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SUMMARY 

The two best fossil forests preserved by eruptions of Auckland's young basalt 
volcanoes are at Takapuna and Ihumatao. 

At Takapuna, pulses of lava have flowed through a dense forest of small trees 
and left the stumps as lava moulds. Most of the logs carried along by the lava 
have been aligned in the direction it was flowing (from WNW). 

Two distinct fossil forests are recognised at Ihumatao. Large, widely-spaced 
stumps and logs of the older forest are buried in peat which underlies later layers 
of volcanic ash. These are the remains of a mature podocarp (mainly kauri) 
forest. Logs in the peat are lying in all directions with peaks reflecting the main 
wind direction from the SW. A younger forest dominated by rimu, miro, hinau, 
kauri and tanekaha was growing on the site when it was overwhelmed and 
preserved beneath the first volcanic ash showers from nearby Maungataketake 
volcano about 29,000 years ago. The two main peaks of orientation of logs in the 
volcanic ash probably correspond to the main wind direction (SW) and the 
direction of volcanic blast (from NW). 

INTRODUCTION 

Auckland's 48 small basalt volcanoes have all erupted within the last 150,000 
years. Most erupted during the last Ice Age when sea level was lower than it is 
today and Auckland's Waitemata and Manukau Harbours would have been gently 
sloping, forested river valleys. 

The eruption of each of these young Auckland volcanoes presumably 
flattened, buried and at times incinerated the natural forest that was growing at 
the site and in the surrounding area. Fossilised remnants of these forests have 
been found beneath and within the deposits of a number of Auckland's volcanoes. 
The two best examples are exposed in the foreshore and low coastal cliffs at 
Ihumatao on the Manukau Harbour and at Takapuna on the Waitemata Harbour 
(Fig. 1). They provide an insight into the vegetation that covered the Auckland 
area during the last 150,000 years, prior to the arrival of humans and also 
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Fig. 1. Location of Takapuna and Ihumatao fossil forests within the Auckland volcanic field. 
Base map reproduced with permission of L . O . Kermode. 
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provide some interesting insights into how the forests were destroyed and their 
remains preserved. 

Previous work 
Bartrum and Turner (1929) noted that the lava flows northwest of Takapuna 

Beach "overlie Pleistocene silts deposited as a result of estuarine accumulation." 
Searle (1964, p.54) seems to have been the first to describe the Takapuna fossil 
forest which he says was formed when "thin lava flows surrounded large standing 
trees which became standing torches. None of the timber now remains but many 
circular holes in the lava flow show where the trees stood". Allen and Smith 
(1991) present a detailed description and novel interpretation of the Takapuna 
lava flows and fossil forest. They believe the tree stumps were preserved as "tree 
moulds formed when tree casts in earlier lava flows were infilled by a later 
flow." They also recognise "tree casts" preserved within the 3m thick section of 
lava flow, 200m or so north of Takapuna Beach. Kermode (1992, p.41) figured 
"lava tree-moulds" which he interpreted to be formed when "several thin lava 
flows moved through a forest and left hardened crusts around the boles of many 
trees which have since been destroyed." Thermoluminescence dating of lava from 
Pupuke Volcano suggests that it was active about 140,000 years ago (Wood 
1991). The reliability of this relatively new dating technique has yet to be fully 
tested. 

Both Hochstetter (1864) and Firth (1930) briefly described Maungataketake 
Volcano, but neither refered to the buried fossil forest. Searle (1959) mentioned 
the fossil "kauri forest" at Ihumatao where "much kauri gum has been recovered 
from the beach." Fergusson and Rafter (1959) used radiocarbon dating to assign 
a 29,000 +/- 1,500 year age to "a young sapling in position of growth" buried 
by the volcanic ash. Searle (1964, p.74) and Grant-Mackie (1979) expanded on 
earlier brief accounts with descriptions of the size and appearance of the large 
stumps and fallen logs exposed in the foreshore. Ricketts (1977) presented a 
stratigraphic column for this locality, noting that the kauri forest is preserved in 
a l m thick layer of peat between the Pleistocene Whau Formation and overlying 
tuff. He also recorded leaf impressions of rimu in the lower part of the tuff. 
Kermode (1992, p.39) figured a "shattered stump of a large tree snapped off by 
the explosive eruptive of Maungataketake." 

Most of the research in this paper was undertaken in May 1994 as a school 
science project by the senior author. Our observations do not agree entirely with 
all the previous published interpretations cited above. 
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TAKAPUNA REEF FOSSIL FOREST SITE 

Location 
The fossilised forest remains at Takapuna are preserved in-situ in the intertidal 

reef at the northwest end of the beach adjacent to the boat ramp and carpark. 
Moulds of fallen logs and branches that were caught up in the lava flow occur 
in the rocky shore platform and low cliffs for up to 200m northwest of Takapuna 
Beach. 

Preservation of fossil forest 
No wood or carbonaceous material remains. A l l has probably been incinerated 

by the heat of the engulfing lava flows. The in-situ stumps are preserved as 
hollow moulds of basalt lava that has cooled around them as it passed through, 
forming upstanding cylinders with lava skins 0.3-0.5m thick (Fig. 2). 

Fig. 2. Lava mould of tree stumps preserved in-situ at Takapuna reef. The hollow centre is 
where the wood has been incinerated. After the moulds had formed by lava cooling around the 
tree trunks, most of the remainder of the lava flow drained away leaving the moulds standing 
up above the lower crust of the flow. 
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Fig. 3. Columns showing local stratigraphic setting of Takapuna and Ihumatao fossil forests. 

Stratigraphy (Fig. 3) 
The base of the sequence is seen at high tide level at the back of the small 

sandy beach, 100m north of Takapuna Beach boat ramp and carpark. Here the 
lava flow is 4-5m thick and overlies 0.5m of basaltic tuff and lapillituff which 
sits on weathered rhyolitic silt, of probable Pleistocene age (cf. Bartrum & 
Turner 1929). 

A further 100m north, adjacent to the exposed concrete sewer line, a 6m thick 
basalt flow is present. The lower 5m is massive with occasional cooling joints 
and segregations of vesicles (Allen & Smith 1991). The upper 1-1.5m of flow is 
strongly laminated and cavernous, with numerous horizontal log and branch 
moulds preserved in lava. In places there is a pahoehoe cooling surface 
separating this upper layer from the more massive lower layer suggesting that 
there may have been several later surges of lava and pahoehoe tongues (Allen & 
Smith 1991) that flowed down over the earlier flow. Within these upper tongues 
there are numerous lava blisters and small lava tubes, some of which have their 
ceilings, walls and floors lined with lava stalactites, dribbles and stalagmites, 
respectively. 

Two 3+m high, 1.6m diameter, straight-boled tree moulds (presumably of 
kauris) have been preserved in the lava, 150m north of Takapuna Beach. One 
mould is filled with rubble and the other is now covered by a metal grill, to stop 
people falling into it. Access is possible from underneath and the impression of 
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bark is visible in the basalt walls of the mould. 
The basalt flow thins to the south, and in the vicinity of the preserved in-situ 

fossil forest must be no more than l-2m thick. Here the remains of two thin 
flows or flow pulses are discernable. The first appears to have flowed through 
the forest to a depth of l-2m congealing around the tree stumps, forming 
concentric moulds composed of 0.3-0.6m thick basalt (Fig. 2), before most of the 
fluid lava drained away. As the tree moulds formed, the surface of the flow also 
crusted over in some places and some of this is preserved as arches between 
closely-spaced stumps. However most of the crust that may have formed on top 
of the first flow has disappeared, probably being broken up by continued flow 
movement or collapsing under its own weight and being carried away by the 
flow. 

In parts of the forest there is evidence of a second smaller flow or pulse of 
lava that followed the first, but it reached a maximum depth 0.5m lower than the 
earlier flow. It has formed an additional, thinner mould around many of the 
existing tree moulds and in one place a second arch has formed between two 
stumps, 0.3m below the first. Less of the second flow or pulse drained away, for 
in many places a solid sheet of basalt fills the gaps between the tree moulds to 
a depth of 0.5-lm. 

Irregularities, depressions and even vesicularity in the flows in the south have 
been filled with fine volcanic ash, some of which has obviously been washed 
down into cracks and caverns. 
To the north, the flow is overlain by subaerially-bedded basaltic tuff and lapilli 
tuff which reach a thickness of at least 4.5m in some of the low cliffs. 

IHUMATAO FOSSIL FOREST SITE 

Location 
Huge stumps and fallen logs occur within peat and protrude from beneath a 

veneer of modern sand over a 300m length of foreshore adjacent to the low cliffs 
at the end of Renton Rd, southeast of Maungataketake (Ellett's Mt), Ihumatao, 
Mangere (Fig. 4). Stumps and fallen logs and branches occur within the lower 
layers of Maungataketake tuff in the cliffs behind the fossil forest that outcrops 
in the beach. 

Preservation of fossil forest 
The wood of the fossil stumps and logs preserved in the peat is nearly as 

fresh and hard as modern wood, probably as it has remained waterlogged since 
burial. The wood of the stumps and branches preserved in the tuff in the cliffs 
is more variable in quality. Some wood is fresh and hard, but the majority is 
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Fig. 4. In-situ stump (right foreground) and fallen logs of large kauri preserved in peat and 
exposed in the foreshore at Ihumatao. 

badly rotted or completely gone, leaving hollow moulds. 

Stratigraphy (Fig. 3) 
The local base of the sequence is seen in the low cliffs, 50m west of the 

access steps from Renton Rd, and also more extensively in the cliffs 150m 
further west. The basal unit consists of 3+m of massive, cream to pale brown 
rhyolitic mudstone (possibly a correlative of the Whau Formation). The upper 
0.1-0.3m of this unit is weathered and variably carbonaceous, with characteristics 
of soil development. In some places numerous tree roots are preserved within its 
upper part. 

The cream mudstone is overlain by a 0-lm lens of black, carbonaceous 
mudstone and peat containing numerous in-situ stumps and fallen logs, branches 
and pieces of kauri gum. This lens wedges out to nothing, 150m west of the steps 
and appears to be the unit that preserves all the tree stumps and large logs that 
are exposed in the adjacent intertidal flats. 

The carbonaceous mudstone and peat is overlain with an irregular contact in 
the cliffs, by 8m of cm-bedded grey-brown tuff and minor lapillituff. The 
irregular contact may be a result of compaction and water escape from the 
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underlying peat, under the load of tuff. This is particularly apparent in the cliffs 
where several large stumps from within the peat, having c. 0.1m of peat layered 
over the top of them, now project about 0.5m up into the tuff above the more 
general top of the peat. Thus there has been little or no compaction where the 
stump exists, but the present l m thick peat layer surrounding it appears to have 
compacted down from about 1.5m thick. 

The basal layers of fine tuff contain scattered blocks (up to 0.8m diameter) 
of unbaked country rock (Te Kuiti Group limestone and siltstone; Waitemata 
Group sandstone and mudstone) that were presumably blasted out from deep in 
the throat of Maungataketake volcano. 

Some smaller in-situ tree stumps and trunks, up to 0.3m diameter (Fig. 5), 
were apparently alive at the time of the first eruptions as their stumps and trunks 
extend l-2m up into the overlying tuff. The lower lm of tuff also contains 
abundant, smaller fallen logs and branches, many of which have rotted away 
leaving moulds. Leaf fossils are present scattered through the lower 0.3m of fine 
tuff. 

Leaf fossils (R l l / f l 87 ) 
Well preserved leaf fossils occur along the contact between the peat and tuff 

and also within the lower 0.3m of fine tuff. The most abundant leaf material is 
of rimu (Dacrydium cupressinum), hinau (Elaeocarpus dentatus) and miro 
{Podocarpus ferrugineus), with less common kauri (Agathis australis) tanekaha 
(Phyllocladus trichomanoides) and the monocot Dianella. Several other types are 
also present but identifiable leaf specimens have not yet been found. The great 
abundance of hinau, rimu and miro leaves where we collected may have been 
local concentrations beneath trees of these species. 

The presence of the leaves confined to the lower 0.3m of tuff suggests that 
the leaves were stripped from the trees by falling ash or dropped as a result of 
the trees being killed by the ash. By the time 0.3m (compacted thickness) of ash 
had accumulated all the leaves of the standing trees had fallen. It took longer for 
all the branches to fall, as they extend up to lm into the ash. 

S IZE A N D D E N S I T Y O F F O R E S T T R E E S (Figs. 6-8) 

The stumps of trees or shrubs smaller than about 10cm diameter do not 
appear to have been preserved at either site. They presumably did not provide 
sufficient cooling surface for the lava to congeal around at Takapuna and 
probably quickly burned right through. At Ihumatao they presumably have rotted 
completely away, although in one clean exposure of the underlying cream 
mudstone in the high tide beach, a number of roots (l-10cm diameter) are 
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Fig. 5. In-situ stump and trunk of a tree that was killed and buried by the volcanic ash from 
Maungataketake and is now seen in the cliffs, 30m west of the Rentons Road access steps, 
Ihumatao. 
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present, but this was the only place. 
Measurements of the stump diameter of more than one hundred in-situ trees 

at both fossil forests (Fig. 8), show that the trees at Takapuna (diameter 10-
50cm, average 26cm) were generally much smaller than those in the peat at 
Ihumatao (diameter 10cm-3m, average 74cm). 

Mapping of the two fossil forests (Figs. 6, 7) shows that the smaller trees at 
Takapuna grew a lot closer together (density 1 tree per 20m2) than the larger 
trees grew in the peat at Ihumatao (density 1 tree per 60m2). 

Clearly the two fossil forests were quite different in character and 
composition. A l l wood and plant material has been completely incinerated at 
Takapuna, so we have no chance of knowing what trees were present, apart from 
the two large moulds that are inferred to be kauri. At Ihumatao, the wood is 
well-preserved and offers future opportunities for determination of the range of 
trees present. The large size of many of Ihumatao stumps and the long, straight 
boles of some of the prone logs in the peat are indicative of podocarps (especially 
kauri). The presence of abundant kauri gum in the swamp deposits and also 
within many of the stumps positively identifies a significant portion of the 
Ihumatao trees as kauri (Agathis australis). 

O R I E N T A T I O N O F F A L L E N L O G S (Fig. 9) 

The orientation of fallen logs was measured in 10° increments and plotted on 
rose diagrams to show trends. 

Measurements on 24 logs within the lava flow at Takapuna show that most are 
oriented WNW-ESE. The flowing lava has picked up and carried these logs 
along, apparently aligning most of them in one direction. As the direction of 
Lake Pupuke and the lava flow source is from the west, it seems most probable 
that the logs have been aligned parallel to the direction of flow, which in this 
locality was therefore towards the ESE. 

Measurements on 49 fallen logs within the peat deposits in the foreshore at 
Ihumatao show that they are lying in all directions, with three peaks oriented N E -
SW. This orientation is transverse to any possible volcanic blast that could have 
come from any of the nearby volcanoes and as the logs are preserved in the peat 
deposits, they were probably felled by strong winds and storms, prior to any 
nearby eruptions. The log orientation peaks would therefore indicate that the 
dominant direction of strong winds was from the N E or SW. The dominant wind 
direction for the Auckland area today is from the SW. 

Measurements on 36 fallen logs within the lower parts of the tuff deposits in 
the cliffs at Ihumatao show a different pattern from those in the underlying 
swamp deposits. The logs are almost entirely oriented in an arc between NW and 
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Fig. 8. Bar graphs showing diameters of in-situ tree stumps in Takapuna and Ihumatao fossil 
forests. 

NE to between SE and SW, with peaks at NW-SE and NE-SW. The craters of 
Maungataketake are NW of the fossil forest and volcanic explosion shock waves 
associated with the early ash eruptions could have produced the peak of NW-SE 
oriented logs. The peak of NE-SW oriented logs could have been killed by the 
volcanic eruptions and fallen under the weight of accumulated ash while a strong 
NE or SW wind was blowing. 
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Fig. 9. Rose diagrams showing orientation of logs within: a. the lava flow at Takapuna; b. the 
volcanic ash at Ihumatao; and c. the fossil swamp peats at Ihumatao. 
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C O N C L U S I O N S 

About 140,000 years ago, several pulses of basalt lava from the fledgling 
Pupuke volcano flowed through a nearby forest of moderate to small-sized trees, 
probably of mixed broadleaf and podocarp composition. The forest was killed 
and torched and moulds of the stumps and lower trunks preserved, standing up 
above the level of the cooled lower portions of the flows that remained once the 
lava had drained away. These moulds were soon buried by volcanic ash from 
Pupuke and have remained buried and therefore protected from natural erosion 
until the last few thousand years when they have been exhumed by coastal 
erosion which has removed the overlying softer ash and left the lava flow and 
forest as a hard intertidal reef. Later pulses of the lava must have entered 
adjacent forest, picking up branches and logs that were carried along and largely 
aligned parallel to the flow direction before their shape was preserved as moulds 
set in the cooling lava and their wood incinerated by the intense heat. 

Prior to the eruption of Maungataketake volcano, part of a mature kauri forest 
that was growing in the Ihumatao area was probably invaded by water with the 
creation of a local swamp, which may have eventually killed most of the trees. 
Their huge stumps and large fallen trunks, possibly felled during periods of high 
winds from the SW, are preserved in peat that accumulated in the swamp. 

About 30,000 years ago, when Maungataketake erupted, a mixed podocarp 
broadleaf forest of smaller trees dominated by rimu, miro, kauri, hinau and 
tanekaha, was growing over the local area, including the possibly somewhat drier 
peat swamp. Outwards eruption blasts may have knocked over some of the trees 
as this forest was smothered in ash. Leaves were stripped from the dying trees 
and accumulated in the lower layers of ash. Branches and tree trunks continued 
to fall for some time, possibly assisted by strong SW winds. The remains of this 
forest were buried and preserved by further ash and have remained there until the 
last few thousand years when coastal erosion of the soft deposits has exhumed the 
younger forest in the cliffs and the kauri forest (preserved in the peat) in the 
foreshore. 
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