A dramatic landscape

Finalpre-publicationmanuscript of Gapter 16! RNJ YI G A0y f & ¥ RE Ok ¢S R NJ
conservationci KS KAJ&U2NE 2F t dzNB2NJ} C2NBail:

See the book for definitive version.

Citation

Lowe, D.J., King, C.M. 202bdramatic landcape In: King, C.M., Gaukrodger, D.J., Ritchie, (¢ds),
The Drama of ConservatienThe History of Pureora Forest, New Zeal&@ptinger, Berlinand New
Zealand Dept. of Conservation, Wellington, pp71[DOI 10.1007/9788-319184104_1]

Available for purchase from New Zealand Department of ConservatiSpringer
http://www.springer.com/gp/book/9783319184098#aboutBook



http://www.springer.com/gp/book/9783319184098#aboutBook

A Dramatic Landscape

D. J. Lowe an€.M. King

School of Science, University of Waikato, Private Bag 3105, HaB2n New Zealand
d.lowe@waikato.ac.nz

Abstract

This chapter introduces the story of Pureora Forest Park (PFP), in the
central North Island, New Zealand, by describing the extremely violent
Taupoeruption of c. AD 232 and its consequences for the surrounding
forests and mountains. It gives a breadale local geological history,
detailing the origins of some important local sedimentary rocks and
landforms with a bearing on the story, including éistone caverns and
coal deposits. It describes the location of the future PFP on the western
edge of the Taupo Volcanic Zone, and how the history of volcanic activity,
together with erosion, have determined much of the character of its
landscape, the radladrainage pattern and deep entrenchment of its
rivers, the distribution of its vegetation, and its long isolation from
human access and permanent settlement.
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1.1 Introduction

Lake Taupo @ kn? surface area, 357 mbave sea leveland up to 185 m deep$ a justly
famous mecca for tourists, boawnersand troutanglersA y G KS OSyiNB 27
North Islandlt is the largest body of freshwater hustralasiacradled by green mountains

on both east and west, and the permanent snows of Tongariro National Park to the. south
One of the earliest views of it, painted by Ferdinand von Hochstetter in (l85&hstetter
1867)[11], illustrates well the appeal of this majestic landscape, stiitaking asit was in

L oA L,k

Fig 1.1 Lake Taupo viegd across to the southern shore in 1859. Prominent peaks: Ruafgaingariro,
Ngauruhoe (left); Pihanga (centre); and Karangahape (far rigidin Hochstettef11: 364], courtesyof
University of Auckland Libraries, Early New Zealand Books Collection

The scene lookpeacefu) but is deceptive. Taupois alsothe most frequently active and
productive rhyolite volcano on Ear{iwilson and Leonard 201®Vilson et al. 200944, 50]

The story of this beautiful but potentially dangerous place provides a dramatic introduction
to the story of Pureora Forest.

1.2 The Taupdruption

About AD 232|ong before human explorers discovered New Zealdhd, Taupo volcano
produced the most violent volcanic eruption known in the world in the last 5000 years
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(Hogg et al. 203;2Wilson and Walker 198912, 46] Towards the climax of the eruptiom

towering eruption column, described byvolcanolaists until recently as WdzLJi NIy A | y Q
(Walker 1980 [41] 06 dzli Yy 2 6 & A YHoligiton 8tlalf 20964, yheew around 23

cubic kilometresof loose volcanic material high into th@tmosphere andstratosphere,

about 35- 40 km above ground(Houghton et al. 2016[14] (about twice as high as the
eruption column of Mt St Helens in 198@sh was blown eastwards across terth Island,

gpStt 06Se2yR lovedHe Baific Ocehre | Y R

The column then collapsed catastrophically back to earth, generateaglly pyroclastic

flows RdzNA Yy 3 (GKS SNHzZIIA2y Qa FAYLFf (Rf AIYThewGA O Iy
burning, broiling fronts radiated outwards from the vent areasateeds exceeding 150

m/sec 640 km/h) for about 80 km £ 10 km) in all directionsand the flow stopped only

when the material ran outThe flows coveredbout 20,000 km of surrounding countryn

less than seven minut€g/ilson and Walker 198p[45].

Fig. 1.2Artist's impression of the catastrophic final phase of the Taupo eruption &fDc232. The

towering eruption column in the background (at Lake T3uisocollapsing and generating the roiling

WOt 2dzRaQ 2F @SNE K24 3IFaszs FakKz LldzyAO0Sz ONBadlfaszs
across the land as a groumdigging pyroclastic flow, engulfing forests and animals in its path. The

resuling nonwelded ignimbrite deposit covers an area surrounding Lake Taupo to a radius of about 80

km (Wilson 198%[45]. Painting by Mark Garlick, speciatgmmissioned for this book iBavid J. Lowe

and Adrian PittariSchool of Science, University of Waikato
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Fig. 1.3The consequences of the powerful Taupo eruption &R232, showing the position of the vent,

now submerged under Lake Taupo; the area covered by ashfall to a depth of 10 cm or more, with
thickness contours (isopachs) iantimetres the finalextent of deposits from the extremely energetic

pyroclastic flow, which spread a layer lobse ignimbrite across 20,000 Kincovering all neighbouring

peaks except Ruapehu in the southwest; and the position of thee8Wrorest at PureordRedrawn by

Max Oulton from Wilsorand Leonard(2015: 171) [44]. NB: by convention, the bay itself is Hawke Bay,
gKSNBIFa GKS | R2lFOSyid f I yR AlasetiMasbof helTaupcSvaléani@zdde |l I g1 S 2
(TVZ) extending from south of Ruapehu to White Island (Whakaatip TV4Ancludes many volcanoes

and hd springs and several geyseRedrawn by Max Oulton frolvilson and Leonar(2015:168) [44].

All the surrounding mountaing the entire Hauhungaroand Kaimanaw&aRangs, the
volcanic peaks oPureorag Titiraupenga and Tongarirg and much of the adjacent area
except southwest Ruapehuwere blanketedn multiple suffocating layers represtingthe
products ofsuccessive phases of tleeuption (Fig. 1.3and 1.4). The total output from the
volcano through all stages of the eruption was about 105 cubic kilometrkssévolcanic
material.For some more detailed technical explanations, Be& 1.1.



After the c. AD 232 eruption, Lake Taupo refilled over a period of about 15 to 40 years to a
levelsome30-nn Y KAIKSNI 0KIFy G2RIFI@2Qa ol 62dzi 6 KSNS
above sea levgl held back by a temporary dam. When it collapsaiout twenty cubic

kilometres of water wassuddenlyreleased dowrthe Waikato Riveran equivalent volume

to that of the Mississippi River in floganville et al. 1999[22].

Breakout flood deposits from this event can be tracalbng the Waikatdiver valley forup
to 220 km dowstream from Lake Taupduryinglarge areas that were otherwise little
affected by the eruptionParts of the modern gitof Hamilton are built orthe breakout
flood depositsalongside thepresentWaikato RiverCther North Island rivers, includine
Whanganui, Rangitaiki, Mohaka, and Ngarurosere choked withfall deposits and Taupo
ignimbrite material{Manville et al. 20072009 [24, 25]

All the original forest, aboubne cubic klometre of timber, standing within about 80 krof

the vent (the zone of Taupo ignimbrite emplacementas almostinstantly engulfed and
incinerated (Hudspith et al. 2010[15], and the carbonized remains buried under a
temporarily sterilisedduvet (Fg. 1.5) Only a few remnants of preruption forest survive,
fortunately protected by rocky outcrops, such as the patch of silver beech that still grows in
a gorge in the headwaters of the Mangatu StreanthmWaihaha Forest.

layer2
Taupo Ignimbrite
layer 1

Taupo Plinian

Rotongaio Ash ]

Hatepe Ash

Hatepe Plinian

Initial Ash

Fig 1.4 Sixof the seven distinct phases of the Taupo eruption are shown in this section, exposed in a

forest road cutting. The first five units (Initial Ash, not deposited at this site, was followed by Hatepe

Plinian, Hatepe Ash, Rotongaio Ash, and Taupo Plinian)alarfall deposits. Taupo Ignimbrite was

deposited at the climax of the eruption from a hot, fasbving, grounehugging pyroclastic flow. The V

shaped incisions into the Hatepe Ash mark a breakmpfio c. 3 weeks when torrential floodsom

intense rainOlF NWSR 3Adz t AS&a Ayd2 GKS az27Fd adz2NFI OS ORSy2i
was deposited. The emplacement of Taupo ignimbrite stripped the top of the Taupo plinian deposits,
NBadzZ GAy3 Ay | WL I yYSRQ | |di3fd seklByxQ,P. 210 Didgratdresidwno & W{ QU
by Max Oultorafter Houghton & Wilson (19869)[13]; photo by David J. Lowe
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Fig. 1.5Two chared logs lying within pumiceou¥aupo ignimbrite at a site near Wairakei. Such
carbonized logs have been measurédip to 1 m in diameter and 5 m in length. The trees were broken
off by the pyroclastic flow or preceding blast, and then incorporated into the flow. Their pattern of
orientation radially around the eruption vent provided a means of deducing its pogfimygatt et al.
1987 [7]. The logs were probably charred in situ at temperatures between at least 2nd 400 C
(Hudspith et al. 201J15]. Lens cap 5 cm in diamet&avid J. Loas

Fromabout 80 kmto about 170 km east from the eruption centre, afsill deposis were
thinner and cold andgenerallycaused progressively less devastating damage. Fires started
during the eruption burned for decad€gviimshurst and McGlone 199§ 3]. The collective
effects of the eruption rendered uninhabitable an area now occupied2®0,000 people.

Dramatic as it was, the Taupo eruption wadyothe latest act in a very long play. Prolonged
volcanic activity over thousands of years has left its mark on the modern composition and
distribution of the soils andn the forests they supportThose earlier eventiselp to explain
much about the contemorary environment in this area.

1.3 GeologicaHistory of the West TaupoArea

The basement layers gkediments that now forngreywacke rockg¢mostly hard sandstone)
under the Hauhungaroas were laid down on the sea bed in the Late Jurassic, about 155
million years agoMya), and represent complex deep marine deposits added onto the



eastern Gondwana margif.eonard et al. 200J19]. In places, such as at the base of the
Waihuka Falls, fossickers can still find rare fadslls as evidence of that distant time.

The sediments were uplifted after deposition, and altered by tectonic movements to form
part of Zealandia, #arge chunk of new land on the edge of the ancient continent, thickly
covered with huge forests and peat swamps. Then, starting abod\gf) further tectonic
movements split Zealandia off into substantialcontinental fragment that slowly drifted
eastward intopermanent isolation in theouthwestPacific(Sutherland and King 201L[36].

Widespread faultingacross this ancient landscape in the Afidrtiary period €. 40 to 30

Mya) formed basins which became filled with sediments shed from adjacent higher ground.
River flood plains and peaty swamps developed, thickly covered with forest and swamp
vegetation.When the land subsided, the old land surface was flooded by the sea, and then
buried and compressed bwccumulating marine sediments that eventually formed
mudstones, sandstones, and limestor{Esibrooke 2005King 201%[5, 16}

These sedimentary depositsay a less dramatic role in this story than that of the volcanoes,
but still an important one. The limestonesvere corroded into the cave systems of the
Waitomo district, which preserve a veritable zoo representing the prehistoric fauna that
once roamed tk central North Island forestsincluding many extinct birds and
invertebrates (Worthy and Holdaway 2002[51]. The remains of the ancient swamps
eventually became coal, arate preserved athe Wakato Coal Measureé§Sherwood and
Edbrooke 201p[34]. In their time they werean essential resource fateamdrivenengines

and mills and weremined during the 2% Century at Mangapehi and Benneyddéhap 5).

About 25Mya, the AustralianPacific convergent plate margin began to develop, and new
tectonic movementsbegan to rearrange the geography of Kewlia. The greywacke
basement rocks were uplifted to form the backbones of both main islands,expesed in

the Pureora area as alternating bands of sandstones and mudstones, split and bounded by
northeastsouthwest trending faults. The Rangitoto Rangethie north of Pureoravillage

and part of theHauhungaroa Rangeyhich runs more or less continuously for some 70 km
north to southalong the west side of Lake Tauffeig 0.1 in Prefacg are both examples of
uplifted, faultbound blocks of greywacke e¢ks(Edbrooke 2005Leonard et al. 201P[5, 19]
Largeareas of these ranges have been overlaid by the more recent products of cataclysm
volcanic eruptions (Box 1.1, p. 17).

From about 1.6 million to about 900,000 years aguiccessiveexplosive eruptions
generated voluminous pyroclastic flowsfrom the Mangakino volcano, and from the
Whakamaruwolcanoaround 350,000 years agBdx 1.1) Very hot, fasitmnovingpumicerich
material, buoyed by superheated gases, raced across the landséédpsre the deposits
were hottest and hickest, he pyroclastic material hardened into shdée of welded
ignimbrite. They havesince eroded to form distinctive landscapes with prominent cliffs,
often with vertical jointsas seerfor examplealong the Mangakahu Vall€fFig 1.6). A cap



of densely welded ignimbrite remains on the nearby-ftgiped Hikurangi, 10 km northeast
of Taumarunui, giving an effect described by Hochste@®#rapc 0 ' a a4 KS G2 L3 | L
AT Odzi aY2 2 (Hechstetheid 11867855) [L1] Fig 573,

Fig 1.6 A welded (hard) ignimbrite of the Whakamaru Group, erupted about 350,000 yearasago
pyroclastic flowfrom Whakamaru caldera volcano, with well developed vertical and subhorizooihg
joints, exposedn the Mangakahu Valley east of Ongari®hoto from Edbrooke (2003:0) [5] with
permissionGNS Science image 140102 (c) Steve Edbrooke, GNS Science

Fig. 1.7MHikurangi, an eroded remnant of a former landscape, is cappedrimywelded ignimbrite
eruptedas a pyroclastic flow frorthe Mangakino caldera 1.23 MyBEdbrooke 200g5]. C. M. King






























