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SUMMARY 

Lava flows exposed in the coastal section north of Takapuna Beach display 
tree moulds, pahoehoe texture, tree casts, pahoehoe toes, lava blisters, 
segregation vesicles and segregation veins. Although not unique to this locality 
they are accessible and provide a particularly good illustration of the phenomena 
which occur in Auckland lava flows. 

INTRODUCTION 

The section of coastline between Takapuna Beach and Milford on Auckland's 
North Shore exposes lava flows which display a number of interesting and 
unusual features. The lava flows overran a forest and several of the features 
including tree and branch casts are a direct result of this. However, there are 
also pahoepahoe texture, gas blisters, pahoehoe toes and segregation veins and 
vesicles which are intrinsic to the flows themselves. 

The lava flows are easily accessible on foot from the northern end of 
Takapuna and the southern end of Milford Beach, or from the end of Earnoch, 
O'Neils and Brett Avenues. Although not unusual in an international sense the 
small scale features seen here are probably the best exposures in the Auckland 
Volcanic Field and their accessibility and variety makes of particular interest. 

This paper describes the lava flows and offers an interpretation of their 
various features. The flows form part of the Lake Pupuke Volcano. 

L A K E PUPUKE VOLCANO 

Lake Pupuke Volcano is one of 50 volcanoes in the Auckland Volcanic 
Field. It consists mainly of a wide explosion crater surrounded by a low angle 
tuff ring. On the south-western side of the tuff ring there are exposures of lava 
flows overlain by cinder (scoria) and lapilli-tuff which may represent a 
subsidiary eruption point. 

The sequence of eruptive events at Pupuke Volcano is considered to be an 
initial explosive phreato-magmatic phase which cleared the vent area of water 
saturated material, followed by the extrusion of lava accompanying Strombolian 
and Hawaiian eruptions. Finally phreato-magmatic explosions from vents within 
the present lake built the tuff ring. Lapilli-tuff from this eruptive phase can be 
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seen overlying the lava flows between Takapuna Beach and Thome Bay. 
Thermoluminescence dating of lava from Pupuke Volcano (Wood, 1991) 
indicates that it was active about 140,000 years ago. 
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Fig. 1. Locality map showing the location of lava flow features in the Takapuna lavas. 
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The lava flows on the coast overlie Pleistocene silts deposited as a result of 
estuarine accumulation (Bartrum and Turner, 1929). At the time of the 
eruption,sea level was lower than at the present time (Chappell and Shackelton, 
1986) and the Takapuna foreshore and surrounding areas carried a cover of 
coniferous forest including Kauri. 

The lava flows are porphyritic basalts containing prominent phenocrysts of 
olivine in a groundmass of plagioclase, clinopyroxene and iron-titanium oxides. 
In terms of normative classification schemes they are transitional basalts. 

L A V A FLOW FEATURES 

The lava flows exposed in the coastal section between Takapuna Beach and 
Milford display good examples of tree moulds, pahoehoe texture, tree casts, gas 
blisters, pahoehoe toes, segregation veins and segregation vesicles. These are 
easily viewed within a distance of about 500 metres immediately north of the 
Takapuna marina. Their position is indicated in Figure 1. They are described 
and interpreted below as they occur from south to north. 

Tree Moulds 

Tree moulds (Figs. 2, 3a & 3b) form when tree casts in earlier lava flows 
are infilled by a later flow. The conditions required for tree moulds to occur are 

Fig. 2. Lava bridge formed by lava flowing from one tree mould to another. Hammer for 
scale. 
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Fig. 3a and b. Tree moulds north Takapuna Beach. Hammer for scale. 
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fairly specific; a second lava flow must follow in the wake of a earlier flow 
leaving enough time for casts to develop but quickly enough so that the cast is 
not filled with other ash or debris. The area of the coastal platform immediately 
to the north of Takapuna Beach appears to have fulfilled these conditions. Here, 
there are at least two lava flows; the lower flow has its base below low tide 
level and is of unknown thickness, and the upper flow is < l m thick. 

The moulds occur as circular structures either flat lying within the lava or 
as raised stumps above the surface of the shore platform (Fig. 3a & b). They 
typically have slightly raised rims and depressed or hollow centres. Cooling 
structures and flow bands are aligned concentrically to the rim and vesicles are 
concentrated in the bands. The preservation of these tree moulds is due to 
different response to erosion of the different parts of the two lava flows. 

Pahoehoe texture 

Pahoehoe texture (Fig. 4) refers to a characteristic wrinkled or ropey surface 
which develops on some basalt lava flows. It is the result of dragging and wrink
ling of the solidifying but still plastic crust by the moving liquid magma beneath. 
Vesicles accumulate under the centimetre thick crust. Because the movement of 
the magma is fastest in the centre, the ropey-looking wrinkles are curved with 
their convexity pointing in the direction of flow. Often, however, this 

Fig. 4. Pahoehoe texture north Takapuna Beach. Hammer for scale. 
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direction is only that of local turbulence and not that of the flow as a whole. 
Although said to be characteristic of pahoehoe lava flows the ropey texture 

is often only present on a relatively small proportion of the total area. More 
common is a surface which is smooth or covered with small protuberances. Lava 
surface textures can be seen on the outcrops north of Earnoch and Brett Avenues 
although it should be noted that erosion by waves has modified or removed some 
of the finer textural details. 

Tree casts 

A tree cast develops where fluid lava engulfs the trunk or branch of a tree 
and freezes against it, often preserving the form of the tree in considerable 
detail. The sudden high temperature of the lava (typically 1100-1200°C) reduces 
the wood to charcoal or in the case of small limbs may vaporise the organic 
material completely. Where the wood is converted to charcoal lava may fill the 
cracks in shrinking material leaving a mould of the cracked surface. The 
phenomenon is frequently observed during eruptions in Hawaii where it is seen 
that the vegetative matter disappears essentially instantly for all but the largest 
tree trunks. 

Casts of various sizes are preserved along the coast to the north and south 
of Brett Avenue. The largest, just north of Brett Avenue is a vertical cast with 

Fig. 5. Tree casts (circular), pahoehoe toes (oval structures) and lava blisters (large oval 
structures), north of Brett Avenue. Field note book for scale. 
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a diameter of 1.3 metres and a depth of 3 metres representing approximately the 
thickness of the lava flow. This cast was interpreted by Bartrum (1941) as that 
of a Kauri tree engulfed by lava in its growth position. Bark imprints can be 
detected on the interior walls of the cast. 

Other well displayed tree casts are smaller and most commonly disposed 
horizontally (Fig. 5). They presumably represent branches or felled tree trunks. 

Pahoehoe toes 

The section of lava flow about 50 metres north of Brett Avenue reveals a 
number of roughly oval cross sectional forms fitted into each other, with a more 
or less concentric arrangement of rows of vesicles and in some cases with open 
centres (Fig. 5); these are termed pahoehoe toes (Macdonald and Abbott, 1970). 
Pahoehoe toes develop as small protrusions in front of an advancing lava flow 
and a succession of toes produces the interlocking structure observed. Pahoehoe 
toes can also be seen overlapping pahoehoe surface texture in the area adjacent 
to the large tree cast described above. Most pahoehoe toes are solid or nearly 
so. However, some are hollow. Since lava could not have drained away from 
the inside to leave an open space these hollow toes must be balloon like blisters 
inflated by the expansion of gas within them (see blisters below). 

Lava blisters 

Lava blisters are oval shaped cavities which form by expanding magmatic 
gas pushing up the overlying plastic surface of a flow. They may occur near the 
top surface of a flow or in the centre of pahoehoe toes (see above). Lava blisters 
are well displayed along the coast north of Brett Avenue where they range from 
a few centimetres to nearly half a metre across (Fig. 5). 

Lava blisters may be distinguished by their characteristic oval or convex 
upward shape from tree moulds (typically round in section). Some blisters have 
small spikey lava stalactites on their roof and lava driblets on their floor. Clearly 
the magma surrounding the blister was still hot and dripped from the upper to 
the lower surface of the blister. 

The local abundance of lava blisters in the Takapuna lava flows suggests that 
gas was unusually abundant and this is further indicated by abundant vesicles. 
Although many basalt lava flows do contain quite high concentrations of 
magmatic gas it is possible that in this case magmatic gas concentrations were 
augmented by methane produced by the hot anaerobic distillation of vegetation 
overrun by the lava flow. This suggestion is supported by the correlation 
between the occurrence of gas related features and abundant evidence for the 
existence of trees. 
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Fig. 6. Segregation veins in the lava flow below O'Neills Avenue. Lens cap for scale. 



Segregation vesicles 

Segregation vesicles are uncommon in lava flows. They develop at an 
advanced stage in the cooling of a flow where magmatic vapour-rich magma 
accumulates and cools at the bottom of larger vesicles. When solidified this 
material appears as a vesicular film up to a few millimetres thick in the bottom 
of the vesicle. They are interesting because they have a composition different 
from that of the lava flow as a whole and in some cases contain very small 
crystals of vapour phase minerals. 

Segregation vesicles occur in the Takapuna lava flows between Brett and 
O'Neils Avenues and in the outcrops on the southern side of Thorne Bay. They 
are small scale features and are best seen at the bottom of larger vesicles. 

Segregation veins 

Segregation veins are analogous to segregation vesicules in that they are also 
features which develop late in the crystallisation of lava flows. They are lensoid 
to parallel sided elongate structures which are markedly more vesicular than the 
surrounding rock (Fig. 6). Chemical analyses have shown that although they are 
related to the enclosing lava flow they have distinctive chemical compositions. 

In the Takapuna lava flows segregation veins occur about half to two thirds 
up from the base of the flow in the outcrop below O'Neills Avenue. They range 
up to 5cm in thickness but may thin to as little as a few millimetres; they are 
typically irregular and show both sub-vertical and sub-horizontal orientations. 
South of Thorne Bay segregation veins lie below segregation vesicles. 
Segregation veins develop the appearance of horizontal parallel plates as veins 
alternate with centimetre thick basalt (Fig. 7). 

Segregation veins are interpreted to represent the magma present at an 
advanced stage in crystallisation of the lava flow which has become concentrated 
in low pressure areas of the flow. It is probably significant that they are 
localised to the upper middle of the flow and only occur in its relatively thick 
(of the order of 3m) part of the flow. 

Glossary 

Hawaiian eruptions: continuous emission of highly gas-charged lava as a 
fountain. Characteristic of eruptions from volcanoes in Hawaii. 

Phreato-magmatic: explosive volcanic activity resulting from the direct 
interaction of magma with surface and/or groundwater. 
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Strombolian eruptions: small discrete explosive eruptions where a lava crust 
develops under which gas accumulates until sufficient pressure exists to 
explode the crust. Characteristic of eruptions from Stromboli volcano. 
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