less than 10% of
1otal carbon had been lost during n six-year period.
Losses of this magnitude would be difficult to
measure accurately because of the problems in
sampling mixtures of soil and suwdust, which are
not likely 1o be completely homogencous. It may be
better to follow availability of carbon and/or
microbual  biomass rather thun total carbon 1o
monitor sustainability of the carbon supply.

Attempting to predict how long this wall will
continue 1o remove nitrate is difficult, because the
total carbon content i apparently only changing
slowly, There have been a number of other studies
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using organic matter (sawdust, compost) in treatment
walls for remediation of nitrate or acid mine waste
drainage (Robertson and Cherry, 1997; Benner et al,,
1999; Robertson e af, 2000), Authors have at-
tempted to predict the longevity of the carbon in their
treatment walls using the stoichiometric equations of
organic matter decomposition using nitrate and/or
sulphate as electron acceptors. It was estimated that
there was sufficient carbon for groundwater cleanup
for more than 15yr. To date, these treatment walls
have continued to remove nitrte for more than 6yr
(Robertson ¢ al, 2000). While these are the best
esumates avalable, stoichiometnic relationships do
not take into account that anserobic degradation of
complex organic matter continues o occur by
fermentation in the absence of extersal electron
acceptors such as nitrate and sulphate. Anaerobic
degradation rates are generally limited by the initial
cleavage of complex polymeric carbon mobecules
rather than by the consumption of simple carbog
compounds dunng anacrobic respiration (Schink,
1999). Consequently, it is bikely that the lifetime
of a denitrification wall may be over-estimated if
carbon loss was calculated using soichiometnc
approaches.

The rate of total carbon degradation will most
likely be strongly mfluenced by the concentrations of
oxygen entenng the wall Unlike other electron
acceptors {such as nitrate or sulphate) oxygen also
plays a role in the degmdauon of organic matter as o
reactant which directly attacks complex organic
matter (Schink, 1999). In other studies (Robertson
and Cherry, 1997, Beaner er al., 1999; Robertson
et al., 2000) water table heights were constant and to
maximise anaerobic conditions the tops of these walls
were sealed above the watertable to minimise oxygen
inputs. Conversely, in this demtrification wall, the
water table fluctuated scasonally so that dunag the
year, parts of the wall were above the water table. As
a result, the sawdust in the wall potentially would
have been exposed to oxygen, promoting some
acrobic decomposition. However, even when the
water table was below the wall, soil samples were
wet and supported denitrification (Schipper and
Vojvodie-Vukovié, 2000) suggesting that anacrobic
conditions still existed to o large degree, Anacrobic
decomposition rittes are generally slower thaa aero-
bic rates (Bridgham et al., 1998) so it is likely that
degradation of orgamic carbon in walls recaving
oxygen woukl have been more rapid than in
permancntly-saturated walls.

CONCLUSIONS

It was found that a denitrification wall can support
nitrate removal from groundwater for ot least Syrin
accordance with fincings by Robertsoa ef al. (2000),
Our measurements showed a large decline m dens-
tnfving enzvme activity during this time: however,

Louis A. Schipper and Maja Vojvodié-Vukovié

denitrification rates were sull sufficient to account for
wmitrate removal. Microbual biomass throughout the
Syr was relatively stable suggesting that there s a
contipuing release of carbon from the decaying
swdust a8 an enorgy supply. This was supported
by measurements of the avadlability of carbon, which
were relatively stable after o large decrease dunng the
first 6 moaths, It was recommended that care to be
taken when estimating longevity of sawdust in
denitrification walls using stoichiometric equations
with nitrate as the sole clectron acceptor. Sawdust
will continne to degrade In anacrobic environments
i the absence of nitrate, in which cise stoichiometric
approaches wonld over estimate the length of time
the sawdust will last. Further work is still required to
determine the longevity of organic matter in treat-
ment walls that are constructed in a range of soil and
gronndwater environments, particularly where oxy-

gen inputs vary.
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Groundwater and the Hinuera Formation: a broad flat basin
containing 50% water and 50% sediment lake or land?

Mike Chapman
Hydraulic Modelling Services, Hamilton

The entire Hamilton Basin can be described as a simple reservoir with groundwatge stora
provided in the sediments of the Tauranga Gri&ghofield, 1972Edbrooke, 2006 Within

this group the volcanogenic Hinuera Formation is by far the most signifmagtoundwater
resources. The Hinuera Formation provides a great abundance of gabenttw municipal

and rural domestic supply, for irrigation and industrial use (such as the Hautapu Dairy
Factory) and for rural stock waterinGroundwater levels occur between 2 m and 6 m below
the ground surface. Groundwater movement is northwesthmmgtthe flow direction of the
modern Waikato River. Most of the tributary streams become entrenched as they approach the
Waikato River whereby a rapid increase in groundwater flow occurs due todteased
piezometric gradienfThe annual recharge is @vlate winter and spring with seasonal water
table fluctuations between 0.5 m to 1 m. The main recharge zones are broad essentially flat
areas of undissected Hinuera Surface with free draining soils. In these areas minimum runoff
and maximum rainfall infiration can be expecte@&roundwater discharge is dominated by
outflow to the numerous incised surface streams and intermittent paleochannels that are often
lined by numerous springs and seepages. The Mangam@Siocated north of Cambridge

is one of he major drainage pathways for grmlwater to the Waikato River (this stream
flows in an abandoned paleochannel immediately adjacent to the denitrification wall at Stop
4). Tritium results show that waters from the shallow uncwedi aquifers of the Hinuar
Surface are of recent origin originating as préaigon within the last Syears.Water is
discharged rapidly from these shallow aquifers with losses most likely to surface streams.

gl ‘ Lithological control
T [ 1] o Deposition of the Hinuera Formation
I s (WP, \ influenced by regular changes in the chan
r l o | Ve \ position as the Waikato River migrated acrc
MR Al o NP the developing lovwangle fan surfaces (e.(
B S g gl McCraw, 1967; Hume et al., 1975; Selby a
NGt~ 4= - | Lowe, 1992). As a ansequence, the Hinuel
Rl B b o e il IV sequence is characterised by a lack
‘ LR A ' lithological continuity. Rapid changes i
A7, 1\ R '4};._":, lithology occur in both vertical and horizont
[T 2 NS P2\ directions. This spatial variability in tur
AN pir oo & W (g influences the behaviour of groundwater a
Sl NS /A 0] causes changem the water table level an
anll (%' k g ) storage capacity over relatively short distarice
GOT SN an [ s\ numerous small zones of higher permeabi
"*.\? CONLI L T rather than single well defined aquifers. F
dod | T ‘Lol | example, wateproducing bores often requir
S 2N L long screens in order to intercept a e of
smaller and narrower aquifers to achieve
[ Nyl required yields. Locating water supply bores i
[ ey tricky exercise in order to ensure interception
; high yielding aquifers.

Contours in feet on the Hinuera Surface in the Hamilton Basin showingran
(from Kear and Schofield, 1978). Slope of fan surface is ~1 m per km
(1 foot = 0.305 m hence 250 ft = 76 m, 100 ft = 31 m, 50 ft = 15 m).
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Occasional large continuous aquifers exist in several ardas example at the Hautapu

Dairy Factory a sees of bores intersecting a weléfinedaquifer supply the factory wit@.5

m/day. These aquifers may represent thick valley deposits or unconsolidated porous deposits
of distal ignimbrites. The most prodiwd aquifers are found in the coarser grained materials
particularly where the sediments are well sorted.

Preciousresource

The groundvater resource within theinueraFormationis essentiafor municipal domestic
supply and, like many groundwater suppledsewhergis becoming increasingly important

for horticultural supply. The prosperous dairying industry in the Waikato threatens the
groundwater resource via direct runoff from dairy herd effluent ponds and via soil leaching
from land sprinkleapplicaton of cowshed wasteThe greatest challenge from a resource
management perspective is to maintain the quality of thelguhereare abundant quantities

of groundwater buthe quality of supplys of critical importarce

Slightly undulating surface of the Hinuera Formatiothe low gravelly ridge (levee) in foregiod drops away
to a flat swale towards the right and background (note effluent sprayers). Despite being mantled with ni
thin tephras since c. 18 cal ka (~0.6 m thick in total, see photo below), the subtlantigeale features
derived from braidediver channels of the ancestral Waikato River are clearly evident t&itsat Hautapu

Cross stratified fluvial gravelly
sands of the c. 18 cal. k
Hinuera Formation (overlain by
~0.6 m of tephra) exposed b
paleochannel occupied by th
Mangaone Stream nee
Hautapu. Sediments compris
mainly guartzofeldspathic
assemblages with rhyolitic rocl
fragments and subordinat
pumice and heavy minerals
Modern soil is Horotiu sandy
loam.

Photos David Lowe
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A REVISED SOIL STRATIGRAPHIC INTERPERETATION OF THN
GEOMORPHOLOGY AND LATE QUATERNARY EROSION HISTORY OF THY

3 iz A SOUTHERN MAMAKT FLATEAT
MOdel of .gl"mbntt Boece Hll, Enveomment Wakaso | Hamslion. Rescehifiwairs govt mz
lllld!CIPe devehpmeul Esrtier ignimbrite hill Philip Tenkin, Liscoin University, Cassertury Tonkinpidi Imcobn ac n

Peter Almond, Lincols Usiversiy, Camterbury Alnondpidnal Sscoln xc nz

for the southern
Mamaku Plateau.

The Mamaby Plateus is locsted on (ke sarbare odgo of e Tmpo Volosic Zose, enn of
Tukoros in the contral North [dand It rises fram 200 mASL siong e wastarn mangs 10 70
mASL = the south et The sothem Mamals Maton comists of five superimposed lase
Ouatervary igwoirites (Lynch-Blose, 1995) with the Mamaku Igmeribeite (220410 ka) and
the Whekamaru Igmanbeite (320420 ku) being the sppormost snd lowermost exposed
Depositon of thick gnimbnte wnits = valleys sod this wnits on meerBrves b ewind i
mversion of refief  Four episodes of sirath conting sad valley wonion o sgrembrte are
recognised fom the seguence of overlying locs sad 1ephes oover bedd  Valley widonng

occurs by processes such us toppleg (Bakder 3997)  The basal locts and'or tephrn on the
erowon wirfices docting (e cetsumon of each epiaade of wrnh cutting and valley ncison are
() pre Netochu Joms, (h) pee Kowalaws bess, (¢) Rotorss Tephra, and (1) Twupo

Ignimbeite  The Sstribution of 1he coverbed sell srstigraphic cnes bive twen magped e
relasion 10 the &fferesm L componerns withus the southere Mamasko Vissess

The fowr eprodes of strmh cutting amd valley Incision can be synlessed ooo five
fopographically recoguisad stapes of hadiorm evoluion  Seage | occuns i the softer upper
il welded middie parts Of the Mumshu [gnevhnte where crosion epsodes (1) and (c) wre
recognised . Stago 2 reprosents valloy Incision trough e welded Poks Lenimbrise w
formng vertical freo-faces, sl assends Mto the undedying fess welded Poks ssd Wahos
[ Frosion apesados (57 sed (4) e rotogoned  Stages 3 asl 4 are charssteriasd by
incizon sd wideniog of valleys mta the Waitou, Warnaharie| s Whakamsu gnimbrites A
thin capping of Mamaku ignisbree and Pokcal ignimbrite ocours on the (nterfuver betwees the
vallos.  Stsges ¥ and 4 are distmgushed by plamir and convex saerfloves rowpectrvly
Erowon epuodes (1), (b1 (¢} and () sre ncognaed  In Smage 3 the removal of the capping
Pokas |gmohrne bas sesdted in 2 concave-ceavex Mlly topography i the wdeclymg Wabou

ol Wansharwi gnimbettes  Eroson episodes (k) (0), €¢) und (§) wo wcogmsed The
Erosion te form a hill eromon Mstory of the Mumulu Matesu prior to the depositon of the pre Kotsalre loess can mot
and valley laadscape be Inderrad
(valley inversion).
This study provided a stratification of the soil landscage 5 be wed fixr the effecre spplicatns
of site specafic forest masagement practices in the 38 000 ha of Kisleith Forest on the sauthern
Mamaky Patesa The coverbed stratigraphy tagethey with its sod steatigraphic snsrpretation
Refilling of V‘I.kyl s ol landfem relationthips hive boen sed 10 map nne bad systems
with ignimbrite,
eg. Taupe ignimbrite. Refrrences
Bakker, L, 1957 Towseds » modef of salley-vide developmens on igrimbrite torraim. Mamoks
Plassay, New Zeshand Uspublished P D Thesi, Universaty of Waikato, Hamibon
Lonh Bne B8 1998 Ipssantelis Sumigraphn of the Soudienn Maibe Macoos e, Noro Slnd New

Tambownel Ungndviodant M 3 Themaa, Umssataty of Wakats Manfiae

General model for ladscape development of southern Mamaku Plateau involving
emplacement and erosion of ignimbritesd tephrochronolgy for age contro(from Hill et
al., 1999).

Hill, R.B., Tonkin, P.J., Almond, P.J. 1999. A revised soil stratigraphic interpretation gétheorphology and
late Quaternary erosion history of the southern Mamaku Plat&bstracts Annual Conference
Geological Society of New Zealand Miscellaneous PublicationA, 64.
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STOP 5- TIRAU SILT LOAM , GOODWIN FARM, TAPAPA RD
LocationT15 635524 devation260 m asl, rainfall ~600 mm pa

Depth MOI
(m) Stage
0 T="<3F=Taupo Lapilli (c. 233 AD)) 1
Post-Rotorua tephra < 15.8 cal ka
.................................................. ~11.7 cal ka
Rotorua Tephra 15.8 cal ka
o ‘Bla i
1 Yellow brown loess ~18 cal ka
Okareka Tephra 22.5 cal ka
Lib Grey loess ~23 cal ka 2
2 1 Te Rere Tephra 25.0 cal ka
Kawakawa Tephra 27.1 cal ka
L2 | Grey loess 28 cal ka
V .................................................. ~ 29 cal ka
/ Mangaone subgroup tephras with
A paleosol ~ 30-45 cal ka
3
Rotoehu Ash ~ 55 cal ka 3
4 /A Paleosal..........o00k 59 cal ka
L3 rey loess 69 cal ka
7.7 [ et LU U U ~74 cal ka
b
¢ ) Strong paleosol (5¢ ~115 cal ka) 5
5 . d
Y RN RS R ————— ~130 cal ka
5 6
and/or s ~178 cal ks
L6 Grey loess 178 cal ka
-------------------------------------------------- ~190 cal ka
6 ¥/ / /| Paleosol ~195 cal ka L
L7 | Greyloess ~ ~200calka g Bey
—— Lla| Loess unit
/77 Paichy paleosol ~215 cal ka Tephra fall deposit
7 J=—| Mamaku Ignimbrite 230 ka /] Paleosol
——— ———| Ignimbrite

Stratigraphy and chronology of Tapapa sequeand provisional correlation with marine
oxygen isotope (MOI) stages (based mainly on Kimber et al., 1994; Lowe and Briggs, 1994;
and unpublished agend palaesomagtie data of D.J. Lowe).E. BegétJ.D. Green an@.J.
Pillans see also Froggatt988, and Shane et al., 1994).



(Left) Main part of Tapapa section as it wad-gbruary,1987 (Derek Milne doing the talking)Grey
layernear~2 m depth mark is &wvakawa/Oruanui tephra. It is primary ash but slightly weathered and
hence cohesive. The gritty layer at the bak&awakawa/Oruanui tephiig mostly unit 7 (Wilson,
2001);accretionary lapilli are often most visible on the top contact of that layeN(GMlson pers.
comm., 2008)(Right) Brad Pillans (ANU) samplingt Tapapdo undertake pakomagnetic analysis

(June 198). Photos David Lowe

Mineralogy (%) of clay fractions (<2 um) of Tapapa materials (from Lowe and Percival,

89

1993, after D.N. Edennpublished datal993)

Depth Unit* Vermic. Kaolin Allophane  Feldspar
(m) s'groupt  *imog. (plag.)
0-0.15 Aﬁ 15 25 46 7
0.15-031 A 15 15 47 7
0.31-055 Bwl 15 2 63 5
0.55-0.80 Bw2 15 12 51 3
0.80-0.84 BC 10 40 35 3
0.95-1.27 Loess la 80 7 3
1.27-1.59 Rr 70-90 -5 3
1.59-2.03 Loess 85-90 4.5 0-3
2.03-248 Kk 94.97 I 0-2
2.48-2.61 Loess 90 I 2
2.61-342 Pal 85-90 5 0-2
3.42-397 Re 95 1-3 0-3
397422 Pal 90 3 3
4.22-4.75 Loess 85 3-8 2-3
4.75-5.67 Pal 55-85 6-10 0-2
5.67-6.10 Loess 50-70 8-10 0-2
6.10-6.49 Pal 55-60 10-12
6.49-7.05 Mam. Ig 35-50 1-5 6-12
AMainly halloysite
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Figure 4 Records of climatic fluctuations at three terrestrial sites in North Island that date back to ¢. 500 ka,
based on analyses of tephra-bearing loess deposits, associated palacosols and palynology. The sections
provide different levels of information for various time slices: (a) Rangitatau East section is near Wanganui
(after Palmer and Pillans, 1996); (b) Tapapa section is on western Mamaku Plateau (after Kimber ¢f al., 1994;
Shane ef al, 1994; Lowe and Begét, unpublished data); (c) Airedale Reef section is near New Plymouth,
Taranaki (after Newnham and Alloway, 1999); (d) TL ages (after Palmer and Pillans, 1996); (¢) magnetic
reversals are possibly equivalent to the Blake event (Froggatt, 1988; Lyons, 1996) and the Pringle Falls event
(Shane et al, 1994); () this uncorrelated rhyolitic tephra occupies the same stratigraphic juxtaposition as the
Mamaku Ignimbrite and hence may be a correlative

Correlation of Tapapa section with Rangitatau East section near Wanganui and Airdale Reef
section near New Plymouth (from Newnham et al., 1999)

Tephras in nearby Lake Okoroire

| Taupo

Many thin
tephras intermixed

: — ‘ Whakaipo

Tuhua

Pre-Rotoshy ] |
paleosols on loess ~76,000 yr | Mamaku

: : Azt : Rotoma
R P s e o I T opepe
Sectionon Leslie Rd(~5 km SW of Tapapashowing stratigralpy for <c. 80-ka part ofseque_nce_and
illustrating the composite nature of the Tirau silt loam based on the identificafikelgfcontributing

Holocenetephra layergpresent inc. 20cal kaLake Okoroire (the lakeinsertphotq is about 10 km
NW of Tapapa,~12 km NW of Leslie Rd) (see also Pullar and Birrell, 19PBptos David Lowe
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Initial loess accumulation plus ongoing thin tephra accumulation and soil development (Andisols)

Time
Last Glacial Early Holocene Late Holocene———
PHASE 3
Topdown pedogenesis then upbuilding pedogenesis
* zero loess input
PHASE 2 « thick tephra input then thin tephra-fall inputs

Upbuilding pedogenesis (1- 5 mm/century)

ezeroloessimput .. i
PHASE 1 o thin tephra-fall nputs e
: 1- 5 mm/cent
Upbuilding pedogenesis ( contury)

* maximum loess input
(3 - 8 mm/century)

» thin tephra-fall inputs
(1- 5 mm/century)

Initial geomorphic surface

Model of soil development in the eastern Waikato area via upbuilding pedogarmst(cted by

D.J. Loweafter Lowe, 2000; Lowe et al., 2008)lost parts of the soitolumns have at some time
been6 t e mp & haizoys&Rates oftephra and tephric loess accumulation in the PutaFrapapa

area since c. 27 cal ka average about 7 mm per century (cf. ~1 mm per century for the Kainui soll
since ¢. 60 cal ka, and ~4 mmrgentury for the Horotiu soil since c. 18 cal. ka). Most of the time the
upbuilding is progressive as the rates of addition are sufficiently slow to allow topdown pedogenesis
to continue as the land surface gently rises, but occasionally a thickertdejposi as Taupo
ignimbrite as depicted above in phase 3, effectively seals off the antecedent soil and soil formation
begins anew on the fresh parent materials (i.e. retardant upbuilding). How much the gz ajdte

buried soil horizonghange subsegutly depends on a range of factors includingdépth of burial
andwhetherthe horizons areffectively isolated owwithin range ofvarious so#forming process as
depicted in the diagram belpand diagenesis

S Buried b r 0o w n soi®hoizpns
= Buried O6A® hor i zonntephrastend tb be
P - Pedeosiaion brownish rather than dark or black (and hence dftareAB or
M = Melanization

Bw notatiors) and there is debate as to the reason for this.
suggestion is that in New Zealand they have lardeden
developed under podocabppoadleaved forest untitery recent
times (last c. 700 years) and that such soils, especially Andi
. R . tend have brownish rather than dark A horizons anywlaig (
g ‘ ‘ applies in USA for Andisols under conife®: McDaniel, pers.
, comm. |, 2008) . Al t er nat hovizers
! are buried then they may, depending on depth of burial, bec
v isolated from the organic cycle and hence no longer rec
new organic matter to maintain their darkness via melanisa
g Residual colours after removing organic matter from
Bb horizons by HO, or burning are similar to those of burie
horizons on the tephras (P.J. Tonkpers. comm., 2006)
Finally, in some cases the depositional (burial) event t
0 s c al fo@oilst (&g, during emplacement of the Tau
co J ignimbrite), leaving effetively subsoils to represent th
antecedent (now paleo) land surface. Figure at left is idea
model of buried soils at different depths and how they may
impacted by sui€ial (topdown) processes (froBchaetzl and
Anderson, 2005, p. 622).

D - Decomgposition / weathering
W = 85% wetting fronts
F = Frost activity
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TIRAU SILT LDAM

- Tirsu, o
My 3, 8 fa L (et 1400 1oy
spociss Drai Well
L "Tira onsisting sainiy of Taupo
fing amd fattening sheep and cattle, Foreot saterisli, i e, Moterss Ash, tephric loess,
Savabows Formstion, Rotoehu Ash,
o Mamilton Beds
PROFILE DESCRIPTION S50, B
Horizon Depth
(cm)
Ap D-18 very dark brown (10YR 2/2) gritty silt losms; friable;
moderstely developed medium mut structure broaking to

moderstely developed fine sut and crusd structure;
abundant rvots; few fine Teupo lapilll; distinct
irregular (vorm mixed) boundary,

vl 18-30 dar) yellowish browm (10-7.5YK 4/4) sandy loam; very
frisble; soderately developed medlium crumb structure;
many roots; distinct irregular bousdary,

282 50-51 vollowish brown (10YR 5/6) sxndy leam; friable;
soderately developed medium nut structure bresking to
moderutely developed fine nut and crusb structurs;
many fine and coarse roots; few very thin discontimmous
husus coatings on root channels, few very fine lapilli;
indistinct ssooth boundary,

Jéw3 51.74 6) greasy sandy loas; frlable;
developed cosrse nut structurs brasking
t Tucture; many roots; sany thin
discont inuous stros wn (7.5YR 4/6) coatings (irom)
on peds; distinet » th Lowsdary,
x 74-100 hrown mear {(10YR 5/4) xilt losm; firm; mderstely

developed sedium dlock structure breaking to fine

and medium nut structure; few roots; many fine dark
brown (7.5YR 3/4) stains along root chamnels; few fine

\
Description ofTirau soil atHetheington Rd, near Tirau (T15/546566-18 km from Tapapa)
from Parfitt et al. (1981) (see also Bakker et al., 1996)Tapapa the soivas mappedby
McLeod (1992 as part of the Tirau seriegvhich occur on rolling land grading to higher
terraceqelevatonal range 78100 m)and with a thermic temperature regime. HoweVaaqu
soils havevery similar parent material® soils of the Waiohotu series that ocaimusually
higher elevationon highlevel terraces (plateau surfacgg)evational range 25800 m)
under higher rainfal(Waiohotu 2002400 mm pa, Tirau 1468000 mm pa)and mesic
temperature regime¢see sodlandscape model below)'he Waiohotu soildhave slightly
coarser texture (gritty silt loamsvs silt loams),lower pHs (Waiohotu 4.55.9, Tirau 5.66.4),
greater leachingand until recently have not normally been used for maize production (M.
McLeod pers. comm., 2008). Tapapaishe thermic/mesic boundary (Aldridge, 1982).

Classification: Tirau silt loam

NZSC: Typic Orthic Allophanic Sits; tephric, mixed rhyolitic and andesitic; silty/loamy;
moderate
Soil Taxonomy. Medial, thermic/mesic Typic Hapludands

Saspie|

R sehang > X - ™)
Vo [ Depth |Hor, [M,0/EC1| ApH [NaF | Ca > K A | (= e
0 (es) | | | | G 3 |
9432 | | I ) ) | | 1
A 0-18 Mg 5.6 M.RLO.AP.¢ 1.4 0,90 |1.02 ), 12 .18 5.8 | 43¢ [ 1¢,0] 58 ¢ r
| | : :
n 15-30 (w1l B.2[5.6|-0.6p.¢ 2| 0.80 |D.82 .18 0. 00 ol 30.6
2 bugn e {fi 0% | s R
5.8 ).4 5.8 a I:u (3} 0.2 | 13 | ). 00 3.4 23.4 | ; 5.0 18
0 58-7¢ Dyowd o4 s [0 .}n s 5.3(0.55 |0.3¢ (0.2 [9.00 | 20.3 0.3 \ s,..i 6.4 3
T4-1008 w406 08.4 6.5 | 0,45 0.13 |0, M ). 0% 18.3 18.3 r.4 5. B >0 1
| ‘
\ |
|
| ‘ ‘
| | 1 | \ ‘
- S - - t—— st - . | ' e |
i Saspls ] l Total [ Total ¥ 27100 g) ¥ |bithion. eit.] Tamm oX ible |
No. Depth | Meor c N | w50, | norg, | Org. |Retemtios I T}
=b (e=) | L)) V) |58 T | ve | A Fe Al
S 4 +
743 | = ‘
A 0-18 | Ap ? 0.7 | 129 121 8 43 | 0.9 )
B ] w1 ! ¥ 5
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1 I = L | i 1 1 l 1 |
PHYSICS
15 bar water Field Cap. [Wilting Pt.
Hor. | Hor. | Field | Air Core | Dry bulk | Total | Large (:: ;).2 [;:r ;s Availabl
Depth roist | Dry Depth | density |porosity| pores ar water
cn (%) (%) (cm) (T/n®) [4)] %) (% v/iv) | (% v/v) (v v/v)
0-18 Ap na 23.3 2-9 0.75
18-30 Bwl 33.7 |15.7 20-27 0N
50-51 | 28Bw2 33.6 | 16.5 3.4 0.69
51-74 | 38w} 34.7 | 22,0 58-65 0.79
74-100| 3C 33.9 | 20.4 80-87 0.87
PARTICLE SIZE DISTRIBUTION (<2 mm) TIRAU SILT AM
Semple and t Clay Fine clay A
No. Depth | Hor, |"2-0.1 sm [0.1-0,05 mm|0,05-0,002 mm|<0.002 mm|<0,0002 n_TILn:rgly_ Stones
SB (em) (%) (%) %) %) MW otal clay| (%)
9432A 0-18 Ap 18 17 46 18
B 18-30 Bwl 17 16 56 11
[~ 30-51 2Bw2 17 16 54 13
1 51-74 38wl 14 16 50 20
E 74-100 3C 6 14 62 18
SB 8432 Tirau Silt Loam
'
i" //
% a /
o e L e J
Tarticle Sika = Milinater
Mineralogy  TIRAU
Clay Fraction (% "
s g 3loTmEAG, E
& 5 PF v 8 3w o
s 39285 2f. Fp..
g.38 38 eg«.ggsgg
Sample Depth |Hor. ad é-a 8 i B «a 3 8 § ] 5 g
o | = i85 8 5,28 3,33 5,3,8,5.2
S8 26,25, 4,) 558, F,2,2,8,8,5,2,£,2 .2 |,
94324 0-18 8 65 27
B | 18-30 6 75 19
c | 30-51 4 80 16
D | 51-74 9 tr 55 36
E | 74-100 2 tr tr 48 31
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Soil-landscape model
for Tirau - Putaruru area D. Hilly land and
(by D.J. Lowe atter McLeod, 1952) 3. Rocky Hill Ig. plateaux

' , 2.Ahuroalg. iy il soils
Waikato soils 1. mﬂ RS \

Soil-landscape model for the TirdRutarura area and Tapapa. The three main welded
ignimbrite units (~1.23 Ma to.9 Ma) form distinctive plateaux in the landscape and are
mantled with tephrdall deposits and subordinate tephric loeBhivial terraces are also
mantled with tephraslPA, Taupo Pumice Alluvium (c. 1.7 cal ka). Diagram construbted
D.J. Lowe after MLeod (1992 Aspects of the stratigraphy, geomorphology, and soiteef
Mamaku Plateau area inclugrk by Bakker (1997), Macky (1997), Lyndiosse (198),

Hill (1999), Palmer (2002pnd Palmer et al. (2009)lote that the famoukypotheticalnine-

unit landscapenodel was developed in this areabglrymple et al. (1968) (M.J. Selby pers
comm., 1973). Bakker (1997) used it for her studies and modified it a little.

References
Aldridge, R. 1982. The prediction of soil temperature in New Zealand anta@ih to the temperature regimes
of O6Soi | NBwzZealand SoiyBureau Scientific Repgadt 23p + 2 sheets 1: 1,000,000

Bakker, L. 1997. Towards a model of vallsige development on ignimbrite terrain, Mamaku Plateau, New
Zealand Unpublished PB thesis, University of Waikato, Hamilton.

Bakker, L., Lowe, D.J., Jongmans, A.G. 1996. A micromorphological study of pedogenic processes in an
evolutionary soil sequence formed on Late Quaternary rhyolitic tephra deposits, North Island, New
Zealand Quatenary International34-36, 249261.

Dalrymple, J.B.Blong, R.J.,ConacherA.J. 1968. A hypothetical nirenit landsurface modeEeitschrift fur
Geomorphologid 2,60-76.

Froggatt, P.C. 1988. Paleomagnetism of Last Glacial loess from two sections idddtmd.In: Eden, D.N.,
Furkert, R.J. (eds),oess: Its Distribution, Geology and SoifsA. Balkema, Rotterdam, 568.

Hill, R.B. 1999. Applying a land systems approach to describe and partition ddibrast variability, southern
Mamaku Plateau, padf Kinleith Forest, New ZealandJnpublished PhD thesis, Lincoln University,
Lincoln.

Hill, R.B., Tonkin, P.J., Almond, P.J. 1999. A revised soil stratigraphic interpretation of the geomorphology and
late Quaternary erosion history of the southern ManmRlateau.Geological Society of New Zealand
Miscellaneous Publicatioh07A, 64.

Kimber, R.W.L., Kennedy, N.M., A. R. Milnes, A.R. 1994Amino acid racernzation dating of a 140 000 year
old tephraloesspalaeosol sequence on the Mamaku Plateau near Rotorua, New Zdwlatrdlian
Journal of Earth Sciencetl, 1926.

Lowe, D.J. 2000. Upbuilding pedogenesis in multisequal tegaraed soils in the Waikatregion.In: Adams,

J.A.; Metherell, A.K. (edspoil 2000: New Horizons for a New CentuRroceedings, Australian & New
Zealand 2nd Joint Soils Conferenc@& Dec 2000, Lincoln University. N.Z. Society of Soil Science, 2,
183184.


http://www.informaworld.com/smpp/content~content=a778463636?words=kimber&hash=2504765094
http://www.informaworld.com/smpp/content~content=a778463636?words=kimber&hash=2504765094

95

Lowe, D.J., Percival, H. 1993. Clay mineralogy of tephras and associated paleosols and soils, and hydrothermal
deposits, North Island [New ZealandReview and Guide F1 Field Tow New Zealand Tenth
International Clay Conferenc@delaide, Australia,-110.

Lowe, D.J., Brigg, R.M. 1994 Intra-conference tour day Hamiltori Rotorud Hamilton. In: Lowe, D.J. (ed)
Conference Tour Guide®roceedingdnternational InterINQUA Field Conference and Workshop on
Tephrochronology, Loess, and Paleopedolddmiversity of Waikato, Hanttion, New Zealand, 45 1.

Lowe, D.J., Tonkin, P.J., Palmer, A.S., Palmer, J. 2008. Dusty horizons [Uoe&sjaham, 1.J. (chief editor)

AA Continent on the Move: N'‘€w n I ecadjogicaldSocety ofdNewi e nc e |
Zealand Miscellanags Publication124, 270273

Macky, J.S. 1997. Stratigraphy, chronology, and correlation of28%000 yr BP cover beds, Tapapauranga
region, North Island, New Zealand. Unpublished MSc thesis, University of Waikato, Hamilton.

McLeod, M. 1992 Soils ofpart northern Matamata County, North Island, New Zeal&8IR Land Resources
Scientific Repori8. 96p + 1 sheet 1: 50,000.

Newnham, R.M., Lowe, D.J., Williams, P.W. 1999. Quaternary environmental change in New Zealand: a
review.Progress in Physical Gepaphy23, 567610.

Palmer, D.J. 2002. Testing a sphiosphatalriven model of forest sustainability developed for Kinleith Forest,
southerrMamaku Plateau, New Zealand. Unpublished MSc thesis, University of Waikato, Hamilton.

Palmer, D.J., Lowe, D.J., P& T.W., Hock, B.K., McLay, C.D.A., Kimberley, M.O. 2005. Soil and foliar
phosphorus as indicators of sustainability Rinus radiataplantation forestry in New Zealan&orest
Ecology and Managemef20, 140154.

Parfitt, R.L., Pollok, J., Furkert, R.1981. Guide book for tour 1, North Island.nt er nat i onal 6Soi
Vari abl e Ch a,rPglreebstort Norhf Fel 1981 ¢pp-983).

Pullar, W.A., Birrell, K.S. 1973. Parent materials of Tirau silt lodew Zealand Journal of Geology and
Geophysic26, 677686.

Shane, P., Black, T., J. Westgate, J.A. 1994. Isothermal plateau fissitrage for a paleomagnetic excursion
in the Mamaku Ignimbrite, New Zealand, and implicatiomslfate Quaternary stratigraphgeophysical
Research Letter81, 16951698.

Schaetzl, R.J., Anderson, 2005. Soils i Genesis and GeomorphologgZambridge University Press,
Cambridge817p.

Wilson, C.J.N.2001. The 26.5 ka Oruanui eruption, New Zealand: an introduction and oveddamal of
Volcanology and Geothermal Reseh 112, 133174.

——————

W ARE You IM LOOKING WHAT HAVE. | A FEW SOIL HORIZONS,| | ON NouR w e =
DIGSING A HOLE? ) FOR BURIED You FOUND? /A WEIRD ROOT, AND || FIRST TRY 7> Jf THERE'S TREASURE
he TREASWRE! A — SOME DISGUSTING - A\ BER(WHERE /

-E-r g Preeeees )
2 /1

“S' |
{3 /
|

%’Z‘( ‘%@ 25




96

STOP 6 - KUIRAU PARK EXPLOSION CRATER, RANOLF ST
LocationU16 946361 elevation~290 m asl| rainfall 14400 mm pa

Kuirau Park is situatedearthe flanks of the rhyolite dome of Hospital Hill, and hosts a
geothermal field consistg of hot pools, mud poolsteaming groundand silica sinter
deposits The mud pools are dark grey to dark brown in colour and contain minerals produced
by hydrothermal activity and alteration of the surrounding rock, including pyrite, sulphur and
clay minerals. At around3.40 pm on26™ January 2001, and without warning, a powerful
steam explosion occurred from one of the mud p@aiswn as $ring 721; Cody, 2003)It
produced aark greyeruption column about 100 m higheightestimates rangkfrom ~70 to

~150 m)and mud andballistic blocks up to ~1 m acrosshat splattered over trees, the car
park, and reached the helicopter pad on the edge of the hoSp#dhrge blocks were thrown
about50 m from the ventwhereas smaller blocks <~0.1 m in slaaded 100 m awayine

muds were dispersed downwind up to ~1.5 km to the east as far as Queen Elizapesh H
(Cody, 2003 Cody and Scott, 2005The volume of ejected material was1200 n? (Cody,
2003).As timed by a witness, theuption lasted atut four and a half minutes (the sign by
the road is in error)The muddy eruption column made a verydpsteady hissing noise and
was surrounded by white steam clouds which swirled off to the east (Cody, R€i68jo the
eruption, S721 was a turbidusddy pool with a water levelbout 0.7 m below ground ace

and at 4863 C with a pHrange 0f2.8-4.7 (Cody, 2003)Note the following:

1. The strongly directed blast of the eruptiamglined at about 70to the east@imedat the
hospital. The ejeted material may have beénp r o p @plan ifedrédsloping fault plane
between the park and thespital rhyolite dom&Cody, 2001)

2. The strongly bimodal clast size of the ejecta, consisting of da tgr dark brown fine
mud (fineash size), andatge blocks (>64 mm in diameter) consistimginly of Oruanui
Ignimbrite (~27100 years old), containing spherical accretionary lapilli, derived fron2@0
m beneath the mud poolMost of these blockkave now disintegrated

3. The damage to the treesdause of the weight of wet mud.

Kuirau Park and adjacent Ohinemutu hot springsthe shores of Lake Rotorumecame
notably more activérom 1989 with hot and boilingutflows resuming from long dormant,
cooler and noiflowing springs. Tis activity has taken place since wébore closures in 1987
(seebelow) and since the rimjection of well waste waters. For example, in June 2001, a
collapse hole (now filled with warm water) appeared in the cricket pitch (see Cody, 2001).
Two further hydrothermal eruphs occurred close to S721 in Kuirau Park on 6 November
2003, and another occurred at Ohinemutu on 17 March 2005 (Cody and Scott, 2005).

A

Geot hermal fields and the o6bore waro
Geothermal fields in th&VVZ provided a hotvater supply for cooking, bathingné medical
treatment for early Maoriln 1859, German geologist Ferdinand Hochstetter described
separate springs for bathing, cooking and laundry, and vapour baths and winter huts that had
been built on the warm sinter terraces in the Rotorua area. Hgpecwinter, the baths were
communal meeting place&. medical officer was appointed in Rotorua in 1882. A bathhouse
opened the same year, and a sanatorium in 1886. In 1902 Englishman Arthur S. Wohlmann
became superintendent of the sanatorium (McKin@667). He was also publicist for the spa

and the government balneolog{sin expert on medicinal springs). Wohlmann oversaw the
building of the Bath House in Government Gardens, which opened in [190814 the New
Zealand Government published a book bghlivhann,The Mineral Waters and Spas of New
Zealand which promoted numerous therapeutic benefits, imagined or otherwise, said to arise
from bathing in thermal waters, an activdil central to tourism todayl ourism in Rotorua
provided about 18% of dibcal employment in c. 2000 (Cody, 2001).
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In Rotorua, he first hot water wells were drilled by hangerated rigs during the 1920s
(Cody, 2001) In the 1940s at least 70 wells were known, all in the northern and central part
of thet o w busisess disict. In the mid20™ Century, drillingin Rotoruawas free ofany
controland hence large quantities of hot water were takehdisposed of into groundiers.

A serious postvar electricityshortagein the 1950s led to more welkeing drilledto heat
homes and domestic water. In th870s, ncreassin oil costs led to another period of well
drilling, and around 450 wells were recorded in 1985 (see taddt®\). Natural heat flows
between 1967 and 1985 dropped+80% because dhe increased drawoff bgommercial
and domestic userand some hot spring activity diminished or ceasddr example, the
Tarewa group of springs on the western side of Kuirartk Peased activity in November
1981 (they resumed boiling in March 1998) (Cody, 2001).

1985 ' 1992 1998

Summary of well number:
Total well drawoff 29,000 9,100 9,500 and mass withdrawals i
Net withdrawal 27,500 3,800 2,900 tonnes per day since 1985
Reinjection back to source 1,500 5.300 6,600
Domestic well drawoff 14,000 2,200 2,100 Rotorua(from Cody, 2001)
Commercial well drawoff 15,000 6,900 7,400
Total Natural Outflows ~50,000 | ~70,000 ~80,000
Total number of producing 450 225 175
wells

Before 1886, around 130 geysers were regularly active in five major fields in the Rotorua
Taupo area but the Tarawera erupt{@86) a dam at Orakeikorako, and the geothermal
power projects muced geysers to barely a dozé&ihe Wairakei geothermal power stati

began providing energy on completion in 1958, and a second geothermal station was finished
at Ohaaki(Broadlands)in 1989. Together Wairakei and Okaaki provide about 5% of New
Zeal andods €lo presgrye the &gt deysers at Whakarewarewa inriRgtohe
centralGovernment, actingrimarily on the advice of geophysicRbn Keam andjeologist

Ted Lloydl aunched the 6éBore Warédé in 1987 by <clo
0 h e at esdian frampnmamyRotoruacitizens.Within three yearssubstantiallyfewer wells

were operating, and the geysers were savddied at the time of the bore closures, Keam

and Lloyd in 2002 werawardedScience and Technolo@ilver Medals by the Royal Society

of New Zealandor their foresight and courag8&inae 1991, theRotorua Geothermal Field
hasoperateduniquely,undera legally constituted management plan aimed at reversing the
effects of thepreviously encouraged well drawoff and use of hot water.olfjectivesareto

protect the natural surface geatiel activity and to help sustain local tourism (Cody, 2001).

As well as human impacts, natural events are also recognised as important in governing the
level of geothermal activity, and include unusual rainfall intensities or shortages, earthquakes,
and gound cementation by sinter or sulphur (Cody, 2001).

Cody, A.D. 2001. Rotorua Gedwrmal Fiell i management, monitoring and surface featFé&sl). In: Smith,
R.T. (ed), Fieldtrip guides, Geological Society of New Zealand Annual Conference, University of
Waikato, HamiltonGeological Society of New Zealahiscellaneous Publicatin 110B, :15.
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Cody, A.D., Scott, B. 2005. Rotoruindex of monthly reports global volcanism programURL:
http://www.volcano.si.edu/world/volcano.cfm?vnum=0401042A&volpage=var

McKinnon, M. 2007. Volcanic Plateatie Ara- the Encyclopedia of New Zealantpdated éNov-2007.
URL: http://www.TeAra.govt.nz/Places/VolcanicPlateau/VolcanicPlateau/en
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Day 2: Rotorua- Rotorua

Outline for Day 2 (Saturday 29" November)
8.00 amDepart Ventura Inn, Rotorua

8.15-9.30 am STOP1 Radio Hut Rd, Whakarewarewa Forest: loess, tephras,

Whakarewarewa soil, plantation forestry

- Introduction to Rotorua Land TreatmentsBym,Whakarewarewa Forest: Dr Gerty Gielen
(Scion, Rotorua)

- Stratigraphy of sequende 18 cal kaand younger)

- Whakarewarewaandy loam (Vitric Hapludand)

- Pine plantation forestry, C budgeting, samplargl modellingDr Peter Beets, Dr Haydon
JonegqScion)

- Forest wall{weather/time permitting o Vi si t orsé6 Centre (or bus)

1000-1030amMor ni ng teal/coffee and toilet stop, V
(note displayof catchment model of Whakarewarewa Forest)

1040-11.30 am STOP2 Red Tank Rd, Whakarewarewa Forest: RLTS spray block 2
- Spray irrigation and efficacy (N, P, pharmaceuticals): Dr Gerty Gielen (Scion)

1140-12.00 am STOP3 Wetland RLTS, Whakarewarewa Forest
- Denitrification in wetlands: Dr Gerty Gielen (Scion)

1220-1250 pm STOP 4 Okaro Rd near Waimangu: Lake Okaro [toilet available]

- Land-use impacts on lake water quality in Rotorua region (N, P)

- Lake water quality experiments Lake Okaro: DebizkundakcPhD student, Univ. of
Waikato)

1.00-1.40 pm LUNCH Rerewhakaaitu HaglRerewhakaaitu

150-2.50 pm STOPS5 Brett Rd, Rerewhakaaitu: Holocene tephras and buried soils,
Rotomahana soill

- Volcanic landscape, historical importance of area for NZ soil survey

- Stratigraphy of sequence (~9.5 cal ka to 10 June 1886 Taraweram@yuptio

- Rotomahana sandy loam (Typic Udivitrand)

-iProject Rerewhakaaitudo EBOP: Chris Sutton

3.10-4.00 pm STOP6 Ash Pit Rd, Rerewhakaaitu: tephras and buried soils (incl. buried
Podzol), Matahina soil

- Stratigraphy of sequence (~13.8 caké&d.0 June 1886 Tarawera eruption)

- Matahina gravel (Vitrandic Udorthent)

4.10-5.00 pm Afternoon tea/coffee and toilet stop, HMbon Bay, Lake Rerewhakaaitu
- Lakeside refreshments

5.20 Arrive Ventura Inn, Rotorua

- 6.45 pm Depart for Rydges Hotdbys)

- 7.00 Dinner (hangi) followed by Maori concert at Rydges Hotel (Fenton St); finish by ~9.00
pm
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Day 2- route and scientific stops
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Aerial view of Rotorua Qy at the southern end dBke RotoruaMokoia Islandin distance
Phota Toshiro Nagasako

An introduction to the Rotorua Basin: an iconoclastic view

Will Esler
FormerPhD student, Department of Earth and Ocean Sciences, University of Waikato

Basin formation

For over forty years the Rotorua Basin has been regarded bgnetdgists as a nicely
circular, singleevent caldera formed by the eruptiohthe Mamaku Ignimbrite dated, most
recently, at c230 ka. However, t has become clean recent timesha the Basin has eather

more complex history. There is a small caldera within the western Rotorua Basin probably
associated with the Pokai and/or the Waimakariri Ignimbrite eruptions betw82@ ka and

c. 250 ka. Part of the old caldera wall is exposedParadise Valley. Outcrop, borehole,
gravity, and magnetic evidence suggest this caldera and other structures extending both north
west and soutleastward from the city have a merely geographic affinity with the Taupo
Volcanic Zone (TVZ). It is refreshg to think they form the modern part of the Coromandel
Volcanic Zone (CVZ).

The eastern half of the Rotorua Basin has mbrgravity and is not a calderdamaku
Ignimbrite is a thin veneer (mostly <120 m) draped over previous topogriapihe west.

New data suggesthe volume of moderately crystalline magma involved in the Mamaku
Ignimbrite eruption was nearly 200 RniLess than a quarter of this can be credibly retrofitted
into the Rotorua Basin. Much of the Rotorua Basin gravity anomaly is demdysiider

than the Mamaku Ignimbrite. The real Mamaku Ignimbrite caldera is probably next to the
Horohoro Bluffs south of Rotorua. This eruption overlapped with that of the Ohakuri
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Ignimbrite a little frther south, and probably tapped the same big magaralsdr. Extreme
regional extension of the Taupo Fault Belt accompanied or closely followed the double
eruption. This extension temporarily-defined the structural boundaries of the TVZ and
caused severe calddiie block faulting in the eastern Rotoruadn, as in many other parts

of the region.

o o

Ventsactlve from 0230 ka toc. 60 cal ka andthe Rotorua gravity anomaly (black dashes)
the Lynnore magnetic anomaly (stipplednd the sacdled Okataina Rig Structure (white

dashes)HB, Horohoro Buffs.

Residual Mamaku Ignimbrite magma was probably responsible for the hydrothermal
conversion of wvoluminous glassy | ake sedi me
TVZ rhyolite dome, Haparangi, probably erupted from this magma. The soft toipe of

Mamaku Ignimbrite was severely eroded by frost, rain and wind during the Last Glacial
Maximum, and in earlier cold periods. The famous isolatedikerfeatures of the Mamaku

Pl ateau and the | esser known 0 guggedidrthatthe! | s 6 v
tors represent fuanolic hardening immediately after thgnimbrite eruption has minimal

evidence to support it.

The Ngongotaha and Pukehangi rhyolite massifs, and small domes in the city area erupted
after the Mamaku Ignimbrite fronan unrelated chamber of volat®or glassy magma.

Much of the O6écalderad collapse in the <city
rhyolite extrusion. Slightly later, extensional faulting perpendicular to the TVZ further
depressed the Rotorua céyea. Judging by the pattern of microseismi¢sge map below)t

is still doing so. Most of the known volcanism aged230 toc. 60 ka in what has been

mi sl eadingly called 6éthe northern TVZ& 1I|ies
St r u {@QRS$)has been invoked to explain away this alignment. The myt@B8was of

course inert everywhere else during this long interval. Most of these raigdte rhyolites

were notably volatilgpoor in contrast to the young volcanics of the Okataina Caldére

latter produced voluminous tephras. Mokoia Island and two simghly crystalline lava

domes south of the airport are older than previously thought. Aldatee the Rotoiti
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Ignimbrite eruption of c50-60 cal. ka. The twodomes south of the airgoare linked to the

major positive magnetic anomaly underlying the suburb of Lynmore. This very prominent
geophysical feature is also aligned NNW SSE.
model and is omitted from most accounts of local geologgrdbably defines the relatively

young watercooled magma body that powers the Rotorua Geothermal Field. The seductive
curve of the Rotorua Basin was completed by subsidence of the southern and western
extremities of the 6T ithe RdtogiigeimbGe eruptomfiomthet | or
northern Okataina Caldera. This quite recent
the northern Rotorua Basithe Hamurana Bluffs.

Local geological history

The Rotorua Basin 1o the upwind margin of theViZ has proved the best place to find
evidence of the history of the past250,000 years in the central North Island. Rotorua City
has the most detailed local history in the country. Lake Rotorua is the oldest lake in the North
Island, and perhaps New Zaad. Its default condition is diatomite accumulation.
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Seismicity in Rotorua regiosince 1992 (all earthquakes < 40 km depth and agnitude)
(from Geonethttp://www.geonet.org.nz/earthquakedurtesy of Brad Scott, GNS Science)

Within the sedimentare more than 40 recognised tephras preserved in exquisite detail. Many
more await coring. Electron microprobe analysis of glass to obtain major element chemistry is
the most useful tephra identifition technique, along with mineral assemblages. Tephras
from Okataina, Taupo, Taranaki, Tongariro, and Mayor Iskwidanic centrediave been
identified.

Ernst Dieffenbacl{the first trained scientist to work in New Zealamede a flying start on

local history with the 1841 observation that the same tephra sequence was recognizable in
different parts of Rotorua Bas{ieffenbach, 1843)Les Grange put local stratigraphy on a

rational, objective basis with chemical and mineralogical descriptiorpbfas inthe 1920s

1930s(e.g. Grange, 1933, 193AYnfortunately,Grange also spawned the enduring myths of
6downwar pi ng4évesternba ¢ ihe, namd h of ancient 6sout
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milestone was the classic, if geologically naive, papeKbynedy et al. (278. Tephra

studi es, with attention to fine detail, wer
barely respectable. To that date, the geologists had made little progress on Rotorua Basin
history using traditional broascale metbds. From the late 1970s, lan Nairn successfully

united both approach&sthe Okataina Caldera Complex (e.g. Nairn, 2002).

Lake level

Lake level history has proved to be far more complex than Kengtealy(1978)suggested.

There have been at least sevperiods of very high lake level, to 120 m and more above
present level (Lake Rotorua is currently~280 m asl), and the lake drained completely at
least twice. One of these highstands preceded the Mamaku Ignimbrite eruption. Before about
70 ka, Lake Rotorua had at times been part of a huge lake extending to Atiamuri or beyond.
Lake level responded to whatever geological events were on offer. The usual situation has
been seepage of lake water into the thick pumice aquifer beneath the Mamaku Ignimbrite
rather than surface discharge. The upper part of this aquifer suppliesfrRostt or uadés wat
In places it is enriched with agricultural nutrients moving steadily towards the lake. The
north-eastern rim of théRotorua Basirwas first breached at about & during Tikitere
Graben formationThe eruption ofRotoiti Ignimbrite soon after reanpounded the lake,
jointly with Earthquake Flat Ignimbrite erupted from vents perpendicular to the TVZ
southeast oRotorua. Water level rose ta 400 m for about 2000 years but with two
internal drainage episodes. The lake then extended well beyond the Rotorua Basin. The
shallow lake arm south of Hemo Gorge was larger than the present Lake Rotoiti. The last
major highstand, from 33 to 3€al. ka, was at ¢c380 m asl.The prominent high terrace
around the Rotorua Basin dates from this time.

400 m \

280m

240 kyr U
50 kyr

Mamaku Rotoiti
Ignimbrite Ignimbrite

Pattern of bianging levels of Lake Rotorince ¢ 250,0@ years ago. Preselake level is ¢
280 m asl. The Rotoiti eruption episode is variously dated between careD60 cd. ka
(Wilson et al., 200) (W.R. Esler, unpubl. data)

The present surface discharge from the Rotorua Basin is abnormal. Fraral 3¢a,
collapsing groundwater seepage tunnels in the Okere Falls area caused the lake to fall to about
330 m asl, drainingot the Kaituna River. A few thousand years later, the remnants of the
Rotoiti Ignimbrite dam within the Tikitere Graben gave way, allowing a period of profound
erosion and surface drainage eastward into the Tarawera catchment. Lava fihnesTef

Rere erupve episode (c25,270cal. yr BP) partially impounded the new Rotoiti River and
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formed a united Late Rotoiti/Rotorua somewhat below present. |&hel Rotorua Tephra

eruption c. 15,425 calr BP deposited pumice from vents perpendicular to the TVZ that
gathered as a giant raft on the lake. The raft lodged in the narrows at the present isthmus
between the present lakes, saturated, and sank. These shoals were rejuvenated a few decades
before Maori occupation of the area.

Lava damf the Rotoma eruptivegpiod ¢ 9505 calyr BP raised Lake Rotorua 17 m above

the present level. Surface drainage into the Kaituna River resumed at this time. Periodic
downfaulting averaging almost 2 mm/year in the Okere Falls area now exerts gross control
over lake level, aftough episodes of seepage to groundwater have partially drained the lake at
least three times in the past 8000 cal. yelaake waters spiked to more than 6 m above their
previous level for a few decades after the last significant tephra fall Ratogwa Basin. The
reasons for this are mysteriolecausanost clats of Kaharoa Tephra pumice (814 AD)

donat float long enough to raft. Landslides may be to blame instead.

On present trends, Lake Rotorua will have again drained completely in lessOB@naé
years. Te Arawa iwi has recently resumed ownership of the lake bed and can expect a real
estate bonanza a few seconds after the next earthquake in the Tikitere Graben.

400 m

i

280 m ” U
50 kyr _I 9.5 kyr

Rotoiti Rotoma
lgnimbrite Tephra

Changing levels of Lake Rotorusance c¢.60,000 years agoPresent leveis ¢ 280 m asl
(W.R. Esler, unpubl. data)
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300 m

290 m

280 m / L
9.5 kyr tephras

Changinglevels of Lake Rotorua since 8,500 cal years agoArrows record deposition of
marker tephras from Okataina, Taupo, and Twuaces used to help constrielake level
model for this time perith Presentakelevel is ¢ 280 m asl(W.R. Esler, unpubl. data)

Other hazards

Much of Rotorua city has been built on a sandy tephra pad ttick over soft lake silts that

will inevitably liquefy in some places during a moderate earthquake. Buildingebastly
accelerated on land identified as unsuitable for housin@®§R Soil Bureau a generation

ago. The paths of several 1886 lahars towards the airport have been overlooked as a menace.
Highly toxic hydrogen sulphide adds a distinctive flavour totlgeonal hazards in the city.

More deaths have been caused by various geothermal mishaps in the Rotorua area than by the
1886 Tarawera eruption that claimed abow t®es. Many of the geothermal casualties were

Maori in pre and early European times. THeamatic ke level changes in the past c. 60,000

cal. years have caused some massive hydrothermal explosions. Some abandoned geothermal
bore casings are now in a brittle condition; awaiting a good shake. Clearly, citizens in some
parts of Rotorua are exped to multiple hazards.
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Volcanic lakes in the Rotorua area and simplified structural and volcanic features associated with the
Rotorua and Haroharo calderas. Haroharo caldera comprises two main volcanic complexes, Haroharo
and Tarawera, and lies within the Okataina Volcanic @efdashed line marked &R (from Lowe

and Green, 1992More faults (F) are present than shogeng. see Nairn, 2002; Berryman et al.,

2008) Origin of Rotoruacalderaas showns disputed (searticle above by W.R. Esler, this volume
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Land use impactson lake water quality

Amy Taylor

Auckland Regional Council, Auckland (formeatyEnvironment Bay of Plenty)
Peter Singleton

Environment Waikato, Hamilton

Deniz Ozkundakci

Centre for Ecology and Biodiversity Research, University of Waikato, Hamilton

Human activities such as residential settlement, farming, forestry and recreatiotfieat! af
nutrient levels in lakesWater quality is falling in some Rotorua lakes. This is because they
have too much nitrogen and phosphorus. These nutrients feed the aigaal@grade water
quality. Nutrient levels have increased markedly over the past few decades, and continue to
rise. The major pressures on the lakes are the effects of the expanding small communities
around lakes and intensification of farming. The pressshow up as deterioration in lake
quality. Usually shorterm events occur where the water quality becomes noticeably affected.
In the worst cases, such as at Lake Rotorua, the lake condition is seriously dffieatedh

of the year

Many communitieslispose of waste to septic tanks. Nutrients, particularly nitrogen from this
source, eventually flow into the lake through the groundwater to boost production of algae.
Bacteria can al so cont ami n a&heanaih Jowce bf swereas e d g e
into the eutrophic (nutriefrich) lakes is livestock farmingdbout one third of the pastoral
farming in the lake catchment is dairying and the rest is primarily in low intensity sheep and
beef grazingThe more intensive farming puts pressurelake qualityas a result ohigher

stocking rates and the leaching§ N from urine patchesThe primary source of P is from
sediment generated through surface runoff and stream bank erosion.

The Regional Water andLand Plan for the Environment Bay of Rlgy Region sets water
quality targets for the Rotordakes on the basis tophiclevelindex (TLI). Values of TLI

are determined annually from annual mean surface water concentrations of chloapphyll
total nitrogen and total phosphorus, amt@idisk depth.

Values of variables defining the boundaries of different trophic levels

Nutrient enrichment Trophic state Trophic Chloroa Secchi Total P TotalN
category level (mg/nt)  depth (m)  (mg/nT) (mg/nt)
Low Oligotrophic 2.0t0 3.0 <2 >7.0 <10 <200
Medium Mesotrophic 3.0t04.0 215 3.0-7.0 107 20 20071 300
High Eutrophic 40t05.0 5115 1.07 3.0 2071 50 30071 500
Very high Supertrophic 5.0t0 6.0 1530 0.571 1.0 507 100 5007 1500

Extremely high Hypertrophic 6.0to 7.0 > 30 <0.5 > 100 > 1500
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Characteristics and water quality of the Rotorualakes

Mean Max Lake Catchment Long axis Lake type based on
depth depth area area (km) trophiclevelindex
(m) (m) (ha) (ha)

Okaro 12.5 18 32 407 0.7 Supertrophic
Rotorua 11 44.8 8,079 52,346 15 Eutrophic
Rotoehu 8.2 13.5 795 5,673 4.6 Eutrophic
Rotoiti 315 93.5 3,460 12,462 15 Eutrophic
Rotomahana 60 125 897 7,994 6.2 Mesotrophic
Rerewhakaaitu 7 15.8 579 3,816 3.8 Mesotrophic
Okareka 20 33.5 342 1,958 2.8 Mesotrophic
Rotokakal 17.5 32 452 1,872 4.3 Mesotrophic
Tikitapu 18 27.5 146 567 1.6 Oligotrophic
Okataina 394 78.5 1,104 5,676 6.2 Oligotrophic
Tarawera 50 87.5 4,165 14,494 114 Oligotrophic
Rotoma 36.9 83 1,104 2,914 5.2 Oligotrophic

Further farming intensification s constr ai ned Rdégipnald\Rterlaed Ldnd 6 |
Plan (see below)This set of rules does not allow an increaseNirand P loss above a

pr opertyos b e n cil2004 average)dowevér, the® gk lincreases from
historic farming intensifiation have been delayed by large resgs of oldage groundwater.
Nitrogen inputs to | akes wNwotks its way thiouglitee t o
groundwater, emerging at seeps and springs. Research is gaining momentum into methods of
reducirg nutrient outputsSomeN andP entering the lakes have a natural source. However,

the pressures on the Rotorua lakes are mostly from the intensification of agriculture and
growth in lakeside communities.

Steps to improve water quality
Some of the contouting factors and steps to improve water quality are listdaiw.

Lake Water quality problems Steps to improve water quality
Action plan operational. Sewerage
reticulation. Lake edge wetlands.
Treatmenbf hypolimnetic water with

Okareka Moderate risk otyanobacterial blooms. flocculants to remove phosphorus.
Environmental programmes for
landowners. Land use change for lowe
nutrient export.

Severe cyanobacterial blooms (alternates

between bluggreen and green algal). Previous| Action plan operational. Chemical
okaro scientific repors dating back to 1966 _describe fI_ocquIant t_rials, const(ucted wetland a

Lake Okaro a having riparian retirementEnvironmental

7. Today the lake has a very low clarity and a|programmes for landowners.

surface water pH in excess of 8.

None- low risk of cyanobacterial blooms. Action plan process beginning to

Okataina Possible water quality degradation that could inve_stigate the cause$lake quality

come from lake level changes or other natura|decline. Environmental programmes fc
fluctuations. landowners.
Local projects undertaken in catchmer
: . . with landownersTrials of treatment
Risk of cyanobacterial blooms during summel ;
Rerewhakaaitu where lake is shallow and calm. Water quality LENEE D FETEYE n'|trogen frqm SR
fluctuations noted in the t Phosphqru-sabsorblng SO.CkS 1 e
past.
Mangakino Stream. Environmental
programmes for landowners.

r
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Severe cyanobacterial blooms (have been m¢| Action plan process underway.
persistent since an increase in nutrients in3}9 | Riparian retirement programme.
Rotoehu 2003/04 summer had no cyanobacterial bloor| Constructed wetlands. Treatment box
but a large bloom returned in the 2004/05 remove stream niate. Hornwort
summer along with a large hornwort infestatic| harvesting trial to remove nutrients
Severe cyanobacterial blooms in Okawa Bay | Action plan process underway.
(have become more persistent in past few yei| Riparian retirement.
Rotoiti Isolated blooms in eastern lake area. Receive| Sewage reticulation for lakeside
nutrient rich water from Lake Rotorua (~72% |settlements.
nutrients arérom Rotorua). Massive algal Diversion of inflow from Ohau Channe
bloom in early 2003. down the Kaituna River.
. Moderate risk of cyaobacteriablooms. Water . . .
(R(Srtglggﬁ_a}a\hl!e) quality is lower than in the 1950s, but there h: ﬁgtlr?ensoi?alt?cﬂ/f/)i\tﬁ I|:l|<(ee ;vve::—:érrguallty u
been no discernible change since 1970/71. 9 '
Action plan proess beginning. Sewage
Rotoma None. Low risk of cyanobacterial blooms. rEEUEE anq L 7 [ A
farmland. Environmental programmes
for landowners.
No action at this time, until July 2008.
Rotomahana Occasional cyanobacterial blooms. Environmental programmes for
landowners.
Action plan process underway.
Rotorua District Council diversion of
treated seage to land disposal in 1991
Expeiience water quality decline between 197 ar_1d fgrther [P ABHETENS 1T [P
. oo .~ | Riparian retirement since 1970 as part
and 1983. Foam (associated with kirchnerielle|,, "
Rotorua . . Kaituna Catchment Control Scheme.
algae species). Isolated blooms of nuisance ; ; : ) )
. . Diversion of nutrient rich spring flows
algae. Moderate risk of cyanobacterial bloom:|. : .
investigated. Flocculant dosing of
nutrientrich streams. Stormwater
upgrades. Environmental programmes
for landowners.
Action plan process beginningand use
Occasional cyanobacterial blooms. Bacterial |change to lower nitrogen and phospho
Tarawera issues from septic tanks around some lakeshi| export encouragedPlanning for future
areas. sewage reticulation. Environmental
programmes for landowners.
i Probable lake water decline from septic tanks| Sewerage reticulation as paf the Lake
Tikitapu : . o :
from camping ground and public amenities. Li| Okareka scheme. Action plan process
(Blue Lake) . . L
risk of cyanobacterial blooms. beginning.
Rule 11

Rule 11 is a commonly used term for a collection of rules in the proposed Regional Water and
Land Plan that will rasict landowners in catchments ebmeof the Rotorualakes from

increasing the amount &f andP leaving tleir propertyThe 6 Rul e 1106 regul at
a wideranging programme of action called the Rotorua Lakes Protection and Restoration
Action Programme. This is a joint project by Environment Bay of Plenty, ReotDrstrict

Council and Te Arawa Maori Trust Boar@hese rules have important implications for land

use, development and ma@esnent in certain lakeatchments. Rule 11 has a single goal:

protect lake water quality. Nutrient benchmarks must be sealfgoroperties larger than

4,000m? in five lake catchmentR ot or u a, Rotoiti, Rot oehu, Oka
a |line in the sando &madd Popus fromfaativittedsielh asi ncr e
agriculture.
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Work has started on the settio§ nutrient benchmark levels for rural propertiethough
there have been delays in the benchmarking protessost cases, the benchmark will be an
average of the annubll and Plosses between mig001 and mie2004. There are also rules to
limit losses from small properties, and to control sewage and stormnvaégécharges from
urban areasAfter levels are set, landowners will not be able to change or intensify land use
without taking steps to fully offset any increased lossNoér P. For example, thecould
balance out extra stock numbers by planting and fencing off streamlamnionment Bay

of Plenty review Rule 11 foreach affected lake catchmemsticha review isdue A review
maychange how nutrient issues are addressed (P. MacCormickgars., Oct 2008)

Ohau Channel diversionwall

The Ohau Channel Diversion Wall is located Lake Rotoiti at the outlet of the Ohau
Channel, which links Lake Rotorua and Lake Rotditie wallis 1275 metres long and is
designed to stop water flowing from ke Rotoruawith its higher nutrient levels, into the

main body of Lake Rotoiti via the Ohau Channestead, water is divertadirectly down the

Kai tuna River, preventing it f Mewaldcestgustadi ng
under $10 millim to build and was funded by Environment Bay of Plenty estral
Government. ltvas opened on 300ctober 2008The diversion will prevent 64 tonnes Nf

and 13 tonnes oP entering the main body of Lake Rotoiti from Lake Rotorua each year
throughthe@au Channel . The diversion is expected
within five years, as research has shown tha®®@b6 of the nutrients entering the lake come
through the Ohau Channel. It is not expected to have any signifiopact on Kaiina River

quality. Buoys and lights mark the wall and safe navigation areas around it to ensure that
people using the channel and lake can do so safely.

Sewage reticulation

In response to concern over the headeth of
settlements, Council in 2004 commenced the establishment of rural sewerage schemes to
remove effluent input into the lakes. Over thexiten years,Rotorua District Council is
spending $95 million on sewerage scheme projects. Approval has been go@nnence

design development and construction of four new areas, known as Mourea, Okawa Bay,
Brunswick and Rotokawaewerageareas.Investigation is being undertaken into treatment
options for Okere, Otaramarae and Whangamasewerageareas, and fundindias been
earmarked for proposed Okareka, Tarawera, Gisborne Point/Hinehopu, Hamurana and
Rotoma Sewerage Area

Riparian protection

Voluntary riparian protection of stream, wetland and lake margins on private land has been
encouragedgince the 1979with the Kaituna Catchment Scheme. Subsequently regional grant
schemes have continued and today grants of up to 75% of establishment costs are provided by
Environment Bay of Plenty with their Environmental Programmes initiative to assist
landowners with ripaan protection, erosion control and biodiversity protectidwcording

to objective 16 of the Regional Wat er and
catchment is the complete riparian protection of all streams and lake margins and
Environment Bay bPlenty is aiming to complete all riparian protection works by the end of
2012.

Further information

Recentoverviewsare also given by Hamiltor2003, 200% and Hamilton et al(2007). For

further detailed information on the links between (for exampeytise and water quality,

ages of groundwater in the Rotorua reginotrient loads of Lake Rotorua, atide likely

impacts of the Ohau Channel diversion walegEnvi r on ment Bay and Pl en
numerous technical reportsttp://www.envbop.govt.nz/Water/Lakes/Techni®adports.asp
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Rotorua sewage effluent irrigation scheme

Gerty Gielen
Scion, Ratrua

Legend Location in NZ
Irrigation blocks (numbered) .
Wetlonds ‘-/
Streams /
Roods #

Plot irrigation trial site “-~p
Hydrologic study site A H M

Spray irrigation areas and wetlands and Waipa Stream. Waipa Mill site shown also.
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Sewage effluent concentrations, loadings for major nutrients and irrigation details

Constituent Mean concentration Mean area loading
(standard deviatio) (kg/ha.year)
(9/m3)
pH 7.3(0.2) NA
Total nitrogen 10.6 (2.5) 395
Oxidised nitrogen 6.5 (2.4) 236
Kjehldahl nitrogen 4.2 (2.7) 155
Ammonium nitrogen 2.6 (2.8) 96
Total phosphorus 3.6 (1.7) 130
Dissolved reactive phosphorus 3.3 (L.7) 121
Total organic carbon 7.1 (3.0) 263
Average daily volume 19,000 m3/day
Average irrigation rate 70 mm/week
Current irrigation frequency Dalily irrigation for approximately 2 hours
Irrigation commenced October 1991
Land treatment system
Total area 350 ha
Irrigated areas 193 ha
Number of spray blocks: 14 14 ha each
Wetlands 47 ha

Buffer zones, harvest rotation areas and future scheme expansion 110 ha

Current consent conditions N stream export 30,000 kgfar
P export3,000 kg/year

Component: Functional importance:

1. Irrigation Uniform water distribution

2. Soils Hydraulic acceptance, nutrient adsorption
3. Plants Uptake of nutrients & water

4. Ground water Transport to wetlands

5. Wetlands Denitrification

6. Stream flow Export

Upland Buffer | Wetland

Schematic cross section of a land based system for wastewater treatment employing
upland and wetland components of landscape design
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Start daily irrigation

Including 3 month moving avage trend line (RDC, 2008).
Start w eekly irrigation

Total phosphoruseffluent loading and stream export
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Total nitrogen effluent loading and stream export
Including 3 month moving average trend line (RDC, 2008).

Start w eekly irrigation Start daily irrigation
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Distribution of effluent applied nitrogen within landscape components of the Rotorua
land treatment scheme

N-flux pathway & Relative magnitude Duration of study
reference (% applied N) (years)
Soll storage

(McLay et al, 2000) 43% 4
(Tozer et al.2005) 46% 11
Upland soil denitrification

(Barton et al.2000) <1% 1

Tree uptake

(Tomer et al.2000) 8% 5
(Tozer et al.2005) 13% 11
Understory

(Tozer et al.2005) 1.5% 11

Soil leaching

(Gielen et al.2000) 39% 5
Wetland denitrification

(Tozer et al.2005) 3% 11
Stream export

(Tomeret al, 2000) 32% 6
(Tozer et al., 2005) 29% 11

Factors impacting on pharmaceutcal leaching following sewage application
to land (after Gielen et al., 2008)

Abstract Sewage effluent application to land is a treatment technology that requires
appropriate consideration of various design factors. Soil type, level of sewatjegineen

and irrigation rate were assessed for their influence on the success of soil treatment in
removing pharmaceuticals remaining after conventional sewage treatment. A large scale
experimental site was built to assess treatment performance in a realisboment. Of the
factors investigated, soil type had the biggest impact on treatment performance. In particular,
carbamazepine was very efficiently removed (>99%) when irrigated onto a volcanic sandy
loam soil (Hapludand). This was in contrast to irrigatioonto a sandy soil

( @uartzipsammedt) wher e no carbamazepine removal
were likely caused by the presence of allophane in the volcanic soil which is able to
accumulate a high level of organic matter. Carbamazepinarempadsorption distribution
coefficients (Kd) for both soils when irrigated with treated sewage effluent were determined
as 25 L kgl for the volcanic soil and 0.08 L Kgfor the sandy soil. Overall, a volcanic soill

was reasonably efficient in removimgrbamazepine while soil type was not a major factor
for caffeine removal. Removal of caffeine, however, was more efficient when a partially
treated rather than fully treated effluent was applied. Based on the investigated
pharmaceuticals and given an agmiate design, effluent irrigation onto land, in conjunction
with conventional sewage treatment may be considered a beneficial treatment for
pharmaceutical removal.

ocC



Leaching experiment

Leaching experiment ®il characteristics

Volcanic soll Sandy il
Soil type Whakarewarewa Reconstructed
sandy loam

Soil Taxonomy

NZ Soil Classification

C (%) (0 0.1 m)

C (%) (0 0.9 m)

N (%)

pH

CEC (cmof/kg)

Water holding capacity

Vitric Hapludands

Vitric Orthic Allophanic
Soils
8.4 %

3.0%
0.20 %
5.1
7.1
53%

Designed to approximate
Typic Quartzipsamments
Designed to approximate
Sandy Raw Soil
0.8 % (peat enriched)

0.2%
0.01 %
6.4
3.0
48 %
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Removal efficiencies andtandard errors for caffeine and carbamazepinein the volcanic
soil and sand irrigated with final or mixed effluent at either 30 or 60 mm week

W Caffeine O Carbamazepine
100% -
80% -

60% -

E 40% -
©
3 20% -
S
[ 0% -~ T T T T J_ T T T 1
-20% -
-40% -
-60% -
30 ‘ 60 30 ‘ 60 30 ‘ 60 30 ‘ 60
Final effluent Mixed effluent Final effluent Mixed effluent
Volcanic soil Sandy soil

Estimated mass balance for caffeine and carbamazepine in the Rotorua land application
scheme in February 2006

Caffeine Carbamazepine
P g -
CH. N \ /
I N
o” >N" N
CI:H3 o7 “NH,
Final effluent concentration (ng) 109 + 24 709 + 33
Soil content top 0.1 m (ug Ky 14 + 3 217 + 18
Removal efficiency large scale leachi
experiment: volcanic soil irrigated wit 69% 94%
60 mm weekK final effluent (%)
Daily load
Final effluent (mg day) 2190 14,240
Top soil (mg day) 360 5,740

Soil water leachate (mg day 680 880
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Summary of main rhyolitic tephras deposited in the Rotorua region during
the last c. 27,00@al years

Descriptions are generalised because character may differ from proximal to distal locations and from
site to site.The region has additionally received distal tephras from Taupo and Tuhua (Mayor Island)
volcanic centres, and has been dusted regularly with andesitic tephra fallouuireemouseruptions

at Tongariro Volcanic Centre and Egmont Volcamost ecentlyin the 199596 Ruapehu eruptions

Name (source)* Date or aﬁe Description
(cal yr BP

Tarawera Tephra 10 June 1886 Comprises basaltic scoria (Tarawera Scoria)

(Tarawera) occasional rhyolite clasts and/or fine greyish bro
60 mu d d y Rotamahdna Nud). Mud was dispers
more widely.

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

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

cal BP) abundant biotite.

Taupo Tephrgalso knavn 232+5AD Creamy coloured coarse ash with plentiful show

as unitY) (1718° 5 bedded pumice lapilli (crushable). Ignimbrite unit alwe

(Taupo) cal BP) associated with charcoal fragments.

Whakatane Tephra 5530° 60 cal BP | Showerbeddedpale yellow coarse ash, overlying a fi

(Haroharo) to coarse rhyolitic (pale grey) ash. Rich
cummingtonite. Has reddidbtrown uppermost horizo
(sometimes contains weathered basaltic Rotoka
Tephra).

Mamaku Tephra 8005° 45 Loose, coarse Ylewish-brown pumice ash grading into

(Haroharo) cal BP weakly showethedded coarse ash/lapilli.

Rotoma Tephra 9505° 25 Showerbedded fine grey to yellowish brown ash wi

(Haraharo) cal BP coarse ash layers, rich in cummingtonite. Mark
typically by a dark Ah horizonat top sometimes
podzolised

Waiohau Tephra 13,635° 165 Grey fine and coarse showeedded ash. Distinctive \

(Tarawera) cal BP fine ash layer at the base. Usually has a well develc
yellowish-brown  upper soil  horizon  reflectin
pedogenesis befotwmurial.

Rotorua Tephra 15,425° 325 Showerbedded pumiceous yellowish lapilli or bloc

(Okareka embayment) cal BP (gravel). Occasional rhyolitic lithics.

Rerewhakaaitu Tephra 17625° 425 Yellowish-brown ash grading down into teptifoess.

(Tarawera) cal BP Contains abundant biotite. Marks transition from Last
Glacial to Post Glacial conditions; reafforestation
occurred soon after deposition.

Okareka Tephra 21,800° 500 Yellowish brown ash contains abundant biotite. Marks

(Tarawera) cal BP coldest @art of Last Glacial (typically encased in
yellowish to olive brown tephric loess).

Te Rere Tephra 25,271° 779 Yellowish-brown ash (typically encased in yellowish to

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

Kawakawa Tephra (also 27,097 ° 957 Olive brown to pale yellowish brown ash (typically

known as Quanui) (Taupo) cal BP encased in yellowish to olive brown tephric loes&rks
early plase of Last Glacial Maximum that began c. 29
ka(referred to as the 06ex

*Terminology is based mainly on Froggatt and Lowe (1990). Descriptions partly after Rijkse (1979, 1992).

ﬂMost ages are given in calibrated calendaXcal) years(95% probability rangebeforepresent( BP) , O6pr esen
being 1950 in thé’C timescale (basl on Bayesian probablity age modelling: Lowe et al., 200&endar dates

for the Kaharoa and Taupo eruptions have been determined by deodaloby and wigglenatch dating

(Sparks et al., 1995, 2008; Lowe and de Lange, 2000; Hogg 20@8,2009.
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Overview of soils of Whakarewarewa ForesPark, Rotorua

Rijske (1979) mapped the soils in the Rotorua Lakes area at a scakOdiQD. Three soils
predominate in the Whakarewarewa Fofreaitk: (1) Haparangi, (2) Whakarewarewa, and (3)
Ngakuru soils (and their steepland equivalents). They are all developed on layers of tephra
(i.e. they are multisequal soils) and so the resulting deep, free draining profile features
represenmainly upbuilding pedogenesis. The soils are similar to one another in that they are
developed in a number of rhyolitic tephra deposits, as listed in the @hblee(note that
usually not all tephras are present at any one locality, and in most profiles therelar® like

be thin deposits of andesitic and other tephras additional to those listed). Older deposits (e.qg.
loess, Rerewhakaaitu Tephra) form the lower subsoils (about 2 m depth) of profiles in some
localities. However, the soils are separated from one anetfanly according to the
approximate thickness of Taupo Tephra (Tp) in the upper parts of the profile and the presence
or absence of Rotomahana Mud as shown below (after Rijkse, 1979, 1992).

Key features and classifications of the predominant soils in Wakarewarewa Forest

Soil series
Feature Haparangi Whakarewarewa Ngakuru
Rotomahana Mud Absent Oftenpresent Absent
Thickness of Tp ~30-50 cm ~15-30 cm ~0-15 cm
NZSC Buried-allophanic Vitric Orthic Typic Orthic
Orthic Pumice Soils  Allophanic Soils  Allophanic Soils
Soil Taxonomy Typic Udivitrand Vitric Hapludand  Typic Hapludand

Thin Rotomahana Mud (erupted from Tarawera June 10, 188&)nisnonlyfound in the
Whakarewarewa soils whereiits e vi dent a qup o8 dmethick)in the/topsob | o b s 6
but it is not always obvious especially where logging activities have disturbed surface
horizons Subsoils (beneath Taupo) are typically yellowisbwn Bw or BC or Cu horizons.

Some may qualify as AB horizonRotorua Tephra is particularthick in the area (3 m in

places) and usually coarse grained (coarse ash to lapilli and blocks) because it is <10 km from

its source vents in the dome complex area between lakes Tikitapu and (lSanétkaet al.,

2004)
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STOP 1- ROTORUA LAND TREATMENT SYSTEM,

WHAKAREWAREWA SANDY LOAM, RADIO HUT RD
Location U16 961325, elevatid@b0 m as| rainfall ~1600 mm pa

. ) iy AT L e . B =
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Tephras and Whakarewarewa soil on Radio Hu{NRevember 2006)Phota David Lowe
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Whakarewarewa sandy loam

NZSC: Vitric Orthic Allophanic Soils; tephric, rhyolitic; loamy/sandy; rapid/moderate
Soil Taxonomy: Medial, mesic Vitric Hapludand

Om

Taupo Tephra (232 ° 5 AD)

Whakatane (5530 ° 60 cal BP)

0.5

> Mamaku Tephra (8005 ° 45 cal BP)

>~ ?Rotoma Tephra (9505 ° 25 cal BP) +
?Waiohau Tephra (13,635 ° 165 cal BP)

1o .

15

> Rotorua Tephra (15,425 ° 325 cal BP)

2.0

j Below: Rerewhakaaitu Tephra (17,625 °
425 cal BP) over greyish brown tephric
loess

Modern soil and buried soil horizoimstephras over Rotorua TephRhoto, stratigraphy and
horizonation Haydon Jones, Loretta Gatt, David Lowe, and Wim Rijkse



