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Plate 1,1 CRATER LAKE, MT RUAPEHU
View of Crater Lake from the top of Mangaturuturu Glacier looking toward Pyramid Peak (loft centre) and
Mitre Peak (right centre). To the right of the photograph is the outlet of crater Lake [arrow] below
Ruapehu summit, Tahurangi (2797 m\.
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Plate 1.2 MT RUAPEHU R|NG PLATN

Northern view from the Whangaehu escarpmont overlooking Whangaohu River (at right of photograph)
and sparsoly vegetatod laharic surfaces of oastern Rangipo Desert. Noto locations of The Chute [right
arrowl and Scorpion Gully ileft arrowl. Mt Ruapehu, Mt Ngauruhoe, and Mt Tongariro are seen in tho
background.

PIaTe 1.3 MT RUAPEHU RING PTAIN

Southoastern view overlooking Whangaohu River lleft arrowl (altitude c. 12OO m) and Th6 Chute lright
arrowl. To the loft of the photograph aro Whangaehu Valley moraines, and to the contre and right aro lavs
flows of Whangaehu Valley and laharic surfaces of tho Whangaehu Fan, Rangipo Desort.
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Pfare 2.1 OHAKUNE MouNrAtN R)AD lS2Ol27.lO74,l
Kaharoa Tephra IKa], interbedded with Makahikatoa Sands (brown] and
Tufa Trig Formation tephras (black). Note the position of Taupo pumice
lTpl (Taupo lgnimbrite Member).
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O.5 m

Plata 2.2 OHAKUNE MouNrArN RoAolS2Ol271O74l
Kaharoa Tephra [Kal intorbedded with Makahikatoa Sands (brown) and
Tufa Trig Formation tephras (black).
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Plate 2.3 TUFA TRtc S.2 lT2013750461
Taupo Pumice [Tpl (Taupo lgnimbrite Member) overlying Mangatawai Tephra IMg] and interbedded
Mapara Tephra [Mpl, and Papakai Formation [Pp] and interbedded Waimihia Tephra [Wml. Note
charcoalised logs in the ignimbrite to the left of the spade blade. Overlying Taupo lgnimbrite are
interbodded black Tufa Trig Formation tephras ITfl and brownish-grey Makahikatoa Sands IMkl.
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Plare 2.4 DESERT RoAD S.',l I tT2Ol4640921
Taupo Pumice lTpl (Taupo lgnimbrite Member) showing pink coloration, overlying Mangatawai Tephra
lMgl and white Waimihia Tephra IWm], interbedded within Papakai Formation tppl. papakai Formation
overlies bedded sands lbsl on Mangamate tephras (obscured). Taupo lgnimbrite is overlain by
Makahikatoa Sands and interbedded Tufa Trig Formation tephras (member Tf5 arrowed).

5m
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Plate 2.5 AouEDUcr S.'1 , SoUTHERN RANGtpo DESERT [T20l4189821
Taupo Pumice [Tp] (Taupo lgnimbrito Member) showing maximum thicknoss (3 m) in study aroa.
Overlying this are Onetapu Formation laharic deposits, and intorbodded Tufa Trig Formation tephras and
Makahikatoa Sands.

Plare 2.6 RANG|Po DESERT

Partially eroded Taupo Pumice [Tp] (Taupo lgnimbrite Member) overlain by Onetapu Formation gravels,
southern Rangipo Desert. Note positions of Mangatawai Tephra IMgl, and Papakai Formation IPpl with
interbedded Motutere Tephra'cream cakes' [arrowl.
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PIaTe 2.7 NGAMATEA SWAMP lJ21 1413874I LooKING To THE SOUTH

Taupo lgnimbrite [arrowl interbedded within peat exposed along the length of a drainage channel in
Ngamatea Swamp (figure for scale).

Plate 2.8
NGAMATEA SWAMP IT21 14138741
Taupo Pumice [Tpl (Taupo lgnimbrite
Member), Waimihia Tephra [Wml, and

stratigraphic positions of Mapara Tephra
lMpl and Hinemaiaia Tephra [Hml aro

indicated. All tephras are interbeddod
within peat.

1m
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Plate 2.9 TUFA TRtc S.2 tT20/3750461
Mapara Tephra [Mpl interbedded within Mangatawai Tephra IMg]. Note overlying Taupo Pumice [Tp]
(Taupo lgnibrite Member).

Plate 2.1O TUFA TRtc S.2 [T2Ol3750461
Waimihia Tephra [Wml interbedded within Papakai Formation IPpl. Note overlying Mangatawai Tephra
lMgl witn interbedded whito Mapara Tephra IMpl, and Taupo Pumice [Tpl (Taupo lgnibrite Member). Also
shown is the andesitic black ash-2 member lba-21 of Papakai Formation.

0.5 m

5m
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Plate 2.1 1

TUFA TRG S.2 lT20/3750461
Taupo Pumice [Tp] (Taupo lgnimbrite
Member), Mapara Tephra IMpl
(interbedded within Mangatawai Tephra
lMsl), and Waimihia Tephra tWml
(interboddod within Papakai Formation
lPpl), Note stratigraphic positions of
black ash-1 [ba-1] and black ash-2 [ba-2]
members of Papakai Formation,

Plara 2.12 DESERT RoAD s.12 tT2O/4581 191
Yellowish-white Hinemaiaia Tephra [Hm], showing diffuse contacts, interbedded within groy Papakai
Formation IPp]. Note the distinctive surface cracking of Papakai Formation denoting pal6osol
dovelopment.

O.1 m
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Plate 2.13 DESERT RoAo S.15 tT2Ol46213S1
Hinemaiaia Tephra [Hm] appoaring as a palo yellow horizon within
cracked Papakai Formation lppl. Also intorbedded within papakai
Formation aro Motutere Tephra IMtl and Waimihia Taphra [Wml. Note the
overlying black andesitic Mangatawai Tephra IMgl and Taupo pumice
lTpl (Taupo lgnimbrite Member). Papakai Formation overlies Mangamate
Tophra members Poutu Lapilli tptl, Wharepu Tephra [Wp], Ohinepango
Tophra [Oh], and Waihohonu Lapilli IWal.



Ptl
Platc 2.14
DEATH VALLEY TYP€ LocAuTY
Hinemaiaia Tephra [Hml preserved as a
pocketing lens of coarse yellowish-white
ash within Papakai Formation [Pp]. lt is
overlain by black ash-1 [ba-1] membor of
Papakai Formation and the Mangaio
Formation debris flow IMnl.

0.5 m

Plate 2.15 DEArH VALLEY S.5 [T2O/4O9O451
Whakatane Tephra [Wk] interbodded with Manutahi Formation gravels. Noto position of Motutero Tophra
lMtl.

1m
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Platc 2.16
DESERT RoAD S.17 lT19/4821991
Motutere Tephra [Mtl interbedded near
the base of Papakai Formation [Ppl. Note
positions of Poutu Lapilli Member [Ptl of
Mangamate Tephra, Hinemaiaia Tephra
tHml (indistinct pale horizon), and
Mangatawai Tephra IMg].

lm

Plare 2.17 DEArH VALLEY S.3 IT2O/4O9O421
Primary Motutere Tephra [Mtl is indicated by lowor arrow. Upper arrow indicates reworkod Motuter6
Tephra, interbedded within Manutahi Formation deposits.

O.5 m



Plate 2. 1 I DESERT RoAD S.1 5 tT2Ol4621 351
Poronui Tephra IPol occurs between Wharepu Tephra [Wpl and Ohinepango Tephra IOh] members of the
Mangamate Tephra. Note the distinctive orange and black colour-banding in Ohinepango Tephra, the basal
orange bed of Wharopu Tephra, and the positions of Mangamate Tephra members Poutu Lapilli [Ptl,
Waihohonu Lapilli [Wal, and Oturere Lapilli tOtl (partially obscured). Also shown are Papakai Formation
lPpl, Waimihia Tephra [arrowl, Mangatawai Tephra IMgl, and Taupo Pumice [Tpl (Taupo lgnimbrito
Member).

Plare 2.19 DESERT RoAD I1't915242831
Karapiti Tephra IKpl occurring between the dark grey To Rato Lapilli member [Ttl of Mangamate Tephra
and Pahoka Tephra [Pal. Note position of Poronui Tephra [Pol and Mangamate Tephra members Wharopu
Tephra [Wpl, Ohinepango Tephra IOhl, Waihohonu Lapilli [Wal, and Oturere Lapilli IOt].
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Plate 2.2O WAHTaNoA AouEDUcr S. IT2O/4359901
Waiohau Tephra [Whl interbedded with Bullot Formation tephras lBtl. Rerewhakaaitu Tephra IRk] overlies
Te Heuhou Formation laharic deposits. Stratigraphic positions of Shawcroft Tephra IShl, Waimihia Tephra
lWml, and Taupo Pumice [Tpl (Taupo lgnimbrite Member) are also indicated.

Pt4

5m

Plate 2.21
WHANGAEHU RIVER S,1 IT2O/399954I
Stratigraphic positions of Waiohau
Tephra [Whl and overlying Shawcroft
Tephra lShl are indicatod. Rorowhakaaitu
Tephra IRkl is exposed near the base of
the section, and overlios Te Heuhou
Formation 6ndesitic diamictons.

tm
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Plare 2.22
WHANGAEHU RtvER S.'l IT2OI3999541
Waiohau Tephra [Wh] preserved as a
pocketing white fine ash below
Shawcroft Tephra IShl member of Bullot
Formation. Note the distinctive orange
baso of Shawcroft Tephra.

O.5 m

Plare 2.23 Buu-or Tnacx S.1 lT2Oi4121O8l
okaroka Tephra IOkl interbodded between Bullot Formation members L3 (hokey pokey lepilli) and L4.
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Plate 2.24 DESERT RoAD S.1O IT20/46409ll
Kawakawa Tephra Formation: Oruanui lgnimbrite IOul and Aokautere Ash
[Ao] mombers indicated. Bullot Formation tephras and interbeddod
Rerewhakaaitu Tephra Iwhite arrowl overlie Kawakawa Tophra
Formation,
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Plate 2.25 DESERT RoAD S.tO lT2014640911
Kawakawa Tophra Formation [Kkl overlain by lower Bullot Formation
tephras and intorbedded Rerewhakaaitu Tephra [Rkl.
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Plate 2.26 WAlKAro STREAM 5.2 fi2O14691O21
Whito Kawakawa Tophra Formation infilling a pull-apart structure Iwhite arrowl which cross-cuts tephras
olderthan Bullot Formation member Ll Iblack arrowl and pre-22 5O0 years B.P. andesitic diamictons.

Plare 2.27 WAlKAro STREAM 5.2 lT20/4691021
Vein of Kawakawa Tephra Formation. Lobes of ash are preserved within the vein and show original
stratification of a fine white ash base ovorlain by a thicker groy massive unit.
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Plate 3.1
TUFA TRrc S.1 lT20l378O451
Tufa Trig Formation mombers oxposod at
the type section. Stratigraphic positions
of mombers Tt2, ft4. Tfs, Tf6, Tf8, and
Tt'' 4 arc indicated.

Plate 3.2 TUFA TRtc S.2 lT20/3750461
Tufa Trig Formation members Tfs, TfO and Tf8 aro indicated. Noto tho olive-brown pumice-rich bod at
the base of member Tf8 which distinguishes it from all other Tufa Trig Formation membors, and the
distinctly coarsor grain size of momber TfS. Dashed lines indicate contacts betwoen mombers.

O.1 m
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Plate 3.3 TUFA TRrc S.2 IT2013750461
Two white unnamed tephras [arrowsl occur between Tufa Trig Formation
membors Tf3 and Tf4, and above Tufa Trig Formation member Tf8,
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Platc 3.4
MANGAToEToENUI OUARRY tT2Ol459 1 53I
Mangatawai Tephra IMsl underlying
Taupo Pumice [Tpl ffaupo lgnimbrite
Member) and overlying Papakai
Formation [Pp]. Note the dark greyish-
brown paloosol dovoloped in the top of
Mangatawai Tephra. Underlying thie are
dark purplish-grey coarse ash bede
containing beech leaves which aro
characteristic of the formation.

O.5 m

Pfate 3.5 PARADISE VALLEY RoAD If2On94O46l
Papakai Formation [Ppl overlying Poutu Lapilli Membor [Pt] of Mangamato Tephra. Note tho distinctive
surface cracking and fine bluish-grey lapilli (reworked Poutu Lapilli) scattered throughout tho base of the
formation.

O.1 m
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Plate 3.6 DESERT RoAD UNNAMED SEcIoN [T201465099]
Noto the erosional unconformity above Poutu Lapilli Member IPt] of Mangamate Tephra. A discontinuous
bed comprising roworked Poutu Lapilli. and Papakai Formation unconformably ovorlio oldor tophras (r'.a.

Wharepu Tephra [Wp], Waihohonu Lapilli [Wal, Oturere Lapilli [arrowl, Pahoka Tephra [Pal), and fluvial
sediments [fll. Mangatawai Tephra IMg], Taupo Pumice [Tpl (Taupo lgnimbrite Member) and Makahikatoa
Sands [Mk] are also indicated.

Plate 3.7 DESERT RoAD S.12 IT2O|4581 191
Gleyed Papakai Formation lPpl overlies roworked Poutu Lapilli. Note Mangatawai Tophra IMgl, Taupo
Pumice ITpl (Taupo lgnimbrite Member), and Makahikatoa Sands [Mkl above Papakai Formation, and
Poutu Lapilli [Ptl, Wharepu Tephra [Wp], Waihohonu Lapilli lWal and Oturore Lapilli [Otl mombers of
Mangamate Tephra. Grey Pahoka Tephra [Pal, and underlying Bullot Formation tophras [Btl are also
shown.

lm
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Plate 3.8
RocK RoAD, KARIoI FoREST

1T20t3229411
Massive yollowish-brown sandy loam
toxtur6d Papakai Formation IPpl overlying
Bullot Formation tephra (Ngamatea
lapilli-2 member arrowed). Hero Papakai
Formation lacks the distinctive surface
cracking seon in mor€ northorn
exposu res.

1m

PIaIe 3.9 DEATH VALLEY TYPE LoCALITY
Massive yellowish-brown sandy loam textured Papakai Formation IPpl underlying Mangatawai Tephra
lMgl. Interbedded within Papakai Formation are the rhyolitic Waimihia Tephra [Wml and Hinemaiaia
Tephra IHml. Note relative stratigraphic positions of black ash-1 [ba-'l ] and black ash-2 [ba-2] mombors
of Papakai Formation to these rhyolitic tephras.

lm
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Plare 3.10 Pouru IT19/4813251
Type section for Poutu Lapilli Member [Pt] of Mangamate Tephra. Here Mangamate Tephra membars
Wharepu Tephra, Ohinepango Tephra, Waihohonu Lapilli, and Oturero Lapilli are thin and overlie the
prominent basal member Te Rato Lapilli larrowl. Note also Papakai Formation IPp], Rotoaira Lapilli tRtl,
and thin orange lapilli units occurring between Te Rato Lapilli and Rotoaira Lapilli which are corrolated
with Bullot Formation.
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Plate 3.1 1

MANGAToEToENU| OUABRY lT2Oi459 1 531
Type soction for Oturoro Lapilli. Labolled
are the Poutu Lapilli [Pt], Wharepu
Tephra IWpl, Waihohonu Lapilli IWal,
unnamed tephra [ut'l and Oturere Lapilli
lOtl members of Mangamate Tephra.
Also shown are roworked Poutu Lapilli
lrwl, and Pahoka Tephra [Pal which
overlies Tangatu Formation-aged
diamictons. The position of Karapiti
Tephra within unnamed tephra below
Mangamate Formation is arrowed. Tho
thin black ash immodiatoly underlying
Poutu Lapilli, the orange basal bod of
Wharepu Tephra, and tho orange pumice-
rich beds noar tho base of Waihohonu
Lapilli aro used to identif y theso
members.

lm
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Plate 3.12
DESERT RoAD S.1 1 IT20/4640921
Mangamate Tephra mombors identified at
this site are Poutu Lapilli [Ptl. Wharepu
Tephra lWpl, Ohinepango Tephra [Ohl,
Waihohonu Lapilli IWal and Oturere Lapilli
lOtl. Thin Poronui Tephra [Pol overlies
Ohinepango Tephra. Mangamate Tephra
and Papakai Formation aro soparatod by
bedded sands lbsl. Note stratigraphic
positions of Pahoka Tephra IPa] and
Bullot Formation tephras lbtl, including
Pourahu Mombor [Ph] and marker ash
sequence [M11.

lm

Plare 3.13 MANGAToEToENU| OUARRY tT2O/4591531
Groy Pahoka Tephra IPa] and overlying unnamed tephras [ut]. Note the distinctiv€ grey and white colour-
banding in the pumiceous lapilli, and the angular nature of the lapilli. Pahoka Tephra overlies Tangatu
Formation-aged diamictons [Tal.

O.1 m
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Plate 3.14 BuLLor TRACK S.1 lT20/4121081
Type section for Bullot Formation. Approximate boundarios of upper, middle and lower Bullot Formation
units are indicated by dashed lines. Note stratigraphic positions of Okareka Tephra Iwhite arowl,
Rerewhakaaitu Tophra lblack arrowl, and tho prominent Bullot Formation members L3, L4, L8-1O.
Kawakawa Tephra Formation, although not shown, is exposed at the base of this section, just to the right
of tho photograph.

Pfate 3.15 WAlKAro STREAM 5.1 IT20l467 1O2l
At this site, horizontally bedded Bullot Formation tephras lBtl underlie Pahoka Tephra [Pal and overlie
andesitic diamictons of the Te Heuheu Formation (exposed at base of sectionl. Note stratigraphic
positions of Rerewhakaaitu Tephra IRkl, Mangamate Tephra IMml, Papakai Formation [Ppl, Mangatawai
Tephra [Mgl, Taupo Pumice [Tp] (Taupo lgnimbrite Member), and overlying interbedded Makahikatoa
Sands and Tufa Trig Formation tophras.
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Plate 3.16 T2014631011
Bullot Formation tephras exposed below Pahoka Tephra IPal. Noto Pourahu Member IPhl and marker ash
sequence IM11. Above Pahoka Tephra are Mangamate Tephra members Poutu Lapilli IPtl, Wharepu Tephra
lWpl, Waihohonu Lapilli [Wal, and Oturere Lapilli IOtl. Note the tussock clad eroded remnant of Papakai
Formation.

Plate 3.17 DESERT RoAD S.1'l [T201464092]
Upper Bullot Formation tephras [Bt] exposed below Mangamate Tophra [Mml and bedded sands lbsl.
Markor ash sequonce [Mrl is arrowed. Also shown are Papakai Formation [Ppl, Mangatawai Tephra IMgl,
Taupo Pumico [Tp] (Taupo lgnimbrite Member), and overlying interbedded Makahikatoa Sands and Tufa
Trig Formation tephras.

lm
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Plate 3.18 WAHtANoa RoAD S.1 lT2O/3919861
Ngamatea lapilli-1 [Nt-1] and Ngamatoa lapilli-2 [Nt-21 of uppor Bullot Formation overlying oldor unnamod
Bullot Formation tephras. Noto the stratigraphic positions of the rhyolitic Waimihia Tophra [Wml, which
occurs as 'cream cakes', and Hinemaiaia Tephra IHml, which aro interbedded within Papakai Formation
lPpl' The positions of orange lapilli-1 and orange lapilli-2 members of Papakai Formation are indicatod by
artows.

PlarG 3.19 THE CHUrE S.3 IT2O/437O451
Pourahu Member Iignimbrite unitl tPhl comprising white pumice lapilli, blocks and bombs, and black scoria
in a poorly sorted ash matrix. Note the overlying and discontinuous grey Tangatu Formation
hyperconcentrated flood flow deposits and Ngamatea lapilli-1 [Nt-tl member of Bullot Formation. Also
shown is Papakai Formation [Ppl which is unconformably overlain by Onetapu Formation debris flow
deposits.



Plate 3.2O MaNGAroEroENUt OUARRY tT20/4591531
Pourahu Member IPhl interbedded with Tangatu Formation-aged debris flow deposits. Also shown are
Taupo Pumice lTpl (Taupo lgnimbrite Member), Mangatawai Tephra [Mgl, Popakai Formation [Ppl,
Mangamate Tephra mombers (Poutu Lapilli IPt], Wharapu Tephra [Wpl, Waihohonu Lapilli tWal, Oturero
Lapilli [Otl), and Pahoka Tephra [Pal. The arrow indicates stratigraphic position of the rhyolitic Karapiti
Tephra IKpl within unnamed tephra.

Plate 3.21 THE CHUTE TYPE LoCALITY
Breadcrusted pumice bomb of the Pourahu Member found ombedded within an andositic diamicton ol
Tangatu Formation.
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Plare 3.22 WHANGAEHU RtvER S.1 lT2Ol3999S41
Upper Bullot Formation tephras found capping Te Heuheu Formation diamictons on the Whangaehu
escarpment. Shown are Shawcroft Tephra Member [Shl, with its distinctive strong brown pumice-rich
base, and the stratigraphic position of Waiohau Tephra [Whl.

Pfate 3.23 HELWAN QUARRY 1T201408921l
Shawcroft Tephra Member of Bullot Formation [Shl overlying a medial unit with interbedded Waiohau
Tephra (position arrowed). Note the black lithic-rich top and distinctive strong brown pumice-rich base
of Shawcroft Tephra.
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PIaTe 3.24 RANGIPo DESERT

Eroded surfaces of Bullot Formation exposed at Missile Ridge in northwestern Rangipo Desert. Vegetated
surfaces identify areas where the cover bed tephras (Papakai Formation, Mangatawai Tephra, Taupo
Pumice, Tufa Trig Formation) and Makahikatoa Sands are preserved. Missile Ridge Dune IMRDI (roferonce
soction for Tufa Trig Formation) is marked. The stratigraphic position of Waiohau Tephra [Whl within the
upper Bullot Formation tephra sequence is indicated.
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Platc 4.1 ACCRETIoNARY IAPILU
Cross sections of accretionary lapilli found in Mt Ruapehu tephra members Ll6 and Ll7: (a) armoured
lapilli (b) rim-type (R-type) lapilli (c) core-typo (C-type) lapilti.
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Plate 4.2d

Plate 4.21

Non-skeletal type fll olivines. O.250-0.50O mm fraction, thin section, Waihohonu Lepilli.
Skeletal type illl olivines.Primitiveskeletal habitof DreverandJohnston(1957) andskeletal hopperolivine
morphology of Donaldson (1976). O.125-O.25O mm fraction, thin section, Waihohonu Lapilli.
Skeletal hopper and H-shapcd chain olivines of Donaldson (1976), 0.063-O.125 mm fraction, grain
mount, Poutu Lapilli.
Skeletal lantern and chain habit of Fleet (1975).0.125-0.250 mm fraction, thin section, Waihohonu
Lapilli.
Skeletal olivine: showing stepped terminations and centrally located glass inclusions. O.O63 -O.125 mm
fraction, grain mount, Poutu Lapilli.
Skeletal olivine: showing stepped t€rminations and centrally locatod glass inclusions.0.O63 -O.'l 25 mm
fraction, grain mount, Oturero Lapilli.

!

Plate 4..2a
Plate 4.2b

PlEte 4.2c

Plare 4.2d

Plate 4.2e

Plate 4.21

Plate 4.2b

Plate 4.2c
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PIaTe 4.3 SKELETAL OLIVINES

Grainmount(0.O63-O.125 mmfraction) of skeletal type tlll olivinesshowingprimitiveskeletal habittpsl
and H-shaped chain morphologY Ihcl of Donaldson (19761. Inclusions of brown glass within the olivines
are arrowed.
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Plate 4.4a

Plate 4.4b

PIaIes 4.4a & 4.4b VITRIC PYRoCL,ASTS: TUFA TFIG FoRMATIoN TEPHRAS

Thin sections showing poorly-vesicular vitric pyroclasts lvpl (0.250-O.5OO mm fraction) with included
euhedral and subhedral crystals of feldspar and pyroxene. Also shown are phenocrysts of pyroxene [pxl
with glassy selvedges Igsl.

,a
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Plat€ 4.4c
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Plate 4.4d

PIaIee 4.4c & 4.4d VtTRIc PYRoCLASTS: TUFA TRIG FoRMATtoN TEPHRAS
Thin sections showing poorly-vesicular vitric pyroclasts lvpl (o.250-o.5oo mm fraction) with included
euhedral and subhedral crystals of feldspar and pyroxene. While most pyroclasts contain abundant and
obvious microlites [arrowl, a few are microlite-poor Impl. Also shown are phenocrysts of pyroxene [pxl
with glassy selvedges Igs,.
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Plate 4.5 CoLoUR-BANDED LAptLLl
Pumice lapilli from Pourahu Member Iignimbrite unitl showing non-bandod
white phenocryst-rich pumice lapilli [al with rhyolitic glass composition,
and sections through a colour-banded phenocryst-rich lapilli lb,cl with
dacitic to rhyolitic glass compositions. Bl - 87 identify colour bands, with
tho glass chemistry of bands 82, 85 and 87 analysed by electron
microprobe lsee text).
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Plate 4.6a Magnification 149x.

Platc 4.6b Magnification 145x.

Plates 4.6a & 4.6b VtrRtc PyRocLAsr MoRpr.toLocy
Type-1 blocky equant shapes of brown (Plate 4.6a) and black (Plate 4.6b) poorly-vesicular
vitric pyroclasts of Tufa Trig Formation tophras,
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Plate 4.7 VtTRtc PyRocLAsT MoRpHoLocy
Type-1 blocky equant brown poorly-vesicular vitric pyroclast showing conchoidal facial
f racture. Magnification 1 17x.

Platc 4.8 VtTRtC PYRoCTAST MoRpt{olocy
Black vitric pyroclast showing typo-2 irregular shaped habit with rounded fluid-formed
surfaces. Magnification 1 53x.
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Plate 4.9a Magnification 88x.

Plate 4.9b Magnification 18Ox.

Plater 4.9a & 4.9b VtrRtc PyRoct-Asr MoRpHoLoGy
Vesicular black (Plate 4.9a) and brown (Plate 4.9b) vitric pyroclasts.
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Plate 4.10a Magnification 960x.
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Plate 4.1Ob Magnification 32OOx.

Plates 4.10! & 4.1Ob VtrRtc pynocLAsrs
Adhering dust within vesicles of vitric pyroclasts.
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Plate 4.11 VrrRrc PYRocLAsr
Pumice fragment showing a greater degree of vesiculation than soen in both the type-1
blocky and the black and brown vesicular pyroclssts. Magnification I11x.

Plate 4.12 VITRIC PYRoCLAST MoRPHoLoGY

Type-4 drop-like shape of black glass. Magnification 'l 'l 5x.
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PIATE 4.13 FERROMAGNESIAN CRYSTAL MORftIOLOGY

Broken pyroxene crystal with vesiculated glassy coating. Magnification 118x,

Pfarc 4.144 Magnification 1OSx. /sae caption over pageJ
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Plate 4. 14b Magnification 1 33x.

Plate 4.14c Magnification 160x.

Plate8 4.14a,4.14b & 4.14c FERRoMAGNESIAN CRYSTAL MoRPHoLoGY
Blocky pyroxene crystsls showing facial conchoidal fracturo Iarrowsl.
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Plare 4.15. Magnif ication 'l 72x.

Plare 4.15b Magnification 1 43x.

Plares 4.15a & 4.15b RHyoLtnc GLAss SHARDS

Rhyolitic glass shards derived from aeolian reworked Taupo Pumice, identified within Tufa
Trig Formation tephras.
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PIATE 5.I ONETARJ FORMATION TYPE LOCALITY, KARIOI FOREST
Debris flow and hyperconcentrated flood flow deposits of Onotapu Formation oxposed in a NW-SE
trending drainage channel, immediately west of Whangaehu River.

P|ate 5,2 ONETAPU FoRMATIoN TYPE sEcTIoN IT2o/319906I
Onetapu Formation debris and hyperconcontratod flood flow doposits, exposed at the west side of the
type section, overlying Taupo lgnimbrite [arrowl and older deposits of Mangaio Formation IMn]. Members
of Onetapu Formation seen here are Ona, Onb, Onc, and Ond.

1m



' ^t#s-"
'*tE*12 t

" 
-'t, 

;-' t+*

P47
Plate 5.3
ONETAPTJ FoRMATIoN TYPT SECTION

lT20i31 99061
Onetapu Formation debris flow and
hyperconcentrated flood flow doposits
exposed at tho east side of the typo
section. Members shown are Ond, One2,
Onf , and Ong. Arrowed are poat doposits
radiocarbon dated at c. 282 yoars e.e.

lupperl and c. 390 years B.P. iloworl.

'tm
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Plate 5.4 TypE LocALrry S.2 tT20l3209041
Onetapu Formation deposits exposed proximal to Whangaohu River. Shown are corrolatives of members
Ond and Onf, and three hyperconcentrsted flood flow deposits possibly representing the 'l 953 t 1 1, 1 969
[2] and I 975 [3] events. The positions of pine cones used to estimate-age date these deposits lsee text)
are arrowed.
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Plate 5.5
TYPE LocALrrY S.3 tT20l3199041
Stratifiod hyperconcontrated flood flow,
and debris flow deposits of On€tspu
Formation ['l - 8l overlying Taupo Pumico
lTpl (Taupo lgnimbrite Member), in an
exposure proximal to Whangaehu River.
Deposits (obscured) below Taupo
lgnimbrite are corrolated with the
c. 4600 years 8.P. Mangaio Formation.

lm

Plate 5.6 RANGtpo DESERT

Boulder strewn laharic surfaces of Onetapu Formation seen within Rangipo Desort. Remnant matrix
materials of Onetapu Formation lahar deposits form the coarse sandy 'lag'deposit between the boulders.
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Plate 5.7
Debris flow deposits of onetapu Formation forming bouldery levoes alongsido Whangaehu Rivor, south
of scorpion Gully. The whangaehu escsrpment is seen to the right of the photograpn.

Plate 5.8 NoRTHWESTERN RANGIPo DESERT
Coarse channel deposits and boulder banks deposited by debris flows, northwostern Rangipo Desert.
Large boulder [arrow] is c. 3 m high.
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PIaIe 5.9 SoUTHERN RANGIPo DESERT

Thin pebbly 'lag' deposit {of Onotapu Formation-ago), overlying partially eroded white Taupo lgnimbrite
in southern Rangipo Dosert.

Plate 5.1O ScoRPIoN GULLY REFERENCE LoCALITY

Dark groy Onetapu Formation debris flow deposits unconformably overlie the distinctive orange-coloured
Mangaio Formation [Mn] debris flow deposit. Here, upper Papakai Formation, Mangatawai Tephra and
Taupo lgnimbrit€ have been eroded from above Mangaio Formation. Graduations on staff are 1OO mm.

1m
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Plate 5.1 1 ScoRproN GULLY REFERENCE LocALrry
To the right of the photograph, Mangaio Formation [Mnl is overlain by upper Papakai Fermation [Pp],
Mangatawai Tephra IMgl, Taupo Pumico [Tp] (Taupo lgnimbrite Membor], and Onetapu Formation lahar
deposits [Onl. To the left of the channel, where the tephras have been eroded, Mangaio Formation is
unconformably overlain by dark grey Onetapu Formation deposits. The arrow points to the erosional
unconformity botwoen these formations,

Plate 5.12 ScoRPIoN GULLY REFERENCE LoCALITY
Photograph shows the three flow units within Mangaio Formation t1,2,31. Note the distinctivo orange
matrix and the upward progrossion from dominantly coarse to fine matrix-supported clasts through these
units. Also note the sharp contact of Mangaio Formation with upper Papakai Formation, and the
stratigraphic positions of Waimihia Tephra (occurring as white fine ash 'cream cakes' within Papakai
Formation [arrow]], Mangatawai Tephra lMgl, Taupo Pumice [Tpl (Taupo lgnimbrite Member), and
Onetapu Formation deposits [Onl (figure for scale).
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Plate 5.13 MANGAIo FoRMATIoN TYPE SECTIoN T20l4o8o47I
Photograph shows Mangaio Formation IMnl above a thin brown peat larrowl, dated INZ7532] at
4850 + 90 years B.p. Wood within the formation is dated at 4600 + 1lO years B.p. Note the positions
of the marker beds black ash-l lba-lland Hinemaiaia Tephra IHml. Grey sands of Manutahi Formation
lMil are exposed at the base of the section.

PIaTe 5.14 MANUTAHT FoRMATIoN TYPE SECTIoN IT2ol41oo35I
Pale grey bedded pebbly sands and brown silty interbeds of Manutahi Formation overlain by the Mangaio
Formation debris flow deposit. Note the stratigraphic position of the interbedded Hinemai aia f ephra
Iarrowl. Motutere Tephra occurs at the very base of the exposure just to the right of the photograph.

5m
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Plate 5.15
MANUTAHI FoRMATIoN TYPE SECTIoN

tT20i4100351
Weakly bedded, poorly sortod pobbly
sands and silty interbeds of Manutahi
Formation. Note the discontinuity of the
bods, the rounded pumico pobblos and

cross-bedding in some sand layers.

0.5 m

Plate 5.16 DEArH VALLEY S.5 lT20/4090451
Bodded SF - HFF deposits of Manutahi Formation IMi] overlying HFF deposits of Tangatu Formation [Tal.
Whakatane Tephra [Wkl is interbedded within silty clay near the base of Manutahi Formation. The
strEtigraphic position of Motutere Tephra IMtl approximates the boundary between Manutahi and Tangatu
formations. Dashed line marks the upper boundary of Manutahi Formation with cover bed tophras.

I
1m



P54

'lm

Plarc 5.17 BuLLor TRACK 5.2 1T2Ol42O11Ol
Bedded Manutahi Formation pebbly sands [Mil underlying Papakai Formation [Ppl with interbedded
Waimihia Tephra [Wml. Note also Mangatawai Tephra [Mgl, Taupo Pumice [Tpl fiaupo lgnimbrite
Membor), and dark groy Onotapu Formation deposits IOnl.

Plato 5.18 TANcAru FoRrvrAiloN Typr SEcroN 1T2Ol4O9O45l
HFF deposits of Tangatu Formation. Note the reverse grading in thoso units, the fino clast sizes, and the
sharp wavy contacts.

O.5 m
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Plate 5.19 THE BaDLANDS, RANGrpo DESERT

Erodod surfaces of the Badlands, western Rangipo Desert. Figure stonds on surface eroded down to
Motutere Tephra.

Pfate 5.20 HELWAN 5.2 If 20l4O7917l
Horizontally stratified HFF deposit of the Tangatu Formation conformably overlain by Ngamatea lapilli-'l
lNt-11 member of Bullot Formation. Noto also Ngsmatea lapilli-2 tNt-21, Papakai Formation IPpl and Taupo
Pumice [Tp] (Taupo lgnimbrite Member).

I
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Pfate 5.21 HELWAN OuaRRy (NoRrH FACE) fi2Ol4OB921l
DF and HFF deposits of Tangatu Formation overlain by Waiohau Tephra (position arrowed), Bullot
Formation tephras (Shawcroft Tephra ISh], Helwan lapiili tHll, Ngamatea lapilli-1 tNt-11), poutu Lapilli [ptl.
Papakai Formation [Pp], and Taupo Pumice [Tp] (Taupo lgnimbrite Member).
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Plate 5.22
HELWAN QUARRY (NORTH FACE)
1r20140892'tl
HFF deposits of Tangatu Formation
showing distinct horizontal stratification
(unit b). The deposit comprises
alternating pebblo-rich and sand-rich
beds. Note the presonce of wator oscape
structures [arrowl. Here the c. 3.5 -6 m
HFF deposit underlies I DF deposit (unit
a).
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Plate 5.23 HELWAN OUARRY (souTH FACE) 11201408921l
View overlooking Tangatu Formation DF and HFF deposits. Units a and b are corrolativos of deposits
shown in Plate 5.22. Unit c is a corrolative of the HFF deposit exposed at H€lwan S.2 (section locality
arrowed).

Plare 5.24 HELWAN OUARRY (sourH FACE) 1T2Ol4O8921l
Tangatu Formation unit c conformably overlain by Ngsmatea lapilli-1 tNt-11 and unconformably overlying
older Bullot Formation tephras and > 1 1 250 years B.P. Tangatu Formation deposits.
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Plate 5.25 WHANGAEHU ESCARPMENT

DF and HFF deposits of Te Heuheu Formation [Hhl exposed along the Whangaehu escarpment. Those
doposits aro overlain by Rerewhakaaitu Tephra (dated c. 1 4 7OO years B.P.) and youngor Bullot Formation
tephras. Arrow indicates course of Whangaehu River. View is to the southeast.
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Plate 5.26 SoUTHERN RANGIPo DESERT

Dune sands accumulating on partially oroded Papakai Formation within the southern Rangipo Desert. This
incipient dune field is indicative of continuing aeolian erosion within Rangipo Dosort.
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Platc 5.27 BULLoT TRACK
Sparsely vegetated Bullot Formation surfacos are subject to erosion by ephemeral stroams and aeolian
processes. Frequent dust storms orode and transport much of the finor material.
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STRATIGRAPHY OF ANDESITIC AND RHYOLITIC TEPHRAS YOUNGER THAN BULLOT.FORMATION (<c. 10 000 YEARS B.P.) 

AT TYPE AND REFERENCE SECTIONS ON THE SOUTHEASTERN MT RUAPEHU RING PLAIN 
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CHART 2 

STRAT[GRAPHY OF MANGAMATE TEPHRA MEMBERS (c. 9700-c. 9780 YEARS B.P.) 

AT TYPE AND REFERENCE SECTIONS 
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CHART 3 

STRATIGRAPHY OF BULLOT FORMATION TEPHRAS AND INTERBEDDED RHYOLITIC TEPHRAS 

AT TYPE AND REFERENCE SECTIONS ON THE SOUTHEASTERN MT RUAPEHU RING PLAIN (c. 10 000-22 500 YEARS B.P.) 
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CHART 4 

STRATIGRAPHY OF LAHARIC DEPOSITS 

AT TYPE AND REFERENCE SECTIONS ON if!!?: SOUTHEASTERN MT RUAPEHU RING PlAIN (0 - 22 500 YEARS n.P.) 
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