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Summary

Th e Tara Road sites, recorded as U14/2880, U14/3230 and U14/3231 in the New 
Zealand Archaeological Association site fi le, were investigated in April and may 
2007 under New Zealand historic Places trust authorities 2006/209 and 2005/240. 
Eight areas were opened up of which fi ve main areas were investigated. 

Th e archaeology, particularly of U14/2880 (Areas A–F), had been badly dam-
aged by ploughing but substantial midden deposits and associated earth ovens 
were found. Several small bin pits were also found.

U14/3230 (Areas G and H) was much less damaged. Further pits, one a large 
circular feature, and a possible house fl oor were excavated. Th e midden here was 
much deeper and was clearly stratifi ed. An unusual deep, narrow trench extended 
across part of Area G.

U14/3231 was badly damaged by rabbits and only small patches of midden 
remained intact.

Few artefacts were recovered: fi ve Mayor Island (Tuhua) obsidian fl akes and a 
fi shing sinker.

Twenty-fi ve 10 litre midden samples were analysed. Th ese, like most Papamoa 
middens, were dominated by tuatua (Pahphies subtriangulata) and ostrich foot 
(Struthiolaria papulosa) but showed considerable variation, even between adjacent 
samples.

Fish remains were few; mackerel (Trachurus sp.) were most common. Dog, kiwi 
and pukeko bone were also identifi ed.

A pollen core from the adjacent swamp showed that taro (Colocasia esculenta)
was grown there.

Radiocarbon dates showed that Areas C and H dated to ca. AD 1400–1700, 
typical of Papamoa sites. Area G dated to much later than is usual for Papamoa and 
demonstrates continued use of the dune plain into late prehistory.
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Archaeological sites on three lots on the Papamoa dune plain north of Tara and 
Parton Roads and east of Longview drive, Papamoa (Figure 1) were investigated 
between 16 April and 3 May 2007 under the conditions of authorities 2006/209 and 
2005/240 issued by the New Zealand Historic Places Trust under Section 14 of the 
Historic Places Act 1993. 

Th e sites were investigated in advance of three adjacent developments taking 
place concurrently: Th e LS Johnson Trust developed a residential subdivision at 
Longview Drive, Pt lot 5 DPS 88154; Tauranga City Council developed sporting 
facilities on the Alice Johnson Reserve, Lots 2 and 7 DPS 88154; and the Ministry 
of Education developed educational facilities on Lot 3 DPS 88154. Th ese lots con-
tained sites U14/2880, U14/3230 and U14/3231 respectively, referred to here as the 
Tara Road sites – the intact part of U14/2880, the most substantial part of the 
midden, is just to the west outside the development area and is protected from 
future development by the Historic Places Act and order of the Environment 
Court. Archaeological investigations are reported here in a single report.

U14/2880 and U14/3230 are only recorded as separate sites as they are on sepa-
rate land titles – in reality they are single site located on the low dune directly 
south of the Wairakei River channel (now much modifi ed and also referred to as 
Papamoa main drain) and they are addressed as one site in this report. U14/3231 
is a separate, much smaller site on a low dune 250 m to the south. Th e Tara Road 
sites are remnant elements of what was once an extensive and complex landscape 
of prehistoric settlement along these dunes. Th e main body of this former archaeo-
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logical landscape was on the northern side of the Wairakei and extended as far as 
the foredunes (Frederickson et al 1996).

U14/2880/3230 discontinuously covers an area of about 2.7 ha. Nine areas, Areas 
A to I, totalling 0.34 ha, were excavated (Figure 2). Th e sites were located on con-
solidated dunes mantled with Kaharoa and Taupo tephras. Recently these dunes 
have been used to graze dairy cattle. Preservation of archaeological remains was 
variable between the three sites. Th e fi eld where U14/2880 was situated had been 
deeply ploughed and many of the excavated areas were disturbed by plough lines. 
U14/3230 was not aff ected by such activity and subsurface archaeological remains 
were well preserved. U14/3231 had been badly aff ected by rabbit burrowing. 

Research design

Th e archaeology of Papamoa is not well known. Th is may seem surprising given 
the extent of recent residential development and the requirements of the Historic 
Places Act that archaeological sites to be destroyed are fi rst adequately docu-
mented. Unfortunately these requirements have not been as stringently enforced 
as they might have been and a combination of poor quality investigation and piece-
meal site destruction has resulted in a generalised methodology of test pitting and 
trenching in place of extensive excavation. Good quality excavations are few and 
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far between and there has not been an overarching research strategy. We address 
these points again in the conclusion, but they also impact on the research design. 
We are really still in the process of fi nalising our preliminary understanding of 
Papamoa, fi nding out its general character and answering the basic questions such 
as the nature of subsistence and settlement and relations between people and the 
environment. Th e Tara Road investigations are intended to contribute to this base-
line understanding. In due course a review of the archaeology of Papamoa should 
be undertaken in order to inform the next stages of investigation, when more subtle 
questions such as the extent of variation in space and time can be addressed. 

Four primary research priorities were identifi ed for the excavation, intended to 
build on the baseline already available, however limited that may be, and to look 
towards answering or, at least, asking, some new questions.

Midden analysis

Firstly, we want to understand the middens. Sites on the Papamoa dune plain are 
characterised as middens, but there is much we have yet to understand about these 
features. In addition to standard midden analysis (identifying and counting spe-
cies) it is important to understand the structure of middens: what processes caused 
their buildup; what economic activities resulted in these processes; were they built 
up in a single episode or numerous related or unrelated episodes. Once the mate-
rial has been deposited we need to understand what processes subsequently aff ect 
the deposits, either during occupation or aft er site abandonment. Th e problem of 
midden structure was identifi ed for New Zealand archaeology by Wal Ambrose in 
1963 but in the intervening half century there has been little theoretical or method-
ological progress on this topic. Investigation of the Tara Road sites is part of a wider 
project that seeks to develop the methods needed to address these questions.

Disturbed soils

We noted during our initial assessment (Campbell and Gumbley 2004) that top-
soil development was deeper on the dunes than in the swales. Normally we would 
expect this to be the other way around, and considered it most likely to be the 
result of human activity, perhaps pre-European Maori gardening. On investiga-
tion, however, these soils were not found to be garden soils.

Other features

Features other than shell deposits are usually associated with middens. Th ese tend 
to be earth ovens, postholes or pits, and may be part of the midden or located 
nearby. Determining the overall spatial arrangement of the site and the activi-
ties that took place over the wider area are important in addressing the fi rst two 
research questions – the disturbed soils could equally be considered under this 
topic. Previous investigations that have relied on limited sampling and test pitting 
have treated the Papamoa sites as though they consisted solely of shell dumps, 
though recent improvements in investigation methodologies have resulted in an 
improvement in this approach.

Sequence and dating of occupation

Multiple phases of occupation have been identifi ed during some of the archaeo-
logical investigations carried out at Papamoa, indicating the complexity of occu-
pation on the dune plain. For example, U14/2841, another nearby site on the L.S. 
Johnson Trust land (Fredericksen et al 1995), had several episodes of occupation 
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related to an annual cycle of specialised shellfi sh exploitation. Four radiocarbon 
dates indicated that the occupation had occurred between approximately AD 1400 
and 1650. It was concluded that there was no great temporal hiatus between the 
diff erent episodes of site use, and that this particular site was used seasonally over 
a period of a few generations. 

A similar picture of seasonality was given by investigations at the Royal Palm 
Beach Estate site, U14/2717, which is 4 km to the north west of U14/2841. Th is 
temporary camp site returned dates that placed the midden deposition in the mid 
1500s, with some later dates suggesting possible continued activity into the late 
1500s to early 1600s (McGovern-Wilson 1995: 39–40)

Two sites at Bluehaven Developments excavated by Gumbley and Phillips, 
U14/3113 and U14/3116, were described as typical of sites on the Papamoa dune 
plain. Th ey were located 300 m and 450 m from the coast respectively and 250 m 
and 100 m from the paleochannel of the Wairakei River. Th e two sites dated about 
150 years apart. U14/3113 was occupied in the mid 1500s and had discrete areas 
of cooking with extensive areas of gardening activity disturbing much of the ear-
lier phase of occupation. Th e later site, U14/3116, was dated to the late 1600s and 
showed two distinct phases of domestic occupation that were separated by a layer 
of mixed soil that was interpreted as the remains of gardening of kumara (Gumbley 
and Phillips 2004: 15), supported by the detection of kumara starch grains. Th e 
authors concluded that small kainga on the dune plain could be securely associated 
with both gardening and marine resource exploitation at this time.

Overall, dates for the dune plain sites at Papamoa currently range from AD 
1400 to around AD 1700 or a little later. Understanding the wider sequence for the 
dune plain and how the Tara Road sites fi t into that sequence is a priority.

Method

Areas for further investigation were chosen on the basis of test pitting and prob-
ing across the sites (Campbell and Gumbley 2004; Gumbley 2006) which located 
shell midden deposits and permitted some understanding of the extent and nature 
of cultural modifi cation of the soil profi le. Area B and the northern strip of Area 
C were also opened up in order to test the crests of the dunes where no topsoil or 
cultural soil had been detected (Figure 2). Two trenches, Areas D and I, were cut to 
expose the soil profi le across the dunes in order to understand the geomorphologi-
cal processes aff ecting the dune ridge. 

A hydraulic excavator was used to strip the topsoil from all areas excavated. 
Th is was done under the supervision of an archaeologist or Nga Potiki iwi monitor, 
Robert Bidois. Th e exposed surface and any visible features were cleaned down and 
excavated by hand. 

Features were recorded on a handheld computer (iPaq 4750) using Data on 
the Run 5 soft ware, which was synchronised with a desktop MS Access database. 
Feature type, fi ll/s, inclusions, dimensions, shape, relationship to other features, 
as well as excavator and date were recorded along with notes. Each feature was 
given a context number and any material collected from it was given an individual 
sample number, independent of its context number. Artefacts were given individ-
ual sample and context numbers. Consecutive context and sample numbers were 
used across all excavated areas. 

Digital photographs were taken of features and sections. Section drawings were 
made of some features with multiple fi ll layers and of complex parts of area sec-
tions. Each feature and all of the excavation area boundaries were mapped using a 
Leica 1200 robotic total station onto New Zealand Map Grid.
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Sampling

All shell middens were sampled by excavating targeted 1 x 1m grid squares. Midden 
was removed in 50 mm spits, with one 10 litre sample taken from each spit. From 
the large midden in Area H a total sample was retained from one grid square with 
visible stratigraphy and where there was a small, dense concentration of fi shbone 
though on analysis the minimum numbers were not high. Samples were also taken 
from many of the earth ovens containing midden or burnt, crushed shell and ash. 
Th ese were also 10 litres, unless the total sample available was less than that amount. 
A number of features were found that contained caches of stones and some earth 
ovens had in situ clusters of oven stones. All clusters of stones were weighed. 

Swamp coring

A pollen core was taken by Mark Horrocks of Microfossil Research Ltd from the 
swamp deposits immediately north of the dune, in an embayment of the Wairakei 
River Channel, to provide a detailed paleoenvironmental history (Figure 2). Several 
auger samples were also taken to determine the presence and depth of the Kaharoa 
tephra (Figure 2). Th is was undertaken on the basis that an in situ Kaharoa tephra 
surface would refl ect the swamp and stream profi le at approximately the date when 
settlement happened. 

U14/2880/3230

Areas A, C, E, H and G were the main focus of excavation. Areas B and D were 
test trenches while Area F contained very few archaeological features. Areas A–F, 
located on the LS Johnson Trust land, were noticeably damaged by ploughing. In 
Areas G and H on the Alice Johnson reserve the undisturbed archaeological evi-
dence was much denser and more complex.

Area A

Area A was located at the west of the development block on the south slope of the 
dune. Probing and test-pits had shown that the subsurface midden shell was present, 
and it was adjacent to the reserve which contains more of the site’s midden. 

Plough lines in this area were very clear and deep (Figure 3). A few earth ovens 
and postholes were found, largely on the south face of the dune (Figure 4). Earth 
ovens were generally shallow and oval or circular containing charcoal-stained 
sand. Some also contained burnt, crushed 
shell and oven stones. Five round postholes 
were uncovered, but they were dispersed 
and did not form any obvious patterns.

Th e midden was made up largely of 
ostrich foot (Struthiolaria sp.) and tuatua 
(Paphies subtriangulata) with occasional 
scallop (Pecten novaezelandiae) and was 
generally 150 mm thick. A lot of the shell 
was burnt and crushed but there was an 
increase in whole ostrich foot at the base. 
An earth oven (Feature 134) beneath the 
midden, fi lled with dark charcoal-stained 
sand, showed that cooking had taken place 
prior to the buildup of the midden.

3. Plough lines in Area 
A.
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Area B

Area B was a trench running east–west along the crest of the dune, excavated in 
order to test the crest for archaeological features. None were found, nor were any 
plough lines seen, although these were ubiquitous elsewhere on the dune. Th is 
indicates that the surface of the crest of the dune has reduced by at least 250 mm 
since it was ploughed and was probably caused by a combination of wind erosion 
and stock traffi  c. this reduction explains the lack of archaeological features. 

Area C

Probing and test pitting had indicated that Area C, on the fl at area south of the dune 
to the east of the site, contained some of the densest deposits (Figure 5). Plough 
lines were clearly visible in this area and they had caused substantial disruption 
to many features. A large midden at the centre of this area had been disturbed 
by ploughing. Five sample squares were excavated and showed that the midden 
ranged from 70 to 200 mm thick. In some of the sample squares it could be seen 
that plough lines containing fragmented shell continued 50 mm below the base of 
the midden into the dark soil underneath.

Th e midden overlay a tight cluster of earth ovens, most of which were fi lled 
with a dense matrix of burnt, crushed shell and dark charcoal-stained sand. More 
earth ovens were found elsewhere in the area, many of which had been damaged 

4. Plan of Area A. 
Features mentioned in 
the text are numbered.
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by the plough. Th ere were a few postholes in the area, some in clusters, though no 
clear patterns or alignments were visible. 

Area D

Area D was a trench running from the crest of the dune in the north, out across the 
fl at swale to the south. Deep plough marks were clearly visible in the west profi le of 
the area (Figure 6). Only two small patches of midden and a small earth oven were 
observed in the trench. At the toe of the dune a deep buildup of redeposited char-
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stone cache

posthole

Area F
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110

10

metres

0

109

130 73

80

5. Plan of Areas C and 
E. Features men-
tioned in the text are 
numbered.
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coal-stained soil and topsoil, up to 600 mm deep, overlay a layer of mixed charcoal-
stained sand and Kaharoa tephra above the natural yellow sand. Th is has resulted 
from both pre-European Maori occupation on the dune and from modern farming 
practices. Given the absence of plough marks on the dune crest, a substantial depth 
of soil has disappeared since it was fi rst ploughed, contributing to the buildup of 
soil at the toe of the dune.

Area E

Th is area was located on top of a raised knoll to the south of Area C (Figure 5), 
where test pits and probing indicated dense deposits. Midden shell could be seen 
in the disturbed ground around a water trough in the middle of the area where an 
area of 1 to 1.5 m around the trough had been worn away by cattle trampling.

Th e knoll was covered by a large midden under which earth ovens, bin pits 
and caches of oven stones were clustered. Th e northern part of this area particu-

larly appears to have been used for cooking 
activities before the midden was deposited. 
Th e area had also been badly aff ected by 
ploughing.

In the northern portion four 1 x 1 m 
squares were sampled. Here the midden 
was between 120 and 200 mm thick. In the 
southern portion, two squares were exca-
vated which showed the midden here to be 
very dense, between 100 and 180 mm thick 
and fi lled with whole tuatua and ostrich 
foot.

Feature 136 was a layer of fi ne black soil 
that lay just under the northern potion of 
the midden. Th is sandy layer contained 
fi shbone and became increasingly charcoal-
stained as it descended the slope. Many of 
the features uncovered under the midden 
sat on or cut through this layer, showing 
them to postdate it. It may be that the layer 
built up due to cooking activity nearby. It 
was largely undisturbed by ploughing and 
was approximately 100 mm thick. 

Th ere were 29 earth ovens in this area. 
Most of these were tightly clustered under-
neath the midden and cut into the black 
soil layer. Some were scoops fi lled with 
shell from the overlying midden and had 
probably had their original contents and 
any evidence of burning raked out. Others 
contained dense, burnt, crushed shell and 
charcoal-stained sand. Th ey ranged in size 
from 500 mm up to one large oval 1080 mm 
across and from just 50 mm deep to 230 
mm. In the rest of Area E, four earth ovens 
lay under the southern part of the midden. 
Th ese were also circular scoops similar to 
those mentioned above. Another six scoops 

6. West profi le of Area 
D, showing clear 

plough marks.

7. Feature 129 
was a cache of 

oven stones sit-
ting on the black 

soil layer.
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were not covered by midden at all. One of these, Feature 80 contained three small 
fl akes of obsidian.

Two caches of oven stones were found sitting in small depressions in the black 
soil layer at the toe of the dune (Figure 7). Th ere was no other shell or other midden 
material surrounding them.

Th ree pits were discovered under the northern potion of the midden. Feature 
73 was a large (600 x 540 mm x 730 mm deep), round bin pit fi lled with crushed, 
burnt shell and a lot of fi shbone (Figure 8). Its shape is shown in the profi le draw-
ing, Figure 9. Nearby, was a very small bin pit, Feature 109, also shown in profi le in 
Figure 9. It was undercut and had four large stones, mostly fi recracked, placed on 
top of the opening. Th e pit was fi lled with clean tuatua and ostrich foot. It was 180 
mm in diameter at the surface, opening out to 300 x 200 mm at the base and was 
300 mm deep. Neither of these pits appeared to have been truncated by ploughing. 
Another small pit, Feature 130, had a similar fi ll to Feature 109. Some of its edges 
were unclear and it may have been disturbed by tree-root growth. 

A few postholes were discovered in the area: one clustered group not covered 
by midden and three single postholes under the midden. Th e cluster was of small 
postholes around one larger posthole or small pit (Feature 110) measuring 300 x 
270 mm x 200 mm deep while those around it were much smaller (70–180 mm 
diameter; 70–130 mm deep). Th ey were all fi lled with clean grey sand that had no 
inclusions. Th ere were several other small round postholes under the midden that 
did not appear to be associated with features. 

Area F

Th is was a small fl at area between Area 
C and Area D where probing had located 
midden but only two small patches of 
tuatua were found here. Th e midden loca-
tions and extents were recorded but they 
were not excavated.

Area G

Th is was a large U-shaped area running 
from the crest of a rise on the dune, down 
to the base of the dune (Figure 10). Within 
the U was a shallow gulley. Features in the 
‘arms’ and ‘base’ of this U-shaped area are 
described separately here.

Th e western arm of Area G, at the top 
of the ridge, contained six earth ovens and 
one posthole, all of which were clearly dis-
tinguishable from the orange sand of the 
dune. Four of the earth ovens were fi lled 
with burnt, crushed shell and black char-
coal-stained sand while the other two were 
only small scoops of black charcoal-stained 
sand. One small, circular posthole was also 
uncovered. A modern pit containing sheep 
remains was found in this area, one of sev-
eral recent sheep and cattle burials found 
during course of the excavation.
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Kaharoa ash

Taupo ash
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8 (top). The large bin 
pit, Feature 73. 
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Th e northern section of Area G, the base of the U, contained several defi nite 
earth ovens and a few possible earth oven bases. Many features in this area were 
poorly defi ned and recorded as ‘possible’ postholes or earth oven bases. A series 
of depressions fi lled with pale brown sand appeared to have been natural features 
which were likely the result of tree roots or rabbit burrows. 

Two patches of midden were uncovered, Features 155 and 167. Both extended 
from the southern baulk and contained tuatua, ostrich foot and fi shbone. One 
sample square was excavated in each, showing them to be approximately 70 mm 
deep and overlying a layer of charcoal stained soil 100 mm thick. 

Th e earth ovens here were mostly located along the southern edge of the exca-
vated area, underneath, or to the west of the midden. Th ey were typically large, 
oval or round scoops. Feature 146 was a small pit, 400 x 300 mm x 300 mm deep, 
containing the same fi ll of burnt crushed shell and charcoal as the earth ovens.
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Dispersed postholes were found in the area, which were typically round and 
fi lled with grey-brown sand, but no groups or alignments were seen. 

Feature 163 was the cut for a small terrace on the shoulder of the northern face 
of the ridge. Th e cut measured roughly 3000 x 2000 mm and was 500 mm deep. 
Th e soil that fi lled it was built up in layers of grey-brown and dark brown soil with 
occasional fl ecks of charcoal and shell fragments. Th e layers also varied in how 
compact they were (Figure 11). At the very base the brown soil was mottled with 
the yellow sand below and its surface was fl at. 

Th e eastern arm of Area G was much more densely packed with features than 
the rest of the area. It contained four concentrations of midden (Features 236, 240, 
262, and 270), which typically had earth ovens and caches of oven stones around 
and under them. Midden 240 sat in a clear, deep, circular pit (Feature 320). Th e 
midden had been truncated during removal of the topsoil and cleaning down, but 
prior to that had probably spread wider around the pit. What remained sat in the 
hollow created by the pit, making up the top 200 mm of its fi ll. Th e midden con-
tained whole and crushed tuatua and ostrich foot, with dispersed charcoal lumps. 
Cut into the midden were three earth ovens, Features 270, 271 and 329. Feature 270 
had clearly defi ned layers of charcoal and shell in it, perhaps representing succes-
sive depositions of material in a disused scoop. Th ese can be seen in Figures 12 and 
13, which show the cross section of the fi ll of Feature 320.

Feature 320, the pit this midden sat in, was rounded, measuring roughly 3000 
mm in diameter and had a maximum depth of 700 mm. It had steep sides and 
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12. Section drawing of 
the large pit, Feature 
320, showing the 
midden (Feature 240) 
forming the upper 
layer of fi ll. 
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a fl at base. Two postholes, fi lled only with 
clean sand, were cut into the base in the 
north of the pit, while one other and a bell-
shaped bin pit (Feature 334) were cut into 
the south-western and north-western sides. 
Th e bell-shaped pit was fi lled with whole 
tuatua shells, quite distinct from the matrix 
of the midden. Further earth ovens were 
located around the top of the pit. 

To the west of Midden 240 was another 
area of midden, Feature 236. Th is was 180 
mm thick and covered seven large earth 
ovens and eight postholes of varying size. 
One of the earth ovens, Feature 201, had 
two small piles of oven stones to either side 
of it. Each pile of stones sat in a small hollow 
containing blackened sand, fi shbone and 

shell. One of them cut slightly into the top of the earth oven and so clearly post-
dated it. Both contained relatively small stones only (average 50 mm across) and 
the stone clusters weighed 3500 g and 2000 g respectively. 

Other stone features were uncovered in the area to the south of these. Some of 
these clusters of stones had the appearance of being a pile of oven stones in a small 
hollow where they had been burnt, or placed aft er removal from an oven, and so 
appeared to have been left  where they were used. Other collections of stones were 
packed into small pits and had clearly not been burnt. Th ese had the appearance of 
a cache, where stones had been set aside for later use.

Feature 185 was a cache of stones packed tightly into a small, straight-sided, 
fl at-based pit, fi lling the pit completely, with a small amount of charcoal-stained 
sand matrix. Feature 458 appeared to be just a small cluster of oven stones on the 
natural subsoil, but below them a very large number of small and medium sized 
(up to 100 mm across) stones were packed tightly into a small pit (Figure 14, Figure 
15). Th e pit had straight sides and no other fi ll or signs of burning. Th e total weight 
of the stones was 2000 g. Other features consisted of small clusters of oven stones, 
all of which had clearly been burnt, in shallow depressions in the ground.

Of particular note was Feature 187, a trench measuring over sixteen metres 
from end to end and on average 250 mm wide and 180 mm deep. It ran in a straight 
line west–east across this part of Area G and did not taper out, but simply came 
to a regular, squared end (Figure 16). Th e trench was fi lled with a mottled mix 

13. Photo of the cross-
section of the fi ll of 

feature 320. Two earth 
ovens, Features 329 

and 270, can be seen 
in the section. Photo 

taken facing north.

14 (left). Feature 458 
was a small pit that 
was densely packed 

with stones. The 
stones that came out 

of the pit are shown 
here on the left and 

all together weighed 
2000 g.

15 (right). Profi le of the 
bin pit Feature 458.

brown
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of very fi ne, clean black soil and fl ecks of 
Kaharoa tephra. Th e profi le of the fi ll was 
generally consistent along its length with 
that shown in Figure 18. Th e lower part of 
the fi ll appeared to include elements from 
collapse of the sides as well as stones. Two 
oven features were formed over the top of it 
and at its western end it had fi lled with shell 
from the midden above (Figure 18). We do 
not know what purpose the trench served, 
it appears that the earlier activities in this 
area were of a diff erent nature to the later 
cooking activities that took place here. 

Th e trench appears to be early in the 
development of the site, since it did not cut 
through other features and was overlain 
by two earth ovens and the lens of midden 
(Feature 265) at its western end, shown in 
Figure 18. Th is midden was only 50 mm 
thick in most places, though it was 200 
mm thick where it slumped into the top of 
the trench. In the west baulk of the exca-
vated area it overlay another thin spread of 
midden (Feature 430), the two being sepa-
rated by up to 100 mm of soil. 

Th e rest of the eastern arm of Area G 
contained several earth ovens and, particu-
larly in the south, a large number of small, 
scattered stakeholes and postholes. Th e 
stakeholes oft en appeared in tight clusters 
and were typically fi lled with clean, soft , 
black fi ll, though no patterns or alignments 
are discernable beyond this clustering. In 
this area there was also a roughly rectan-
gular area where the Kaharoa tephra sub-
soil was hardened and compacted. It meas-

black

shell midden

grey sand

coarse Kaharoa

coarse Kaharoa with black mottles

black with grey mottles

coarse Kaharoa

N S

fine Kaharoa mixed fill with mottles of fine Kaharoa

lenses of fine water deposited light and dark grey sand

1

m

0

16. Feature 187. 
Photo taken 
facing east.

17. Profi le of 
Feature 187 at 
its western end 
before Area G 
was extended 
to discover its 
extent. The pic-
ture shows where 
shell midden, 
Feature 265, 
slumps into the 
top of the trench.

18. Section drawing 
of Feature 187 at its 
eastern end.



14  Tara Road
 

ured 2500 x 1600 mm and was tentatively 
labelled a fl oor feature. 

Area H

Th is area was located in a small hollow on 
the southern face of the dune (Figure 10). 
In the south, on the fl at, lay a number of 
features that were beyond the limit of the 
midden. Th ese were mostly earth ovens, 
some of which did not contain shell but only 
dark, charcoal-stained, sand, while others 
had burnt crushed shell mixed into the fi ll. 
Most were large, between 600 and 900 mm 
in diameter, and all contained oven stones. 
In Feature 349 these were arranged around 
the wall of the scoop (Figure 19). 

A cache of large stones was found in a 
hollow 130 mm deep. Th e stones were the 
only contents of the feature and there was 
no sign of burning. Two small circular 
postholes fi lled with grey-brown sand con-
taining charcoal lumps and fl ecks were also 
located here.

Th e large, dense midden (Feature 359) 
that spread across the northern end of Area 
H was up to 500 mm thick and contained 
successive shell layers and also contained a 
great deal of fi shbone. Th e shell layers were 
distinguished by diff erent proportions of 
shell species, diff erent amounts of crushing 
and burning of shell while some were sepa-

rated by lenses of black, charcoal-stained soil (Figure 20)
Five 1 x 1 m sample squares were excavated from the midden. Material was 

removed in 50 mm spits and one 10 litre sample was taken from each spit. Once 
these were excavated and recorded the rest of the midden was removed by layers. 
Th is was done in four quadrants, leaving a north–south and an east–west  baulk for 
recording the stratigraphy (Figures 21 and 22). 
Th e midden was made up of the general following layers (top to base):
A dense layer of ostrich foot;
B black soil containing a moderate amount of shell, principally tuatua;
C dense layer of unburnt tuatua shells, mostly whole but becoming crushed as the 

layer petered out in the north and south;
D very dark grey layer containing small quantities of shell and patches of grey and 

yellow sand;
E fi ne, black, sticky, charcoal-stained soil;
F grey sand, signs of natural mixing with Layer G;
G  fi ne, black, sticky, charcoal-stained soil similar to Layer E;
H a transition layer between Layer G, at the base of the midden, and the fi ne 

Kaharoa tephra below, mostly stained Kaharoa tephra with a minor element of 
red-brown sand, some sign of natural mixing;

I fi ne Kaharoa tephra (natural).
At the southern end, on the downhill side of the midden, all the layers became 

progressively thinner until only Layers A and D remained. Th e stratigraphy of the 

19 (top). Feature 349 
contained a large 

number of oven stones 
arranged around the 

outside base of the 
earth oven.

20 (bottom). Midden 
359 when partially 

excavated. The stratig-
raphy of the midden 

is clearly visible in this 
section (photo taken 

facing north).
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midden can also be examined from the section of the west baulk of the Area H 
excavation area (Figure 23).

Th e midden had earth ovens and other features within and below it. Th e fea-
tures within it were mostly earth ovens cut into the upper surface of Layer B. Th ey 
therefore represent activity that took on the surface of Layer B, predating the build 
up of Layer A. Th ey all had a similar fi ll of burnt, crushed shell that was clearly 
distinguishable from the Layer B midden they cut into. Th ey contained a lot of fi sh-
bone, both burnt and unburnt. Two adjacent stakeholes were visible at this same 
level. Th ey were very narrow and their bases were not reached but they were at least 
90 mm deep. A small shell-fi lled stakehole was cut into the Layer G near the base 
of the midden.

Once the midden was removed, the underlying pale grey surface of the Kaharoa 
tephra was visible, showing many features that had been cut into it before the 
midden had been deposited, or at least early in its development. Th ese were par-
ticularly concentrated in the north and northeast of the area. Some earth ovens 
here were very large, measuring up to 1000 mm across. Most were shallow and 
fi lled with clean black soil. 

21 (top). East–west 
section of the midden 
Feature 359.

22 (bottom). North–
south section of the 
midden Feature 359.
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A lot of small stakeholes were also found at this level. One group clustered 
together on the western edge of the excavated area and another appeared to form 
a semi-circle in the northwest. Other small post and stake holes were dispersed 
across the northwest corner. Beneath the southern edge of the midden, groups of 
small stakeholes containing clean, soft , black soil were cut into the Kaharoa tephra, 
many of which formed clusters but no clear patterns. Th ey were all 100 mm in 
diameter or less, oft en too narrow to excavate to the base.

23. Stratigraphy of the 
west baulk of excava-

tion area H.

shell midden

possible cut for terrace

dark grey/brown

mixed layer with fragmented shell
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24. Section drawing of 
the south baulk of the 

Area H extension. 
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Five shell-fi lled pits were uncovered once the midden was removed. Four of 
these, Features 375, 383, 428 and 441, were small bin pits densely packed with clean 
ostrich foot. Feature 383 was bell-shaped and also contained fi shbone and a small 
amount of scallop shell and another, Feature 441, had three large stones packed 
into it beneath the upper shell fi ll. 

Two large clusters of oven stones, mostly fi recracked, also lay under the midden. 
One of these did not sit in a pit or hollow, the other sat above an irregular oval 
scoop that was probably a raked-out earth oven.

Area H Extension 

An extension to Area H measuring 4 x 2 m was excavated to the north east on an 
apparent terrace. Th e area was dense with features, some of which overlay each 
other.

Th ere were two small patches of midden here, one at each end of the slope. Th e 
upper of the two was not dense and contained shell mixed with fi ne black sandy 
soil. It contained a variety of shells (cockle, Venus shell, triangle shell, ostrich foot) 
and some bird bone was also recovered. 

Th e lower midden was also not very dense or thick. It was notable for contain-
ing a lot of scallop. 

Earth ovens, mostly fi lled with burnt crushed shell and charcoal, were clustered 
closely in and below the cut of the terrace. Some of these cut into each other. Th e 
baulk showed successive layers of black and yellow sand fi lled the majority of the 
terrace cut (Figure 24).

Another cache of oven stones was discovered in this area, this one a large pile of 
large cobbles and fi recracked stones. Th e stones were laid into a pit 400 x 400 mm x 
180 mm deep. It had only the stones and clean grey sand as fi ll. Th e total weight of 
the stones was 2000 g. Only two small postholes were found in this area. 

U14/3231

Excavation of U14/3231 revealed that the site had been largely destroyed by rabbit 
burrowing, which is what had been expected from surface observation. Two 
trenches approximately 17 x 2 m were excavated by mechanical digger. Some 
midden was observed intact – one trench profi le was drawn to indicate the nature 
of the damage and a sample of intact midden was taken (Figure 25).

cont.

dark brown/black topsoil
intact shell midden
disturbed shell midden

natural yellow sand
rabbit burrowing

1

m

0

S N

25. Profi le of the trench 
through U14/3231.



18  Tara Road
 

Artefacts

Five small fl akes of obsidian were recovered 
(Figure 26). Th ree of these came from one 
shallow earth oven in Area E and the others 
came from the topsoil in Areas E and H. 
All were green in transmitted light, show-
ing that they came from the Tuhua (Mayor 
Island) source. One retained some cortex 
on the striking platform. Th e fl akes ranged 
from 25–40.5 x 17–28 x 2–7.8 mm. One 
showed some probable evidence of wear.

A small sample of red ochre (kokowai) 
was recovered from the fi ll of Feature 320, 
a pit in Area G.

A net sinker was found During earth-
works monitoring by Nga Potiki representa-
tives of the north facing slope north of Area 
A. Th e sinker was heart shaped with a wide 
(~20 mm), shallow groove running longitu-
dinally around it (Figure 27). It measured 
roughly 90 x 80 x 50 mm. Th e sinker was 
retained by Nga Potiki.

Midden

Midden samples were bagged in two layers 
of paper bags. It was hoped that this would 
allow the samples to dry naturally. Th e 
weather during the excavation was fi ne 
and the samples were fairly dry, but all the 
same the paper tended to get damp and tear 
easily, so many samples were transferred to 
plastic bags and tipped out for air drying on 
trays before being rebagged. Dried midden 
was then wet sieved through a 2 mm screen 
to remove the spoil matrix, redried and 

weighed. Shell was identifi ed to the lowest possible taxonomic level, usually to 
species level. Individual shells were counted and the MNI (Minimum Number of 
Individuals) for bivalves was calculated by halving the count for each species.

Of the 100 samples taken, 25 were selected for analysis. Samples were selected 
on the basis of representativeness, of both excavation areas and feature types, and 
also from excavated middens squares where one sample from each spit was ana-
lysed to look for variation within the midden.

All midden samples are dominated by tuatua (Paphies australis) and ostrich 
foot (Struthiolaria papulosa) (Table 1). Th is is typical of Papamoa middens (e.g., 
Felgate 2005; Frederickson et al. 1995). Papamoa is on an open sandy coast and this 
environment is refl ected in the middens. Th e few specimens from sheltered habi-
tats (Table 2) are present in very small numbers. Th ese are unlikely to have been 
harvested in, for instance, Tauranga Harbour (5 km distant), as we would expect to 
fi nd more of these species if they (or more correctly, their habitat) were deliberately 
targeted. Th ey may have been dead specimens taken as a bycatch, especially if a 
rake were used to harvest the shells as opposed to picking individuals by hand.

50
mm

0

26 (top). Obsidian 
fl akes from Tara Road.

27 (bottom). Net sinker 
found during post-

excavation monitoring 
north of Area A.
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24 C 46 earth oven   1       239 1 1   3
30 E 57 midden 54         195   19  5
34 A 66 midden   1  1 1   1 357   13  14
36 E 73 pit          111  1 10  2
38 E 57 midden 55 1      1  754  1 6  9
39 E 57 midden 55 2    1    646  1 6  8
41 E 57 midden  1        192  1 11  3
139 G 270 earth oven  1 1       244   1  
140 G 270 earth oven  2 1       185     1
141 G 270 earth oven  3        150     2
142 G 270 earth oven  4        241     2
152 H 350 earth oven          42   24  
157 H 359 midden 361 1    11 1  2 54  1 243  
158 H 359 midden 361 2   1 1    84 1 6 239  1
159 H 359 midden 361 3    2    460  5 56  20
160 H 359 midden 361 4    1    933  3 42  16
164 H 359 midden 361 5  1  1    857  1 43 1 25
168 H 359 midden 372 1   1 9   1 89  1 233  1
171 H 359 midden 372 4   4 3    203  8 176  2
175 H 359 midden 372 5        1174  1 34  12
179 H 359 midden 372 6 1  3     1299  3 42  24
174 H 375 bin pit    1  1 1   45  2 255  
176 H 376 earth oven      1    77 1  215  1
205 H 581 midden   1   1    98 12 2 23  1
208 3231 600 midden   1 1      272     3

Table 1. MNI of shell by species for all analysed samples.
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species common name class habitat
Austrovenus stutchburyi tuangi cockle bivalve sheltered beaches
Cyclomactra ovata oval trough shell bivalve sheltered
Dosinia spp. Venus shell bivalve open sandy
Mactra discors large trough shell bivalve sheltered
Paphies australis pipi bivalve sheltered
Paphies subtriangulata tuatua bivalve open sandy
Pecten novaezelandiae scallop bivalve sheltered/open
Spisula aequilatera triangle shell bivalve open sandy
Maoricrypta costata ribbed slipper shell gastropod rocky
Maoriculpus roseus turret shell gastropod sheltered
Struthiolaria papulosa ostrich foot gastropod open sandy
Tanea zelandica necklace shell gastropod open sandy
Zethalia zelandica wheel shell gastropod open sandy

Table 2. Habitats of shell species recovered from the Tara Road sites.
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Middens cannot be characterised 
as homogenous deposits. Th ey build up 
through time, even if the time frame 
involved is only one of a few days or 
even hours. As such, they will refl ect the 
changing patterns of shell fi sh harvest 
and cooking and the individual actions 
that go into their construction. Th is is 
demonstrated in, for instance, Area H, 
Square 361 (Midden 359), where the 
proportions of tuatua and ostrich foot 
change quite dramatically with depth. 
In Spits 1 and 2, tuatua accounts for 
only about 20% of the total MNI, while 
in Spits 3 and 5 this changes to 80–90% 
(Figure 28, see also Figure 21).

While only two species predominate 
throughout the samples the proportions 
also change between areas and features. 
In Feature 270, an earth oven in Area 
G, there are virtually no ostrich foot for 
instance. In another earth oven, Feature 
376 in Area H, ostrich foot predominate. 
Th is indicates that it is not necessarily 

the type of feature that will determine the species composition (this is obvious) 
but the use to which the feature has been put. Our developing methodology is not 
really aimed at counting shells, but at getting a handle on these patterns of use and 
just what people were doing on site.

Discussion

As long ago as 1963 Wal Ambrose noted the diffi  culties of simple sampling strate-
gies when middens “assume so many diff erent sizes, shapes, positions, functions 
and mechanical sortings” (1963: 156) to which can be added, environments, times 
frames and relationships to subsistence and settlement patterns. Middens have 
long been recognised as varied (Davidson 1964) but the methodology for dealing 
with this variation has not been developed. As a result they still tend to be treated 
as homogenous deposits that only minimal sampling is required to characterise.

Ambrose (1963) suggested that middens be examined as “composite units.” Th e 
information that can be gained from a midden is limited by the sampling strat-
egy, and if middens are sampled as though they were homogenous then the results 
will refl ect this assumption. Sampling needs to be related to the midden structure, 
but Ambrose noted that, in 1963, such structures had not been closely examined 
– this situation has not changed in nearly 50 years. Structure refers to the way the 
midden is built up through the activities that occur on or beside it – dumping, 
digging, burning, raking out, redeposition – as well as activities that occur aft er 
the midden has ceased to be used – digging, trampling, erosion, historic period 
ploughing. In order to understand the activities that built the midden it is neces-
sary to understand this structure. Our sampling strategy was designed to examine 
midden variation, and acknowledged that middens have structure insofar as we 
sampled various features within the midden. We did not investigate the midden 
structure directly. Th e Tara Road investigations are part of a developing methodol-
ogy that will allow us to do this in future.
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Th ere are two aspects of the future development of midden analysis that now 
seem to point the way forward. Th e fi rst is the understanding that middens build 
up dynamically and the features and sub-layers within the midden are not static 
deposits but are closely related to each other: shell can be deposited, then dug into 
for an earth oven and redeposited in the process, it may be burnt (it makes a good 
heat retainer) and burnt shell can be raked out to build the midden up nearby. 
More careful excavation and targeting of samples is required to understand this 
process. Th e second, and related, aspect of our developing methodology is to treat 
the deposit as more than just shell. Th e matrix of soil and charcoal that the shell is 
set in also needs to be treated as an essential part of the deposit. Matrix pH, den-
sity, compaction and quantities of charcoal are some of any number of factors that 
could be examined.

Faunal remains

Although occasional dense patches of fi shbone were observed during excavation, 
in reality very little fi shbone was recovered. Minimum fi sh numbers are tabulated 
by area in Table 3. Th e most common species, as with most middens from Papamoa 
(e.g., Felgate 2005; Gumbley and Phillips 2004) is mackerel (Trachurus sp.) but only 
eight individuals were found for the whole excavation. Th e other species are also 
typical of Papamoa excavations. Mackerel are oft en considered to have been taken 
in nets, and the net sinker discovered during post-excavation monitoring lends 
support to this. Th e other species, apart from New Zealand sole (Peltorhampus 
novaezeelandiae), will take baited hooks, but they are as likely to have been netted 
alongside mackerel, the main target species. All are inshore species (Paul 2000).

A small amount of bird and dog bone was also recovered: some dog (Canis 
familiaris) foot and skull bones from Area E (Feature 57, midden); a kiwi (Apteryx 
sp.) right femur from Area H (Feature 438, earth oven); a pukeko (Porphyrio por-
phyrio) beak from Area H (Feature 581, midden); and a left  humerus of a medium-
size seabird from Area H (Feature 549, earth oven). A single broken tooth of a 
toothed whale, about the right size to be a pilot whale or false killer whale, two 
species that strand readily, was also found in clean sand in Area G.

A Y 2 1    1
C    1   
E     1 1 2
G   1    1
H  1 1    4

Table 3. Fish MNIs by excavated area. Y = vertebrae present.
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Microfossils 
Mark Horrocks, Microfossil Research Ltd.

Microfossils refer to pollen grains, starch grains and other microscopic plant parts 
that are preserved in soils and sediments. Th ese can oft en be identifi ed to species 
level.

Pollen analysis includes pollen grains of seed plants and spores of ferns. It pro-
vides insight into past vegetation and environments, and in New Zealand it allows 
the diff erentiation of sediments deposited in pre-human, Polynesian and European 
times (Hayward et al 2004; Matthews et al 2005). Pollen may also provide direct 
evidence of introduced Polynesian plants, such as bottle gourd (Lagenaria sicer-
aria) and paper mulberry (Broussonetia papyrifera) (Horrocks 2004), and European 
crops such as maize (Zea mays) (Horrocks and Lawlor 2006). 

Starch is the main substance of food storage for plants and is mostly found 
in underground stems (e.g., tubers and corms), roots and seeds. It may provide 
direct evidence of Polynesian starch crops such as kumara (Ipomoea batatas), 
taro (Colocasia esculenta) and yams (Dioscorea spp.) (Horrocks and Barber 2005; 
Horrocks and Wozniak 2008), and European crops such as potato (Solanum tubero-
sum) (Horrocks and Best 2004).

Raphides are needle-like calcium oxalate crystals found in many plants. Th e 
family to which taro belongs, the Araceae (aroids), is characterised by extremely 
high concentrations of these crystals. 

Methods

Th e swamp at Papamoa was sampled to a depth of 750 mm and eight sub-sam-
ples (25–30 mm3) were prepared for analysis. At least 250 pollen grains and spores 
were counted per sample. Fragments of microscopic charcoal are extracted along 
with pollen during preparation, providing evidence of fi res.

Two samples that the pollen analysis indicated fell within the Polynesian period 
were then selected for analysis of starch grains and raphides (Torrence and Barton 
2006). Samples were checked for the presence of the various microfossils and pres-
ence and absence was noted. 

Results and discussion

Th e Papamoa profi le comprises sandy peat with two tephra layers. Th e lower layer, 
at 650–700 mm depth, is thought to be Taupo tephra, erupted from the Taupo vol-
canic centre 1850 ± 15 14C years ago (Sparks et al 1995). Th e upper layer, at 400–250 
mm depth, is thought to be Kaharoa tephra, erupted from the Okataina volcanic 
centre 665 ± 15 14C years ago (Lowe et al 1998). 

Th e pollen assemblage of the lowermost sample of the profi le is dominated 
by rimu (Dacrydium), manuka/kanuka (Leptospermum/Kunzea) and sedges 
(Cyperaceae) (Figure 29). Th e site was a sedge dominated swamp, with manuka 
probably mainly on the fringes and rimu was the main component of podo-
carp forest on less waterlogged areas surrounding the swamp. Other podocarps 
included kahikatea (Dacrycarpus), matai (Prumnopitys taxifolia) and tanekaha/
toatoa (Phyllocladus). Aft er deposition of the Taupo tephra manuka/kanuka pollen 
increases at the expense of sedge pollen, which shows a sharp decrease. Pollen 
of other woody taxa, namely podocarps, hinau/pokaka (Elaeocarpus), pukatea 
(Laurelia novae-zelandiae) and Myrsine also increases. Th is change from an open 
(sedge) to a more closed (tree-shrub) vegetation canopy may be a result of tephra-
induced changes in the local hydrology, perhaps including raised, drier surfaces. 
Also, nutrients provided by the tephra may have boosted woody growth. 
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Aft er deposition of the Kaharoa tephra, bracken 
(Pteridium) spores appear in large amounts and pollen 
of woody taxa decreases. Th is refl ects burning of 
forest in the region by early Polynesians (rather than 
tephra damage to forest), the timing of which is con-
sistent with Newnham et al’s (1995) pollen record of 
the last c. 4000 years from another site in the swamp 
at Papamoa. Bracken, an invasive ground fern with 
widely dispersed spores, is oft en abundant in New 
Zealand pollen assemblages of the last millennium 
and is commonly associated with Polynesian defor-
estation which mostly occurred c. 800–600 years ago 
(McGlone 1983). Sedge pollen increases sharply at the 
same time in this record; this may also be related to 
burning, or may be a result of wetter conditions from 
tephra damming of drainage outlets. Microscopic 
charcoal in the sample immediately below the 
Kaharoa tephra (at 425 mm depth) probably refl ects 
initial human activity in the region and charcoal in 
the sample below that (575 mm depth) may refl ect 
the increase in natural fi res as a result of widespread 
damage to forest by the Taupo eruption.

Th e presence of raupo (Typha) pollen in the pre-
Taupo sample (at 750 mm depth) as well as the post-
Kaharoa tephra samples suggests eutrophic condi-
tions in the swamp since the beginning of the record. 
Kahikatea prefers wet and fertile soils (Beveridge 1983) 
while pukatea favours base-rich swamps (Macphail 
and McQueen 1983). Myriophyllum (an aquatic plant) 
pollen in some of the pre- and post-Kaharoa sam-
ples suggests frequent inundation. Botryococcus algal 
spores, in the sample from 150 mm depth, suggest 
quiet waters free from suspended sediment and sub-
aerial plants, but surrounded by scrub and containing 
some products of humic degradation to supply nitro-
gen for growth (Dulhunty 1944).

Pollen and raphides of taro and starch grains of 
taro corms were identifi ed in the samples from 200 
and 250 mm depths, suggesting that the sampled area 
was used for Polynesian cultivation of this starch crop. 
Fossil taro pollen has not previously been reported in 
New Zealand. Taro is part of the small group of six 
introduced plant species being cultivated by Maori at 
the time of European contact in the late 18th century. 
Almost all of the many plant species (72), including 
taro, identifi ed as being intentionally introduced to 
the Pacifi c by prehistoric people (Whistler 1991) orig-
inated in various regions within the area from south-
east Asia to Papua New Guinea. Th e exceptions are 
kumara and gourd, introduced into tropical Polynesia 
from South America.

Th e uppermost three samples of the Papamoa pro-
fi le are characterised by the presence of European-
introduced pollen types, namely pine (Pinus) and 

29. Pollen diagram 
from the Tara Road 
swamp core.
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plantain pollen (Plantago lanceolata). Th e presence of pine pollen in one of the 
taro samples (from 200 mm depth) probably refl ects mixing of European-era and 
prehistoric deposits. Th e grass (Poaceae) pollen in the uppermost two samples 
is mainly from introduced pasture grasses, refl ecting conversion of the area to 
European-style farming. 

Chronology

Eight shell samples were submitted to the University of Waikato Radiocarbon 
Dating Lab for analysis. Th e results are given in Table 4 and Figure 30.

Th e dates from Areas C and H are within the typical range of dates from other 
sites on the dune plain, i.e., in the range of cal AD 1400–1700. Th e dates from Area 
G, however, are surprisingly late, indicating occupation possibly into the 19th cen-
tury. While these dates statistically overlap with the dates from Areas C and H, 
they are consistently later and we can be fairly confi dent that they are all dating 
the same event and do in fact represent a late (for Papamoa) occupation. If they 
represent an actual date at the lower end of their age range then Area G was occu-
pied at the end of the conventionally accepted date for abandonment of the plain. 
Conversely, if they represent an actual date toward the upper end of the range – 
noting that we doubt they would be any time aft er about AD 1835, when we might 
expect European material to be evident – then this indicates continued visitation 
of the dune plain aft er c. AD 1700, albeit probably with less frquency. 

Feature 187 was the narrow trench that was among the fi rst features in Area 
G, indicating that all of the area is late. Given that Area G represents a fairly sub-
stantial occupation, with a probable house fl oor, it is clear that occupation of the 
dune plain continued for some time aft er AD 1700 and that this occupation was 
not substantially diff erent in nature to earlier occupation. Th e major change would 
seem to be the extent of occupation – Area G and the small, rabbit damaged site at 
U14/3231 are the only sites that have returned such late dates, showing that while 
settlement and subsistence didn’t change at the site level, i.e., early and late sites are 
essentially similar, at a wider landscape level settlement was focussed elsewhere, 
with the dune plain used much less frequently. We must note, however, that radio-

lab number context CRA ± BP б13C cal AD 68% cal AD 95%
Wk-21370 Area C, F 42 720 ± 32 1.4 ± 0.2 1520–1650 1470–1680
Wk-21371 Area G, F 240
 upper 536 ± 32 0.8 ± 0.2 1680–1850 1670–
Wk-21376 Area G, F 240,
 Spit 4 599 ± 31 1.6 ± 0.2 1640–1810 1550–1880
Wk-21372 Area G, F 187 584 ± 34 1.4 ± 0.2 1660–1810 1570–1900
     1940–
Wk-21373 Area H, F 359,
 Layer A 779 ± 32 1.6 ± 0.2 1460–1580 1440–1650
Wk-21374 Area H, F 359,
 Layer B 709 ± 31 1.2 ± 0.2 1530–1650 1480–1690
Wk-21375 Area H, F 359,
 Layer B1 713 ± 36 1.6 ± 0.2 1520–1650 1470–1690
Wk-22576 U14/3231 599 ± 30 1.2 ± 0.2 1650–1810 1550–1870

Table 4. Radiocarbon dates.
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carbon dating may not tell the whole story – activities such as cultivation of taro in 
the Wairakei swamp or of kumara on the well drained soils of the plain may have 
continued but reliably dating the evidence will be next to impossible where datable 
deposits are absent. Also, people may have crossed the plain to gather fresh water 
and marine resources without necessarily leaving an archaeologically visible mark. 
Area G shows that the plain was not entirely abandoned but the nature of later set-
tlement is not yet clear.

Discussion and conclusion

Th e extent and time depth of the prehistoric occupation of the Papamoa dune plain 
indicates this was a signifi cant area of settlement from an early period in the his-
tory of the Western Bay of Plenty, for a period of about 300 years. Th e area has been 
subject to archaeological investigations since the mid-1990s, yet the nature of this 
occupation is only poorly understood. Ineff ective and undirected investigation, 
sampling and analysis, unrealistic budgets, piecemeal site destruction, unreported 
investigations and a lack of a clear over-arching research strategy are some of the 
factors that have led to this sorry situation. Th e view of the dune plain as a series of 
shell dumps, rather than the extensive occupation landscape it actually is, means 
that the questions asked of the archaeology are limited due to the assumption that 
that there was not much to fi nd and that one site would be the same as any other. 
Such predetermined attitudes to investigation will only ever yield limited results. A 
methodology of small scale investigations where one or two machine dug trenches 
are dug will only lead to the recovery of essentially similar low-level data sets. By 
this time we ought to have a clear picture of the nature of occupation of the dune 
plain landscape and the settlement and subsistence patterns of its inhabitants, but 
we do not. Good quality excavations have been few and far between – at a stage 
when we ought to be able to ask high-level questions about variability, change and 
development through time, we are still left  unsure what people actually did here 
and at what time of year. Th is is a poor outcome for all the site destruction that has 
occurred. 

Marine data from Hughen et al (2004);Delta_R -7±45;OxCal v3.10 Bronk Ramsey (2005); cub r:5 sd:12 prob usp[chron]

1000 1200 1400 1600 1800 2000

Calibrated date AD

Wk-21370   Area C, F 42   720 ± 32 BP

Wk-21371   Area G, F 240 upper   536 ± 32 BP

Wk-21372   Area G, F 187, Spit 4   584 ± 34 BP

Wk-21373   Area H, F 359, Layer A   779 ± 32 BP

Wk-21374   Area H, F 359, Layer B   709 ± 31 BP

Wk-21375   Area H, F 359, Layer B1   713 ± 36 BP

Wk-22576   U14/3231   599 ± 30 BP

Wk-21376   Area G, F 240, Spit 4   599 ± 31 BP

30. OxCal 3 multiplot 
of radiocarbon dates.
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Recognising this, our research strategy identifi ed four priority areas in order 
to help build our baseline understanding of the Papamoa dune plain. Th ese were: 
midden analysis; soil and midden disturbance; features other than midden; and 
sequence and dating of occupation.

At U14/2880/3230 substantial evidence for kitchen activities and associated 
food waste was discovered. Th ese activities were represented by numerous earth 
ovens, substantial midden deposits and collections of burnt oven stones. Marine 
resources, particularly local shellfi sh (tuatua and ostrich foot) were the primary 
protein source, complemented by small amounts of fi sh and bird. Th e swamp core 
also indicated that taro formed part of the diet and evidence from elsewhere on 
the dune plain (U14/1723, U14/3116, U14/2912) shows that kumara was also grown 
(Gumbley and Phillips 2004; Gumbley in prep). Fern root may have been abun-
dant and would have formed a major component of the diet. Pollen and phytolith 
analyses from the SupaCenta development sites (U14/2866, U14/3113, U14/3116, 
U14/2912, U14/2888-92) have all shown consistent results for samples recovered 
from above the Kaharoa tephra. In all of the samples charcoal is ubiquitous as 
is bracken and manuka/kanuka. Also consistently present were hornwort spores, 
which indicates freshly exposed soils – consistent with gardening or digging for 
fern root (Felgate 2005: 91; Gumbley and Phillips 2004; Gumbley 2005; Gumbley 
in prep). Th e swamp would have been a major attraction for its wild resources and 
also its horticultural potential. Occupation of the dune plain, though marked by 
shell dumps, was focussed on the Wairakei rather than the beach. Th is is not to 
imply that shell fi sh gathering was a not a major activity, it clearly was, but it was 
not the only activity associated with Papamoa.

Several features were clearly pits, though in general very small. Th e scope for 
digging pits in the soft  sand of the dune plain is limited and they are not the sub-
stantial kumara storage pits found in the more stable tephra soils elsewhere in 
the western Bay of Plenty. Although kumara was grown on the dune plain it does 
not seem to have been stored there, rather it would have had to be transported 
inland for storage. Th is implies a great deal of labour as inland, in the case of Tara 
Road, is 2 km or more away. It may be that kumara on the dune plain was grown 
for immediate local consumption, harvested and transported as needed. Certainly 
this would be the case for taro, which does not store for long periods. Th e small 
pits that were found at Tara Road may have been to store items like gourds of 
water or other resources. Th ey would have been unsuitable for the winter storage 
of kumara.

Several features consisted of piles or caches of stone. In many cases these were 
used oven stones, cracked, broken and discoloured from heat. Th ese would have 
been raked out of earth ovens and set aside for later re-use. Others consisted of 
whole, undamaged stones, oft en packed into small pits. Stone does not occur nat-
urally on the dune plain and so all stone must be imported from elsewhere. It 
seems that more was bought in than was required for immediate use, with a stock 
stored in pits for use as necessary. Because, as an import, it was a relatively valuable 
commodity, used stone was carefully set aside rather than profl igately discarded. 
Such features have been found before at Papamoa dune sites: Gumbley and Phillips 
(2000: 17) suggest that a bin pit containing a cache of oven stones at the Longview 
subdivision site (U14/2841) indicated the occupier’s intention to return to the site. 
Th is in turn implies that particular groups or families (hapu or whanau) consist-
ently used the same areas on the dune plain, whether through habit or through 
more formal use rights is a topic that deserves more exploration.

Th is is clearest in Areas G and H, where there was a large number of features, 
many of which intercut or overlay others, and a thick deposit of midden. Repeated 
occupation of the same site is evident but caches of stone were also found in Area 
E, one of heat-cracked stone (Feature 129) and one of whole stone (Feature 108). 
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While Area E was signifi cantly damaged by ploughing and we can’t be sure that 
it was not stratifi ed, it did not have the complexity of evidence of reoccupation 
evident in Areas G and H. Nonetheless, archaeological evidence was denser and 
more complex than in Areas A or C, which appear to represent small, short term 
occupations.

Th ere was little coherent evidence of structures at any of the sites although 
numerous small postholes were discovered. Th ese were especially visible where 
they were cut into the fi ne Kaharoa tephra in Areas G and H. Small stakeholes 
were frequently found tightly clustered into groups of fi ve or more. Th ese clusters 
were not particularly regular and it is not clear what they represent– small drying 
or storage racks seems likely. Th e only regular alignment of postholes that could 
be discerned was in Area H, where seven postholes of similar size and fi ll formed 
a semicircle around a small earth oven. Th ese probably represent a wind break. 
Elsewhere, a large number of small stakeholes were discovered in the eastern arm 
of Area G. Th ree tight clusters of stakeholes may have been the result of re-erec-
tion or repair of small structures. No clear patterns were evident however. Nearby, 
though not directly related to those stakehole clusters, was a distinctly compact 
area of subsoil measuring 2500 x 1600 mm (Feature 214). A few later stakeholes cut 
through the compacted area. It may be that some form of structure had stood here 
to create this compacted, possible fl oor. 

A lack of evidence of structures is typical of sites on the Papamoa dune plain. 
It has been argued that the nature of occupation at sites here did not call for sub-
stantial structures and thus, there is little or no evidence to be found (McGovern-
Wilson 1995: 42). Hooker (1999: 23) took a similar view with the sites at Papamoa 
Block 7B (U14/1710, U14/2895A, U14/2895B and U14/2896), where the lack of evi-
dence of permanent structures was seen to reinforce the understanding that these 
midden sites were transient, re-used sites that served the occupants for coastal 
visits to exploit shellfi sh resources before they headed back to more permanent set-
tlements in the hills. Th e seasonality of occupation is not understood for Papamoa, 
but if the sites were occupied during the summer months then substantial shelter 
may not have been necessary. Conversely, it has also been argued that the absence 
of structural evidence relates to excavation methodology and sampling strategy 
(Gumbley and Phillips 2004: 16). Felgate (2005: 64, 146), in one of the fi rst areal 
excavations on the dune plain, recorded a probable house fl oor at the SupaCenta 
site (U14/2888–2892) within a rather approximate outline of postholes. Th e pos-
sible house fl oor we found in Area G was a similar structure, where the evidence 
was inferred rather than obvious. It was not the large, visible structure that is oft en 
recognised archaeologically as a pre-European Maori house, like the wharepuni 
(Prickett 1982). Rather it was a temporary, informal shelter where continued occu-
pation has formed a compacted soil fl oor. Th e evidence is subtle and cannot be 
detected if a 20 tonne hydraulic excavator is the excavation tool of choice.

Compared to some sites in the western Bay of Plenty, artefacts are few; few 
fl akes of obsidian, a net sinker, some ochre. Th is, however, is not unusual for the 
dune plain and is an important indicator of the nature of occupation. Hooker 
(2001) suggests that midden deposits at Papamoa dune sites fall into two distinct 
types: small, shallow shell deposits; and larger, deeper deposits. Th e latter, to which 
the thick midden in Area H belongs, could represent “specialised sites where local 
shellfi sh was prepared and then dried for later consumption elsewhere” (2001: 18). 
Papamoa dune plain sites, he argues, are the result of seasonal encampments pri-
marily for the purpose of shellfi sh gathering and processing (2001: 19). Th e lack 
of specialised artefacts indicating a wider range of activities, such as working 
wood or bone, supports this view. However, the range of resources available in the 
Wairakei river channel indicates that more was happening at Papamoa than just 
shellfi sh gathering, as does the faunal analysis. Birding seems to have been carried 
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out occasionally, for instance. Activities like fl ax preparation (scraping muka) can 
be carried out using shell as easily as obsidian, though we did not examine the shell 
for edge wear. Similarly, gardening of kumara or taro uses wooden tools which will 
not survive on the dune plain. Th e extensive development of the Wairakei channel 
in recent times also suggests that any wooden artefacts that had survived in the 
swamp may do so no longer.

Information from swamp cores taken from the Wairakei river channel have 
begun to illustrate the environment during the prehistoric period of the immediate 
area. Horrocks’ microfossil analysis refl ected diff erences of the pre-human envi-
ronment and the human modifi ed environment in prehistory, as well as showing 
the arrival of new species and the change in land use post-European arrival. Aft er 
the deposition of the Kaharoa tephra, bracken spores were found in large numbers 
and woody species declined – this is attributed to prehistoric human modifi cation 
of the environment by Maori. Both pre- and post Kaharoa tephra species indicated 
frequent inundation and the algal spores suggested quiet waters surrounded by 
scrub. Th e image is of fern-covered wet lands. Prehistoric cultivation was indicated 
by the fi nding of taro pollen, raphides and starch grains at depths of 200 and 250 
mm. Th is adds to the evidence of gardening on the dune plain in pre-European 
times. Garden soils have been identifi ed by investigations at Papamoa previously 
(McFadgen and Walton 1996). Although shellfi sh gathering and cooking are more 
obviously represented, they were not the sole purpose of occupation on the dune 
plain here and were complimented by gardening.

Th e dates from Area H all conformed to the expected period of use for the 
dune plains, showing occupation took place between 1450–1700 AD. Th ese dates 
were consistently earlier than those from other areas of the site. Th ree samples 
from Area G returned later dates, suggesting activity continuing into the 18th cen-
tury or even early 19th century, as did the sample from U14/3231. Th ese dates are 
late for Papamoa. Timing of the abandonment of the dune plain around AD 1700 
ties in with traditional history, which shows the “Ngaiterangi invasion” occurring 
around this time (Stokes 1980: Chapter 2; Staff ord 1967: Chapter 21; Ballara 2003: 
252; Campbell 2008: 346). Th e exposed and unprotected dune plains became too 
dangerous to occupy on any permanent basis, but this does not mean they were 
not used. Th e evidence from Tara Road shows that they did continue to be used 
and the marine resources of Papamoa continued to be exploited, though much less 
intensively. 

An association between the dune plain and the remarkable array of pa and 
occupation sites on the hills behind the dune plain seems certain but the nature of 
this relationship is not well understood archaeologically. Given both the intensive 
nature of the occupation at Papamoa in general, with the dates for some pa placing 
them among the oldest in New Zealand (Schmidt 1996), we suggest that this is one 
of the most signifi cant archaeological landscapes in New Zealand, with potential 
to provide a pivotal role in the understanding of the phase of Maori history soon 
aft er the initial phase of Polynesian settlement. Th e expansion of occupation from 
its early focus on the Tauranga harbour (at present, poorly understood) to the val-
leys leading up from the harbour and along the Papamoa dune plain from around 
AD 1400 is now securely documented. Th e causes and consequences of this chang-
ing settlement pattern, however, are not clear. Papamoa is a key area for under-
standing this question – to understand Papamoa is to a large extent to understand 
the pre-European history of the western Bay of Plenty. Th e potential contribution 
of Papamoa to theories about the development of late period Maori society cannot 
be overstated.

Our overview of Papamoa archaeology, though not comprehensive (we think a 
comprehensive overview should be carried out but acknowledge that a mitigation 
archaeology project is not the appropriate context for this), suggests that several 
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interrelated questions might be asked of future archaeological investigations on 
the dune plain. Th ese include, to name a few, further defi nition of the nature of 
settlement and subsistence; the causes and consequences of changing settlement 
patterns at both the beginning and end of the main occupation sequence, i.e., c. 
AD 1400 and 1700; changing settlement and subsistence patterns across the dune 
plain and through time; and the relationship between the dune plain, the Papamoa 
hills and the wider western Bay of Plenty. Site destruction at Papamoa has been 
almost continuous for the last 15 or so years, yet the archaeological investigation 
and recording that is meant to mitigate this destruction is, to put it politely, poor. 
What remains of the archaeology of the dune plain is of heightened signifi cance 
and no further ‘lost chances’ should be tolerated.
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Result is                                                       as per Stuiver and Polach, 1977, Radiocarbon 19, 355-363.  This is based on the Libby
half-life of 5568 yr with correction for isotopic fractionation applied.  This age is normally quoted in publications and must
include the appropriate error term and Wk number.

Quoted errors are 1 standard deviation due to counting statistics multiplied by an experimentally determined Laboratory Error
Multiplier of                .

The isotopic fractionation,          , is expressed as ‰ wrt PDB.

Results are reported as                  when the conventional age is younger than 200 yr BP. % Modern
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aragonite.

Sample acid washed using 2 M dil. HCl for 250 seconds, rinsed and dried.

-35.6 3.8

1.4 0.2

-85.8 3.6

91.4 0.4

720 ± 32 BP

1

U14/2880, New Zealand

W. Gumbley

The University of Waikato
Radiocarbon Dating Laboratory

Private Bag 3105
Hamilton,
New Zealand.
Fax  +64 7 838 4192
Ph   +64 7 838 4278
email c14@waikato.ac.nz
Head: Dr Alan Hogg

Report on Radiocarbon Age Determination for Wk-

Submitter

Submitter's Code

Site & Location

Sample Material
Physical Pretreatment

Chemical Pretreatment

Result

‰
‰
‰

±

±

±

Comments

CD

Cδ

Cd14

14

13

11/7/07

%±% Modern



Result is                                                       as per Stuiver and Polach, 1977, Radiocarbon 19, 355-363.  This is based on the Libby
half-life of 5568 yr with correction for isotopic fractionation applied.  This age is normally quoted in publications and must
include the appropriate error term and Wk number.

Quoted errors are 1 standard deviation due to counting statistics multiplied by an experimentally determined Laboratory Error
Multiplier of                .

The isotopic fractionation,          , is expressed as ‰ wrt PDB.

Results are reported as                  when the conventional age is younger than 200 yr BP. % Modern
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Surfaces cleaned. Washed in an ultrasonic bath.  Tested for recrystallization:
aragonite.
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Result is                                                       as per Stuiver and Polach, 1977, Radiocarbon 19, 355-363.  This is based on the Libby
half-life of 5568 yr with correction for isotopic fractionation applied.  This age is normally quoted in publications and must
include the appropriate error term and Wk number.

Quoted errors are 1 standard deviation due to counting statistics multiplied by an experimentally determined Laboratory Error
Multiplier of                .

The isotopic fractionation,          , is expressed as ‰ wrt PDB.

Results are reported as                  when the conventional age is younger than 200 yr BP. % Modern
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aragonite.
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Result is                                                       as per Stuiver and Polach, 1977, Radiocarbon 19, 355-363.  This is based on the Libby
half-life of 5568 yr with correction for isotopic fractionation applied.  This age is normally quoted in publications and must
include the appropriate error term and Wk number.

Quoted errors are 1 standard deviation due to counting statistics multiplied by an experimentally determined Laboratory Error
Multiplier of                .

The isotopic fractionation,          , is expressed as ‰ wrt PDB.

Results are reported as                  when the conventional age is younger than 200 yr BP. % Modern

Conventional Age or % Modern

δ C1 3

•

•

•

•

21373

#191 (Area H - ref F359, Layer A)
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aragonite.

Sample acid washed using 2 M dil. HCl for 250 seconds, rinsed and dried.
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Result is                                                       as per Stuiver and Polach, 1977, Radiocarbon 19, 355-363.  This is based on the Libby
half-life of 5568 yr with correction for isotopic fractionation applied.  This age is normally quoted in publications and must
include the appropriate error term and Wk number.

Quoted errors are 1 standard deviation due to counting statistics multiplied by an experimentally determined Laboratory Error
Multiplier of                .

The isotopic fractionation,          , is expressed as ‰ wrt PDB.

Results are reported as                  when the conventional age is younger than 200 yr BP. % Modern

Conventional Age or % Modern
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•
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#192 (Area H-F359-LayerB)

tuatua
Surfaces cleaned. Washed in an ultrasonic bath.  Tested for recrystallization:
aragonite.

Sample acid washed using 2 M dil. HCl for 200 seconds, rinsed and dried.
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Result is                                                       as per Stuiver and Polach, 1977, Radiocarbon 19, 355-363.  This is based on the Libby
half-life of 5568 yr with correction for isotopic fractionation applied.  This age is normally quoted in publications and must
include the appropriate error term and Wk number.

Quoted errors are 1 standard deviation due to counting statistics multiplied by an experimentally determined Laboratory Error
Multiplier of                .

The isotopic fractionation,          , is expressed as ‰ wrt PDB.

Results are reported as                  when the conventional age is younger than 200 yr BP. % Modern

Conventional Age or % Modern
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Surfaces cleaned. Washed in an ultrasonic bath.  Tested for recrystallization:
aragonite.

Sample acid washed using 2 M dil. HCl for 200 seconds, rinsed and dried.
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Result is                                                       as per Stuiver and Polach, 1977, Radiocarbon 19, 355-363.  This is based on the Libby
half-life of 5568 yr with correction for isotopic fractionation applied.  This age is normally quoted in publications and must
include the appropriate error term and Wk number.

Quoted errors are 1 standard deviation due to counting statistics multiplied by an experimentally determined Laboratory Error
Multiplier of                .

The isotopic fractionation,          , is expressed as ‰ wrt PDB.

Results are reported as                  when the conventional age is younger than 200 yr BP. % Modern

Conventional Age or % Modern
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#110 (Area G -F240-Spit4)
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Surfaces cleaned. Washed in an ultrasonic bath.  Tested for recrystallization:
aragonite.

Sample acid washed using 2 M dil. HCl for 300 seconds, rinsed and dried.

-20.5 3.8

1.6 0.2

-71.8 3.6

92.8 0.4

599 ± 31 BP

1

U14/3230, New Zealand

W. Gumbley

The University of Waikato
Radiocarbon Dating Laboratory

Private Bag 3105
Hamilton,
New Zealand.
Fax  +64 7 838 4192
Ph   +64 7 838 4278
email c14@waikato.ac.nz
Head: Dr Alan Hogg

Report on Radiocarbon Age Determination for Wk-

Submitter

Submitter's Code

Site & Location

Sample Material
Physical Pretreatment

Chemical Pretreatment

Result

‰
‰
‰

±

±

±

Comments

CD

Cδ

Cd14

14

13

16/7/07

%±% Modern



Result is                                                       as per Stuiver and Polach, 1977, Radiocarbon 19, 355-363.  This is based on the Libby
half-life of 5568 yr with correction for isotopic fractionation applied.  This age is normally quoted in publications and must
include the appropriate error term and Wk number.

Quoted errors are 1 standard deviation due to counting statistics multiplied by an experimentally determined Laboratory Error
Multiplier.

The isotopic fractionation,          , is expressed as ‰ wrt PDB.

F     C% is also known as pMC (percent modern carbon).

Conventional Age or % Modern
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•

22574

Oropi
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Surfaces cleaned. Washed in an ultrasonic bath.  Tested for recrystallization:
aragonite.

Sample acid washed using 2 M dil. HCl for 400 seconds, rinsed and dried.
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Result is                                                       as per Stuiver and Polach, 1977, Radiocarbon 19, 355-363.  This is based on the Libby
half-life of 5568 yr with correction for isotopic fractionation applied.  This age is normally quoted in publications and must
include the appropriate error term and Wk number.

Quoted errors are 1 standard deviation due to counting statistics multiplied by an experimentally determined Laboratory Error
Multiplier.

The isotopic fractionation,          , is expressed as ‰ wrt PDB.

F     C% is also known as pMC (percent modern carbon).
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Kaitemako - from wall.

Cockle
Surfaces cleaned. Washed in an ultrasonic bath.  Tested for recrystallization:
aragonite.

Sample acid washed using 2 M dil. HCl for 200 seconds, rinsed and dried.

0.6 0.2

-83.7 2.9

91.6 0.3

702 ± 25 BP

Kaitemako, Tauranga, New Zealand

M Campbell

The University of Waikato
Radiocarbon Dating Laboratory

Private Bag 3105
Hamilton,
New Zealand.
Fax  +64 7 838 4192
Ph   +64 7 838 4278
email c14@waikato.ac.nz
Head: Dr Alan Hogg

Report on Radiocarbon Age Determination for Wk-

Submitter

Submitter's Code

Site & Location

Sample Material
Physical Pretreatment

Chemical Pretreatment

Result

‰
‰

±

±

Comments

CD

Cδ
14

13

14/1/08

±F    C%14

14

%



Result is                                                       as per Stuiver and Polach, 1977, Radiocarbon 19, 355-363.  This is based on the Libby
half-life of 5568 yr with correction for isotopic fractionation applied.  This age is normally quoted in publications and must
include the appropriate error term and Wk number.

Quoted errors are 1 standard deviation due to counting statistics multiplied by an experimentally determined Laboratory Error
Multiplier.

The isotopic fractionation,          , is expressed as ‰ wrt PDB.

F     C% is also known as pMC (percent modern carbon).
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Surfaces cleaned. Washed in an ultrasonic bath.  Tested for recrystallization:
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Sample acid washed using 2 M dil. HCl for 300 seconds, rinsed and dried.
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 Marine data from Hughen et al (2004);Delta_R -7±45;OxCal v3.10 Bronk Ramsey (2005); cub r:5 sd:12 prob usp[chron]
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