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Captions for cover and title pages: 
 

Front cover: Distinctive profile of Rangitoto viewed across Rangitoto Channel from slopes of Mt 
Victoria/Takarunga, Devonport. 
 

Title page: View southeastward from Rangitotoôs summit over scoria cone (foreground) and aôa lavas and 
pohutukawa forest towards Islington Bay, just beyond which is southern tip of non-volcanic Motutapu Island. In 
the distance are Waiheke Island and, to the right, Moutihe Island (both non-volcanic) (photos by D.J. Lowe).  



 

3 

 

 

 

 

Dynamic New Zealand, Dynamic Earth: Auckland 2017 

Annual Conference of the Geoscience Society of New Zealand 

 

 

Field Trip 3 

Tuesday, 28 November 2017 
 

Rangitoto Island 
 

 

  
 

 
 

Leaders: David J. Lowe1 and Peter J. de Lange2  

with contributions from Phil A.R. Shane3 and Bruce D. Clarkson4 

 

1School of Science (Earth Sciences), University of Waikato, Hamilton (david.lowe@waikato.ac.nz) 
2Department of Natural Sciences, Unitec Institute of Technology, Auckland 

3School of Environment, University of Auckland, Auckland 
4Deputy Vice-Chancellor Research, University of Waikato, Hamilton 

 

 



 

4 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

              
  
http://www.gsnz.org.nz/ 
 
 

 
Bibliographic reference: 
Lowe, D.J., Shane, P.A.R., de Lange, P.J., Clarkson, B.D. (2017). Rangitoto Island field trip, Auckland. In: Brook, 
M. (compiler). Fieldtrip Guides, Geosciences 2017 Conference, Auckland, New Zealand. Geoscience Society of 
New Zealand Miscellaneous Publication 147B, 56 pp. 
 
ISBN: 978-0-9922634-3-0  
ISSN (print): 2230-4487  
ISSN (online): 2230-4495 



 

5 

 

 
 

 
 

Table of contents 

 
 
 
 

 
Topic               Page 
 

Introduction to Rangitoto Island       7 

Field trip itinerary, hazard management, outline of guidebook   9 
 

Part 1: Overview of volcanic and other features    11 

 Volcanic textures       11 

Archaeology        14 

 Soils         15 

 Flora          16 

Vegetation succession       17 

Map of summit track route        20 

 Highlights along track       21 
 

Part 2: Rangitoto volcano and eruption history   26 

 Using tephra and cryptotephra deposits    27 

Rangitoto drilling project      30 

Lithology of core       30 

  Petrography       30 

  Geochemistry       33 

  Radiocarbon dating       37 

  Volcanic history        38 

  Implications including volcanic risk    39 
 

Part 3: A wider view ī Auckland Volcanic Field (AVF)  40 

 Overview  and brief basics      40 

Map of volcanoes in AVF      41 

Ages of volcanoes in AVF      42 

      Ar/Ar ages        42 

  Tephrostratigraphy       44 

Palaeoclimatic and other studies involving lake sediments 50 

    Climate event stratigraphy     50 

Acknowledgements        50 

References         51   

 
 
 
 
 



 

6 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

7 

 

INTRODUCTION TO RANGITOTO ISLAND 

 

 

 
Summary of key features of Aucklandôs largest and youngest volcano 
 

Rangitoto Island is arguably Aucklandôs most beloved and omnipresent landscape feature. It is a 
symmetrical, ~6-km wide, basaltic shield volcano that last erupted c. 550 500 calendar/calibrated (cal.) 
yr BP (c. 1400 1450 AD), not long after arrival and settlement of Polynesians in the Auckland region 
(c. 1280 AD). It is by far the largest, and the youngest, volcano in the Auckland Volcanic Field (AVF). 
The AVF consists of ~53 individual eruptive centres, all of which lie within the boundaries of the 
Auckland urban area. Recent research on deposits in a 150-m-long drill core obtained from Rangitoto 
Island in February, 2014, and on cryptotephras in sediments from Lake Pupuke on North Shore and on 
tephras in wetlands on adjacent Motutapu Island, has revealed Rangitotoôs complex history, with three 
main phases (1 3) suggested by Linnell et al. (2016) (but contended by Hayward 2017). 
 

Phase 1: Activity may have commenced as early as c. 6000 cal. yr BP involving minor effusive and 
pyroclastic volcanism.  

Phase 2: A voluminous shield-building phase occurred from c. 650-550 cal. yr BP (c. 1300-1400 AD), 
forming the main island edifice and erupting isotopically uniform subalkalic basalts (i.e., relatively 
high SiO2 content ~50 wt%). Four batches of magma distinguished by trace-element chemistry were 
erupted sequentially; they lack genetic connection via fractional crystallization or assimilation. In two 
magmas, trace element abundances and ratios change with age, producing a pattern consistent 
with cycles of progressive partial melting at the source (Linnell et al. 2016). 

Phase 3: The final phase of activity, from c. 550-500 cal. yr BP (c. 1400-1450 AD), was explosive and 
less voluminous, producing scoria cones at the summit. This phase generated more diversity in 
magma compositions, including more mafic subalkalic basalt, and alkalic basalt (i.e., relatively low 
SiO2 content ~45 wt%), suggesting sourcing of magmas simultaneously from different depths in the 
mantle (Linnell et al. 2016). 

 
 

 
 

Top of page: Classic profile of Rangitoto Island as seen from Devonport (photo by D.J. Lowe). Above: Google 
Earth image of Rangitoto showing its shield-like character and summit scoria cones, and part of the adjacent 
(non-volcanic) Motutapu Island. Rangitoto Wharf is on the south coast of Rangitoto Island (bottom of image). 
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Flora: The flora on Rangitoto is unique among the islands situated in the Hauraki Gulf because of the 
islandôs young age, and the fact that technically Rangitoto is an óoceanicô island. Its flora and fauna are 
derived entirely from long distance dispersal. The island contains some 582 vascular plant taxa of which 
228 (39%) are indigenous. Various other special ecological features, and studies on plant succession 
and their drivers, make the island a truly fascinating place to visit. At this time of year, we should see 
some pohutukawa (Metrosideros excelsa) and northern rata (M. robusta) trees in flower. 

 

    
 

Left: Shaded track on lower slopes (photo by D.J. Lowe). Right: Pohutukawa flowers, McKenzie Bay (photo 
by P.J. de Lange). 

 

Name: Rangitoto, MǕori for óblood red skyô (also ólava, scoriaô: Ryan 2012), derives from the phrase 
NgǕ Rangi-i-totongia-a Tama-te-kapua (the full name for the island) meaning ñthe day the blood of 
Tamatekapua was shedò, referring to a battle between Tamatekapua and Hoturoa, commanders of the 
Arawa and Tainui canoes, respectively, at Islington Bay (Murdoch 1991; Hayward et al. 2011a).  
 

History and tracks: Rangitoto was sold to the Crown by MǕori owners in 1854 (for £15 according to 
Wikipedia) and it became a public domain in 1890 controlled by Devonport Borough Council. The first 
wharf and track to the summit were made in 1897. Prisoners from Mt Eden jail built the roads, most of 
the tracks, and the (disused) seawater swimming pool in the 1920s-30s (Wilcox 2007b). The islandôs 
distinctive baches (small holiday cottages) are described on p. 25. The island is a Department of 
Conservation (DOC)-administered reserve in partnership with local iwi and hapȊ (TǕmaki Collective) 
under the NgǕ Mana Whenua o TǕmaki Makaurau Collective Redress Act (2014). The new wharf at 
Rangitoto was opened in 2014. It features a carved waharoa or gateway, known as Te Waharoa o 
Peretu (or the gateway of Peretu, spiritual ancestor of Rangitoto). The post on the left depicts Tangaroa 
(guardian of the sea); that on the right depicts TǕne Mahuta (guardian spirit of the forest). At the apex, 
the face looking towards the sea is that of a native parrot, the kǕkǕ. On the other side, another bird is 
sleeping. The two barge boards (maihi) end in kaitiaki, guardians of the gateway. 
 

World War II: Rangitoto hosted military activities before and during World War II (1936-1945), including 
construction of the causeway between Rangitoto and Motutapu, Yankee Wharf, a fire command post 
and radar station at the summit, and a gun emplacement at Islington Bay (Wilcox 2007b). Motutapu 
was also transformed with an army camp in Administration Bay supporting up to c. 1000 personnel, 
counter-bombardment gun batteries and support including pillboxes and underground complexes, 
radar, searchlights, US Navy magazines, and engine room for anti-submarine defences (Dodd 2008).  
 

Composition: Basalt lava, scoria, and ash. Broadly bimodal compositionally as noted above: óhighô 
(subalkalic) and ólowô (alkalic) SiO2 contents. Further details are reported below. 
 

Volume volcanic material: ~1.8 km3 (about half the volume of magma erupted from the entire AVF). 
 

Age: Multiple ages, summarised above and described in more detail below. 
 

Hydrology: The island has no appreciable surface runoff of rainwater, even after heavy rain (mean 
annual rainfall in Auckland is around 1200 mm), with an estimated ~9% of that percolating down into 
the underyling basaltic deposits to replenish a lens-shaped groundwater aquifer at a depth of ~40-60 
m (Merrill 1994; Wilcox 2007b). A bore along Islington Bay Road (drilled in 1977) provides freshwater 
to facilities at Rangitoto Wharf. A small spring-fed freshwater wetland occurs near the coast north of 
McKenzie Bay, the only one on the island (Wilcox 2007b). 
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Field trip itinerary, hazard management, and outline of guidebook 
 

Itinerary and ferry sailing times 
 

The trip is from ~8:45 am to ~4:00 pm, Tuesday, 28 November 2017. Meet at the Downtown Ferry 
Terminal building (99 Quay St), Auckland, by 8.45 am. The Fullers Ferry will depart (from Pier 2) of 
the Ferry Terminal at 9.15 am. Fullers recommend being ready to board about 20 min before sailing 
(gangway closes 2 min before sailing). The harbour trip from Auckland to Rangitoto takes ~25 minutes; 
we should be on the island by ~9.45 am. We aim to leave the summit by ~1.30 pm to return (via lava 
caves) to Rangitoto Wharf. The ferry departs the wharf at 3.30 pm to return to Auckland (final sailing 
of the day) and so we should therefore be at Rangitoto Wharf by ~3.15 pm. Earlier ferry pick-ups at 
Rangitoto Wharf are at 12.45 pm and 2.30 pm. 
 

 

  
 

Left: Map of Downtown Auckland showing Ferry Terminal (ó360 Discovery Cruisesô) and location of 
Rangitoto Island. Right: General geography of Rangitoto Island with Rangitoto Wharf (at Tidal Bay on south 
coast) and Summit track marked, the summit attaining a maximum elevation of 261 m (from Wilxox 2007a, 
p. 9). 

 

 
 

Rangitoto and other volcanoes of Waitemata Harbour and North Shore (land to the west of Rangitoto) (from 
Hayward et al. 2011a, p.100). Note submerged lava flows. 
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Hazard management: what to wear and bring, and track conditions   

You must wear boots or strong trainers/shoes, a raincoat/windproof is essential, and you need to carry 
a warm jumper in your backpack in case of bad weather. Remember also that weather conditions can 
change quickly and so a sunny start to the day may not persist. Showers are always possible but, if 
sunny, a sun hat and sun block are mandatory. Consider also wearing a long-sleeved shirt. The summit 
walk is on generally easy, tracks (a bit rougher in places) and requires moderate fitness levels. At the 
coast the tracks are gentle but they steepen near the summit. Much of the track is sheltered. Do not 
go off the track at any time because the lava is often unstable, loose, with sharp and glassy angular 
material in many locations, which is dangerous to try to walk over. Be especially cautious on the steeper 
tracks descending from the summit where loose gravels can be unstable and óslipperyô underfoot. If we 
have rain, the basalt steps on the track can also become slippery. It is essential, especially if the 
weather is warm, that you bring plenty to drink to sustain you through the day. No food or water are 
available on the island. Some food items and drinks are available for purchase on the ferry if you need 
them.  
 
We have an optional side-visit during the descent if conditions and time permit to visit a lava tube/cave 
with good óceilingô height and moderately easy access. Hard hats will be mandatory for any who wishes 
to enter the lava cave, and these will be available for participants to carry individually at the start of the 
trip (when we board the ferry). Leaders will carry a number of lamps/torches; we would recommend 
that you bring your own torch if you want to go into the lava cave. 
 
Point of contact in Auckland: Dr Martin Brook: (09) 373 7599 Ext 88917 or mobile 021 232 1872 
Local emergency agency: Police, fire, ambulance on 111 
 
Outline of guidebook 
 

Following a short introduction and summary, we have arranged the guidebook into three parts (see 
contents list p. 5).  Part 1 provides a summary of volcanic textures on Rangitoto together with notes 
about archaeology, soils, and flora (including vegetation succession). Then various geological features 
at stops along our route on the Summit track are noted in brief (with map). Part 2 comprises a summary 
of the volcanic history of Rangitoto Island, including reference to the findings of the Rangitoto drill-core 
project, and recent work on tephra deposits on Motutapu Island and on tephras and cryptotephras in 
sediments of Lake Pupuke. Cryptotephras (from Greek kryptein, óto hideô; tephra, ash or ashes) are 
tephra-derived glass shard (and/or crystal) concentrations preserved and óhiddenô in sediments but 
insufficiently numerous and too fine grained to be visible to the naked eye as a layer (Lowe 2011). Part 
3 takes a wider view by way of short introduction to the AVF, and includes mention of new Ar/Ar and 
palaeomagnetic dating and tephrostratigraphic work on the deposits in the field, and maar-based 
palaeoclimatic research. 
 
Note about BP: Regarding ages designated in years (yr) BP, óBPô represents óbefore presentô, with 
ópresentô being defined as 1950 AD in the radiocarbon (14C) time-scale. 
 

   
 

Left: Setting out on summit track near DOC centre, Rangitoto Island wharf, with slopes of volcano rising over 
lavas and (steeper) scoria cones in far distance at top left. Right: View from Tidal Bay (near wharf) towards North 
Head/Maungauiki and Mt Victoria/Takarunga, Devonport, with city visible beyond (photos by D.J. Lowe).   

tel:+64%209-373%207599
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PART 1: OVERVIEW OF VOLCANIC TEXTURES ON RANGITOTO AND 
GEOLOGICAL AND VEGETATIONAL FEATURES ON SUMMIT TRACK 

 
Volcanic textures 
 

Rangitoto reveals many interesting volcanic textural features (Fig. 1), most evident alongside the 
summit track (Balance and Smith 1982; Lindsay et al. 2010). The gentle lower slopes are composed of 
many overlapping lava flows whose surfaces commonly show good pahoehoe textures near to their 
source (formed when a cooled skin of lava is wrinkled by movement of the lava underneath), and aôa 
textures at their distal (coastal) ends (Fig. 2). The aôa lavas tend to be rough, jagged and with either a 
blocky or a rubbly/clinkery surface, both formed essentially by continuous breaking and reworking of 
the cooled outer surface of a lava flow (Balance and Smith 1982). Slab lavas/flows, formed when a 
somewhat thicker hardened crust is broken by movement of the lava beneath, also occur on Rangitoto 
(Fig. 2). The aôa type of lava is by far the most common on Rangitoto.  
 
Toward their distal ends, the margins of many flows are defined by prominent levees formed by 
accumulation of chilled lava at the margins of moving flows (Fig. 3).  
 

 

Figure 1. Map showing distribution of different surface textures of lava flows on Rangitoto (from Wilcox 2007b, 
p. 14). The summit ócinderô cones are also referred to as scoria cones. 

 

A small but well-developed system of lava tunnels linked by lava trenches occurs on the south-
eastern flanks of Rangitoto Island close to the boundary between the summit scoria cones and the 
surrounding lava field. The tunnels formed after still-molten lava withdrew from a channel or ótubeô 
roofed by chilled lava; the trenches formed in places where the roof was too thin and collapsed as the 
lava withdrew, or where a roof did not form (e.g. Fig. 3; Hayward et al. 2011a). 



 

12 

 

 

Figure 2. Examples of different surface textures of lava flows (1ī3) and scoria (4) (from Wilcox 2007b, p. 12). 

 

       

Figure 3. Example of rubbly aôa lava in 
depression or trench ~2ī3 m deep flanked 
by marginal levees comprising heaped-up 
angular lava blocks formed by the 
accumulation of chilled lava at the margins 
of a moving flow. The trench occurs where 
molten lava inside a flow drained away 
leaving the collapsed rubbly and blocky roof 
behind (Balance and Smith 1982) (from 
Hayward et al. 2011a, p. 105). 
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The summit scoria cones (Fig. 4) rise from the ñmoatò at the top of the lava slopes. As visible from 
Auckland, the summit cones comprise multiple structures, with two outer cones (North and South) 
flanking the summit or Central cone and crater (the two outer cones comprise small cone complexes). 
Good exposures of scoria forming the summit area are seen on tracks on the north-eastern side; these 
formed by episodic fire fountaining. When fresh, the scoria is normally dark grey to black but reaction 
with water percolating through the hot porous scoria soon after the eruption has caused some of the 
clasts to turn a deep red because of oxidation of the iron in them (Lindsay et al. 2010). 

 

 

   

Figure 4. Top: Rubbly aôa lava flow surface rucked up into 
curved (ñfestoonò) ridges as the lava within the flow moved 
slowly downslope to right. Left (upper): Aerial views of main 
Central cone (background) and North cone (foreground); 
(lower) summit crater in Central cone and observation 
platform (from Hayward et al. 2011a, p. 103). 
 

Below: Weathering in a vesicular bomb near summit ï the 
yellowish brown colouration is a hydrous alteration product 
(ñgel-palagoniteò), very likely a nanocrystalline variety of 
smectite(s) (Churchman and Lowe, 2012). Lens cap is 4 cm 
in diameter (photo by D.J. Lowe). 
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Archaeology: earliest Polynesian settlement and MǕori presence and impact 
 

Although no oral tradition has survived that describes 
the eruption and formation of Rangitoto (Nichol 1992; 
Lowe et al. 2002), it is clear that MǕori (descendants of 
the initial Polynesian settlers) were living on adjacent 
Motutapu Island at the time. (Because it lacked ógardenô 
soils, Rangitoto was not used for general habitation, but 
was instead a resource area for fishing, collecting, and 
hunting, and its clefts and caves were used for burials: 
Bulmer 1994.) Ash from the latest eruption phases 
buried wood and shell of a habitation site, Sunde, in 
Administration Bay on Motutapu (see Fig. 18 below). 
Excavations at Sunde revealed casts of MǕori dog 
(kurǭ) and human footprints in the ash (photo at right is 
from Nichol 1982), together with evidence for gardening activities (Scott 1970; Davidson 1978a; Nichol 
1981, 1982; Bulmer 1994; Dodd 2008). Ash at the site has been correlated via glass-shard major 
element composition with the tephra designated óRangitoto 1ô (553 ± 7 cal. yr BP) (Needham et al. 
2011). This correlation indicates that the latest explosive eruption phases (2) and (3) of Rangitoto were 
witnessed by early MǕori, whose exploitation of local stone and other materials for tool manufacture 
(e.g. greywacke adzes, chert/jasper hammerstones, bone fishhooks) (Davidson 1978a, 1978b), and 

then gardening, must have had an impact in the region from at least that time (Lowe et al. 2000). 
 

The timing of earliest Polynesian settlement of New Zealand has been controversial, partly because it 
has been so recent (Lowe 2011). Radiocarbon age data, potentially questionable because of likely 
contamination in lake sediments by in-washing of old carbon as a result of Polynesian deforestation, 
inbuilt age, or dietary effects, effectively resulted in two contradictory models of settlement: óearlyô 

settlement ~1500-2000 years ago (Sutton 1987) versus ólateô settlement ~700 years ago (Anderson 
1991, 2013, 2015a). The rhyolitic Kaharoa tephra, erupted ~700 years ago from Mt Tarawera in winter, 
1314 ± 12 AD (Hogg et al. 2003; Sahetapy-Engel et al. 2014), is present in Lake Pupuke as a 
cryptotephra (Newnham et al. 2017). It provides a ósettlement datumô (isochron) in northern New 
Zealand to help determine which model was correct by tephrochronologically linking and dating 
palynological (pollen) evidence of initial human impact (derived from analyses of cores from peats and 
lakes) with archaeological and artefactual evidence to the same point in time (Newnham et al. 1998a; 
Lowe 2011). No cultural remains are known to occur beneath the Kaharoa except one rat-nibbled seed 
on Coromandel Peninsula (Wilmshurst and Higham 2004). Palynological evidence for earliest human-
induced impact, a sustained deforestation signal comprising a decline in tall trees and a concomitant 
rise in bracken spores, occurs stratigraphically just before Kaharoa deposition in five pollen profiles at 
24 documented sites (Newnham et al. 1998a; Lowe 2011). The use of the Kaharoa isochron, together 
with evidence from lake- and bog-derived pollen records, bones of the commensal Pacific rat Rattus 
exulans, rat-nibbled seed cases and snail-shells, fire records, ancient DNA, and archaeological and 
14C data, all support the ólateô settlement model (Lowe and Pittari 2014). The rat-nibbled seed beneath 
Kaharoa tephra and the sustained rise in bracken spores starting just below the tephra in pollen profiles 
are both consistent with earliest settlement in northern and eastern North Island a few decades prior to 
the c. 1314 AD eruption of Kaharoa (Lowe et al. 2000; Lowe and Pittari 2014) (cf. Jacomb et al. 2014). 
Earliest Polynesian settlement is now dated at c. 1280 AD (Higham and Hogg 1997; Higham et al. 
1999; McGlone and Wilmshurst 1999; Wilmshurst et al. 2008, 2011, 2014; Anderson 2013, 2015a).   
 
Rapid transformation of the landscape, principally by fire, occurred within a few decades of the first 
human arrivals, with extensive forest being replaced by scrub especially in drier eastern and southern 
parts of New Zealand (McWethy et al. 2010; Perry et al. 2012, 2014). However, new pollen analyses 
from Lake Pupuke show an early phase (óstep 1ô) of minor, localised forest clearance around the time 
of Kaharoa tephra followed by a later, more extensive deforestation phase (óstep 2ô) commencing at 
around the time of deposition of the two youngest Rangitoto tephras (c. 1400 1450 AD) (Newnham et 
al. 2017). This pattern is consistent with early MǕori settlement patterns and landuse practice 
(Anderson 2015b, 2016), and concurs with an emerging hypothesis that the Little Ice Age had an impact 
on pre-European MǕori with the onset of harsher conditions causing a consolidation of populations and 
later environmental impact in northern New Zealand (Newnham et al. 1998b, 2017). 
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Soils on Rangitoto and Motutapu 
 

The youthfulness of the latest eruptives on Rangitoto Island, and of the ash fallout deposits on adjacent 
Motutapu and Rakino islands, means that the soils are only weakly developed recent soils at best. Bare 
lavas are effectively ónonsoilsô. 
 

Rangitoto Island 
The soils may be mapped into two groups (1) on lavas, and (2) on the scoria cones. The bare-rock 
lavas are ónonsoilsô in Soil Taxonomy (Soil Survey Staff 2014), and Rocky Raw Soils in New Zealand 
Soil Classification (Hewitt 2010). Sand-sized fragments of rock and partly-decomposed litter can occur 
in cracks and crevices in the lava. If these sand and organic materials are Ó 5 cm in thickness then 

such small patches of soil are Lithic Udorthents (= sandy Entisols) or Lithic Udifolists (= shallow organic 
soil or Histosols) (ST), or Rocky Recent Soils (NZSC). On the scoria, the soils may qualify as Vitrandic 
Udorthents (ST), or as Typic Tephric Recent Soils (NZSC) provided A horizons (including, if present, 
partly decomposed litter horizons designated F, H) are Ó 5 cm in thickness (Fig. 5). 
 

Motutapu Island 
The ash mantle on much of Motutapu Island, generally <1 m in thickness (but reportedly up to ~ 2 m in 
thickness: Hayward et al. 2011a), provided a new material in which soil could form over the past 500
600 years (Fig. 6). The ash buried a pre-existing soil (Ultisol in ST, Ultic Soil in NZSC, meaning strongly 
weathered, clayey, slowly permeable, acid soils) on Tertiary sandstones and mudstones (flysch) 
(Kermode 1992). The modern soil although fertile is coarse grained (sandy) and has a low water-
holding capacity. Where the ash mantle is >50 cm thick, the soil is either a Typic Udorthent or a Vitrandic 
Udorthent (both being Entisols) in ST; where the ash is <50 cm thick, the paleosol is órecognisedô and 
the soil is possibly an Aquandic Palehumult (needs certain properties). In NZSC, the soil is a Tephric 
Sandy Recent Soil. Away from the ash mantle, the soils on Motutapu on stable landscapes are likely 
to be mainly Ultisols in ST, Ultic Soils in NZSC. 
 

     
 

Figure 5. Left: Section of scoria near the summit and (right) associated soil profile of Rangitoto gravelly sand 
(pocket knife at top for scale). Far right: Weak soil profile developed in red (oxidised) scoria (lens cap 4 cm in 
diameter) (photos by D.J. Lowe). 

 

 
 

Figure 6. Soil profile of Rangitoto sandy 
loam formed on Rangitoto ash 
(approximately 70 cm in thickness) over 
a buried, coarse-structured Ultisol/Ultic 
Soil with pale enleached E horizon on 
Motutapu Island (scale in inches; photo 
by H.S. Gibbs). 
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Flora of Rangitoto 
 

The flora on Rangitoto is unique among the islands situated in the Hauraki Gulf because of the islandôs 
young age, and the fact that technically Rangitoto is an óoceanicô island. This means that as Rangitoto 
emerged from the sea, and was never connected to the mainland of New Zealand, its flora and fauna 
are derived entirely from long distance dispersal ï an oddity indeed for an island which sits on a 
continental shelf in such shallow water. The island is home to some 582 vascular plant taxa of which 
228 (39%) are indigenous (Wilcox et al. 2007). Although there are no endemic vascular plants, the 
island is a stronghold for a number of plants that are now óthreatenedô or óat riskô, or both, on the adjacent 
mainland, e.g. the white-flowered kohuorangi or Kirkôs tree daisy (Brachyglottis kirkii var. kirkii), 
poroporo (Solanum aviculare var. aviculare), wild carrot (Daucus glochidiatus), and plumed greenhood 
(Pterostylis tasmanica) (de Lange et al. 2013). Kirkôs tree daisy is declining on the mainland because 
of possum browse, and the same was happening on Rangitoto until possum and wallabies were 
eradicated from the island in 1996. Aside from flowering plants, conifers, ferns and clubmosses, 
Rangitoto is also home to 94 mosses (three naturalised) and 70 hornworts and liverworts (one, 
Lunularia cruciata, is naturalised). Although the mycobiota of the island have yet to be properly studied, 
194 lichens (lichenized fungi) have been recorded from the island together with ~170 fungi. The island 
is the type locality for a number of mosses and liverworts, several of which were long believed endemic 
to the island, e.g. Lepidozia elobata, Plagiochila bazzanioides, and Tortella cirrhata subsp. Mooreae. 

The occurrence of endemic mosses and liverworts on an island with a flora believed to be c. 600-700 
years old or less was always considered anomalous, and it is not a surprise that all of these óendemicsô 
have since been discovered elsewhere in New Zealand, although, oddly, in the case of some, such as 
the Plagiochila, not so far from the adjacent mainland. 
 

Ecologically what marks Rangitoto is the dominance of pohutukawa (Metrosideros excelsa). Rangitoto 
supports the single largest tract of this forest association in New Zealand, which provides insight into 
the role that this species has played in the colonisation of bare lava (Fig. 7; see also photo on title 
page). This is a key process repeated by the genus Metrosideros throughout the Pacific where its 
species all play a critical role in converting bare lava to forest (see next section). On our visit, though, 
note the dominance of lichens, mosses and at times liverworts, all of which play an important role in 
converting lava to ósoilô thereby allowing other plants to become established.   
 

   

Figure 7. Pohutukawa forest growing on aôa lava on Rangitoto. Photo by D.J. Lowe (17 August 2014). 
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Several other botanical features of Rangitoto are worth noting, namely the occurrence of many vascular 
plant epiphytes in terrestrial settings, for example Kirkôs tree daisy and northern rata, M. robusta (Fig. 
8), the porous lava providing them with the same conditions found in forest canopies.  
 

   
 

Figure 8. Left: Flowering northern rata, McKenzie Bay (M. robusta). Right: Myrtle rust (Austropuccinia psidii) is 
an aggressive fungal disease that has spread across the world from its indigenous haunt in the Amazon Basin. 
Myrtle rust arrived in New Zealand in May 2017 from Australia. So far its impacts have been minor but it is 
suspected it could spread rapidly now that winter has passed. If you see any yellow powder on the leaves of 

pohutukawa, rata, manuka (Leptospermum scoparium), or rawirinui (Kunzea robusta) on the island, do not 
touch it! Please inform the trip leader immediately. Photos by P.J. de Lange. 

 
Also present on Rangitoto are óweedô species, many of which derive from the distinctive holiday 
cottages/baches on the island (predating c. 1940). Some of these weed species are components of the 
Macronesian flora of the Canary Islands, brought to New Zealand as ornamentals and, finding 
Rangitoto offering a range of habitats similar to those of their distant volcanic home, they have 
flourished. Whilst most are aggressive weeds, some (such as the species of the genus Aeonium and 
Echium) are actually threatened plants in their distant home, and hence present a óslightô conservation 
management dilemma. A final matter of botanical interest is the abundance of hybrids between 
pohutukawa and northern rata (M. excelsa × M. robusta), a hybrid combination that is less commonly 
seen on the adjacent mainland. 
 
Now that Rangitoto and nearby Motutapu Island are ópest-freeô, both islands afford innumerable 
opportunities for the restoration of flora and fauna now extirpated or threatened in the wider Hauraki 
Gulf region. As such, the island has been subjected to a number of indigenous fauna introductions, and 
a range of plants have also been trialled, including the óthreatenedô scurvy grass Lepidium flexicaule, 
last seen on the island in 1906. While this is all good news, the recent arrival of myrtle rust 
(Austropuccinia psidii) (Fig. 8) to New Zealand leaves the future of the Metrosideros-dominated forest 
of Rangitoto Island uncertain. Based on the impact this rust has had on the Raoul Island M. 
kermadecensis forest, there is a very real fear that the pohutukawa forest may be seriously damaged 
with dire consequences for the islandôs vegetation succession and indigenous biodiversity. 
 

Pattern and process of vegetation change (succession) on Rangitoto 
Using a combination of the chronosequence and direct monitoring methodologies, the pattern and 
process of vegetation change (succession) across both young volcanic landscapes and long-inactive 
volcanoes has been much studied (e.g. Clarkson 1990; Walker et al. 2010; Clarkson et al. 2015). As 
noted above, pohutukawa (M. excelsa) is the prime lava colonizer and has coalesced to form 
continuous forest over large areas of the island (Haines et al. 2007). Clarkson and others have been 
monitoring M. excelsa patch establishment and development between 1980 and the present day on 
Rangitoto Island. These plots were selected as representative of the most extreme sites of largely un-
vegetated aôa lava. The number of vascular species is strongly positively correlated with the size of the 
M. excelsa patch or clump (R2 = 0.742; n = 80) with 1ï4 species recorded in patches of 0.1 m2 and 16ï
19 species in patches of 100 m2 (Fig. 9).  
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Figure 9. Relationship between numbers of vascular species and size of pohutukawa (Metrosideros excelsa) 
patch on Rangitoto (y = 2.3101 Ln(x) + 5.4827).  

 
 
Using patch (clump) size in six size classes (midpoints = 1 m2, 3 m2, 6 m2, 12 m2, 24 m2, 48 m2) and 
frequency of occurrence as a surrogate for age, it is possible to determine the orderly sequential 
establishment of species (Fig. 10) (Clarkson et al. 2015).  
 
Early establishers (in association with M. excelsa) include Coprosma robusta, Myrsine australis and 
Astelia banksii (Fig. 10A). Middle and late establishers include Pseudopanax arboreus, Astelia hastata 
and Asplenium oblongifolium. The fern, Asplenium flaccidum, which is mostly epiphytic on M. excelsa, 
is one of the last to arrive (Fig. 10B). 
 
 

  
 
Figure 10A. Use of clump/patch size and frequency of occurrence as surrogates for relative age to determine 
early establishers.  

0

2

4

6

8

10

12

14

16

18

20

0.01 0.1 1 10 100

N
u

m
b

e
r 

o
f 

s
p

e
c

ie
s

 

Clump area  (m2) 

0

100

200

300

400

1 3 6 12 24 48

C
u

m
u

la
ti

v
e

 f
re

q
u

e
n

c
y

Clump size midpoint m2

Early establishers

Ast ban Gri luc Cop rob Myr aus Sty fas

A. 
 
 
 
 
 
 
 
 
 
Key 
 

Ast ban: Astelia banksii  

Gri luc: Griselinia lucida 

Cop rob: Coprosma robusta 

Myr aus: Myrsine australis 

Sty fas: Leucopogon 

fasciculatus 



 

19 

 

 

 

Figure 10B. Use of clump/patch size and frequency of occurrence as surrogates for relative age to determine 
middle and late establishers.  

Some species fluctuate in their frequency in relation to patch size, for example, Brachyglottis kirkii, 
Notogrammitis heterophylla, and Asplenium flabellifolium (Fig. 10C). These are usually patch edge 
dwellers and are sometimes lost as the Metrosideros excelsa canopy expands but may subsequently 
recolonise the edge of the patch. 
 
Pohutukawa (M. excelsa) facilitates this deterministic establishment pattern by influencing the 
microclimate and light regime of the site. For example, the surface temperature on open lava may 
exceed 50 °C whereas in the interior of a large patch or extensive forest, it is less than 25 °C. Relative 
humidity is less than 40% on open lava, exceeds 45% in large patches, and is over 55% in the forest 
interior (Clarkson et al. 2015).  
 

 

Figure 10C. Use of clump/patch size and frequency of occurrence as surrogates for relative age to show some 
species fluctuate in frequency in relation to patch/clump size. 

0

50

100

150

200

250

1 3 6 12 24 48

C
u

m
u

la
ti

v
e

 f
re

q
u

e
n

c
y

Clump size midpoint m2

Mid & late establishers

Gen lig Pse arb Asp fla Col has Phy div Asp obl

0
20
40
60
80

100
120
140

1 3 6 12 24 48

C
u

m
u

la
ti

v
e

 f
re

q
u

e
n

c
y

Clumpsize midpoint m2

Fluctuators

Bra kir Car ren Cte het Hym mul Asp flab

B. 
 
 
 
 
Key 
 

Gen lig: Geniostoma 

ligustrifolium 

Pse arb: Pseudopanax 

arboreus 

Asp fla: Asplenium flaccidum 

Col has: Astelia hastata 

Phy div: Microsorum 

pustulatum 

Asp obl: Asplenium 

oblongifolium 

 

C. 
 
 
 
 
 
 
Key 
 

Bra kir: Brachyglottis kirkii 

Car ren: Cardiomanes 

reniforme 

Cte het: Notogrammitis 

heterophylla 

Hym mul: Hymenophyllum 

multifidum 

Asp flab: Asplenium 

flabellifolium 

 



 

20 

 

Summary of volcanic features viewable during ascent of Rangitoto via Summit track 

(various vegetational features will also be described at appropriate stops) 

 

 

Figure 11. Map showing volcanological and other features including summit cones and lava flows of the southern 
part of Rangitoto Island, and the route we will take to the summit via Summit track (mainly after Balance and 
Smith 1982; Lindsay et al. 2010). Possible stopping points are indicated. See also Fig. 15 below. 
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Some highlights of walk along Summit track (numbers relate to stops marked on Fig. 11). 

 

1. Rangitoto Wharf and information shelter (toilets available) 
 

The ferry arrives at Rangitoto Wharf on the southern coast of Rangitoto Island and at the periphery of 
the Rangitoto lava field. We may see lava lobes near the wharf if the tide is out. We will start with a 
briefing and short introductions near the information shelter: 
 

David Lowe: volcanic, soil, and archaeological perspectives  
Peter de Lange: vegetation perspective 
 

At low tide, smooth, wrinkly, curved lava lobes as described by Hayward (2012) are evident near the 
wharf. Each lobe is 0.5ī1 m across and 3ī10 m long, usually curved as it flowed down the steepest 
gradient (Fig. 12). The lobes have a 0.1ī0.2 m wide zone of laminated to flow-banded, more-glassy 
basalt on either side, whereas interiors may contain ropey styles similar to those on the surface of 
classic pahoehoe flows (Hayward 2012). The pillow-lava-like lobes are miniature versions of larger lava 
lobes that flowed into the sea in several other places (Fig. 12). Hayward (2012) suggested that the 
branching lobate birdôs-foot-like form arose possibly as the lavas flowed into water. Cold water may 
have cooled and stopped the flow at the terminus of each lobe causing the molten lava still inside the 
lobe to break out as another branch further back up the lobe. 
 
Erosion on the sheltered western and southern shorelines has been minimal, but on the exposed 
northern coastline, however, the average rate of erosion has been estimated at ~3ī6 m per century 
(Daymond-King and Hayward 2015). This relatively fast rate is partly a result of the wave action efficacy 
being enhanced by the presence of cooling joints and fractures in the hard lava at irregular spacings of 
~0.1ī1 m, and partly because loosely cemented breccias of basalt rubble within and between flows 
provide an easy pathway for wave action to remove such material. Together these attributes allow 
intertidal crevices, caves, and overhangs to be generated (Fig. 12, bottom right). 

 

   

   

Figure 12. Upper: Lava flow lobes and other surface features near Rangitoto Wharf, with closer view of small 
curved lava lobe at right. Bottom left: Extensive branching lava flow lobes on southwest margin of Rangitoto 
Island. Bottom right: Caves and arches on the eroding northern coastline. Photos from Hayward (2012, pp. 11-
12) and Daymond-King and Hayward (2015, pp. 5-6). 
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2. Aôa lava flows Brief discussion of the Rangitoto lava field and of lava flow textures.   
 

As we walk towards the summit we will see the features and textures of the Rangitoto lava field, and 
some of the key vegetational features of the island. Please stay on the track at all times. Near the 
source of lava effusion (at the base of the scoria cones near the summit) the lava field is quite thick, up 
to 50 m, whereas at the coast it is considerably thinner, less than 20 m in thickness (although individual 
flows themselves are no more than 5 m thick) (Lindsay et al. 2010). The majority of the lava field is 
comprised of blocky and clinkery (rubbly) aôa lava flows (Fig. 13), with rarer occurrences of smooth, 
ropey pahoehoe lava flows along the main track to the summit and along coastal areas, e.g. near 
Islington Bay and the Rangitoto Wharf.    

 

During eruption, the aôa flow tops transported brecciated, broken lava blocks downslope, which sit atop 
a more massive flow core (Figs. 2, 4, 13). The blocks form at the leading edge of a flow due to 
instantaneous cooling with the air or water. Blocks generally tumble down the steep flow fronts and are 
either óbulldozedô or buried by the advancing flow. Rocks on the outside of the flow tend to be highly 
vesicular and glassy, whilst those from the flow interior tend to be more massive and crystalline.   
 

     

 

Figure 13. Blocky aôa lavas as seen on the lower summit track (photos by D.J. Lowe).  

 
 

3. DOC information point/lookout This viewing platform is on the boardwalk, on the left (west) side 
of the main track, as we ascend. It provides a good opportunity to discuss the structure of the lava 
field and view to summit, and also a viewpoint southwest towards Auckland city (Fig. 14). 
 

 
 

Figure 14. View from DOC lookout towards Devonport on North Shore and Auckland city (photo by D.J. Lowe). 
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4. Moat between lava field and summit scoria cones Pause to discuss the two eruptive styles of 
Rangitoto. 

 

At an elevation of ~150 m, the southern and eastern flanks of the volcano are dominated by an unusual 
moat-like structure, which defines the boundary between the lower lava-covered slopes and the scoria 
crown. It likely formed as a result of a subsidence event following the release of significant volumes of 
lava from fissures on the upper flanks (Balance and Smith 1982; Lindsay et al. 2010). 
 

 
 
 

Figure 15. Sketch map of volcanological and pyroclastic features associated with the summit scoria cones. The 
Central cone (including summit crater, 261 m asl) occupies the main part of the diagram, and is flanked to the 
north by cones (marked 214, 199, 195 m) collectively referred to as North cone, and to the south by cones (marked 
205 and 223 m) that make up the so-called South cone (see Fig. 16) (map from Balance and Smith, p. 11). Central 

and South cones are subalkalic basalt (typically ~48 50 wt% SiO2), North cone alkalic basalt (~45 47 wt% SiO2) 

in composition (McGee et al. 2011; Needham et al. 2011; Linnell et al. 2016). 
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Figure 16. The summit area of Rangitoto (viewed looking ENE), with main cones labelled forming the ósummit 
scoria conesô. Structure of summit observation deck is just visible on rim of Central cone (on the right). Motutapu 
Island lies in the background (from Needham et al. 2011, p.129) (cf. Fig. 15). 

 
5. On track immediately before summit crater Deposits of lapilli/scoriae of the Central cone. 

 

Exposed in cuttings next to the summit track not far from the main crater of the Central cone are layers 
of the pyroclastic material (pyroclastic literally means ófiery fragmentalô) comprising scoriae of lapilli size 
(clasts 2 64 mm in diameter; ólapilliô literally translates as ólittle stonesô) and bombs (rounded, fluidal 

clasts >64 mm) that make up the Central cone of Rangitoto. These glassy, highly vesicular rock 
fragments originate from gas-rich molten or semi-molten lava that has been ejected into the air, quickly 
cooled and deposited close to the vent, frequently still partially molten. The clasts are typically 
cylindrical, spherical, teardrop, dumbbell or button-like in shape, and generally take their shape when 
they are airborne. Also common in the pyroclastic deposits of Rangitoto is óweldedô scoria, which forms 
when semi-molten scoria clasts óstickô to other clasts when they land. The accumulation of the 
pyroclastic fragments described above formed the Rangitoto scoria cones. As noted earlier, much of 
the scoria is dark or black; red scoria indicates Fe-bearing minerals have been oxidised during eruption. 
Weak soils have developed on the scoria (Fig. 5). 
 
6. Summit crater rim Summit observation deck located on the rim of the main crater of Central cone 

of Rangitoto.   
 

The near circular bowl-shaped crater of Rangitoto is approximately 150 m in diameter and 60 m in 
depth, and reaches a height of ~261 m (Fig. 15). This is the position of the vent for the latest Rangitoto 
eruptions c. 550ï500 cal. yr BP (c. 1400ï1450 AD), which started off as a moderately explosive 
(Strombolian style) eruption, forming the main scoria cone, and then becoming more effusive (Hawaiian 
style) towards the latter stages of the eruption. At the summit we are presented with a 360° view of 
Rangitoto volcano and the surrounding natural and human-made features. To the southwest is the 
Auckland CBD, situated next to the Waitemata Harbour, and some of the other larger volcanic cones 
(Mt Wellington, Mt Eden, One Tree Hill, The Domain, Mt Mangere) in the AVF. To the west are the 
residential suburbs of North Shore and smaller volcanic cones (North Head, Mt Victoria) and slightly 
larger explosion craters (Lake Pupuke, Tank Farm, Onepoto Basin) (a map of the entire AVF is given 
below: Fig. 31, p. 41). To the northeast is Motutapu Island, which was covered in significant volumes 


