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Lake Ohakuri observed from the west on the airplane from Rotorua to Christchurch. 
Atiamuri deposits lie in the forest to the right of the photograph. 
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Abstract: 

 

The Atiamuri pyroclastic sequence (229 + 12 ka) is part of the Maroa Volcanic Centre, Taupo 

Volcanic Zone (TVZ), New Zealand. Data from stratigraphy, petrography, geochemistry and 

comparisons with other research have been gathered to produce a description of the Atiamuri 

deposits and their eruptive history. Units from this pyroclastic sequence occupy an area of <1 

km3 and includes basal phreatomagmatic airfall layers, three ignimbrite units with different 

degrees of welding separated by shower beds, and overlying airfall layers with alternating ash 

and lapilli. The Atiamuri pyroclastics are suggested to have erupted from a single vent 

beneath Mandarin Dome from a small, un-zoned discrete chamber, or from partial evacuation 

of a larger chamber. 

 

Comparisons with other known small ignimbrite-forming events (in particular, the ~AD 1315 

Kaharoa eruptive episode at nearby Tarawera Volcanic Centre) have determined that although 

the Atiamuri is similar in extent and was followed by dome extrusion, it differs in lithic 

content, absence of block-and-ash flows, interaction with water, general chemical 

homogeneity and lack of evidence for a mafic eruption trigger. 

 

A suggested model for the eruptive sequence at Atiamuri is as follows: (a) Small 

phreatomagmatic airfall eruption into a swampy lakeshore environment with possible early 

extrusion of a small proto-dome. (b) Emplacement of pyroclastic flows by a small laterally 

directed eruption from the side of the proto-dome. Pyroclastic flows are of HARI-type (high 

aspect ratio) and are topographically controlled. (c) Post-ignimbrite airfall with alternating 

small eruptions from the vent. Some further minor interaction with water possible. (d) 

Extrusion of Mandarin Dome from vent, pushing through the ignimbrite deposits. 
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CHAPTER 1 - Introduction 

___________________________________________________________________________ 

 

1.1: OVERVIEW OF THE TAUPO VOLCANIC ZONE 

 

The North Island of New Zealand owes its geology to the oblique subduction of the Pacific 

plate beneath the continental crust of the Australian plate, forming what is known as the 

Taupo-Hikurangi arc-trench system (Cole & Lewis 1981). This system includes both the 

Hikurangi Trench off the east coast of the North Island, as well as the Taupo Volcanic Zone 

(Fig. 1.1 inset). The Pacific Plate is being subducted westwards at a rate of c. 50 mm/yr 

(Pettinga et al. 1998) at an angle nearly perpendicular to the plate boundary. This, however, 

becomes increasingly oblique towards the south with subduction ceasing altogether in the 

South Island, as the anomalously thick oceanic crust changes to continental crust on the 

Pacific Plate (Barnes et al. 1998) (Fig. 1.1 inset). Offshore of the North Island, an 

accretionary wedge (150 km wide) has accumulated and been uplifted to form the ranges east 

of the Taupo Volcanic Zone, and incorporates the North Island Shear Belt. This shear belt 

accommodates a lateral component of the plate motion with dextral strike-slip (Lewis 1980) 

(Fig. 1.1).  

 

The Taupo Volcanic Zone (TVZ) extends for 300 km, 200 km of which is on land from 

Tongariro Volcanic Centre in the south (which contains Tongariro National Park and the 

volcanoes of Mt. Ruapehu, Mt. Ngaruhoe and Tongariro), to the Okataina (containing Mt. 

Tarawera) and Rotorua Calderas to the north (Wilson et al. 1995). TVZ is up to 60 km wide 

with bulk volumes of 15-20,000 km3 and a faulted, dominantly metasediment basement 

(McCulloch 1993, Wilson et al. 1995). The earliest activity in the region of andesitic origin 

began c. 2 Ma with rhyolitic activity commencing at 1.6 Ma (Houghton et al. 1995). Activity 

is divided into old TVZ (2.0-0.34 Ma), young TVZ (0.34 Ma-present) and modern TVZ (c. 65 

ka onwards and representing the current activity) (Wilson et al. 1995).  

 

Two types of activity centres have been identified within TVZ, seven caldera centres 

associated with collapse structures (Kapenga, Mangakino, Okataina, Reporoa, Rotorua, Taupo 
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Figure 1.1: Map of the Taupo Volcanic Zone in the North Island of New Zealand with the 

Maroa Volcanic Centre in blue (modified after Cole 1990, Houghton et al. 1995, Wilson et al. 

1995 and Leonard 2003). Solid lines represent calderas, while dashed lines represent 

volcanic centres. Black dashed lines separate out the andesitic (A) and rhyolitic (R)-

dominated regions of TVZ. 
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and Whakamaru), and two volcanic centres (Maroa and Tongariro) (Leonard 2003) (Fig. 1.1). 

 

1.2:  REGIONAL GEOLOGY OF THE MAROA VOLCANIC CENTRE 

 

The Maroa Volcanic Centre (MVC, Maroa) lies approximately halfway between the Rotorua 

caldera to the north, and Taupo caldera to the south (Fig. 1.1), partially infilling the 

Whakamaru caldera (Wilson et al. 1986, Wilson et al. 1995, Tanaka et al. 1995). It has been 

the site of a PhD study by Leonard (2003) and a summary of the geology of the centre is taken 

mostly from his thesis. 

 

Leonard (2003) suggests that Maroa is not a caldera like the other rhyolitic centres in TVZ (as 

indicated by Wilson et al. 1995) as no evidence of collapse is observed within the centre and 

activity is, instead, related dominantly to rhyolitic dome growth with pyroclastic deposits 

associated with this. Activity started in the volcanic centre at approximately 251 + 17 ka with 

most of the eruptions over a 29,000 yr period at the Maroa West (MWC) and Maroa East 

Centres (MEC) (Fig. 1.2). The oldest dome in the region is 305 + 17 ka (Leonard 2003). 

There are approximately 70 domes in the MVC, most tectonically controlled on northeast 

lineaments (Wilson et al. 1986). 

 

Maroa lavas are plagioclase-orthopyroxene bearing, commonly with some quartz. Hornblende 

and biotite are sometimes present (not necessarily at the same time) and this presence is 

correlated with geochemical variation. All are rhyolites (with occasional high-silica dacites) 

that are peraluminous and calcic. These rocks have trace element signatures that are typical of 

Taupo Volcanic Zone (TVZ) and arc-related systems in general.  

 

There are three magma types within MVC, based on the variation plots of Rb against Sr (in 

ppm). These are M (which has 80-123 ppm Rb and 65-85 ppm Sr), T (80-113 Rb and 100-175 

Sr) and N (120-150 Rb and 35-100 Sr). Most volcanism north of Ben Lomond, which 

includes the MVC, is M and N type and is older than 100 ka. South of this, between Maroa 

and Taupo, the volcanism is generally of T type (and is younger than 100 ka). While domes 

from Maroa can show either M, N or T-type magmas, the eruptives in Maroa are 

predominantly M-type with eruptives from the Northwestern Dome Complex (NWDC) to the 

northwest of Maroa dominantly N-type and Taupo eruptives, T-type (hence the nomenclature) 

(Leonard 2003).  
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Two end-member models for the sources of volcanism in Maroa have been suggested by 

Leonard (2003) to explain the activity within the region. These are: 

- Single, relatively shallow magma source feeding spatially clustered eruptions. 

- Deeper source feeding multiple shallower offshoots over a wider area. 

It is most likely, however, that the model for sources in Maroa lies somewhere between these 

end-members. 

 

Maroa has changed its pattern of volcanism through time with the volume decreasing 

exponentially since just prior to 200 ka. Directly after the small ignimbrite eruption at 

Atiamuri there was a break in these types of caldera-forming eruptions. Instead, volcanism 

continued in the form of gentle lava extrusions boasting the largest volume of eruptions 

during this time (Leonard 2003, Wilson et al. 1986). Although rates of volcanism in Maroa 

may now be low, magmatic intrusions into the region appear to remain high.  

 

While the Maroa domes are commonly associated with explosive volcanism, very few have 

been identified with widespread pyroclastic deposits, as the explosions were often weak and 

associated with a high proportion of lavas (Brooker 1993, Wilson et al. 1986). In fact, this low 

energy explosive volcanism is distinctive in TVZ, in part, due to the lack of any one large 

ignimbrite erupted from the centre, and the limited extent to which any of the associated 

ignimbrites travel from their likely source (<20 km) (Wilson et al. 1986). Atiamuri ignimbrite 

is one of these small pyroclastics, as it covers an area less than 10 km2, with a total volume of 

<1 km3 (Leonard 2003) (Fig. 1.2). 

 

Many eruptions associated with dome growth in the Maroa complex often involved minor 

vulcanian or phreatomagmatic explosive activity (Wilson et al. 1986) with the behaviour of 

ignimbrites formed during the latter not well understood (Giordano et al., 2001). Basalt 

probably only plays a very small part in the Maroa surface activity and this is scare as a lithic 

component in the complexes ignimbrites (Wilson et al. 1986), including the Atiamuri 

ignimbrite. However, this does not mean that basalt is not important. Sr-Nd isotopic 

compositions of rhyolites from the Maroa Volcanic Centre are intermediate between that of 

basalts and the Torlesse basement upon which this section of TVZ lies (McCulloch 1993). It 

has been suggested here that the results obtained from the data collected are consistent with 

derivation of rhyolites by about 15-20% contamination of primitive basaltic magmas with 
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Torlesse meta-sedimentary crust, followed by extensive fractionation of the basalt to a magma 

of rhyolitic composition (McCulloch 1993) and one that is highly siliceous. 

 

Many faults underlie this area of the Taupo Volcanic Zone and it appears that most of the 70 

domes of Maroa group tightly along 2 main lineaments to the north-east (Houghton et al. 

1991). An example of this is the Thorpe Rd Fault that cuts across the northern part of this 

projects field area. This is a very old feature with the last displacement greater than 196 + 12 

ka  as it does not cut the younger Pukeahua pyroclastics (between ~229 and 196 ka in age) so 

is likely to be associated with the volcanism (Leonard 2003). It is also evident that there is an 

intimate relationship with the faulting and volcanism due to the presence of either dike-

induced faulting and/or dikes following structural features. 

 

 

 

Atiamuri 
Pyroclastics 

a) 



                                                                                                              Chapter 1 – Introduction 
___________________________________________________________________________ 

___________________________________________________________________________ 
 6

 

Figure 1.2: (a) Digital Elevation Map (DEM) of the Maroa Volcanic Centre showing the 

Maroa West Complex (MWC) and the Maroa East Complex (MEC) with Pukeahua, Kemp, 

Tuahu and Mandarin Domes. Extent of the Atiamuri pyroclastics (modified from Leonard 

2003) is outlined in red. (b) Oblique DEM of Maroa Volcanic Centre. View is from the 

northeast.  

Grid references relate to NZ Topographic map 260-U17 (Wairakei). Images courtesy of K. 

Spinks (Department of Geological Sciences, University of Canterbury). 

 

1.3: GENERAL CHARACTERISTICS OF IGNIMBRITES AND OTHER 

PYROCLASTICS 

 

Pyroclastic deposits fall into many categories including block-and-ash flow deposits, 

pyroclastic surge deposits, and ignimbrites. These are all formed by a phenomenon known as 

a pyroclastic density current (Freundt et al. 2000). Pyroclastic density currents are particulate 

gaseous volcanic flows that move along the ground. This term includes both pyroclastic flows 

(high particle concentration) and pyroclastic surges (low particle concentration).  

 

Freundt et al. (2000) defines ignimbrites as being ‘welded or unwelded, pumiceous, ash-rich 

deposit of pyroclastic density current(s)’. Formerly this term was used to describe only the 

strongly welded deposits. Ignimbrites can be divided into flow units with represent the 

b) 
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different regions within a pyroclastic density current. The idealised flow unit consists of three 

layers: Layer 1 incorporates the deposits of the flow front as it interacts with the ground 

surface; Layer 2 is the main body deposit; and Layer 3 comprises deposits from the dilute ash 

cloud above the flow (Fig. 1.3).  

 

 

Figure 1.3: Idealised flow unit of an ignimbrite (from Freundt et al. 2000). 

 

Pyroclastic density currents are gravity controlled so will preferentially follow existing basins 

and channels. Therefore, ignimbrite deposits are generally ponded to great thicknesses in 

valleys and grade into thin veneers or disappear entirely on topographic highs. Of course, the 

larger ignimbrites often completely cover any underlying topography due to their great 

thickness (Freundt et al. 2000). Ignimbrites deposited in ‘valley pond facies’ are generally 

characterised by a massive structure and chaotic texture. In comparison, the parts of an 

ignimbrite which result in ‘veneer deposit facies’ often show parallel to low-angle crossbeds 

with alternating fines-depleted lapilli sized layers as well as some massive, generally matrix 

supported beds (Giordano et al. 2001). The way an ignimbrite interacts with the pre-eruptive 

topography is also controlled by the velocity of the flow as well as the thickness. Some fast 

moving pyroclastic density currents have been known to surmount high topographic obstacles 

tens of kilometres away from the vent. It is difficult to estimate the three-dimensional image 
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of these types of events due to large portions of unwelded deposits removed under erosion, 

especially in the veneers (Freundt et al. 2000). Veneer deposits may ultimately reflect pulses 

in the eruption dynamics, compared to valley pond facies which probably indicate the bulking 

of a pyroclastic flow in valleys with its associated high sedimentary rates (Giordano et al. 

2001). 

 

Ignimbrites are composed mainly of two different types of volcanic material. These are 

juvenile pyroclastics (pumice/scoria, glass shards or crystals) and foreign lithic fragments 

representing material plucked from the vent walls or outside surface. The vesicularity of the 

juvenile pumice clasts can be poor in eruptions associated with water (phreatomagmatic), to 

more highly vesicular when large amounts of gas are associated with these eruptions. Many 

ignimbrites reflect the structures of the magma chambers from which they are derived by 

vertical zonation or a mixture in chemical composition of the juvenile fraction (Cole et al. 

1998). For example, the mixed high-silica rhyolite, rhyolite and dacite pumices of the 

Mamaku ignimbrite erupted between 220-230 ka in the Rotorua Caldera, TVZ, probably 

indicates ‘a single, gradationally zoned magma chamber’ (Milner et al. 2003). Geochemical 

data obtained from these lithics can be used to compare possible source regions for the 

ignimbrite as well as contributions by vents that are not now apparent at the surface. 

 

Ignimbrite components vary with respect to grain size fractions, distance from the vent and 

height within the ignimbrite. Components also vary between ignimbrites as a result of magma 

composition and how the pyroclastic flow forming the unit is generated. This is evident in the 

observations that phreatomagmatic eruptions produce a generally richer component of wall 

rock lithic than magmatic eruptions and highly welded ignimbrites are generally poor in lithic 

components (as higher lithic components often cool the unit significantly enough to prevent 

welding). The crystal component of the matrix in an ignimbrite is often higher than that of the 

juvenile lithics it surrounds, probably due to concentration of this component during the 

eruption and transport processes (Freundt et al. 2000).  

 

Proportions of fine ash increasing with distance from the source, as well as an increase in 

rounded pumice clasts and abraded glass rims to matrix crystals, suggest that abrasion during 

the transport process may have occurred with resulting vitric-ash formation.  
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The speed and temperature of the pyroclastic flow can also determine whether preservation of 

vegetative material occurs. Generally, only thick branches and trunks of trees can survive the 

transport processes but these can be used to determine the age of an eruption by the method of 

isotopic C14 dating (Freundt et al. 2000). This can only be used if there has been enough time 

between eruptions to allow vegetation to grow. Uncharred wood at the base of an ignimbrite 

as well as accretionary lapilli generally indicate emplacement temperature of an ignimbrite as 

being between 246-100 degrees Celsius (Giordano et al. 2001).  

 

Ignimbrites have a wide range of particle sizes and are generally very poorly sorted. There 

are, however, some trends in average grain size and distribution from source as with 

increasing distance from source, grain size decreases, content of fine ash increases and sorting 

does improve but only in unwelded ignimbrites. Maximum sizes of juvenile lithics tend to 

decrease on an exponential scale with distance from the vent put pumice sizes are less obvious 

in their trends. These tend to show a variety of distributions as some exponentially decrease 

with distance (like the lithics), some remain at a constant size or increase in size, and others 

increase to a maximum at intermediate distance then decrease again (Freundt et al., 2000).  

 

1.3: FIELD AREA GEOLOGY 

 

The field area for this project covers a region of Kinleith forest just south of Lake Ohakuri 

dam site and the township of Atiamuri on N.Z. Topographic map 260-U17 (Wairakei). The 

field region extends form the grid references 6305000 to 6300000 north to south and 2775000 

to 2781000 west to east (in metres using the N.Z. metric map grid, Fig. 1.4). 

 

This section of the forest has been recently felled but there is already secondary growth 

covering most of the field area. It is generally low hilly terrain with some steep scarps formed 

by the welded ignimbrite surrounded by many fluvial terraces and small gullies (Fig. 1.5). A 

deep fluvial canyon cuts through the centre of the field area. 

 

The ignimbrite itself, with its associated pyroclastics, covers an area north of three main 

rhyolite domes – Mandarin Dome, Tuahu Dome and Kemp Dome (east to west respectively). 

A contact with Mandarin Dome can be seen but none was found with the other two domes. 

Two more domes lie to the west and north-west of the units, including East Pukeahua, but the  
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closest outcrops of Atiamuri were found well short of these. 46 localities have been logged for 

the project (Fig. 1.4). 

 

AM2

AM3
AM1AM35AM36

AM41

Tuahu DomeMandarin Dome

AM31

 

Figure 1.5: Panorama of the Atiamuri field area in Kinleith forest from AM5 showing 

outcrops at AM3, AM2, AM1, AM31, AM35, AM36 and AM41, and domes Mandarin and 

Tuahu with State Highway 1 dissecting the region. 

 

1.4: PREVIOUS WORK 

 

Little previous work has been done on this sequence of pyroclastics compared to the other 

ignimbrites and associated units in the TVZ area, while the Maroa Region as a whole is the 

last volcanic centre to be studied in detail. 

 

Leonard (2003), based on 40Ar/36Ar initial ratios on plagioclase analysis, gives the age of the 

Atiamuri deposits at 229 + 12 ka. The Pukeahua ignimbrite deposits in the west have been 

dated at 196 + 8 ka and the eastern fans between ~229 to 196 ka. Ohakuri deposits on the 

northeastern boundary of the Atiamuri have been aged at between 244 + 10 to 275 + 16 ka 

based on the above method, although Houghton et al. (in press) presents a younger age of 230 

+ 10 ka suggesting that the Ohakuri could have been emplaced about the same time as the 

Atiamuri. 

 

Wilson et al. (1986) mentioned the Atiamuri ignimbrite as having a very limited distribution 

and as apparently overlying the larger Ohakuri ignimbrite. It was suggested that the 

ignimbrite contains at least “four normally-graded valley-ponded flow units up to 20m thick” 

and that the high content of glassy lithics suggest that it was related to a dome-building event 

in the Maroa Volcanic Centre. 
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Leonard (2003) describes this sequence of pyroclastics as including two small-volume 

ignimbrites and a number of rhyolitic airfall units interspersed between them. Atiamuri 

ignimbrites were observed to be generally massive with some evidence of stratification into 

coarse lithic and pumice bands. Pumice volume was thought to be about 10% of the units with 

a wide range of lithic content incorporating obsidian, devitrified lava and ignimbrite clasts. 

Airfall units were generally seen to be fines-poor, normally graded, well sorted and varying 

from fine ash to fine lapilli with occasional layers of distinct grainsize ranges. Pumices made 

up 80% of content with lithics 20% and of dominantly obsidian type. Leonard (2003) also 

suggests that the source for the Atiamuri (from obsidian lithics and pumice) has consistent 

petrology with Mandarin Dome. It was suggested that lithics in the Atiamuri sequence have 

been produced by the fragmentation of dome material, which was extruded between periods 

of pyroclastic eruption, and the source for this has been subsequently buried beneath 

Mandarin Dome. 

 

1.5 PROJECT OBJECTIVES 

 

Atiamuri pyroclastics are currently well exposed due to recent clear-felling and are generally 

easily accessible via a network of forestry roads. 

 

 The objectives of this study are to constrain the upper and lower contacts of the 

Atiamuri pyroclastics, and describe in detail internal stratigraphy of the units.  

 

 Another objective was to identify a source, and to determine any potential correlation 

with one or more dome structures in the Maroa Dome Complex.  

 

 The final objective of this project was to make a comparison of the Atiamuri 

pyroclastics and its associated dome structures, with similar rhyolite dome and 

pyroclastic sequences at Tarawera and other examples from further afield. 

 

1.6 RESEARCH METHODS 

 

The objectives have been achieved through a combination of physical volcanology, petrology 

and geochemistry, which has enabled correlation of individual airfall and lithic-rich horizons 
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within the sequence. Source and deposition characteristics have been used to generate models 

of eruption and emplacement process. 

 

Research methods used for this project included field stratigraphy and correlation, X-Ray 

Fluorescence spectrometry (XRF) analysis of pumices within ignimbrite and airfall units and 

rhyolite dome samples as well as thin section analysis of the ignimbrite itself. Full details of 

petrography and geochemistry methods can be found in the introductions to Chapters 3 and 4 

respectively. 

 

Collection of 166 samples for lab analysis as well as field descriptions of the outcrops, with 

use of a handheld Global Positioning Satellite (GPS) to log grid references and elevation of 

the outcrops, were commenced on 19th December 2003. Fieldwork took eight days with a 

second trip commencing 20th January 2004 and lasting three days. 
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Oblique digital elevation model of the Maroa Volcanic Centre looking from the north east. Key domes are labelled
Mandarin, Tuahu, Kemp and Pukeahua east to west respectively. The approximate extent of the Atiamuri pyroclastics are highlighted in
orange.

Generalised map of the Atiamuri pyroclasics showing key localities discussed throughout the text.
Grid references correspond to Topographic Map 260-U17 Wairakei.
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CHAPTER 2 - Stratigraphy 

___________________________________________________________________________ 

 

2.1 INTRODUCTION 

 

Lloyd (1972) first introduced a type-section of the Atiamuri ignimbrite (locality AM3 for this 

project). However, this section really only exposes the welded zone of the ignimbrite units, 

with unwelded ignimbrite eroded from the top of the outcrop and only partially exposed with 

a gradational contact with the welded zone beneath the cliffs. Minor airfall layers some 20 m 

below the cliffs at locality AM33 have only recently been exposed by a slip and are probably 

related to the older Ohakuri deposits. 

 

Wilson et al. (1986) described the Atiamuri as having ‘four or more normally-graded, valley-

ponded flow units up to 20 m thick’ and as having a limited distribution with a lack of 

energetic emplacement. Wilson et al. also noted that the Atiamuri consisted of orange to grey 

pumices with obsidian juvenile lithics and devitrified rhyolite in a shard-rich matrix. 

 

Leonard (2003) studied the Atiamuri deposits in more detail, and recognised the airfall layers 

at the base and occasionally dispersed higher in the sequence. Leonard also described the 

Atiamuri as having a restricted distribution of about 10 km2, although larger than Wilson et 

al.’s estimate of ~5 km2. In his thesis, Leonard (2003) proposed a new type-section at locality 

AM2 that includes airfall layers at the base of the sequence, unwelded ignimbrite units and a 

zonation into welded, columnar-jointed cliffs. While unwelded ignimbrites from the top of the 

sequence are largely missing at this locality, as they are almost everywhere in the field area, 

this type-section still stands as the most complete observed outcrop of the Atiamuri 

pyroclastics (Fig. 2.1). Leonard (2003) suggested Mandarin Dome as the most likely source of 

the Atiamuri ignimbrites but two other domes, Kemp Dome and Tuahu Dome were also 

considered as possibilities.  
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Figure 2.1: Type-section of Atiamuri pyroclastic sequence at AM2 (hammer measures 33 cm, 

person measures 180 cm). 

 

Unit 1 ignimbrite 

airfall 

Unit 2 ignimbrite 
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2.1.1 Representative Atiamuri stratigraphic column 

The sequence at Atiamuri incorporates 1-2 m thick airfall units at the base of the sequence 

(Fig. 2.2), with varying clast size and bed thickness. The average number of airfall units is 

seven, with AM4 showing up to 13 beds bounded by a paleosol at the base and ignimbrite 

above. A possible lithic-rich ground surge lies between the airfall units and the first of the 

ignimbrite units (Fig. 2.2a). 

 

There are two identified pink and brown unwelded ignimbrite units overlying the airfall unit 

and separated in some localities by a small shower bed and lithic concentrations, occasionally 

with a minor paleosol. The lower unit (Unit 1) is up to 1.5 m thick, with the upper unit (Unit 

2) ~8 m unwelded before becoming welded (Fig. 2.2). 

 

There are two identified welded sections separated by a shower bed sequence and a sudden 

decrease in welding. The bottom unit overall has a lesser degree of welding and appears to be 

the top section of Unit 2. The welded section of this is up to 10 m thick with the total unit 

thickness ~12 m including unwelded deposits. The top most ignimbrite (Unit 3) shows clear 

columnar jointing with the highest degree of welding and grades sharply into unwelded 

deposits above the columnar joints (the evidence of these unwelded deposits has largely been 

eroded away from most outcrops, however). Unit 3 is up to 10-15 m thick in valley-ponded 

facies (Fig. 2.2a). Within 1 m of the contact with Mandarin Dome, unwelded ignimbrite units 

become densely welded, with the appearance of glassy fiamme and a colour change from the 

characteristic pinks and browns of the other units to a medium grey (Fig. 2.2b). Elsewhere 

along the contact, 60-70% rhyolite fragments dominate these partially welded to unwelded 

units with maximum unwelded thickness 5 m for the Unit 3 and no evidence of the welding 

seen at other locations. A series of coarse shower beds also separate out the ignimbrite units.  

 

The thin deposits of partially welded and unwelded ignimbrite (from Unit 3) overlying the 

welded section also contain some shower bedding. These are further overlain by airfall and 

shower bed layers that are reworked, weathered, and eroded. There are at least 12 airfall units 

of varying clast size and thickness in total (Fig. 2.2a). 

 

In total, there are three identifiable ignimbrite units (Units labelled 1, 2 and 3 respectively in 

Fig. 2.2) with units of airfall below, shower beds separating ignimbrite units, and airfall and 

showerbeds at the top of the succession. 
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2.2 RELATIONSHIP TO PUKEAHUA AND OHAKURI DEPOSITS 

 

To the west of the Atiamuri pyroclastic deposits lie the ignimbrite fans from the Pukeahua 

eruptions, with the extensive Ohakuri ignimbrite deposits situated to the northeast.  

 

Previous work done by Leonard (2003) noted that the eastern Pukeahua deposits appeared to 

be dipping beneath the Atiamuri. This is, however, inconsistent with the ages determined by 

Leonard (2003), as the Eastern Pukeahua deposits should overlie the Atiamuri with ages from 

~229-196 ka. Outcrops of both deposits were difficult to find on this boundary due to the 

growth of the forest and lack of access. Location AM4 was closest to where the boundary 

would be expected to be. Deposits from this location differed in their appearance to other 

Atiamuri deposits nearby (detailed in section 2.3).  

 

Welded cliffs of Ohakuri deposits (AM29 and AM30) throughout the northeastern section of 

the field area can be easily confused with welded Atiamuri cliffs from a distance (Fig. 2.3). 

This is especially evident, as uplift displacement on the Thorpe Rd fault (first identified by 

Leonard 2003) has meant that the Ohakuri outcrops are now at the same elevation as the 

Atiamuri cliffs to the south of the fault. Outcrops of Ohakuri at AM10, AM12, AM27 and 

AM28 consist of clast-supported pumice beds (clasts <4 cm long towards top of section), 

overlying extremely lithic-poor unwelded ignimbrite, 6-7 m thick. These interfinger with 

Atiamuri deposits towards the base of the Atiamuri welded sections. 

 

   

Figure 2.3: (a) Atiamuri cliffs at AM5 (height 12 m). (b) Ohakuri cliffs at AM30 (height 10-

15 m). 

 

 

a) 
b) 
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2.3 AIRFALL LAYERS AND SHOWER BEDS  

 

For the Atiamuri pyroclastics, airfall units comprise a mixture of pumice and lithic clasts with 

pumice sizes ranging from fine ash to 5 cm in length and lithics 1 mm to 2 cm. Units are 

matrix-supported and alternate between fine and coarse layering. Shower beds are clast 

supported and generally well sorted with pumice sizes generally between 2 and 5 cm in 

length. Shower beds are lacking in lithic content except when at the contact with Mandarin 

Dome. 

 

As most of the outcrops containing airfall layers beneath the unwelded Atiamuri ignimbrite 

were located on the western side of the field area, near to where the Pukeahua fan deposits are 

located, the airfall deposits could be part of the Atiamuri eruptive sequence or an underlying 

separate unit from another source. AM4 is closest to the Pukeahua Dome complex and is a 

distinctive white colour rather than the expected pink and brown of the majority of other 

Atiamuri deposits. An ignimbrite unit lies directly above the airfall layers and without a 

significant paleosol separating the two units (Fig. 2.4a). Deposits from this location as well as 

from nearby locations AM2, AM33, AM31 and AM41 show some very fine ash layers (Fig. 

2.4b, Fig. 2.4d and Fig. 2.5), with accretionary lapilli in beds at AM41 (Fig. 2.6). A paleosol 

is present at the base of AM41 that has not been exposed at any other outcrop. Airfall units at 

the base of the Atiamuri are generally lithic-poor apart from locations AM31 and AM32 next 

to Tuahu Dome, which have alternating bands of lithic-poor and lithic-rich with the dominant 

lithic being black obsidian. Airfall layers from AM33, below Atiamuri welded cliffs at AM3, 

differ in appearance from other Atiamuri airfall due to the dark colour (Fig. 2.4c). 

 

AM8 contains a shower bed situated between two massively structured Atiamuri ignimbrite 

units (Fig. 2.7a). This shower bed is a poorly sorted, clast-supported pumiceous unit 80 cm 

thick with 5 reverse graded beds containing clasts up to 5 cm long. This unit is significantly 

lacking in lithics. An internal shower bed is also evident at locality AM15 (Fig. 2.7b) with 

pumices up to 3 cm in length and an abundance of lithics. Towards the top of the Atiamuri 

sequence, shower bedded units and coarse airfall become more common and appear to be 

preserved only on the hill directly west of Mandarin Dome and including locations AM19, 

AM21, AM23 and AM24 (Fig. 2.8). The ignimbrite unit appears to be at its thinnest here and 

remains unwelded with clast-supported pumice beds on top grading into soil-contaminated 

brown ash, often with some reworking and weathering (Fig. 2.8b). Both the shower beds and 



                                                                                                              Chapter 2 – Stratigraphy              
___________________________________________________________________________ 

___________________________________________________________________________ 
 21

the airfall contain a moderate to high content of lithic material, dominantly obsidian in origin 

(Fig. 2.8c). Locality AM19 airfall deposits are displaced by a small-scale fault (Fig. 2.8a) 

reflecting the seismic activity of the area and possibly related to the Thorpe Rd Fault (Leonard 

2003) which uplifts the northern Atiamuri deposits. Grey pumices are present in some of the 

Upper airfall layers (see section 2.5) 

 

Stratigraphic columns of airfall units and ground surge below ignimbrite at localities AM2 

and AM41 are illustrated in Figure 2.9. Stratigraphic columns of airfall and shower bed units 

above ignimbrite at localities AM19, AM21 and AM31 are illustrated in Figure 2.10. 

 

   

    

Figure 2.4: Airfall layers beneath Atiamuri ignimbrite. (a) AM4 – airfall directly below 

ignimbrite with no presence of a paleosol. (b) AM4 close-up of airfall deposits with fine ash 

layer (marked by arrow). (c) Airfall exposed in landslide scarp at AM33 20 m below welded 

Atiamuri cliffs at AM3. (d)  AM41 airfall layers with significant paleosol beneath and a small 

Atiamuri ignimbrite 

airfall 

a) b) 

c) d) 
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paleosol between the airfall layers and ignimbrite above (both arrowed). Hammer measures 

330 mm in length in 2.4a, b. Stick measures 1 m in 2.4d.  

 

 

Figure 2.5: Airfall layers beneath two units of unwelded Atiamuri ignimbrite, AM2, contain 

alternating fine and coarse layers (hammer handle width measures 30 mm). 

 

 

Figure 2.6: Airfall layers at locality AM41 with accretionary lapilli (pencil measures 10 mm 

wide). 

accretionary 
lapilli 
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Figure 2.7: (a) Shower bed unit between ignimbrite units at AM8. Unit is 80 cm thick in total 

with at least 5 graded beds. (b) Detail of shower beds at AM15 with high lithic content and 

well-sorted pumice clasts. Pumices are 2-3 cm long. 

 

 

 

a) 

b) 

80 cm 
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Figure 2.8: Airfall units from the top of the Atiamuri succession. (a) Thick ash-dominated 

airfall layers at AM19. Note the small-scale fault displacing the units. (b) Ignimbrite and 

shower bed deposits at AM23 with reworked and weathered ash-dominated soil above. (c) 

Lapilli-sized airfall deposits above unwelded Atiamuri ignimbrite at AM21.  

Spade measures 1 m in length with handle 150 mm wide at the top. 

 

a) 

b) c) 

Ignimbrite 



                                                                                                              Chapter 2 – Stratigraphy              
___________________________________________________________________________ 

___________________________________________________________________________ 
 25



                                                                                                              Chapter 2 – Stratigraphy              
___________________________________________________________________________ 

___________________________________________________________________________ 
 26



                                                                                                              Chapter 2 – Stratigraphy              
___________________________________________________________________________ 

___________________________________________________________________________ 
 27

 

2.4 WELDING 

 

Welding in ignimbrites has been described as the ‘sintering together of hot pumice fragments 

and glass shards under a compactional load’ (Ross & Smith 1961). This makes it a post-

depositional process but can indicate lithic content and emplacement temperature for the 

ignimbrite (depending on load pressure and the H2O content of glass fragments). Welding in 

rhyolites begins at temperatures of about 600-750oC (Friedman et al. 1963, Bierwirth 1982). 

 

Previous diagrams of welding patterns in ignimbrites produced models with dense welding in 

the lower centre of the successions, decreasing in degree with distance from the source (Ross 

& Smith 1961). This model is very simplistic and in reality, welding patterns vary greatly 

depending on the glass viscosity (dependent on temperature and composition), lithic content 

(low lithic content encourages welding) and the lithostatic load (dependent on deposit 

thickness) (Cas & Wright 1998).  

 

 2.4.1 Welding in Atiamuri 

The most characteristic feature of the Atiamuri pyroclastics is the thick welded cliffs evident 

throughout the deposits at thicknesses ranging between 5 m to >20 m. The usual thickness of 

this welded section is ~10 m, however. Cliff outcrops appear to increase in welding towards 

the top of the section with often an obvious grading towards unwelded at the base. The colour 

of the deposits generally changes from a pale pink for unwelded deposits, to a medium brown 

in the welded sections. Overall, the welded sections show very little signs of a eutaxitic 

texture in that the pumice clasts are still rounded, rather than flattened, and clasts are 

generally poorly aligned. The top of the welded cliffs show reasonably clear columnar 

jointing with joints spaced on roughly 2-3 m intervals (Fig. 2.10a, b). 

 

Welding occurs in two out of the three identified ignimbrite units with unwelded/partially 

welded shower bed units (up to 1 m thick) (Fig. 2.11) separating each unit but not always 

present at each outcrop. The basal welded ignimbrite (Unit 2) grades from unwelded to 

welded with poorly developed or no columnar jointing. Unit 2 contains roughly 10 m 

unwelded material at the base, with 8 m welded above. The top ignimbrite unit (Unit 3) 

appears to be about 90% highly welded with clear columnar jointing developed. In some 
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outcrops, the top of Unit 3 is unwelded and may have had a higher percentage of unwelded 

material above but this has been eroded away. This unit is generally 10 m thick. 

 

Units contain a higher degree of welding in thicker, valley-ponded regions, seemingly 

independent of distance from a possible source. Ignimbrite outcrops immediately surrounding 

both Tuahu and Mandarin Dome are largely unwelded and thin, with preserved airfall 

deposits from the top of the sequence that are mostly eroded from the bulk of the pyroclastic 

deposits. 

 

   

Figure 2.10: (a) Welded, columnar-jointed ignimbrite unit at the top of AM2 with lesser-

welded unit beneath (covered in grass). (b) Welded unit at locality AM3, grading into 

partially welded ignimbrite towards the base. Columnar jointing in this outcrop is not as 

developed as at AM2 so may be a thin valley-ponded region or only showing Unit 2 (person 

in both photographs measures 180 cm). 

 

b) a) 
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Figure 2.11: Welded Atiamuri ignimbrite cliffs at locality AM1 showing two ignimbrite units 

with different degrees of welding. Note the columnar jointing developed in the top unit with 

the highest degree of welding (cliffs measure ~20 m high). 

shower beds 
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2.5 PUMICE AND LITHIC DISTRIBUTIONS IN WELDED AND UNWELDED 

IGNIMBRITE 

 

This local restriction of features is evident throughout the Atiamuri deposits with small-scale 

lithic-rich and pumice-rich lenses (see section 2.5). 

 

2.5.1 Unwelded ignimbrite at base 

At least two units of unwelded ignimbrite deposits are observed.  

 

The basal deposit (Unit 1; Fig. 2.2a, Fig. 2.12a) ranges from 27 cm to >150 cm thick and only 

identified at locations with airfall layers exposed directly beneath (AM2, AM4, AM41). 

Pumices range from maximum length of 5 cm to sand and clay-sized and vary in colour with 

cream, orange, pink and grey colourings. Clasts are angular to sub-rounded. This ignimbrite is 

generally lithic-poor (<5%) with a lithic concentration layer at the base (absent at AM2) of 

dominantly obsidian lithics (1 mm in length). Lithic type also includes some devitrified 

rhyolite lava and minor ignimbrite clasts. As this is the first ignimbrite unit observed above 

the airfall layers, the source of these ignimbrite clasts (which share characteristics of the 

ignimbrite itself) is absent from the record and may imply that there have been other smaller 

ignimbrites from the same vent that have now been erased. 

 

The second ignimbrite unit (Unit 2; Fig. 2.2a, b) is unwelded for up to 8 m thick and 

decreases gradually in lithic concentration from a concentration at the basal contact with the 

lithic-poor unit. It is poorly sorted with an overall lithic concentration of 5-10%. Most of 

these lithics are very small, no larger than 1 cm long and most 1-2 mm long. Lithic types 

include black, glassy juvenile obsidian, occasional brown ignimbrite clasts and devitrified 

rhyolite fragments. Pumices range from a maximum length of 20 cm to ash and lapilli-sized, 

with the majority ~5 cm long. Pumice colours range from cream to grey with pink/orange 

weathering rims on exposed face. Grey pumices are slightly heavier than the cream pumices 

with fewer vesicles. Lithic concentration at base contains up to 30% lithics of dominantly 

obsidian fragments. 

 

Both units are generally lacking in bedding and are therefore massive in structure with some 

occasional lenses of dominantly clast-supported, relatively sorted lithics or large pumices 
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(fines-depleted). The groundmass is made up of pumice and obsidian fragments, with pumice 

being the majority of clast-type in the units. Lenses range in size from a few centimetres in 

length, to an apparent unit. This unit, however, is restricted to one outcrop and unable to be 

correlated to other localities. 

 

2.5.2 Welded ignimbrite 

The welded zone in the Atiamuri ignimbrite deposits ranges from 5 m to >20 m thick with the 

average thickness around 10 m. This consists of two ignimbrite units with the lower unit 

comprised of the top of Unit 2 (largely unwelded) with a gradational contact into welded cliffs 

(Fig. 2.12b, Fig. 2.13). The upper welded unit (Unit 3; Fig. 2.2a, b) grades into unwelded 

above, however, it is impossible to determine how much was unwelded as this section has 

been significantly eroded in most outcrops. These units are separated by a ~1 m thick 

sequence of shower beds with no indication of a paleosol (Fig. 2.11). 

 

There is generally little variation between welded outcrops in terms of clast size and lithic 

content. There does, however, appear to be a general increase in pumice size in those outcrops 

where samples were taken from the top of the welded section with lithic concentration 

generally even throughout. Lithic concentration at the top of the welded zone spikes 

significantly at the contact with Mandarin Dome, however lithic concentrations at the base of 

small shower bed units remain consistent with basal concentrations at other unwelded 

outcrops in the field area. These isolated shower beds scattered between both welded and 

unwelded ignimbrite units are clast-supported and are reasonably well sorted with pumices 

around 3-4 cm long. 

 

 2.5.3 Unwelded ignimbrite at top 

There are very few outcrops containing unwelded ignimbrite above the welded zone. As the 

field area is cut significantly by streams and is an active logging region, the absence of the top 

unwelded ignimbrite is most likely due to erosion of these friable units. This is especially 

likely as most of the field area has been logged recently in the last few years, and the region 

receives a high average annual rainfall of 1385 mm (Salinger pers. comm.). This unit 

generally show a high degree of weathering characterised by the significant brown and orange 

colouring with reworking into clays and soils. Shower bed units are more predominant in this 

part of the stratigraphic sequence. 
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Figure 2.13: Partially welded 

Atiamuri ignimbrite below welded, 

semi-columnar jointed cliffs at AM3 

(exposure of partially welded unit is 

up to 1 m thick). 

Figure 2.12: (a) Unwelded 

basal ignimbrite at AM2 

(hammer measures 330 mm in 

length). (b) Gradational 

contact between welded and 

partially welded ignimbrite at 

AM3 (camera case measures 

13 cm long). 

a)

b) 
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2.6 IGNIMBRITE AND DOME INTERACTIONS 

 

The Atiamuri ignimbrite deposits interact with two domes in the field area. These domes are 

Tuahu Dome and Mandarin Dome.  

 

 2.6.1 Tuahu Dome contact 

At locality AM31 airfall layers and unwelded ignimbrite lie undisturbed and unaltered beside 

a rhyolite outcrop on the western side of Tuahu dome (Fig. 2.14). AM31 is the only location 

where the dome and the ignimbrite are in close proximity to each other as the bulk of the 

deposits appear to thin towards the dome.  

 

 

 

 2.6.2 Mandarin Dome contact 

In contrast, the outcrops at AM11 – AM16, on the northern side of Mandarin Dome, show 

significant dome-ignimbrite interaction with a highly welded zone and a sharp contact into 

dome rhyolite from the ignimbrite deposits (Fig. 2.15a). The densely welded region where the 

Atiamuri encounters Mandarin Dome causes another colour change from pinks and browns to 

grey, with pumices collapsed to dark grey glassy fiamme (Fig. 2.16). This region is about 1 m 

Figure 2.14: Units of airfall above 

unwelded ignimbrite at AM31 with a 

rhyolite block from Tuahu Dome just 

out of the photo to the left (spade 

measures 1 m). 

unwelded 
ignimbrite 

airfall 
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thick only, with most of the ignimbrite below changing rapidly through welded, partially 

welded and largely unwelded. 

 

Other contacts scattered around the west side of the dome (AM17, AM18, AM42 and AM43) 

show large fragments of rhyolite lava separated by partially welded to unwelded (brown 

coloured) fine ignimbrite material (Fig. 2.15b). The rhyolite material makes up the bulk of 

these outcrops (sometimes as high as 60%) and occasionally shows alignment and elongation 

of clasts. This outcrop was also thought to be elongated collapsed pumice fiamme in highly 

welded ignimbrite (Leonard 2003).  

 

   

Figure 2.15: (a) Contact between densely welded ignimbrite with glassy fiamme (in top 1 to 

1.5 m of unit) and Mandarin Dome rhyolite lava, AM14. (b) Large clasts of rhyolite in 

unwelded to partially welded ignimbrite at AM17 (black stripes on ruler measure 1 cm thick). 

 

 dome 
rhyolite 

ignimbrite 

a) 

b) 

elongation 
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Figure 2.16: Densely welded ignimbrite with glassy fiamme at AM16 (hammer measures 33 

cm). 

 

2.7 OVERVIEW 

 

The Atiamuri pyroclastic sequence consists of some basal airfall units overlain by a lithic-rich 

ground surge at the base of the first ignimbrite unit. Basal airfall units show signs of possible 

water interaction with very fine ash layers, lack of lithic content and accretionary lapilli. 

 

There are three identifiable ignimbrite units in this sequence (labelled Unit 1, Unit 2 and Unit 

3 from oldest to youngest) separated by small shower beds, with welding present in the top 

half of Unit 2 and most of Unit 3. Pumice sizes generally increase towards the top of each 

unit, showing reverse grading, with some pumice concentrated in fines-depleted lenses. Some 

grey pumice, with lower vesicularity and higher density, are present at the top of the sequence 

in Unit 3 and top airfall layers. Lithic content is generally low in the ignimbrite units (apart 

from at the Mandarin Dome contact) and is often concentrated in lenses with a concentration 

spike at the basal few centimetres of each unit. Welding in Unit 3 is of a higher degree than in 

Unit 2, shown by the presence of widely spaced columnar jointing in the cliff outcrops. 

Thickest welding sections and a higher degree of welding occurs in valley-ponded facies.  

 

Airfall and shower beds above the ignimbrite units are much thicker, have more layers and 

have higher lithic content, than the basal airfall units. Airfall units lie conformably next to 

Tuahu Dome lava outcrops but are densely welded against Mandarin Dome outcrops with 

glassy fiamme developed in the ignimbrite. Fragments of rhyolite dome material dominate 

largely unwelded ignimbrite at other locations around Mandarin Dome. 

fiamme 
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CHAPTER 3 - Petrography 

___________________________________________________________________________ 

 

3.1 INTRODUCTION 

 

From 166 samples collected during fieldwork at 45 localities, 61 thin sections were produced 

for petrographic analysis (of which 37 representative thin sections are documented in 

Appendix B). Thin sections were prepared by Rob Spiers (Petrology Technician) at the 

University of Canterbury using Epoxy resin to mount the slides. Shelley (1985) and Winter 

(2001) have full descriptions and methods for crystal and texture analysis. 

 

Wilson et al. (1986) recognised the Atiamuri as having a mineral assemblage of dominantly 

plagioclase feldspar with minor quartz and hypersthene (orthopyroxene).  

 

Leonard (2004) also noted that the Atiamuri pyroclastics contained plagioclase and 

orthopyroxene with trace amounts of quartz. Airfall units at the base of the sequence near 

Kemp Dome contained 7% crystals and some amphibole while the Atiamuri ignimbrite had 

low average crystal content of 5% (ranging from 1-11%) and contained no amphibole. 

 

3.2 RHYOLITE – RHYODACITE DOMES 

 

 3.2.1 Kemp Dome 

     

b)a) 

 hornblende 

feldspar 

orthopyroxene 
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Figure 3.1: (a) Plane-polarised (PPL) and (b) cross-polarised light (CPL) thin sections of 

Kemp Dome samples (AM9) showing the significant hornblende component (view measures 4 

mm on the long axis).  

 

The samples form this dome contain 30-35% crystals of which there is an average of 45% 

orthopyroxene, 40% feldspar, 10% quartz and 5% hornblende. One sample contained no 

feldspar and very little hornblende, and was dominated by quartz and orthopyroxene. The 

feldspar minerals are dominantly plagioclase showing clear albite twinning and a cumulate 

texture, often associated with small orthopyroxenes. Zoning occurs in some feldspars. Quartz 

crystals are anhedral with very rounded edges, holes and cracks. Orthopyroxenes are highly 

altered especially in one sample where they are almost completely broken down from the 

inside out. The most significant petrological component of Kemp Dome is the presence of 

hornblende (Fig. 3.1a, b), which reflects a more rhyodacitic composition.  

 

3.2.2 Tuahu Dome 

   

Figure 3.2: (a) PPL and (b) CPL thin sections of Tuahu Dome at AM31 (view measures 4 mm 

on the long axis). 

 

Tuahu Dome has only 7-10% crystals with 60% feldspar, 20% orthopyroxene, 10% ilmenite 

and 5% quartz. The feldspars are zoned as well as twinned (albite and occasional Carlsbad 

twins) (Fig. 3.2b). Feldspars are sub-euhedral and generally in clusters often associated with 

orthopyroxene and ilmenite. Ilmenite has a poikilitic relationship to orthopyroxene, and is 

rarely observed by itself. Small orthopyroxene microphenocrysts are common in the 

groundmass. Quartz crystals are rare, but large (~2 mm across). Devitrification is very 

prominent in this dome (Fig. 3.2a). 

 

a) b)

plagioclase 
feldspar 
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3.2.3 Mandarin Dome 

   

   

Figure 3.3: (a, b) PPL and (c, d) CPL images of Mandarin Dome rhyolite at locality AM40. 

View measures 4 mm on the long axis for each image. 

 

Mandarin Dome contains 25-30% crystals, comprising of about 70% feldspar (dominantly 

plagioclase), 20% quartz, 5% orthopyroxene and 5% ilmenite. Feldspars have well developed 

zoning with albite and occasional Carlsbad twins. Glomeroporphs of feldspars and 

orthopyroxene only appeared on one slide (Fig. 3.3b, d) with subhedral crystals. Quartz 

crystals are resorbed, anhedral in shape and usually <1 mm (Fig. 3.3a, c). Generally a lack of 

orthopyroxenes, except for one or two crystals, and these are quite altered (Fig. 3.3b, d). 

Mandarin Dome rhyolite is also devitrified (Fig. 3.3a, b, c).  

 

 

 

 

 

a) b)

c) d)
Resorbed quartz 
 
 
 
feldspar 

glomeroporph 
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3.3 ATIAMURI PYROCLASTICS 

 

3.3.1 Phenocrysts 

       

Figure 3.4: Typical (a) orthopyroxene (CPL), (b) plagioclase feldspar with albite twinning 

(CPL), (c) anhedral quartz (CPL) and (d) ilmenite crystals associated with orthopyroxene 

(PPL). View of feldspar measures 1 mm across, orthopyroxene and quartz both measure 0.5 

mm long and the largest ilmenite crystal measures 0.25 mm in the above images. 

 

The main minerals identified in the Atiamuri ignimbrite and its associated pyroclastics are 

plagioclase feldspar and orthopyroxene, with minor quartz and ilmenite (Fig. 3.4).  

 

Plagioclase feldspars are typically c.An45 which indicates a predominately andesine 

composition, but range to oligoclase at An22 (see Shelley 1985 for methods). Plagioclases are 

zoned (Fig. 3.5), and twinned with albite and Carlsbad growth twins. Quartz crystals are 

generally anhedral in shape and show resorption. Orthopyroxene crystals (Fig. 3.4b) are often 

highly fractured with brown iddingsite alteration appearing on some fracture and crystal 

edges. Single crystals of ilmenite are very rare as is usually associated with orthopyroxene in 

either a poikilitic or a glomeroporph relationship. 

 

Crystals are generally fragmental throughout the deposits and are poorly sorted with sizes 

ranging from cryptocrystalline to 3 mm maximum.  

 

b) c) d) a) 
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Crystal content varies throughout the deposits and appears to be highest in ignimbrite lithics 

(average 22%), lowest in rhyolite juvenile lithics (average 5%), generally higher near Tuahu 

and Mandarin Dome (average 17% compared to average 8% for the rest of the deposits) and 

increases dramatically throughout the units when in close contact with Mandarin Dome 

(average 29%). Concentration of quartz crystals also increases at the Mandarin Dome contact 

up to a maximum of 7 %, while the bulk of the ignimbrite at other localities is around 0-2% of 

the crystal content. 

   

3.3.2 Textures 

3.3.2.1 Glomeroporphs 

Feldspar, orthopyroxene and ilmenite are often observed growing together as a glomeroporph. 

These glomeroporphs vary from a few feldspar crystals to complex intergrowths of all three 

minerals (Fig. 3.6). Many of these glomeroporphs are fragmental with broken edges on the 

outer rims rather than complete crystals. 

 

   

a) b) 

a) b) 

Figure 3.5: Compositional zoning in 

feldspars in welded ignimbrite, (a) AM13 

and (b) AM31. Top zoned crystal in (a) 

measures 1 mm long, with view in (b) 

measuring 4 mm on the long axis. 
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Figure 3.6: Large glomeroporph of feldspar, orthopyroxene and ilmenite in ignimbrite at 

AM43 in (a) PPL and (b) CPL. Glomeroporph measures 4.25 mm across at the widest point. 

   

3.3.2.2 Eutaxitic texture and degree of welding 

   

   

Figure 3.7: Progressive welding in Atiamuri Ignimbrite from localities (a) AM3 lower, (b) 

AM3 upper, (c) AM13 and (d) AM16 with glassy fiamme.  

 

Components contain a weak eutaxitic texture (Fig. 3.7b, c, d) in more welded sections that 

increases to the formation of glassy fiamme (Fig. 3.7d) at the contact with Mandarin Dome 

with a marked decrease in pumice vesicularity. Lower welded deposits are massive and do not 

contain any evidence of such a eutaxitic texture (Fig. 3.7a). Lower welded sections in the 

Atiamuri pyroclastics typically have a greater contrast in crystal and clast size with 

components easier to observe in the highly welded sections. 

 

Lower welded sections are generally more altered than the higher welded sections with 

iddingsite staining prominent around orthopyroxenes and affecting the overall colouration of 

the section (Fig. 3.7a, b, c).   

 

c) 

a) b) 

d) 

pumice 

lithic 
crystal 

obsidian   
fiamme 



                                                                                                              Chapter 3 – Petrography 
___________________________________________________________________________ 

___________________________________________________________________________ 
 42

3.3.2.3 Clast interactions 

Pumice fragments in the ignimbrite often have stretched edges, especially with a higher 

degree of welding in the ignimbrite (Fig. 3.8).  

 

The host ignimbrite has a higher crystal concentration compared to rhyolite clasts within it, 

while ignimbrite clasts have a reasonably high concentration of crystals as well as a larger 

size (0.5 to 1 mm) than the ignimbrite host groundmass (cryptocrystalline to 0.125 mm) (Fig. 

3.9b). 

 

Clast edges show effects of transportation (in the case of rhyolite, obsidian or ignimbrite 

fragments) with pieces sometimes broken off (Fig. 3.9b, d) or well rounded (Fig. 3.9c). Large 

rhyolite fragments at AM17 (Fig. 3.9a) and AM42 contain slight baked zones around the 

contact edges with the ignimbrite from 1 mm to 3 mm wide respectively. Ignimbrite crystals 

protruding out into the rhyolite cause a crenulated interface between the rhyolite clast and its 

ignimbrite host (Fig. 3.10). 
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Figure 3.8: Rare pumice fragment with stretched edges in glass and crystal-rich ignimbrite, 

AM13. View measures 4 mm on the long axis. 

 

     

     

Figure 3.9: Interactions of ignimbrite with clasts (all in PPL). (a) Large rhyolite clast from 

Mandarin Dome (bottom) with 1 mm baked zone (arrow) in surrounding ignimbrite at AM17. 

(b) Ignimbrite clast (bottom) within another ignimbrite clast at locality AM15. (c) Highly 

devitrified rhyolite clast with spherulites (bottom left) in ignimbrite, AM18. (d) Obsidian clast 

(top right) in ignimbrite lithic, AM15. All images measure 4 mm on the long axis. 
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Figure 3.10: Crenulated edge to ignimbrite in contact with rhyolite dome material, AM17, 
with ignimbrite feldspar crystals protruding out into the rhyolite.  

Rhyolite Ignimbrite 

Ignimbrite 
feldspar crystal 
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CHAPTER 4 - Geochemistry 

___________________________________________________________________________ 

4.1 INTRODUCTION 

 

Major and trace element concentrations were determined at the University of Canterbury by 

X-ray fluorescence spectrometry (XRF), using a Philips PW 1400 automatic X-ray 

spectrometer. Detection limits and calibrated analytical uncertainty for this particular machine 

can be found in Weaver et al. (1990). An acceptable accuracy of analysis for this machine is 

maintained using 35 international standards for calibration. Samples for XRF analysis were 

initially crushed, followed by grinding to a fine powder by a tungsten carbide ring mill. 

Powders were then made into glass fusion beads (for major element chemistry) and pressed 

powder pellets (for trace element chemistry). These methods follow those used by Norrish & 

Hutton (1969).  

 

A range of unwelded ignimbrite, airfall and shower beds from 23 localities were chosen for 

major and trace element analysis of pumice. Two dome lava samples were taken for XRF 

from each of Tuahu Dome and Mandarin Dome rhyolite outcrops, and one sample from Kemp 

Dome. Lithic samples were also analysed from AM8 (representing bulk lithic assemblage of 

the ignimbrite units), AM31 (taken at the contact with Tuahu Dome and nearest to Kemp 

Dome) and AM43 (from the contact with Mandarin Dome). The focus for the analyses was to 

establish the relationship of the Atiamuri Pyroclastics with the Ohakuri pyroclastic units, 

locate a possible source for the Atiamuri pyroclastics, and understand internal dynamics of the 

source magma chamber. Appendix C tables full XRF results.  

 

4.2 DOME LAVAS 

 

Mandarin and Tuahu Domes have very similar geochemistry and nearly always plot in the 

same compositional field as the Atiamuri pyroclastics (Fig. 4.1, Fig. 4.2, Fig. 4.3, Fig. 4.4 and 

Fig. 4.5a). Kemp Dome does not lie in the same compositional field as the Atiamuri 

pyroclastics and has its own unique field (All Figures). Kemp Dome shows a less evolved 

rhyolitic trend than Tuahu and Mandarin Domes with higher Sr for lower SiO2 (Fig. 4.3). All 
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three domes plot in a similar region to the Atiamuri pyroclastics for the Zn/Zr variation 

diagram (Fig. 4.5b) with a decrease in Zn for the primary dome material. Both the dome 

samples and the Atiamuri deposits plot in a separate field from the Ohakuri deposits.  

 

4.3 IGNIMBRITE 

 

 4.3.1 Pumice 

Pumices in the Atiamuri ignimbrite units tend to plot in the same compositional field as the 

airfall pumices and dome samples from Mandarin and Tuahu Domes but in a different field 

from the Ohakuri deposits and Kemp Dome (Fig. 4.1, Fig. 4.2, Fig. 4.3, Fig. 4.4 and Fig. 4.5). 

The Atiamuri ignimbrite deposits show a restricted range of rhyolitic origin containing 

between 75-76.5 wt % SiO2.  

 

  4.3.1.1 Major and minor elements 

SiO2 content is generally increasing towards the basal units, and decreasing towards the top of 

the succession (Fig. 4.1 and Fig. 4.2a). K2O content increases with SiO2 content (decreases 

towards the top of the succession) and is lowest in the grey pumices sampled from AM8, 

AM20 and AM26 (Fig. 4.1a). Al2O3 shows a general increase in content towards the top of 

the succession (Fig. 4.1b).  

 

  4.3.2 Trace elements 

Sr plotted against SiO2 shows a restricted field for all the Atiamuri pumices with slightly 

increasing Sr towards the top of the succession (Fig. 4.3). Plotting Sr with Zr shows a distinct 

increase in Zn towards the top of the succession and a well defined compositional field for the 

Atiamuri pyroclastics, separate from Kemp Dome and the Ohakuri deposits (Fig. 4.5a). The 

Zn/Zr variation diagram shows the Atiamuri plotted in a field with no clear trend but clearly 

separate from the Ohakuri deposits and similar to the Maroa-derived domes, Tuahu, Mandarin 

and Kemp (Fig. 4.5b). While showing a definite compositional field, La, Cr and Ba do not 

show increases or decreases towards any particular part of the Atiamuri pyroclastics, with Ba 

only slightly showing a general increase towards the top of the succession (Fig. 4.4a).  

 

4.3.2 Lithics 

 

4.3.2.1 AM8 



                                                                                                            Chapter 4 – Geochemistry 
___________________________________________________________________________ 

____________________________________________________________________________ 
 47

The lithic analysed from AM8 plots on the same compositional field as the general Atiamuri 

pyroclastics and the samples from Mandarin and Tuahu Domes (Fig. 4.1, Fig. 4.2a and Fig. 

4.3a). In the Zn/Zr variation diagram, AM8 lithic plots towards the dome samples at the 

bottom of the compositional field (Fig. 4.5b). 

 

  4.3.2.2 AM31 

The juvenile lava lithic at AM31 has been sampled from Unit 3 beneath subsequent airfall, 

with closest proximity to Kemp Dome. While pumice samples analysed from this location 

indicate the same geochemistry to the rest of the Atiamuri pyroclastics, this lithic appears to 

plot in the same compositional field for silica and major element plots as Kemp Dome rather 

than the rest of the pyroclastic components (Fig. 4.1). 

 

  4.3.2.3 AM43 

The lithic sampled at locality AM43 is a rhyolitic clast from the contact with Mandarin Dome. 

The lithic plots in the same field as the Atiamuri pyroclastics, Mandarin Dome and Tuahu 

Dome, for plots of major elements against SiO2 (Fig. 4.1 and Fig. 4.2a, b), but deviates from 

the Atiamuri field in trace element plots (Fig. 4.3, Fig. 4.4 and Fig. 4.5). AM43 shows some 

similarities with the Kemp Dome trace element compositional field but also plots by itself for 

Al2O3 vs. CaO (Fig. 4.2c) and the Zn/Zr variation diagram (Fig. 4.5b). 

 

4.4 AIRFALL PUMICES 

 

 4.4.1 Major and minor elements 

Airfall deposits at AM21 and AM23 at the stratigraphic top of the pyroclastics plot 

significantly higher in K2O than projected by the compositional field for the rest of the 

Atiamuri airfall samples (Fig. 4.1a). These airfall units also show a significant increase in 

Al2O3 content from the rest of the sequence (Fig. 4.1b). Both of these element oxides respond 

significantly to weathering processes and most likely indicate significant weathering and 

alteration of these samples. Upper airfall deposits at AM21 and AM23 often plot outside the 

field for the rest of the Atiamuri deposits for major elements (Fig. 4.1, Fig. 4.2 and Fig. 4.3) 

but are consistent with the general Atiamuri field for trace elements. 

 

 Airfall at AM4 from the base of the sequence and closest to the Pukeahua pyroclastics also 

deviates from the general Atiamuri compositional field and plots in a similar field to the upper 
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airfall deposits at AM21 and AM23 (Fig. 4.1 and Fig. 4.2). The other major elements are 

consistent with the rest of the Atiamuri pyroclastics, including the ignimbrite sample from just 

above the airfall at AM4. 

 

 4.4.2 Trace elements 

Airfall units from both above and below the Atiamuri ignimbrite appear to plot in the same 

field as the ignimbrite and each other (Fig. 4.4 and Fig. 4.5), including the altered upper airfall 

pumices from AM23 and AM21 and the airfall from the base of the ignimbrite at AM4. 

 

Airfall from AM4 contains significantly higher traces of Ce than the other pyroclastics (see 

Appendix C). 

 

4.5 NORMALISED MULTI-ELEMENT ABUNDANCE DIAGRAM 

 

Plotting all samples (Atiamuri, Ohakuri and Dome lava) against primitive mantle on a 

normalised multi-element abundance diagram (Spider Diagram) shows that the Large Ion 

Lithophile Elements (LILEs) are enriched, with High Field Strength Elements (HFSEs) 

depleted (Fig. 4.6). 

 

4.6 FIGURES 

 

Compositions for all diagrams have been determined by XRF whole rock analysis from a 

range of ignimbrite, basal airfall, top airfall and shower bed pumices with lithics and dome 

samples. Fields for the bulk Atiamuri pyroclastics (which include the airfall units above and 

below the ignimbrite deposits), altered airfall deposits overlying the Atiamuri ignimbrite, grey 

pumices observed in both Atiamuri ignimbrite and top airfall, Tuahu and Mandarin Domes, 

Kemp Dome lavas, and Ohakuri pyroclastics are coloured as follows:  
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General trend directions within the Atiamuri pyroclastic field are labelled T representing units 

dominantly towards the top of the sequence, and B representing units dominantly towards the 

base of the sequence. 

 

The symbols labelled Upper and Lower ignimbrite indicates samples taken from Unit 3 and 

Units 1/2 respectively. The symbol labelled internal shower bed represents pumice samples 

taken from the shower bed at locality AM8 separating ignimbrite Units 2 and 3. Grey pumices 

were observed only in Unit 3 ignimbrite and overlying airfall. 
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Figure 4.2: (a) (b)

(c)

Fe O  plotted against content. Na O plotted against SiO  content.

Al O  plotted against CaO content.
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Figure 4.3: Sr plotted against content.SiO2
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Figure 4.5: (a) (b)Zr/Sr variation diagram. Zn/Zr variation diagram.
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Figure 4.4: (a) (b)Ba/Sr variation diagram. Rb/Sr variation diagram.
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Figure 4.6: (a)
(b)

Primitive mantle-normalised multi-element abundance diagram (Spider Diagram)
for all samples analysed. Sr/Rb variation diagram Atiamuri deposits against M-, N- and T-type
magmas representing Maroa, Northwest Dome Complex and Taupo Volcanic Centre respectively.

0.001

0.01

0.1

1

10

100
200

Sr Rb

Ba

Th Nb

Ce

Zr Y V Ni

S
a
m

p
le

/P
ri

m
it

iv
e

M
a
n

tl
e

Key:

Lower ignimbrite

Internal shower bed

AM4 airfall

Basal airfall

Upper ignimbrite

Upper airfall

Upper ignimbrite

Upper airfall

AM8

AM43

AM31M

Tuahu

Mandarin

Kemp

Ohakuri deposits

P
u
m

ic
e

s
G

re
y

p
u
m

ic
e

s
L

it
h

ic
s

D
o
m

e
rh

y
o

lit
e

55

60.0 97.5 135.0
60

115

170

Rb (ppm)

S
r

M

172.5

225

T

N

Key

T-type magma

Atiamuri deposits

N-Type magma

M-Type magma

(Taupo Volcanic Centre)

(Northwest Dome Complex)

(Maroa Volcanic Centre)

(Fields from Leonard 2003)

(p
p

m
)

Chapter 4 - Geochemistry



Key:

Lower ignimbrite

Internal shower bed

AM4 airfall

Basal airfall

Upper ignimbrite

Upper airfall

Upper ignimbrite

Upper airfall

AM8

AM43

AM31M

Tuahu

Mandarin

Kemp

Ohakuri deposits

P
u
m

ic
e

s
G

re
y

p
u
m

ic
e

s
L

it
h

ic
s

D
o
m

e
rh

y
o

lit
e

Figure 4.2: (a)
(b)

for Atiamuri ignimbrite, airfall units, shower bed units,
lithics and dome samples. . Compositions for both diagrams have been
determined by XRF pumice and whole rock analyses.
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CHAPTER 5 – Discussion 

___________________________________________________________________________ 

 

5.1 INTRODUCTION 

 

For this thesis, three main groups of new information have been presented and compared with 

existing studies in order to characterise and model the Atiamuri event. Comparisons are made 

with similar sequences from Maroa, Taupo Volcanic Zone and other examples from outside 

New Zealand. In particular, comparisons have been made with the ~AD 1315 eruption of the 

Kaharoa pyroclastics at the Tarawera Volcanic Complex, also in TVZ.  

 

 5.1.1 Brief overview of Kaharoa 

In order to compare Atiamuri with Kaharoa, a brief summary of the Kaharoa eruptive episode 

has been collated from Nairn et al. (2004) (2001) and Leonard et al. (2002).  

 

The Tarawera Volcanic Complex is situated within the Okataina Volcanic Centre (OVC), 

Taupo Volcanic Zone (TVZ), New Zealand (see Fig. 1.1 in Chapter 1). OVC is one of the 

most productive rhyolite centres within TVZ, having produced 80 km3 of erupted rhyolite 

magma from nine episodes during the last 26,000 years (Nairn 1989). 

 

The ~AD 1315 (Nairn et al. 2004) eruptive episode at Kaharoa produced a HARI-type (see 

section 5.7.1) volume of ~4 km3 pyroclastic material (Nairn et al. 2001) dominated by high-

silica rhyolites with minor basaltic clasts, and inclusions with co-magmatic granodiorite, 

diorite, gabbro and olivine clinopyroxenite. Eruptions occurred from at least seven vents 

along an 8 km linear zone producing two main types of rhyolite compositions from T1 

(plinian pyroclastics) and T2 (mostly lavas and block-and-ash flows), separated by four dome 

extrusions in the summit vent and lasting a duration of ~4 years (Leonard et al. 2002, Nairn et 

al. 2004, Cole 1970). This eruptive episode is significant in the demonstration of magma 

mixing processes between the general rhyolitic source and a basaltic trigger (Leonard et al. 

2002). 
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Pyroclastic units consist of seven pumiceous falls from the vent-opening plinian sequence 

with the fall unit last to be erupted, interbedded with widespread pumiceous pyroclastic 

density current deposits consisting of cross-bedded surge deposits near the summit and 

massive flow deposits (ignimbrite) in the valleys (Leonard et al. 2002). 

 

Grey and banded pumices are most common in the pyroclastic flow deposits with many large 

clasts showing extensive mixing of basaltic and rhyolitic magmas (Nairn et al. 2004).  

 

5.2 THE ATIAMURI PYROCLASTICS 

 

 5.2.1 Stratigraphy 

 

  5.2.1.1 Pumice and lithic trends 

Valley ponding of the Atiamuri ignimbrite units makes defining stratigraphic sequences 

difficult. There is no clear pattern of lithics increasing in size towards any direction while 

larger pumices at the top of welded valley-ponded sections indicate that the lower density of 

the pumices in relation to the bulk of the ignimbrite has favoured reverse grading in terms of 

size, as the larger pumices ‘float’ to the top of the units. The lack of clear units throughout the 

area and the weak overall pumice and lithic trends suggest that these units were emplaced 

with little time to develop stronger reverse grading of pumices and the normal grading of 

lithics. Lithic and fines-depleted pumice lenses at some outcrops may indicate evidence of 

turbulence within the flow, probably due to flow over topographic highs (Walker 1983). 

 

Kaharoa pyroclastics are dominated by juvenile rhyolite pumice ash, lapilli and blocks with 

accessory lithic clasts of rhyolite (from earlier regional eruptions), occasional juvenile basaltic 

clasts, and rare plutonic clasts (granitoids, diorite, gabbro and olivine clinopyroxenite) 

(Leonard et al. 2002). Atiamuri pyroclastics are distinctly lacking in any plutonic lithics and 

appear very simple in comparison. The presence of older Atiamuri-related ignimbrite lithics in 

all the observed ignimbrite lithics, including the basal ignimbrite, suggests that there was 

more than the three ignimbrite units. These were probably very small, however, as there is no 

evidence left in the outcrops, with the units perhaps either buried or destroyed by the 

extrusion of Mandarin Dome, or eroded away  (either by the later, larger pyroclastic flows, or 

during a substantial time break between flows). A small paleosol marks the boundary between 

the lower airfall units and the basal ignimbrite at some outcrops, which indicates a time break 
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of some sort. However, it probably would not have been enough to allow erosion to erase all 

traces of the first ignimbrite(s). It is more likely that the flow unit(s) was/were very small and 

did not reach these outcrops. Note that the basal airfall and ignimbrite does not outcrop within 

a reasonable distance from both Tuahu and Mandarin Domes.  

 

High lithic content in the Soncor ignimbrite at Lascar Volcano, Chile has been attributed to 

the destruction of a pre-existing dome complex, deep explosive cratering into the interior of 

the volcano and erosion during pyroclastic flow emplacement (Calder et al. 2001). Lithics in 

the Kaharoa eruptives have also been attributed to significant dome collapse between dome-

building episodes (Leonard et al. 2002). In the Atiamuri, lithics are in relatively low 

concentrations throughout with juvenile lava fragments probably originating from the conduit 

wall and partial break-up of a ‘proto-Mandarin Dome’ (see Fig. 5.5). Ignimbrite lithics spread 

throughout the deposits are most likely the result of erosion of previous flows by new 

pyroclastic flow emplacement. Foreign lithics, such as the Kemp Dome lithic found at AM31 

and the unknown pumice source at AM4, were probably either picked up by erosion or 

mixing from a simultaneous eruption at a different location. Some degree of internal mixing 

must have occurred to allow the eroded lithics from the ground surface to migrate into the 

flow interiors (Calder et al. 2001) as ignimbrite clasts are observed throughout the ignimbrite 

units.  

 

5.2.1.2 Lithic content in the upper airfall deposits 

The upper airfall deposits overlying the ignimbrite units are glass-rich with alternating ash 

and lapilli, suggesting some minor eruptive episodes continued after ignimbrite emplacement. 

The thickness of individual and total airfall units above the ignimbrite is much greater than 

initial airfall at the base of the succession, indicating a larger amount of ash generation for a 

possibly longer duration. 

 

  5.2.1.3 Water interaction and accretionary lapilli 

Accretionary lapilli and the presence of many ultra fine ash units within the basal airfall 

deposits suggest possible phreatomagmatic association. This could have originated from 

interaction with a suggested paleo-Lake Ohakuri (Fig. 5.1) that is also evidenced as having a 

significant influence on the Ohakuri eruption (Gravely 2004). This lake is thought to have 

disappeared by ~220 ka when the Mokai pyroclastics were deposited without aqueous 

interaction. Gravely (2004) suggests that the destruction of the lake may have been directly 
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associated with emplacement of the Ohakuri pyroclastics. However, the features observed in 

the Atiamuri could imply that either at least some of the lake survived for a time after the 

Ohakuri event, or the Ohakuri and the Atiamuri may have been emplaced at roughly the same 

time (as suggested by Houghton et al. in press). 

 

While the airfall layers beneath the Atiamuri ignimbrite units contain abundant fine ash layers 

and accretionary lapilli, the rest of the pyroclastic sequence shows little evidence of water 

interaction, with the upper airfall layers generally absent of very fine material, suggesting that 

the water interaction was minimal. It is likely that the source vent for this sequence erupted 

into a swamp or ground water environment near the shores of paleo-Lake Ohakuri, rather than 

in the lake itself. As all of the identified ignimbrite deposits are located to the northwest of 

Mandarin Dome, it is possible that the swamp or lakeshore lay predominantly to the east, thus 

mainly interacting with the initial vent clearing deposits.  

 

 

 

  5.2.1.4 Origin of grey pumices 

Figure 5.1: Suggested location 

of paleo-Lake Ohakuri between 

~240-220 ka (from Leonard 

2003). The yellow dot shows 

approximate location of 

Atiamuri pyroclastics.  Present-day  
Lake Ohakuri 



Chapter 5 – Discussion 
___________________________________________________________________________ 

____________________________________________________________________________ 
 

 
 

60

Atiamuri pumices are dominantly white/cream, but grey pumices also occur at localities 

AM8, AM19, AM20, AM21, AM22 and AM26. It was initially thought that this could be the 

result of magma mixing of a more mafic magma into the predominantly rhyolitic source 

chamber (Leonard et al. 2002, Milner et al. 2003). Mixing may also have triggered the 

eruption sequence, similar to that suggested for the ~AD 1315 Kaharoa eruptions at Tarawera 

Volcanic Complex (Leonard et al. 2002, Nairn et al. 2004) and the Tikorangi ignimbrite-

forming event from the Kapenga Caldera Complex (Hildyard et al. 2000).  

 

However, these grey pumices are observed to have a higher density and lower viscosity than 

the lighter, white/cream pumices indicating that the grey fraction may still be the same 

composition with a higher percentage of glass. Geochemistry results indicate that the grey 

pumices do indeed have the same composition as the rest of the Atiamuri pumices. This 

suggests the distinctive colour in these pumices is most likely due, not to a difference in 

composition from magma mixing, but to a difference of gas content resulting also in the 

observed higher density and lower vesicularity of these grey pumices. Giordano et al. (2002) 

observed that the ignimbrite deposits formed from the Lago Albano Maar, associated with the 

Colli Albani volcano in Italy, were characterised by a lack of vesiculated juvenile clasts 

(pumices) with most juveniles dense and poorly vesicular. This was attributed to magma-

water interaction occurring before gas exolution processes were significant. It is possible that 

a similar process, but on a much smaller scale, may be occurring at Atiamuri with the grey 

pumices the result of some continued water interaction with the ignimbrite.  

 

The Puketarata pyroclastic deposits, also in Maroa, were formed in a dome-building event like 

the Atiamuri, but with the production of pyroclastic flows and block-and-ash flows mainly 

formed from gravitational collapse during the growth of the dome (Brooker et al. 1993). 

Puketarata experienced significant groundwater interaction during the eruption with the 

formation of a tuff ring and phreatic explosion craters, features not present in the Atiamuri 

sequence most likely due to the low water to magma ratio. Many Maroa vents have 

experienced minor water-associated eruptions (Wilson et al. 1986), possibly reflecting the 

high accumulation of lakes in the region with high rainfall (Salinger pers. comm.).  

 

  5.2.1.5 Welded facies 

The low lithic concentration, high glass content and lithostatic load in the valley-ponded 

Atiamuri ignimbrite units has enabled significant welding (Cas & Wright 1998). Walker 
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(1983) mentions that ignimbrites associated with water often have lower emplacement 

temperatures due to ‘water cooling’, however, this usually produces a low-grade deposit with 

a general lack of welding and an absence of vesiculated pumice (Giordano et al. 2002).  

 

The thickness and extent of the welded sections in the Atiamuri deposits appear to be 

controlled by the thickness of the units themselves, as welded sections are thickest in valley-

ponded facies, with unwelded veneers on topographic highs. This does not exactly follow the 

simplistic model suggested by Ross & Smith (1961) where welding and unit thickness was 

thought to increase towards the source (Fig. 5.2). In the Atiamuri, welded sections reflect a 

topographic control rather than simply distance from source. 

 

Ignimbrites typically form a very widely spaced (3-5 m) irregular columnar jointing pattern of 

extensive, open and continuous vertical cooling joints (Moon 1993). The Atiamuri welded 

sections are no exception to this with the clear columnar jointing observed in Unit 3. 

 

 

 

Figure 5.1: Simplistic welding model for ignimbrite first suggested by Ross & Smith (1961) 

and again used by Lipman & Christiansen (1964) in a schematic cross section of the Yucca 

Mountain Tuff deposits.  

 

   

5.2.1.6 Ignimbrite characteristics 

Unlike the Soncor ignimbrite which had flows separated out into three sections of proximal, 

medial and distal (dense granular flow, main body and pumice dominated respectively) 
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(Calder et al. 2001), the Atiamuri appears to have little variation away from the vent apart 

from valley-ponded and veneer facies. This lack of variation may be the result of erosion of a 

large portion of the units, as the last outcrops of Atiamuri (AM3, AM5, AM8) are still at least 

10 m thick suggesting that some of the distal regions may be missing. 

 

In the phreatomagmatic Peperino Albano ignimbrite at the Lago Albano maar, Italy, valley-

pond facies were characterised by massive structure and chaotic texture with great thicknesses 

as a small HARI-type deposit (Giordano et al. 2002). Veneer deposit facies were characterised 

by parallel to low-angle cross-stratifications, alternating fines-depleted lapilli-sized layers and 

massive, matrix-supported beds. Valley-pond facies in the Atiamuri are also characterised by 

massive structure and great thicknesses, but with a lesser degree of chaotic texture, possibly 

due to the smaller amount of water interaction. Veneer deposit facies in the Atiamuri show 

evidence of fines-depleted lenses and massive matrix-supported beds, but with no evidence of 

cross-stratification bedforms, possibly also due to the low degree of water interaction. 

 

5.2.2 Petrography 

Preferential assimilation of the ignimbrite groundmass compared to the more resilient feldspar 

crystals by the semi-molten rhyolite dome fragments, is suggested to have produced the 

crenulated edge to the ignimbrite observed at locality AM17. This also supports the theory 

that Mandarin Dome was intruded into the Atiamuri deposits after they were emplaced (see 

section 5.3.1).  

 

The strong eutaxitic texture observed around the contact with Mandarin Dome probably 

reflects the domes influence in reheating and thermally welding the previously unwelded to 

partially welded ignimbrite combined with minor deformation caused by the extrusion of the 

dome through the deposits, rather than straight ignimbrite compaction welding (Winter 2001). 

 

Extensive zoning in phenocrysts of the Kaharoa deposits were attributed to cooling and 

crystallisation at the chamber sidewalls, releasing low-density fractionated liquid to flow 

upwards as a boundary layer to accumulate at the top of the chamber (Nairn et al. 2004). This 

process is usually also characterised by the upward transport and subsequent concentration of 

the LILEs Th, Nb and Ta but was not observed in the Kaharoa deposits. At Atiamuri, most of 

the plagioclase phenocrysts also show significant zonation, but like Kaharoa, concentrations 
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of Nb and Th are low (see Appendix C) and these can not subsequently be used to help 

determine chamber dynamics. 

 

5.2.3 Geochemistry 

Atiamuri is M-type according to classification of Leonard (2003), with between 102-129 Rb 

and 66-79 Sr. This is consistent with the rest of the Maroa Volcanic Centre which contains 

both M and N-types but is considered to be dominantly M-type (Fig. 5.3). These results are 

also consistent with Leonard (2003) as his data for the Atiamuri also plot in the same field. 

 

Kaharoa eruptives plot in two fields (T1 and T2) compared to the Atiamuri pyroclastics one, 

with T1 similar to the Atiamuri and Maroa fields and T2 plotting well within the general TVZ 

rhyolite eruptive field (Fig. 5.3). 

 

 

Figure 5.3: Rb/Sr variation diagram showing Atiamuri deposits (green squares) against the 

general rhyolite fields for Maroa (MVC) (Leonard 2003), Taupo Volcanic Zone (Graham et 

al. 1995) and The T1 and T2 eruptive phases for the ~AD 1315 Kaharoa eruption at 

Tarawera (Leonard et al. 2002). 
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  5.2.3.1 Weathering 

High Al2O3 and sudden deviations of K2O and Na2O can be a secondary feature reflecting the 

development of clay minerals. In the Atiamuri, Al2O3 increases towards the top of the 

succession with both K2O and Na2O for the upper airfall samples AM21 and AM26 plotting 

outside the compositional field for the rest of the Atiamuri. These results are attributed to 

significant weathering and erosion of these top layers.  

 

  5.2.3.2 AM4 airfall 

AM4 airfall has significantly different composition from the other Atiamuri units (including 

the ignimbrite above), as well as the Ohakuri deposits underlying the Atiamuri to the 

northeast, and the dome samples. This suggests that the airfall units may be either weathered, 

contaminated by either Eastern Pukeahua deposits or an unknown pyroclastic source below 

the Atiamuri deposits, or may be the top unit of some unknown pyroclastics. The second 

option implies that the Eastern Pukeahua deposits may be closer in age to the ~229 ka part of 

the bracket and therefore deposited about the same time as the Atiamuri. This could also 

explain the observation in Leonard (2003) that the Pukeahua deposits appear to be dipping 

beneath the Atiamuri. Geochemistry data from Leonard (2003) on the Pukeahua pyroclastics, 

plots them in a similar field to the Atiamuri with the one sample from AM4 not enough to 

clearly identify a link with these units. If the fourth option is the case, the lack of significant 

paleosol between this unit and the ignimbrite above may mean that later eruptives of an 

unknown unit are close in age to the Atiamuri and previously unobserved, as the next oldest 

pyroclastic unit in the immediate region is thought to be the Ohakuri (Leonard 2003). 

 

  5.2.3.3 Spider diagram 

The primitive mantle-normalised multi-element spider diagram for the Atiamuri pumice 

samples and dome samples indicates a subduction-related arc system with the LILEs enriched 

and the HFSEs depleted. As LILEs are mobilised in aqueous fluids, they are selectively 

extracted during partial melting and transported into the arc system while the HFSEs continue 

to be subducted with the slab (Winter 2001, Rollinson 1993). 

 

  5.2.3.4 Sr compositional trends 

The Sr versus silica diagram shows that the Sr content for the Atiamuri plots in a single 

compositional field, suggesting a small un-zoned homogenous magma chamber. Large 
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ignimbrites often show zonation of their source magma chamber as a large amount of material 

has been erupted (i.e. Mamaku ignimbrite, Milner et al. 2003)). The Atiamuri ignimbrite is 

too small however, and it is equally likely (with the small volume of pyroclastics ejected) that 

this indicates that only the top layer of a magma chamber has been erupted and not enough to 

show any distinct zoning. Hence, no zonation of the magma chamber is able to be established 

from the deposits. Many elements still show trends from the base of the sequence to the top 

(e.g. SiO2), indicating evolution within the chamber (Rollinson 1993). The ~AD 1315 

Kaharoa eruption differs from the Atiamuri in this respect with the two different compositions 

of rhyolite erupted from a multiple vents (Leonard et al. 2002) (Fig. 5.3). It is more likely that 

the Atiamuri was a simpler event and erupted from a single vent only (see Fig. 5.5). 

 

Evolved subduction-related compositions commonly show depletion in Sr (due to plagioclase 

fractionation), Ti (ilmenite and titanomagnetite) and P (apatite) (Nairn et al. 2004, Rollinson 

1993). The Atiamuri pyroclastics show a field more depleted in Sr than the Ohakuri 

pyroclastics, indicating that they are probably more evolved. This is also consistent with the 

lack of composition zoning and eruption from a small, un-zoned discrete magma chamber, or 

from partial evacuation of a larger chamber with more contamination by the country rock 

(Torlesse basement, McCulloch 1993). 

 

  5.2.3.5 Using geochemistry for dome and pyroclastic relationships 

Tuahu and Mandarin Domes appear to have the same general geochemical composition 

suggesting that they probably share a common magma chamber or system. This presents some 

problems in determining their relationship to the Atiamuri in terms of a source vent location 

when comparing geochemical data. 

 

5.3 SOURCE AND DOME RELATIONSHIPS  

 

The two most possible source vents for the Atiamuri, based on geochemistry and petrological 

data are linked with Mandarin and Tuahu Domes. While geochemical data is unable to 

distinguish between these two domes, implying that they share a common magma source, 

petrological data suggest that Mandarin may have an overall higher content of quartz crystals 

compared to Tuahu and the Atiamuri pyroclastics that generally contain trace amount of 

quartz (apart from at the contact with Mandarin Dome). However, these petrological results 

may be thought of as inconclusive due to the lack of reachable outcrops of these domes. As 
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geochemical data states that these domes are of basically the same composition it can only be 

stated that neither crystal petrography or geochemistry are good indicators of the Atiamuri 

source. This leaves only field relationships, stratigraphy and textural petrography to provide 

an indication of how the deposits relate to each dome in terms of isolating a source vent.  

 

 5.3.1 Mandarin Dome Contact 

Glassy fiamme at the contact with Mandarin Dome are most likely the result of heating of the 

ignimbrite by the dome lava rather than compaction welding during emplacement. This is 

further suggested by the fact that this zone is restricted to an extent of 1 m into the ignimbrite 

where it encounters dome lava material, with the rest of the ignimbrite at these locations still 

largely unwelded. This also indicates that Mandarin Dome was intruded after the Atiamuri 

pyroclastics were erupted (Fig. 5.4a).  

 

The increase in crystal content, particularly resorbed quartz, at this contact is attributed to the 

intrusion of the dome with reheating of the ignimbrite deposits. This implies that much of the 

quartz is probably secondary (Winter 2001). Ignimbrite clasts scattered throughout the 

ignimbrite units also often show significant increases in quartz content, altered 

orthopyroxenes and devitrification due to thermal alteration.  

 

Fragments of rhyolitic dome material in unwelded to partially welded ignimbrite are most 

likely derived from the dome as it intruded up through the deposits. These clasts have been 

subsequently elongated, probably due to the expansion of the dome as it pushed up through, 

also thermally welding many of the ignimbrite deposits in close contact. Some preferential 

assimilation of ignimbrite crystals compared to the ignimbrite groundmass indicates the semi-

molten state of these rhyolite fragments when they were pushed into the ignimbrite. 

 

Slightly baked margins around the numerous clasts of rhyolite in Atiamuri ignimbrite at the 

contact, suggest that although the dome clasts were at a higher temperature than the 

ignimbrite when it intruded, the temperature gap was not significant due to the small width of 

the chilled margin. This possibly indicates that Mandarin Dome was intruded shortly after the 

ignimbrite or at least before the ignimbrite had time to cool significantly.  

 

Dense grey pumices in airfall and ignimbrite facies surrounding the Mandarin Dome area may 

also be fragments of dome material related to the extrusion event as well as emplacement of 
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the ignimbrite itself (especially as these are present towards the top of the sequence). These 

may also indicate that the dome was extruded in the last stages of ignimbrite emplacement. 

The lack of significant lithics in the whole succession, combined with no evidence for a 

block-and-ash flow, suggests that this ignimbrite was not emplaced during collapse of an 

already-established dome but may still involve the small ‘proto-dome’ (see Fig. 5.5). 

 

 5.6.2 Tuahu Dome Contact 

Tuahu Dome does not appear to affect the pyroclastic units in any way, as they remain 

unaltered and unwelded next to Tuahu Dome rhyolite (Fig. 5.4b). This suggests that Tuahu 

Dome was present before emplacement of the Atiamuri pyroclastic sequence.  

 

 

Figure 5.4: (a) Contact of Atiamuri ignimbrite units with Mandarin Dome showing ‘baked 

zone’ (dashed line) producing glassy fiamme in ignimbrite and incorporating clasts of 

Mandarin Dome lava. (b) Contact of Atiamuri with ‘cold’ Tuahu Dome showing no effect on 

the ignimbrite. Both diagrams are representative and not to scale. 
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The unwelded ignimbrite and airfall deposits located on the west side of Tuahu Dome may 

present some issues of emplacement depending on where the source vent is situated. If the 

source is related to Tuahu Dome, having ignimbrite on the west, north and east edges of the 

dome is quite feasible. If Mandarin Dome overlies the source vent, there raises the problem of 

how an ignimbrite could be deposited right up against the western flank of Tuahu Dome when 

Mandarin Dome lies directly to the east. Two possible solutions to this could be that the 

energy and velocity of the flow propelled the material upslope in a moat around the already 

existing dome or, that the flow was an expanded flow (Calder et al. 2000, Anilkumar et al. 

1993, Fisher et al. 1993, Wilson 1980) and was high enough to ride over the top of Tuahu 

Dome and round the other side.  

 

Wilson (1980) classified pyroclastic flows into three types where Type 1 flows are ungraded 

and mostly result from hot-avalanche flows and pyroclastic flows formed of relatively dense 

material (non-expanded). Type 2 and 3 flows are mainly pumiceous ignimbrites with 

expansion-induced coarse-tail grading in both and segregation structures in Type 3 only. 

From observing the Atiamuri deposits, while grading is not a significant feature in terms of 

lithics, there is a reasonable amount of reverse grading of pumices, suggesting some extent of 

expansion within the flow as it was emplaced. Whether or not this indicates that the Atiamuri 

units were expanded enough to ride completely over Tuahu Dome, or whether flow velocity 

may have played a more important part (Walker 1983), is difficult to ascertain from the 

collected data.  

 

5.4 ATIAMURI EMPLACEMENT MECHANISMS 

 

 5.4.1 Ignimbrite type 

Ignimbrites fall into two categories based on their aspect ratios (classed as the difference 

between average thickness and average diameter) (Walker et al. 1980b, Walker 1983). Those 

ignimbrites that travel large distances away from source in a high energy flow will produce a 

large difference between the average thickness and the average diameter. These types of 

ignimbrites are known as Low Aspect Ratio Ignimbrite (or LARIs) and are formed from the 

collapse of a high eruptive column. High Aspect Ratio Ignimbrites (HARIs) are formed from 

low energy flows resulting from ‘boil-over’ (Winter 2001) into the nearby valley systems. 

Ignimbrites formed by this mechanism often have the thickest section of the deposits in 

valley-ponded facies rather than closest to source. From the small extent and clear valley-
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pond facies of the Atiamuri pyroclastic sequence it can be determined that the Atiamuri has a 

high aspect ratio and is classed as a HARI, therefore probably resulting from low energy 

‘boil-over’ followed by the formation of Mandarin Dome in the vent.  

 

Katmai in the Valley of Ten Thousand Smokes also produced a HARI type ignimbrite (11-15 

km3) from the Novarupta caldera at the head of the valley (Hildreth 1983). The eruptive 

sequence here was followed by extrusion of the Novarupta Dome (Kodosky 1989), similar to 

the sequence of events suggested to occur at Atiamuri. Like the ~AD 1315 Kaharoa eruption 

at Tarawera, the intrusion of basaltic magma into the system is thought to be the most likely 

trigger for the Novarupta event (Hildreth 1983). This is due to the close proximity of andesitic 

stratovolcanoes and evidence for a shallow magma system (Kodosky 1989, Hildreth 1983). 

 

While the Kaharoa eruption at Tarawera also produced HARI-type ignimbrites in a dome-

building event, the abundance of lithics throughout the deposits also suggest significant 

dome-collapse forming the pyroclastic flows (Leonard et al. 2002), unlike the Atiamuri. 

 

 5.4.2 Block-and-ash flow deposits 

Block-and-ash flows are a frequent feature of small HARI-type ignimbrites, however, these 

are almost all related to caldera, dome and gravitational collapse events from unstable dome 

growth (e.g. Leonard et al. 2002, Abdurachman et al. 2000, Camus et al. 2000, Carrasco 

Nunez 1999, Ui et al. 1999, Robin et al. 1987). The absence of a block-and-ash type flow and 

low lithic content at Atiamuri is further evidence against pyroclastic flows originating from 

dome or caldera collapse with support for the low-energy ‘boil-over’ mechanism, which is 

relatively distinctive to Maroa (Brooker 1993, Wilson et al. 1986). 

 

 5.4.3 Eruptive sequence 

The preferred vent model for the Novarupta vent in the Valley of Ten Thousand Smokes is 

one of collapse of the supporting walls from a cored-out explosive vent (Kodosky 1989). The 

Novarupta lava dome and ejecta ring were emplaced into a 6 km2 depression formed after the 

eruption (Hildreth 1983). Pyroclastic flows were of sluggish HARI-type and followed the 

valley system like the Atiamuri. It was suggested that the Novarupta event from erupted 

magma probably only occupied shallow levels of an extensive system feeding several 

volcanoes in the area (Hildreth 1983). It is very likely that the Atiamuri was produced from a 

similar system in the Maroa region as both Mandarin and Tuahu share the same composition, 
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most likely from the same magma chamber. The DEM image in Chapter 1 (Fig. 1.2a) also 

shows the outline of two main dome lineaments for Maroa - Maroa West Centre and Maroa 

East Centre of which Mandarin and Tuahu are part of the Maroa East Centre and probably 

related to the rest of the domes in that centre (Leonard 2003, Wilson et al. 1995). 

 

Ignimbrite is observed dominantly to the west and northwest of the suggested source vent 

beneath Mandarin Dome, possibly indicating a directed nature to the small ignimbrite-

forming eruption, similar to, but much smaller than, the directed blast from Mt St Helens in 

May 1980 (Hoblitt 2000). This may be due to the ‘boil over’ occurring preferentially at the 

side of the proto-dome in a region of weakness, rather than from the top of the dome. 

 

While the Atiamuri eruptive sequence has similarities with the events discussed above, it is 

apparent that the Atiamuri was formed from a lower-energy event with little evidence of the 

significant dome collapse and block-and-ash flows observed in many other dome-building 

eruptions. 

 

The most likely vent model for the Atiamuri eruptive sequence determined from data gathered 

during this project is illustrated in Fig. 5.5. This diagram is representative only and not to true 

scale. 
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Figure 5.5: Simplified possible sequence flow diagrams for the Atiamuri pyroclastic-forming
event. Other domes, topography and deposits have been omitted for clarity.
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CHAPTER 6 – Conclusions 

___________________________________________________________________________ 

6.1 CONCLUSIONS 

 

 The Atiamuri pyroclastics represent a sequence of lava domes, airfall deposits and 

small volume pyroclastic flows.  

 Geochemistry data suggest that all aspects of the eruptive sequence are related and 

reflect various eruptive styles from a single magma source. 

 Pyroclastic flows were topographically controlled and exhibit different depositional 

facies of valley-pond and veneer deposits. 

 The Atiamuri pyroclastics contain a succession of airfall units at the base with at least 

three valley-ponded ignimbrite units (Unit 1, Unit 2 and Unit 3) interbedded with 

pumice-dominated showerbeds. Airfall units also occur at the top of the succession 

with more shower bedding. The ignimbrite units are welded in Unit 2 and Unit 3 

deposits, with Unit 3 having a generally higher degree of welding resulting in clear 

columnar jointing in valley-ponded facies.  

 Thicker airfall deposits at the top of the sequence are probably associated with the 

pyroclastic flows, with some lithic-rich ejecta from small-scale eruptions following 

the flows and alternating with ash fall. 

 There is some evidence for phreatomagmatic activity in the lower part of the sequence 

attributed to interaction with a suggested paleo-Lake Ohakuri. 

 Grey pumices in the top parts of the sequence are not the result of magma mixing, and 

have higher densities and lower vesicularity than bulk pumice. 

 The Atiamuri deposits are unaffected by Tuahu Dome suggesting this dome must have 

been in existence before the Atiamuri units were emplaced. Mandarin Dome was 

formed after the units were emplaced as it intrudes the Atiamuri deposits.  

 Mandarin Dome intruded not long after the ignimbrite units were emplaced and is 

likely from the same event, indicating that a vent beneath Mandarin Dome is the most 

likely source of the Atiamuri deposits.  
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 The lack of multiple compositional trends on the Sr versus SiO2 plot indicates that 

either the source magma chamber is homogeneous or only a small fraction from the 

top of a chamber was erupted.  

 The Atiamuri sequence is suggested to have been emplaced by pyroclastics flows from 

a ‘boil-over’ rhyolitic eruption during dome-building. Initial airfall deposits are 

associated with the interaction of lakeshore swamp water, producing very fine ash 

layers and accretionary lapilli. As the vent was on the very edges of a paleo-Lake 

Ohakuri, water interaction was minimal and the overlying ignimbrite units show no 

signs of water interaction. 

 Lithic content is minimal except for concentrations at the base, concentrations in 

lenses from minor turbulent flow around probable topographic highs, and 

concentrations around Mandarin Dome (dominantly secondary lithics) suggesting that 

this event was associated with predominantly dome-building rather than dome-

collapse. 

 The Atiamuri sequence is similar to other dome complex-related eruptive episodes, 

including Kaharoa, with a restricted ignimbrite distribution, strong topographic control 

and dome-building occupying the erupted vent. 

 Atiamuri is different from these types of dome-related episodes due to the absence of 

significant dome-collapse triggering the pyroclastic flows, absence of basalt 

interaction, absence of block-and-ash flows, un-zoned magma chamber and interaction 

with water in the initial stages. 

 

6.2 FURTHER RESEARCH 

 

Many of the topics discussed above are somewhat lacking in evidence due to difficulties in 

reaching the outcrops. While logging has taken place in the region and many outcrops can be 

seen, the vegetation in the area has grown more rapidly than expected becoming impossible to 

travel through in some areas. Erosion has increased in the area due to the now exposed ground 

surface, making many hillsides steep and unstable, also taking away many unconsolidated 

outcrops from the top of the sequence. The areas surrounding Kemp, Mandarin and Pukeahua 

Domes are still heavily forested and may yet reveal some important outcrops with future 

logging, particularly on the north, northeastern and east sides of Mandarin Dome. 
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Topics of particular interest include further study on the extent and effect of the suggested 

paleo-Lake Ohakuri, investigation (once logged) of the northeastern sector of Mandarin Dome 

to determine further extent of the pyroclastic units, whether the ignimbrite units on the eastern 

and northeastern sides show significant interaction with water and if so, what effects has this 

had on the deposits. 

 

Further research into the magma chamber depth, its shape and structure may also be of 

interest, especially in helping to understand the dynamics of the Maroa system and the 

relationship of the domes in each section of the Maroa West Centre and the Maroa East 

Centre. While further research into the petrography of the Atiamuri deposits, Mandarin and 

Tuahu Domes was beyond the scope of this dominantly physical volcanology project, this 

may also help understand the Maroa system and the dynamics of the magma chambers that lie 

beneath the volcanic centre. 
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Map for grid references is Topographic Map 260-U17 WAIRAKEI 
Units are assumed to be of Atiamuri origin unless otherwise stated. 
 

AM1 
E2777552 
N6302636  elev. 414 m + 11 m 
Ignimbrite: Brown welded cliffs with columnar jointing at the top. At least two units of 
welded ignimbrite with varying degrees of welding. Top of the cliffs are massive with pumice 
fragments measuring <20 cm long. Unit is poorly sorted with ~10% lithic material. Lithics 
include older ignimbrite, obsidian and juvenile clasts. Cliffs are 20 m+ high. 
 

AM2 
E2777114 
N6303535  elev. 365 m + 9 m 
Airfall: All are pink/brown in colour. 7 units in total. Basal unit is a coarse, pebble-sized (<3 
cm) pumice bed coarsening towards base >35 cm thick. The unit above is 21 cm thick and 
consists of coarse sand sized particles (<5 mm) grading to fine sand-size at base, with very 
fine just above the bottom contact. Another, finer, sand-sized layer covers this one, 2 cm 
thick. Above this is a 5 cm coarse layer (<1 cm long clasts), followed by a coarse sand-sized 
layer with clasts <4 mm long and a thickness of 5 cm. The next layer consists of very fine ash 
with some fine obsidian fragments and is 6 cm thick. Some grading is evident in the top airfall 
layer with coarser pumice fragments towards the top (up to 2 cm long). All of these deposits 
are lithic-poor (<5 % lithic material).  
Ignimbrite (1): Pink/brown in colour. Lithic-rich (~30%), comprising of older ignimbrite 
clasts, obsidian and devitrified juvenile material. Unit is 27 cm thick and unwelded. 
Ignimbrite (2): Pink/brown in colour. Lithic-poor (5%) with occasional small obsidian 
fragments (<1 mm). Poorly sorted with pumices ranging in size from ash to 5 cm. Layer 10 
cm thick at base contains clasts <7 mm in length. Unit is unwelded for ~8 m thick then grades 
up into welded with columnar jointing (10 m+ thick). 
 

AM3 
E27773 
N63041 
Ignimbrite: Brown cliffs grading from partially welded at base to columnar jointed. Pumices 
in partially welded section range from ash to 5 cm long with lithics mostly obsidian 
measuring about 1-2 cm long. Some bands of large pumices (fragments up to 15 cm long) 
towards the top of the cliffs with lenses of clast-supported pumices measuring 1 to 5 cm long 
(max. 20 cm in length). Cliffs measure 10 m+ thick with exposure on the south end 20 m+ 
thick. Cliff units are uplifted ~50 m from localities on the other side of Thorpe Rd. 
 

AM4 
E2776513 
N6303348  elev. 392 m + 13 m 
Airfall: Unknown origin – probably Pukeahua. White/grey in colour. 7 units in total. Basal 
deposits are 40 cm+ thick, fine ash layer with intermittent large pumices (pebble-sized). 
Above this layer is a 20 cm thick, coarse, clast-supported (pumiceous) bed followed by a 
coarse matrix-supported layer (35 cm thick). A 5 cm thick unit of pumice blocks is followed 
by a layer of ultra-fine ash deposits (5 cm thick), containing fine laminations and 
crossbedding. Another block layer (3 cm thick) follows, with an overlying ash deposit (15 cm 
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thick) separated by a small paleosol. This last ash layer contains flame structures and shows 
normal grading of clasts. 
Ignimbrite: White/grey in colour. 135 cm thick, overlain by a 10-25 cm thick fine pumice 
deposit and a 40 cm+ coarse pumiceous layer with clasts 1-2 cm long, and sorted. Main 
ignimbrite is lithic-rich towards the base with sizes generally ranging from 5 mm to <1 mm 
with the occasional 15 mm long clast. Fragments appear to be mostly devitrified juvenile 
material. Unit is pumice-rich with maximum length 15 cm long with most poorly sorted from 
ash to 5 cm. Reverse grading of pumices is evident in this unit. 
 

AM5 
E277685 
N63035   elev. 430-440 m 
Ignimbrite: Brown in colour. Welded cliffs 12 m+ thick. Pumices up to 7 cm long, lithics 2-3 
cm long (taken from base). Uplifted ~50 m from AM6 directly below. 
 

AM6 
E2776917 
N6303434  elev. 380 m + 5 m  
Ignimbrite: Brown/orange in colour. Welded to partially welded cliffs, 10 m+ thick. Pumice 
clasts up to 10 cm long but most ranging 1-2 cm long. Lithics comprise of dark juveniles, 
obsidian and pink ignimbrite clasts. Many up to 2 cm long, but most 5 mm long. Maximum 
lithic size 4 cm long. Lithic content is 5%. Some blocks of highly welded ignimbrite contain 
smaller clast sizes to the partially welded ignimbrite.  
 

AM7 
E2775915 
N6301711  elev. 527 m + 6 m  
Airfall: Brown/tan in colour, highly altered and reworked ash unit. 5-6 m+ thick with large 
crossbedding. 
 

AM8 
E2776497 
N6302294  elev. 378 m + 10 m  
Ignimbrite (1): Brown/orange in colour. Welded unit 8 m+ thick. 15-20% lithic content with 
most <5 mm long and maximum 2 cm. Pumice fragments up to 30 cm long with reverse 
grading. Pumice fragments are more angular towards the top of the unit with sub-rounded 
near the base of the outcrop. Maximum pumice size at base <5 cm long. Some coarse and fine 
banding of pumices with occasional lithic-rich lenses (<30% lithics). 
Shower bed: Brown/orange in colour. 80 cm thick with 5 graded clast-supported pumice 
beds. Clasts up to 7 cm long with most ash to coarse lapilli sized. Units are very lithic-rich 
with up to 50% content and clasts up to 4 cm long. Lithics are mostly obsidian. Units are 
generally poorly sorted with occasional well-sorted large pumice and lithic layers. 
Ignimbrite (2): Brown/orange in colour. Partially welded unit 2 m+ thick. Clasts are <10 cm 
long at the base and generally larger than the ignimbrite unit below.  
 

AM9 
E2776916 
N6300821  elev. 479 m + 11 m  
Kemp Dome outcrop. 
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AM10 
E27789 
N63030 
Ignimbrite: Ohakuri deposits. White in colour. 6-7 m of unwelded pumice-rich deposits with 
clasts up to 4 cm long. Reverse grading evident. Some fragments of charcoal towards the base 
<2 cm long. No significant lithic content – ash-sized fragments scattered throughout.  
 

AM11 
E27800 
N63024  elev. 390 m 
Ignimbrite: White in colour. Poorly sorted with pumice clasts up to 12 cm long. Lithics 
mostly juveniles with 15% of unit content. E end of outcrop, beds appear to be dipping 30 
degrees to the NW. 
 

AM12 
E277995 
N630245  elev. 390 m 
Ignimbrite: White in colour. 10% lithic content, maximum 2 cm long juveniles. 
 

AM13 
E27799 
N63024  elev. 390 m 
Ignimbrite: Brown welded blocks set in a pink unwelded unit. Juvenile lithics 10-15% of 
content. Pumice fragments maximum 20 cm long with many this size. 
 

AM14 
E277985 
N63024  elev. 390 m 
Ignimbrite: Welded ignimbrite cliffs (8 m+ total) with top 2 m lenticulite layer. Pumices in 
ignimbrite are <30 cm long with lithics mostly 2 cm long and up to 20% of content. The 
majority of lithics are obsidian. Some clast-supported pumice lenses about 50 cm thick at base 
and 3.5 m up from base of cliffs. Dome outcrop directly above lenticulite layer at top of 
welded cliffs. 
 

AM15 
E27798 
N630235  elev. 390 m 
Shower beds: Pink/orange in colour. Pumices generally well sorted and 2-3 cm long. Lithics 
<7 cm long but most 4 cm long. Lithic-rich at base of sequence – up to 30% of content. 
 

AM16 
E277975 
N63023  elev. 390 m 
Lenticulite: Grey in colour. Highly welded ignimbrite. Strong eutaxitic texture with large 
elongate fiamme of obsidian in place of pumices. Fiamme up to 20 cm long but most between 
7-10 cm. 
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AM17 
E27792 
N63019  elev. 397 m 
Ignimbrite: Dark brown in colour. Partially welded with large angular fragments of dome 
material comprising up to 60% of outcrop. Clasts are flattened and aligned. Ignimbrite is 
lithic-rich and almost completely absent of pumices. 
 

AM18 
E2779244 
N6301904  elev. 399 m + 19 m  
Ignimbrite: Brown, partially welded cliffs 6 m+ thick. 
 

AM19 
E277885 
N63010 
Airfall: Grey in colour. 12 units in total. Truncated by a small fault with a displacement of 
about 20 cm. Some very fine ash layers interbedded with coarser airfall deposits ranging from 
coarse ash to 5 cm clasts towards the top of the succession. Average pumice size for lapilli 
beds is 5 mm. Lithic content is about 3% throughout the units, comprising mostly of obsidian 
with maximum lithic size 2 mm. 20 cm+ fine ash unit at base is followed by a 10 cm coarse 
ash and lapilli bed with clasts generally 3 mm long and no grading evident. Another fine ash 
unit overlies these (15 cm) followed by two reversely graded lapilli beds (20 cm and 25 cm 
thick respectively). An ash layer overlies these (50 cm), with reverse bedding coarsening 
upwards in bands, beneath a normal bedded coarse ash deposit (30 cm thick) followed by a 
very fine, 10 cm ash deposit. This very fine ash is overlain by a series of alternating fine and 
coarse lapilli deposits with some reversed grading of bedding (20 cm, 10 cm, 15 cm and 15 
cm+ respectively).  
 

AM20 
E2778491 
N6301166  elev. 444 m + 7 m 
Ignimbrite: Grey and cream in colour. Unwelded (3 m+) with soil above. Pumices <10 cm 
long but most <2 cm long. Poorly sorted. Lithics include mostly dark juvenile material and 
obsidian with some older ignimbrite clasts. Lithic sizes up to 1.5 cm long with some 
ignimbrite lithics reaching 4 cm long. Increase in lithic content towards the top of the unit 
rather than towards the base. 
 

AM21 
E2778527 
N6301548  elev. 434 m + 7 m 
Ignimbrite: Grey and white in colour. Unwelded unit 1 m+ thick at base of outcrop. Pumices 
<6 cm long to ash sized – poorly sorted. Mixture of grey and white coloured pumices  with 
grey pumices containing less vesicles and a slightly higher density. Large juvenile lithics up 
to 5 cm long with occasional 1 cm long obsidian lithic and rare ignimbrite clasts.  
Shower bed: Grey in colour. 1 m thick with soil above. Unit is lithic-rich with dominantly 
obsidian clasts. No bedding apparent. 
 

AM22 
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E27783 
N630145 
Ignimbrite: Grey/white in colour. Unwelded deposits at least 10 m thick. Possible shower 
beds and airfall at base. Some dark red units to the north of the outcrop – basaltic? 
Shower bed: Grey in colour. 1 m+ thick unit with pumices generally 3-12 cm long, up to 20 
cm maximum. 
 

AM23 
E2778864 
N6301402  elev. 510 m + 7 m  
Ignimbrite: Pink in colour. Pumices up to 12 cm long (many this large). Lithics up to 10-12 
cm long but most <4 cm. Lithic content comprises of obsidian, juvenile and ignimbrite clasts 
with some highly devitrified volcanic material. Unit is 1 m+ thick. 
Airfall: Brown in colour. Coarse ash with obsidian-rich component towards the base. Some 2 
and 8 cm long pumice clasts in the airfall 10-15 cm up from the base. Airfall units may be 
reworked and are separated from the ignimbrite below by a 4 cm thick paleosol. Units are 2 
m+ thick in total. 
 

AM24 
E2778892 
N6301735  elev. 491 m + 4 m 
Ignimbrite: Pink/brown in colour. Generally clast-supported and poorly sorted with pumices 
ranging from ash to 3 cm. No obvious grading with only a slight normal trend. Unit is 2 m+ 
thick. 
 

AM25 
E2778740 
N6302756  elev. 377 m + 7 m  
Ignimbrite: Brown in colour. Welded (5 m+) and unwelded (6 m+) sections in cliff outcrop.  
Could not get close enough to obtain pumice and lithic data. 
 

AM26 
E2778756 
N6302150  elev. 391 m + 8 m  
Ignimbrite: Pink/brown in colour. Unit 120 cm+ thick. Pumices <8 cm long with clast-
supported lenses. Lithic-rich unit with concentrated lenses. Content comprised of mostly 
juveniles with few obsidian or ignimbrite material. Lithic sizes range up to 2-3 cm long with 
most 5 mm long. Ignimbrite lenses slightly dipping towards the direction of Mandarin Dome. 
 

AM27 
E277955 
N630265 
Airfall: Ohakuri deposits. White in colour. Coarse ash with some 3 cm pumice fragments 
(1%). Unit is 4 m+ thick with a 50 cm+ shower bed at the top containing <10 cm pumice 
clasts.  
 

AM28 
E2779844 
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N6303228  elev. 389 m + 8 m 
Shower bed: Ohakuri deposits. Pumice units beneath ash-dominated soil. Pumice fragments 
<2 cm  with occasional 5 cm long clast. Unit fining upwards but poorly sorted. No lithics. 
 

AM29 
E2778032 
N6303863  elev. 386 m + 6 m 
Ignimbrite: Ohakuri deposits. Pale yellow in colour. Welded cliffs very similar to Atiamuri 
welded cliffs from a distance and have been uplifted to the same level in this region. Cliffs are 
10 m+ thick. 
 

AM30 
E2777879 
N6303782  elev. 383 m + 7 m 
Ignimbrite: Ohakuri deposits. Same as above but 20 m+ thick. 
 

AM31 
E2777189 
N6303782  elev. 418 m + 10 m  
Tuahu Dome outcrop.  
Ignimbrite: Grey/white in colour. Unit is 1 m+ thick with many juvenile lithics. Pumice 
contains fewer vesicles than at other locations and is more dense. 
Airfall: Grey/brown/white in colour. 7 units in total. Basal unit is very fine ash (10 cm) 
followed by a coarse ash/fine lapilli normally graded unit (30 cm). These are overlain by a 3 
cm ash deposit, a 3 cm coarse ash deposit and another, 1 cm, ash deposit. A normally graded 
ash unit (20 cm) lies above these and is topped by an irregular unconformity with some small 
eroded gullies, before a 50 cm+ deposit of coarse ash/lapilli containing some small fine beds 
and some grading. 
 

AM32 
E2777226 
N6302064  elev. 404 m + 20 m  
Airfall and shower beds: Grey/brown/orange/white in colour. Juvenile-rich units alternating 
with lithic-poor units. Some layers contain ultra fine ash. 
 

AM33 
E27772 
N63044 
Airfall: Unknown origin. Pink/grey in colour. Strongly laminated units 5 m+ thick, 15-20 m 
below the welded ignimbrite cliffs at AM3 (containing partially welded ignimbrite at the 
base).  
 

AM34 
E2777558 
N6302272  elev. 428 m + 10 m 
Ignimbrite: Pink/brown in colour. Pumices <20 cm long with lithics <3 cm long but most 1.5 
cm or less. Lithic content is 5% of unit. Unit is 1 m+ thick. 
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Airfall: Pink/brown in colour. Units are 2 m+ thick with significant reworking towards the 
top grading into brown, ash-dominated soil. 
 

AM35 
E2777434 
N6302523  elev. 419 m + 10 m  
Ignimbrite: Brown in colour. Partially welded cliff with 3 m exposure. Small clast size with 
no pumices larger than 1 cm and most <1-2 mm. Lithic content <2%. 
 

AM36 
E2777635 
N6302512  elev. 408 m + 6 m 
Ignimbrite: Brown in colour. Welded cliff 5 m+ thick but patches of other outcrop suggest 
thicknesses easily up to 20 m in this region. Pumices sizes small, most only a few mm long. 
Lithics up to 4 cm long, mostly subangular juvenile clasts. Most lithics between 2-5 mm with 
content 5-10% of unit. 
 

AM37 
E2777714 
N6302538  elev. 410 m + 5 m  
Ignimbrite: Grey/brown in colour. Unwelded deposit with pumices up to 2 cm long. Lithics 
up to 2.5 cm long but most pumice and lithic clasts are ash and small lapilli sized. Unit is 5 
m+ thick at this location. 
 

AM38 
E2778107 
N6305066  elev. 424 m + 7 m  
Ignimbrite: Ohakuri deposits? Welded base 2-3 cm+ thick with 1.5 m largely unwelded. 
Coarse ash sized pumice clasts at base coarsening upwards to a maximum of 8 cm but most 
<2 cm. 
Airfall and shower beds: Ohakuri deposits? 4 units in total. 20 cm (ignimbrite?) layer at base 
followed by a 10 cm ash layer and another 20 cm (ignimbrite/shower bed?) unit with 2 cm 
long pumices and some lithics <3 cm. Final airfall unit is ash (15 cm+). 
 

AM39 
E2777966 
N6305578  elev. 461 m + 5 m 
Shower bed: Ohakuri deposits. White in colour. 50 cm thick clast-supported pumice flow 
with clasts <10 cm, most around 5 cm long. 
 

AM40 
E27795 
N63000 
Mandarin Dome outcrop. 
 

AM41 
E277715 
N630275 
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Airfall: Pink/orange in colour. 13 units in total. 20 cm+ paleosol at base of units overlain by a 
10 cm thick lapilli bed with pumices up to 2 cm long, and a 3 cm ash deposit. Above this lies 
a 2 cm clast-supported pumice unit with clasts up to 1 cm long. This is followed by an 8 cm 
ash unit and a 2 cm ultra fine ash deposit. Overlying is a very fine ash deposit (3 cm thick), 
then two 3 cm thick ultra fine ash deposits with bands of iron oxide leaching. A 7 cm very 
fine ash deposit overlies these and contains abundant accretionary lapilli (5 mm in diameter). 
This is followed by a 2 cm thick fine lapilli sized pumiceous unit with clasts up to 3 mm, then 
another ultra fine ash layer (3 cm thick) and an 8 cm thick unit with maximum 2-3 cm 
pumices and <1 cm lithics, comprising up to 30% of the content. Most of these lithics are 
obsidian with many older ignimbrite clasts also. The top airfall unit is a 10 cm pumiceous 
layer with pumice clasts up to 3-4 cm long. Lithics are normally graded with a concentration 
at base and a significant decrease in content compared to the lithic-rich unit below. 
Ignimbrite: Pink in colour. 5 m+ thick unwelded deposit. Pumices <8-10 cm long and poorly 
sorted. Poor lithic content (5-10%) with sizes mostly 2-3 mm long, maximum 1 cm long.  
 

AM42  
E2779144 
N6301331  elev. 400 m + 8 m  
Ignimbrite: Dark brown/brown in colour. Large dome clasts in unwelded/welded ignimbrite. 
Dome clasts are grey in colour and up to 50% of content in unit. Clasts measure up to 15 cm 
long. Some other lithics also – mostly obsidian <6 cm long. No pumices. Outcrop 7 m+ thick. 
 

AM43 
E2779080 
N6301156  elev. 406 m + 8 m  
Ignimbrite: Brown/pink in colour. Unwelded section with dome blocks present 1.5 m up 
from base of outcrop. Fragments often flattened and stretched. Lithics reasonably large with 
obsidian up to 10-12 cm long. Pumice-poor. Outcrop 4 m+ thick. 
 

AM44 
E277915 
N63024 
Ignimbrite: Brown/orange in colour. Reworked material from ignimbrite deposits with 
pumices up to 10 cm long. Grading into unwelded ignimbrite below. Section is 2.5 m+ thick. 
 

AM45 
E277665 
N63031  elev. 380-390 m 
Ignimbrite: Welded cliffs 10 m+ thick. Fine matrix at top of cliffs with occasional pumices 
<25 cm long but most <10 cm. Small lithic fragments <1 cm with most <3 mm. Lithic content 
2-3% of unit.  
 

AM46 
E27782 
N63042 
Ignimbrite: Ohakuri deposits. Welded cliffs 15 m+ thick. 
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Plagioclase feldspars from a range of Atiamuri ignimbrite thin sections gave an average value 
of An45 with an andesine composition but ranging down to oligoclase at An22. Thin section 
used for this analysis were AM2 (base and top), AM6 (base and top), AM35 and AM36. Due 
to the highly fragmental nature of the feldspars and the abundance of zoning, obtaining An 
values were difficult for any one slide, hence a range of thin sections used (see Shelley 1985 
for methods).  
 
 
 

Sample No: AM1 – top, welded 
Rock/Unit type: Ignimbrite 
Comments:  Crystal content higher in matrix than in pumice clasts 
  ~20% crystals 
% Lithics:  20% 
% Pumice: 40% 
Crystal type: plagioclase orthopyroxene ilmenite quartz 
     %: 88%  10%  1%  1% 
Textures: Crystals are fragmental 
  Zoning in feldspars 
  Orthopyroxenes are small 
  Very little evidence of eutaxitic texture – lower end of welding scale 
  Vesicles and Devitrification in pumices 
  Obsidian shards (7%) 
Further Comments: 
  Wide range of crystal, pumice and lithic sizes 
   
 

Sample No: AM2 – base, welded 
Rock/Unit type: Ignimbrite 
Comments: 7-10% crystals 
% Lithics: very small, 2-5% 
% Pumice: 20% 
Crystal type: plagioclase orthopyroxene ilmenite quartz 
     %: 63%  25%  11%  1% 
Textures: Glomeroporphs of feldspar and minor orthopyroxene 
  Ilmenite associated mostly with the orthopyroxene in a poikilitic relationship 
  Zoning in feldspars 
  Fragmental crystals 
  Very little eutaxitic texture evident 
  Background obsidian micro-shards (10%) 
Further Comments: 
  Ilmenite common but very tiny crystals so % is low 
 
 

Sample No: AM2 – top, welded 
Rock/Unit type: Ignimbrite 
Comments:  10% crystals 
% Lithics: 15% (not including background obsidian) 
% Pumice: 20% 
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Crystal type: plagioclase orthopyroxene ilmenite quartz 
     %: 90%  5%  4%  1% 
Textures: Zoning in feldspars 
  Fragmental crystals 
  No evidence of any significant eutaxitic texture 
  Pumices are stretched and drawn out   
  High content of background obsidian shards (>10%) 
 
 
Further Comments: 
  Higher concentration of crystals in ignimbrite lithic (up to 20%) 
  Ignimbrite lithic contains same components as its host 
 
 

Sample No: AM2L – base, unwelded (1) 
Rock/Unit type: Juvenile clast in ignimbrite 
Comments: 3% crystals 
% Lithics: N/A 
% Pumice: N/A 
Crystal type: feldspar orthopyroxene ilmenite 
     %: 94%  5%  1% 
Textures: Clear flow banding 
  Vesicles 
  Zoning in feldspars 
  Some glomeroporphs of feldspar 
  Small glomeroporphs of orthopyroxene 
Further Comments: 
 
 

Sample No: AM3 – base, welded 
Rock/Unit type: Ignimbrite 
Comments: 5-7% crystals 
% Lithics: 15-20% 
% Pumice: 10% 
Crystal type: plagioclase orthopyroxene ilmenite quartz 
     %: 70%  24%  5%  1% 
Textures: Glomeroporphs of feldspar and pyroxene 
  Fragmental crystals 
  Zoning in feldspars 
  Ilmenite also associated with orthopyroxene 
  Faint eutaxitic texture 
  Vesicles and flow banding in pumice fragments 
Further Comments: 
  Low content of obsidian shards (1%) 
 
 

Sample No: AM3 – top, welded 
Rock/Unit type: Ignimbrite 
Comments: 7% crystals 
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% Lithics: 10% 
% Pumice: 20% 
Crystal type: plagioclase orthopyroxene ilmenite 
     %: 84%  15%  1% 
Textures: Slight eutaxitic texture with orientation of clasts and crystals 
  Feldspar and orthopyroxene glomeroporphs 
  Zoning in feldspars 
  Ilmenite associated with orthopyroxene with very few solitary crystals 
 
Further Comments: 
  Obsidian shards – some large but only about 1% of matrix 
 
 

Sample No: AM4L – base, unwelded 
Rock/Unit type: Ignimbrite clast in ignimbrite 
Comments: 10% crystals 
% Lithics: 20% 
% Pumice: 35% 
Crystal type: plagioclase orthopyroxene 
     %: 85%  15% 
Textures: Highly fragmental crystals with very small size and twinning very difficult to 

see in feldspars  
  Glomeroporphs of broken feldspars and orthopyroxene 

Obsidian background and pumices aligned but no strong eutaxitic texture 
  Lithics of ignimbrite also in this clast 
Further Comments: 
  Obsidian shards 5% 
 
 

Sample No: AM5 – base, welded 
Rock/Unit type: Ignimbrite 
Comments: 15-20% crystals 
% Lithics: 5-10% 
% Pumice: 20% 
Crystal type: plagioclase orthopyroxene ilmenite quartz 
     %: 92%  5%  3%  1% 
Textures: Some zoning in feldspars 
  Fragmental crystals 
  Juvenile lithics and pumice fragments contain vesicles and Devitrification 
  Rough eutaxitic texture developing 
Further Comments: 
  Orthopyroxene crystals growing in pumice 
 
 

Sample No: AM6 – base, welded 
Rock/Unit type: Ignimbrite 
Comments: 10% crystals (not including crystal content in lithics) 
% Lithics: 7% 
% Pumice: 10-15% 
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Crystal type: plagioclase orthopyroxene ilmenite 
     %: 70%  20%  10% 
Textures: Broken glomeroporphs of feldspar 
  Zoning in feldspars 

Orthopyroxene growing in glomeroporphs with feldspar in lithic and pumice 
fragments 

  Obsidian shards in matrix 
 
 
 
Further Comments: 
  High concentration of crystals in ignimbrite lithics (<40%) 
 
 

Sample No: AM6 – top, welded 
Rock/Unit type: Ignimbrite 
Comments: 5% crystals 
% Lithics: 2% 
% Pumice: 30% 
Crystal type: plagioclase orthopyroxene ilmenite quartz 
     %: 58%  40%  1%  1% 
Textures: Smaller fragmental crystal size 
  Glomeroporphs of feldspar and orthopyroxene 
  Zoning in feldspars 
  Orthopyroxenes are highly cracked 
Further Comments: 
  Quartz and feldspars difficult to distinguish due to high level of fracturing  
 
 

Sample No: AM8 – base, welded 
Rock/Unit type: Ignimbrite 
Comments: 5-7% crystals 
% Lithics: 5% 
% Pumice: 20% 
Crystal type: plagioclase orthopyroxene ilmenite 
     %: 57%  28%  15% 
Textures: Zoning in feldspars 

Fragmental crystals 
  No clear eutaxitic texture 
Further Comments: 
  Very similar to other welded outcrops 
 
 

Sample No: AM8L – base, welded 
Rock/Unit type: Juvenile clast in ignimbrite 
Comments: 5% crystals 
% Lithics:  N/A 
% Pumice: N/A 
Crystal type: plagioclase orthopyroxene ilmenite 
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     %: 74%  25%  1% 
Textures: Spherulitic devitrification 
  Zoning of feldspars 
  Glomeroporphs of feldspar, some with orthopyroxene 
  Ilmenite mostly associated with orthopyroxene in a poikilitic relationship 
  Some red/brown iddingsite alteration around orthopyroxenes 
Further Comments: 
  Distinctive lack of quartz 
 
 

Sample No: AM9 – Kemp Dome 
Rock/Unit type: Primary dome material 
Comments: 30-35% crystals 
% Lithics: N/A 
% Pumice: N/A 
Crystal type: orthopyroxene plagioclase quartz  hornblende 
     %: 45%  38%  12%  5% 
Textures: High amount of glomeroporphs with feldspar and some small orthopyroxenes 
  Large quartz shows resorption and is cracked 

Highly altered orthopyroxenes – some almost completely broken down from 
the core outwards 

  Vesicles present 
  Quartz is anhedral 
  Some signs of moderate devitrification 
  Zoning in some feldspars 
  Evidence of flow banding 
Further Comments: 

Quartz and orthopyroxene dominate in one region with no feldspar present – 
banding of mineral type 

 
 

Sample No: AM13 – top, welded, contact with Mandarin Dome 
Rock/Unit type: Ignimbrite 
Comments: 30-35% crystals 
% Lithics: 5% 
% Pumice: 20-30% (denser, approaching lava texture) 
Crystal type: plagioclase quartz  orthopyroxene ilmenite 
     %: 82%  9%  6%  3% 
Textures: Well-developed eutaxitic texture 
  Highly welded 
  Zoning of feldspars 
  Quartz are resorbed 
  Some glomeroporphs of feldspar and orthopyroxene 
  Very fragmental crystals – difficult to distinguish many 
Further Comments: 
  Sudden quartz increase compared to the rest of the Atiamuri deposits 
 

Sample No: AM14 – contact with Mandarin Dome 
Rock/Unit type: Ignimbrite 
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Comments: 10-30% crystals 
  Mixture of crystals, obsidian and fine groundmass 
% Lithics: 15-20% obsidian 
% Pumice: <5% most may have been altered to obsidian 
Crystal type: plagioclase quartz  orthopyroxene ilmenite 
     %: 70%  18%  8%  4% 
Textures: Very highly welded with strong eutaxitic texture 
  Zoning in feldspars 
  High content of obsidian shards 
  Highly devitrified 
  Fragmental crystals 
  Resorbed quartz – anhedral crystals 
  Feldspar glomeroporphs 
Further Comments: 
  Increase in quartz with increase in welding closest to interaction with dome 
 
 

Sample No: AM15 – contact with Mandarin Dome 
Rock/Unit type: Ignimbrite 
Comments: >40% crystals – crystal rich 
% Lithics: 5% 
% Pumice: ? pumices altered to obsidian? 
Crystal type: plagioclase quartz  orthopyroxene ilmenite 
     %: 78%  18%  2%  2% 
Textures: Zoning in feldspars 
  Resorbed quartz with anhedral crystal shape 
  Groundmass is fused and glassy in ignimbrite lithic 
  Fragmental crystals 
  No obvious glomeroporphs as feldspars are too broken up 

No clear eutaxitic texture but still highly welded with a high percentage of 
glass 

Further Comments: 
  Higher level of ilmenite in lithic with very altered orthopyroxenes 

Less quartz in ignimbrite lithic – more like other Atiamuri deposits away from 
Mandarin Dome contact 

 
 

Sample No: AM15L – contact with Mandarin Dome 
Rock/Unit type: Ignimbrite clast in ignimbrite 
Comments: Crystal-rich in groundmass 30% 
  Crystal-poor in lithics and pumices <10% 
% Lithics: 10-15% 
% Pumice: 30-40% 
Crystal type: plagioclase quartz  orthopyroxene ilmenite  
     %: 73%  20%  5%  2% 
Textures: Cryptocrystalline in groundmass 
  Few, large crystals in lithics and pumice 
  Very large single euhedral quartz crystal with cracks 
  Quartz crystals generally show resorption 
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  Glass fragments in rhyolite lithic 
Further Comments: 
  Three layers of ignimbrite present at this outcrop as shown by this lithic 
 
 

Sample No: AM15L – contact with Mandarin Dome 
Rock/Unit type: Dome clast in ignimbrite 
Comments: 3% crystals 
% Lithics: N/A 
% Pumice: N/A 
Crystal type: plagioclase quartz  orthopyroxene ilmenite 
     %: 95%  2%  2%  1% 
Textures: Some glomeroporphs of feldspar 
  Generally elongate crystals 
  Zoning in some feldspars 
  Devitrification 
  Quartz has crystallised in veins so may be secondary mineral 
  Ilmenite always associated with orthopyroxene in a poikilitic texture 
  Some brown iddingsite alteration of orthopyroxenes 
Further Comments: 
 
 

Sample No: AM16 – direct contact with Mandarin Dome 
Rock/Unit type: Ignimbrite 
Comments: 20-25% crystals 
% Lithics: <40% obsidian 
% Pumice: - 
Crystal type: plagioclase orthopyroxene quartz  ilmenite 
     %: 65%  20%  10%  5% 
Textures: Fragmental crystals 

Very strong eutaxitic texture with large obsidian fiamme containing flow 
banding 

  Devitrification in ignimbrite 
  Zoning of some feldspars 
  Some glomeroporphs but most are broken up 
  Quartz are resorbed and anhedral 
  Feldspars often associated with orthopyroxene and ilmenite 
Further Comments: 
  A lot less crystals in obsidian fiamme than in the rest of the ignimbrite 
 
 

Sample No: AM17 – top, unwelded/partially welded (2) 
Rock/Unit type: Ignimbrite and rhyolite dome material 
Comments: 7-10% crystals in dome material 
  15-20% crystals in ignimbrite  
% Lithics: 60% dome rhyolite with some obsidian. No ignimbrite clasts 
% Pumice: - 
Crystal type: plagioclase orthopyroxene quartz  ilmenite 
     %: 75%  10%  10%  5% 
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Textures: Zoning in feldspars 
  Very strong flow banding in dome rhyolite material 

Small (1 mm thick) chilled margin around dome clasts with welding of 
ignimbrite in direct contact with the clast 
Some crystals protrude out from the ignimbrite and into the dome material 
with some fragments completely surrounded by dome material 

  Crystals are generally fragmental 
  Feldspars often in glomeroporphs with orthopyroxene and ilmenite 

Crystals are subhedral to anhedral rather than euhedral to subhedral as in other 
samples 

  Quartz shows less resorption than at other locations 
  Devitrification 
  Some vesicles infilled with brown alteration product, also growing around  
  strained regions 

Some glomeroporphs contain nearly cryptocrystalline crystals of 
orthopyroxene and feldspar 

Further Comments: 
Important interaction between fragments of rhyolitic dome material and 
Atiamuri ignimbrite 

 
 

Sample No: AM18 – top, unwelded (2) 
Rock/Unit type: Ignimbrite and rhyolite dome material 
Comments: 15% crystals in ignimbrite 
% Lithics: 7% (not including rhyolite dome material) 
% Pumice: 30% 
Crystal type: plagioclase ilmenite orthopyroxene quartz 
     %: 75%  13%  10%  2% 
Textures: Highly devitrified rhyolite clast with large ilmenite and small feldspar crystals 
  Flow banding in pumices 
  Orthopyroxenes are very small and highly fractured 

Feldspars are fragmental and often in glomeroporphs with a wide variety of 
crystal size (ranging from 2 mm to cryptocrystalline) 

  Orthopyroxenes associated with ilmenite in a poikilitic texture 
  Zoning in feldspars 
  High amount of vesicles in pumice fragments 
  Groundmass predominantly pumices shards rather than obsidian 

Slight eutaxitic texture with stretched pumices and flow banding in same 
direction 

  Small welded contact between rhyolite dome clasts and ignimbrite host 
Further Comments: 
 
 

Sample No: AM20L – base, unwelded (2) 
Rock/Unit type: Ignimbrite clast in ignimbrite 
Comments: 25% 
% Lithics: 15-20% 
% Pumice: 45% 
Crystal type: plagioclase orthopyroxene ilmenite quartz 
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     %: 80%  16%  4%  4% 
Textures: Feldspar, orthopyroxene and ilmenite in large multi-crystalled glomeroporphs 

with small crystal size 
  Some highly altered orthopyroxene 
  Highly devitrified rhyolite lithics 
  High content of obsidian shards, some quite large 
  Obsidian edges to some pumice fragments 
  Zoning in feldspars 
  Crystals are fragmental 
Further Comments: 

General lack of crystal content in this sample compared to other ignimbrite 
 lithics at other locations 

  Mostly pumice and obsidian fragments 
 
 

Sample No: AM23L - top, unwelded (2) 
Rock/Unit type: Rhyolite dome clast in ignimbrite 
Comments: 5-7% crystals 
% Lithics: N/A 
% Pumice: N/A 
Crystal type: plagioclase quartz  orthopyroxene ilmenite 
     %: 83%  10%  5%  2% 
Textures: Crystals are very pitted and resorbed, anhedral – especially quartz 
  Highly devitrified 
  Clear, well defined multiple twinning in plagioclases 
  Some crystals are euhedral-subhedral but are very broken up 

Orthopyroxenes show iddingsite alteration around glomeroporphs associated 
with feldspars and ilmenite 

Further Comments: 
  Quartz appears to be filling in some gaps – may be secondary 
  Some quartz is also in clusters of euhedral and subhedral crystals 
 
 

Sample No: AM29 – base, welded 
Rock/Unit type: Ohakuri ignimbrite 
Comments: >30% crystals 
  Pale yellow colour compared to general brown of Atiamuri thin sections 
% Lithics: tr 
% Pumice: 20% (more sorted than Atiamuri) 
Crystal type: plagioclase pyroxene quartz ilmenite 
     %:  
Textures: Highly fragmental crystals 
  Pyroxenes are generally lower birefringence than Atiamuri 
  Some very large feldspar crystals with zoning evident 
  Lots of vesicles, even in groundmass 

Some clasts of very fine crystal glomeroporphs containing feldspar, pyroxene 
and an unknown mineral 

  No evidence of a eutaxitic texture 
  Some growth of cryptocrystalline pyroxenes around inside rim of vesicles 
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Further Comments: 
  Very poorly sorted in terms of crystal sizes and glass fragments 
  One small rhyolitic lithic 
  Generally larger crystals than Atiamuri with smaller pumice fragments 

Pumices are more vesicular (less dense) than Atiamuri with no presence of any 
ignimbrite clasts 

 
 

Sample No: AM31 – Tuahu Dome 
Rock/Unit type: Primary dome material 
Comments: 7-10% crystals 
% Lithics: N/A 
% Pumice: N/A 
Crystal type: plagioclase orthopyroxene ilmenite quartz 
     %: 62%  18%  18%  2% 
Textures: Zoning present in feldspars 
  Glomeroporphs of feldspars and occasionally orthopyroxenes 
  Devitrification with spherulites 
  Ilmenite often associated with orthopyroxene in a poikilitic texture 
  Multiple and carlesbad twins in subhedral feldspars 
  Small cryptocrystalline crystals of orthopyroxene in the groundmass 
  Quartz is rare and large (2 mm) 
Further Comments: 
 
 

Sample No: AM31L – top, unwelded (2) 
Rock/Unit type: Ignimbrite clast in ignimbrite 
Comments: 40% crystals 
% Lithics: 15% obsidian only 
% Pumice: - 
Crystal type: plagioclase orthopyroxene ilmenite quartz 
     %: 85%  10%  3%  2% 
Textures: Many zoned feldspars 
  Many devitrified obsidian shards 

Highly welded or fused with a eutaxitic texture in the groundmass but not 
affecting the crystals 
Some feldspars are resorbed and are often present in glomeroporphs with 
orthopyroxene 

  Highly fragmental crystals 
One small, highly altered lithic with one small orthopyroxene crystal and 
abundant iddingsite discolouration 

Further Comments: 
 
 

Sample No: AM31L – top, unwelded (2) 
Rock/Unit type: Rhyolite dome clast in ignimbrite 
Comments: 2-3% crystals 
% Lithics: N/A 
% Pumice: N/A 
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Crystal type: plagioclase orthopyroxene quartz  ilmenite 
     %: 94%  5%  1%  tr 
Textures: Ilmenite only associated with orthopyroxene 
  Feldspar and orthopyroxene often in glomeroporphs with quartz on its own 
  Some large zoned feldspars 
  Only slight devitrification with some small vesicles present also 
Further Comments: 
 
 

Sample No: AM35 – top, welded 
Rock/Unit type: Ignimbrite 
Comments: 5% crystals 
% Lithics: 1-2% 
% Pumice: 5% - mostly groundmass 
Crystal type:  
     %: 
Textures: Lots of iddingsite alteration associated with older ignimbrite clasts and 

orthopyroxene crystals – sample is very brown due to this 
  Crystals are subhedral to anhedral as well as fragmental 
  Feldspars and orthopyroxenes only occasionally in glomeroporphs 
  Some zoning in feldspars 
Further Comments: 
  Rhyolite and pumice clast are highly devitrified 

Highest degree of rounding on crystal edges compared to other Atiamuri 
samples 

 
 

Sample No: AM36 – top, welded 
Rock/Unit type: Ignimbrite 
Comments: 15% crystals 
% Lithics: 7-10% 
% Pumice: 20% 
Crystal type: plagioclase orthopyroxene ilmenite quartz 
     %: 92%  5%  2%  1% 
Textures: Some unusual vesicle patterns where the vesicles appear to have grown, 

pushing aside the material around them 
  Lots of alteration again, though not as much as AM35 
  Some large glomeroporphs of feldspar and minor orthopyroxene 
  Fragmental crystals 
  Pumices are highly devitrified and contain traces of orthopyroxene crystals 
  Some zoning in feldspars 
Further Comments: 

Lithics of ignimbrite are fused together with extensive dark brown iddingsite 
alteration and colouration 

 
 

Sample No: AM36L – top, welded 
Rock/Unit type: Ignimbrite clast in ignimbrite 
Comments: 25-30% crystals 
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% Lithics: ? 
% Pumice: ? 
Crystal type: plagioclase orthopyroxene ilmenite quartz 
     %: 85%  12%  2%  1% 
Textures: Everything except crystals are breaking down and devitrified and unable to be 

clearly identified 
  Crystals are fragmental and often cracked 
  Zoning present in some feldspars 
  Some large regions of cryptocrystalline crystals – probably infilling vesicles 
Further Comments: 

Sample No: AM40 – Mandarin Dome 
Rock/Unit type: Primary dome material 
Comments: 25-30% crystals 
% Lithics: N/A 
% Pumice: N/A 
Crystal type: plagioclase quartz  ilmenite orthopyroxene biotite 
     %: 73%  18%  6%  2%  1% 
Textures: Well-developed zoning of feldspars 
  Multiple twinning in plagioclases with some carlesbad twins 
  Quartz is small, anhedral and resorbed 
  Feldspar crystals are euhedral with occasional glomeroporphs 
  Some minor devitrification with some spherulites 
Further Comments: 
  Distinct lack of orthopyroxene with only one or two small crystals 
  Higher quartz content 
 
 

Sample No: AM41L – base, unwelded (1) 
Rock/Unit type: Ignimbrite clast in ignimbrite 
Comments: 5% crystals 
% Lithics: 25% 
% Pumice: ? 
Crystal type: plagioclase quartz  orthopyroxene ilmenite 
     %: 96%  2%  1%  1% 
Textures: Many vesicles 
  Crystals are highly fragmented and fractured 
  Some zoning in feldspars but difficult to observe 
  Obsidian shards in the groundmass 
  Evidence of a eutaxitic texture in ignimbrite surrounding rhyolite dome clasts 
Further Comments: 

Contains another ignimbrite clast that is highly devitrified and shows 
iddingsite alteration 

 
 

Sample No: AM42 – top, unwelded (2) 
Rock/Unit type: Ignimbrite and rhyolite dome material 
Comments: 7% crystals in rhyolite 
  15-20% crystals in ignimbrite 
% Lithics: - (not including rhyolite which is 50% of sample) 
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% Pumice: 10% in groundmass 
Crystal type: plagioclase orthopyroxene quartz  ilmenite 
     %: 90%  5%  3%  2% 
Textures: Obvious eutaxitic texture 
  Larger, well sorted crystals in rhyolite 

Many fragmental crystals (poorly sorted) crystals in ignimbrite with an 
increase in size and well-defined edges approaching rhyolite clasts 
Zoning in feldspars 
Ilmenite mostly associated with orthopyroxene in a poikilitic texture 

Further Comments: 
 
 

Sample No: AM42L – top, unwelded (2) 
Rock/Unit type: Rhyolite dome clast in ignimbrite 
Comments: 30% crystals 
% Lithics: N/A 
% Pumice: N/A 
Crystal type: plagioclase quartz  ilmenite orthopyroxene 
     %: 82%  14%  3%  1% 
Textures: Euhedral to subhedral crystals – less fragmental 
  Some resorption of feldspar and quartz 
  High percentages of ilmenite and quartz than orthopyroxene 
  Devitrification with spherulites 
  Some feldspars forming glomeroporphs 
  Ilmenite is most often by itself 
  Carlesbad twinning is more common than multiple twins in the feldspars 
Further Comments: 

Very crystal-rich compared to other dome samples where crystal content id 
often low 

 
 

Sample No: AM43L – top, unwelded (2) 
Rock/Unit type: Rhyolite dome clast in ignimbrite 
Comments: 10% crystals 
% Lithics: N/A 
% Pumice: N/A 
Crystal type: plagioclase quartz  orthopyroxene ilmenite 
     %: 89%  5%  4%  2% 
Textures: Little signs of devitrification or alteration 
  Orthopyroxenes often associated with feldspar and ilmenite in a glomeroporph 
  Feldspars in glomeroporphs with subhedral to euhedral shapes 
  Quartz has a higher birefringence than other samples and shows resorption 
  Higher amount of carlesbad twins compared to multiple twinning 
  Zoned feldspars present 
Further Comments: 
 
 

Sample No: AM45 – base, welded 
Rock/Unit type: Ignimbrite 
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Comments: 5-7% crystals 
% Lithics: 35-40% 
% Pumice: 20% 
Crystal type: plagioclase orthopyroxene quartz  ilmenite 
     %: 98%  1%  1%  tr 
Textures: Very altered, highly devitrified lithics and pumices 
  Reddish/brown iddingsite colouration 
  Crystals are fragmental and fractured - small 
Further Comments: 
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Geochemistry Data from XRF 
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Table 1: Major element geochemistry data for dome and lithic samples (p. 107). 
 
 
Table 2: Trace element geochemistry data for dome and lithic samples (p. 107). 
 
 
Note: Lithic samples in Tables 1 and 2 are labelled with a capital L after the sample number 
 
Note: For Tables 3 and 4, lower case letters beside the locality number indicate airfall pumice 
(a), grey pumice (g), ignimbrite pumice (i) and shower bed pumice (s) where more than one 
type of pumice at that location has been sampled. Samples with no letter after the number are 
from ignimbrite unless otherwise stated. 
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Sample 
Number 

SiO2 
(%) 

TiO2 
(%) 

Al2O3 
(%) 

Fe2O3T 
(%) 

MnO 
(%) 

MgO 
(%) 

CaO 
(%) 

Na2O 
(%) 

K2O  
(%) 

P2O5 
(%) 

LOI  
(%) 

Total 
(%) 

Tuahu A 
–AM31 

74.08 0.16 12.65 1.59 0.06 0.12 0.97 4.37 3.43 0.02 2.91 100.35 

Tuahu B 
–AM31 

74.81 0.17 13.49 1.88 0.04 0.10 0.87 4.47 3.15 0.02 1.38 100.38 

Kemp  
–AM9 

72.82 0.25 13.32 2.01 0.06 0.32 1.46 4.34 3.26 0.02 2.46 100.32 

Mandarin 
A-AM40 

74.06 0.17 13.78 1.80 0.07 0.13 0.96 4.58 3.02 0.02 1.49 100.08 

Mandarin 
B-AM40 

75.16 0.18 13.13 1.70 0.06 0.08 0.87 4.61 3.36 0.02 0.91 100.07 

AM8L 75.07 0.18 13.53 1.79 0.06 0.12 0.95 4.66 3.19 0.03 0.82 100.39 

AM31L 72.75 0.22 13.35 2.07 0.07 0.25 1.31 4.65 3.11 0.03 2.49 100.31 

AM43L 76.00 0.20 13.17 1.36 0.02 0.12 1.20 4.31 3.55 0.02 0.25 100.21 

 
Sample 
Number 

V 
(ppm)

Cr 
(ppm) 

Ni 
(ppm) 

Zn 
(ppm)

Zr 
(ppm)

Nb 
(ppm)

Ba 
(ppm)

La 
(ppm)

Ce 
(ppm) 

Nd 
(ppm)

Ga 
(ppm)

Pb 
(ppm)

Rb 
(ppm)

Sr 
(ppm)

Th 
(ppm)

Y 
(ppm) 

Tuahu A 
–AM31 

4 6 <3 41 168 9 719 31 80 27 14 19 116 73 13 37 

Tuahu B 
–AM31 

5 26 4 38 191 10 793 34 67 16 15 17 91 74 14 23 

Kemp  
–AM9 

11 5 3 40 181 8 743 32 73 13 14 14 110 113 12 29 

Mandarin 
A-AM40 

4 5 <3 41 196 10 838 36 83 27 16 17 68 80 14 34 

Mandarin 
B-AM40 

6 <3 <3 38 189 10 779 27 62 <10 15 47 115 74 13 27 

AM8L 8 3 3 44 188 10 803 29 69 19 15 18 98 76 12 28 
AM31L 6 4 <3 49 210 9 741 35 66 20 15 18 105 111 12 32 
AM43L 7 3 <3 32 187 7 765 33 63 31 13 19 124 105 15 28 
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Sample 
Number 

SiO2 
(%) 

TiO2 
(%) 

Al2O3 
(%) 

Fe2O3T 
(%) 

MnO 
(%) 

MgO 
(%) 

CaO 
(%) 

Na2O 
(%) 

K2O  
(%) 

P2O5 
(%) 

LOI  
(%) 

Total 
(%) 

AM2i 72.89 0.16 12.80 1.75 0.06 0.11 0.94 3.90 3.54 0.02 4.15 100.32 
AM3 73.64 0.16 12.94 1.63 0.05 0.10 0.88 4.13 3.47 0.02 3.34 100.37 
AM4 73.11 0.16 13.01 1.64 0.06 0.13 0.96 3.99 3.38 0.02 3.91 100.37 
AM4a 70.77 0.20 14.91 1.93 0.07 0.14 0.98 3.82 3.01 0.02 4.61 100.46 
AM8g 73.94 0.16 13.26 1.57 0.04 0.10 0.85 4.63 2.89 0.02 2.87 100.33 
AM8i 72.63 0.17 13.74 1.75 0.04 0.11 0.78 4.13 3.23 0.02 3.87 100.46 
AM8s 74.24 0.16 12.78 1.40 0.04 0.10 0.79 3.93 3.88 0.02 3.04 100.38 
AM10 72.18 0.28 13.40 2.40 0.10 0.32 1.72 4.55 2.69 0.06 2.79 100.48 
AM11 73.02 0.17 12.80 1.67 0.06 0.14 0.99 4.17 3.24 0.02 4.04 100.30 
AM15 73.93 0.17 12.62 1.69 0.07 0.16 0.94 4.36 3.48 0.03 2.63 100.07 
AM20 72.95 0.17 13.75 1.75 0.05 0.09 0.81 4.04 3.26 0.01 3.48 100.36 
AM20g 73.57 0.17 13.74 1.67 0.05 0.09 0.87 4.41 2.86 0.02 2.73 100.18 
AM21 70.07 0.20 16.18 1.04 0.04 0.09 0.83 3.52 3.11 0.01 4.81 99.91 
AM23 70.94 0.20 14.73 1.93 0.07 0.14 1.02 4.33 2.94 0.02 3.69 100.01 
AM24 72.74 0.17 13.76 1.77 0.07 0.13 0.92 4.06 3.13 0.02 3.50 100.26 
AM26 73.06 0.16 13.69 1.70 0.06 0.12 0.90 4.19 3.21 0.02 3.07 100.18 
AM26g 73.02 0.17 13.93 1.78 0.06 0.12 0.91 4.52 2.89 0.02 2.79 100.19 
AM27 72.00 0.29 13.63 2.46 0.09 0.31 1.69 4.43 2.64 0.06 2.76 100.35 
AM31 73.07 0.17 13.14 1.73 0.06 0.12 0.95 4.11 3.32 0.03 3.38 100.06 
AM34 74.64 0.16 12.69 1.59 0.06 0.10 0.85 4.32 3.38 0.02 2.64 100.43 
AM41a 73.20 0.17 12.91 1.87 0.07 0.14 0.91 3.70 3.60 0.02 3.64 100.21 
AM41i 74.06 0.16 12.77 1.66 0.07 0.12 0.93 4.13 3.50 0.02 3.06 100.46 
AM42 72.83 0.18 12.93 1.69 0.06 0.14 0.98 4.34 3.28 0.02 3.71 100.16 
 
Table 3: Major element geochemistry data for airfall and ignimbrite pumice samples including Ohakuri deposits at AM10 and AM27. 
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Sample 
Number 

V 
(ppm)

Cr 
(ppm) 

Ni 
(ppm) 

Zn 
(ppm)

Zr 
(ppm)

Nb 
(ppm)

Ba 
(ppm)

La 
(ppm)

Ce 
(ppm) 

Nd 
(ppm)

Ga 
(ppm)

Pb 
(ppm)

Rb 
(ppm)

Sr 
(ppm)

Th 
(ppm)

Y 
(ppm) 

AM2i 6 5 <3 52 179 9 903 30 73 27 14 20 129 71 14 46 
AM3 6 7 <3 46 175 10 735 20 69 25 15 19 114 71 11 36 
AM4 10 5 <3 48 168 9 755 28 78 22 15 21 114 73 13 37 
AM4a 8 6 <3 55 197 11 890 23 89 <10 17 25 104 75 17 38 
AM8g 6 6 <3 47 190 10 741 17 63 29 14 18 104 71 13 36 
AM8i 7 8 <3 49 197 11 731 23 66 30 15 22 108 67 14 35 
AM8s 8 7 3 47 184 9 759 24 73 29 14 20 119 66 13 38 
AM10 6 6 <3 72 227 9 596 14 67 32 15 16 99 165 10 35 
AM11 8 5 <3 46 181 10 737 23 66 24 15 18 110 76 11 36 
AM15 8 5 <3 48 177 10 757 24 73 27 14 18 117 71 13 37 
AM20 7 5 <3 51 196 10 733 38 74 37 16 23 112 66 13 45 
AM20g 8 5 <3 49 198 10 773 32 78 30 15 22 103 72 13 39 
AM21 6 4 <3 47 245 12 999 22 67 21 17 23 104 74 14 34 
AM23 7 9 <3 55 207 11 814 19 76 23 16 22 102 79 14 34 
AM24 7 9 4 51 188 11 794 21 74 32 16 23 109 67 12 36 
AM26 8 8 4 60 184 11 792 19 65 43 15 24 108 67 13 37 
AM26g 8 4 3 54 201 11 764 29 69 40 16 18 103 74 13 36 
AM27 6 3 <3 71 227 8 598 17 61 39 16 19 97 160 11 35 
AM31 8 4 <3 51 186 10 747 22 64 43 15 18 109 73 12 36 
AM34 9 5 <3 44 176 9 753 22 61 41 14 19 115 68 11 37 
AM41a 9 4 <3 52 188 9 763 22 68 31 14 18 116 67 12 37 
AM41i 7 4 <3 50 183 9 760 18 64 41 15 18 116 68 11 37 
AM42 6 5 <3 46 182 10 759 20 72 26 15 20 112 72 10 36 
 
Table 4: Trace element geochemistry data for airfall and ignimbrite pumice samples.  
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