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Between 14 and 16 November 2005 archaeological mitigation excavations were undertaken at sites U14/3056
and U14/3216, and between 19 and 20 February 2007 at
U14/1941, in the Oropi Valley, Tauranga. In February 2007
the flat terrace above site U14/1940 was also investigated
but no archaeological features were located. These sites will
be affected by the Oropi Downs Stages III and IV development (Lots 26 and 27 DP 323783 and Pt Lot 1 DP 14984),
which is a part of Asco Trust Limited’s project to develop
a residential subdivision at Oropi Downs. Archaeological
investigations were required as a condition of Authority
2006/14, issued by the New Zealand Historic Places Trust
under Section 14 of the Historic Places Act 1993.
Site U14/3056 was first recorded in 1999 by Ray
Hooker as a midden measuring 8 x 5 m on the upper slope
of a gully (Hooker 1999); because it had been recently
recorded it was not revisited during the New Zealand
Archaeological Association site upgrade project. In 2005
Matthew Campbell again visited the site as part of the
archaeological assessment of effects of the proposed development. At the same time site U14/3216 was recorded as
a midden measuring 6 x 3 m on the top of and just down
the slope from a broad level terrace (Campbell 2005a). In
October 2005, further features close to the recorded part
of U14/3216 were uncovered by heavy machinery during
preliminary earthworks. All further earthmoving in the
vicinity was halted until the archaeological investigation
could be carried out.
The 2005 assessment described seven sites in the development area, including the three that are the focus of this
report. All seven were midden sites and ranged from small
to medium deposits. Four of them, U14/3056, U14/3216,
U14/1940 and U14/1941, were located on the broad river
terrace overlooking the Waioroi Stream. They were just
over the lip of the terrace indicating occupation on the terrace and dumping food waste over the edge. It was highly
probable that features would be present under the ground
surface on the terrace and it was recommended that the
modification of the river terrace should be closely monitored and, if necessary, intensively investigated (Campbell
2005a).
Research Design
A series of archaeological investigations recently undertaken in the Waimapu Valley (Campbell 2003, 2004a,
2004b, 2005b; Campbell and Piahana 2003; Furey 2004)
are beginning to demonstrate the importance of the area
to developing our understanding of the prehistory of the
Western Bay of Plenty. Settlement seems to have taken

place quite early, at around AD 1450, and the period of
occupation was short, only about 200 years. The timing of
occupation is now fairly well understood; accordingly the
research design called for only one radiocarbon date to be
submitted for each site.
Research so far has been limited, and many questions
remain unanswered regarding the Waimapu area. Most
sites investigated to date have been either midden or pit
sites, with occupation sites only more recently found at
Rowesdale, including a palisaded site (Campbell 2005b,
2007). Garden sites, and non-marine subsistence in general, are not well known. The main focus of the investigation at Oropi Downs was the environment. In particular
charcoal and microfossil samples were collected for analysis in order to reconstruct subsistence patterns and the
general environmental background of occupation.
Methodology
For each site, the topsoil was removed with heavy earthmoving equipment under archaeological supervision,
except U14/3216 which was exposed during earthworks
prior to archaeological involvement. Each site was then
cleaned down by hand in order to expose and identify features in the machine cleaned surface. Features were excavated by hand. Midden samples were taken where appropriate, with each being the same volume where possible
to allow for comparison between samples. The volume of
samples for U14/3056 and U14/3216 was 5 litres but subsequent archaeological work at Papamoa (CFG Heritage
report in preparation) indicated that a 10 litre sample is a
more suitable size. This is particularly the case if shell is to
be measured, as only a small proportion of the shell in any
sample is completely whole. The sample size for U14/1941
was, therefore, 10 litres. In the midden analysis section,
below, shell counts are given as raw figures in Table 2 and
adjusted to 10 litres equivalents in Table 3. Soil samples
were taken from the bases of pits in U14/3216 for microfossil analysis. Artefacts were retained for analysis.
Features were mapped by hand at a scale of 1:50. Control
points on the plans were located with differentially corrected GPS. The plans were then tied in to the development
site plan (Figure 1). Each feature was given a unique feature number, e.g., U14/3218 Pit 38.1 Features were photo1 Numbering begins at 1 for each site, with the exception of
U14/3216 where Area B is numbered from 101 (only features
mentioned in the text are labeled in the figures). For ease of
description pit features are referred to as, for instance, Pit 38;
this is equivalent to Feature 38. In some tables this may be abbreviated to F38.
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Figure 1. Location of sites U14/3056, U14/3216 and U14/1941 within the Oropi Downs development. Grid = 100 m. Contour
interval = 0.5 m.
graphed before, during and after excavation with a digital
camera. The archaeology of each site is described separately
below, followed by the combined post-excavation analyses
(midden, artefacts, environment, chronology, etc.).
Archaeology of U14/3056
U14/3056 was originally recorded by Ray Hooker in 1999
as an 8 x 5 m midden spilling down a slope from the edge
of the wide, flat terrace that extends to the south of the
development area. The topsoil was stripped off an area of
roughly 20 x 12 metres on this flat area above the visible
midden, exposing 75 postholes, 17 oven scoops and two
small pits (Figure 3).
Pits
Only Pit 1 was excavated. It had a clean, homogenous fi ll
indicating deliberate fi lling of the pit after it had ceased to
be used. Pit 1 was a shallow feature, 1200 x 950 x 160 mm

2

deep.2 A number of postholes, Features 20–23, could be
seen cutting into the pit fi ll on the cleaned surface (Figure
4). Three further postholes, Features 65–67, were exposed
during the excavation of the pit, but of these only Feature
67, centrally located hard up against the northern end wall
of the pit, is likely to have been part of the pit construction
(Figure 5). Similarly, the small bin pit, Pit 64, next to Pit 1,
2 Depths are measured from the top of the machine cleaned surface, and so are somewhat arbitrary. All topsoil, which equates to
the ploughed zone, and is generally 250 mm deep, was stripped
with the digger in order to expose the features in the yellow
tephra subsoil. Also, there is no way of knowing how much of the
site has been truncated by 20th century farming practices other
than ploughing. Depth measurements are useful for comparing
features that are found in close proximity to each other, but not
for features from different sites. The exception is the depths of
features in the bases of pits such as postholes, which are not disturbed; these are measured from the pit floor.
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Figure 2. Archaeological sites recorded in the wider Waimapu Valley showing the location of the development area.
Sites mentioned in the etxt are labelled.
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Figure 3. Plan of U14/3056. For ease of reading the figure only those features mentioned in the text are labelled.
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Figure 4. U14/3056, Pit
1 prior to excavation,
with features cutting
the fill excavated, with
Feature 64 to the right.
Scales = 1 m.

Figure 5. U14/3056 Pit 1
after excavation, with
Feature 64 in the foreground. Scales = 1 m.
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Figure 6. U14/3056,
Features 61 and 62
before excavation (top)
and after excavation
(bottom). Scale = 1 m.
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Figure 7. U14/3056, series of postholes after excavation, looking west from Feature 42. Scale = 1 m.

Figure 8. U14/3056,
machine trench
through midden. Scales
= 1 m and 0.5 m.
Matthew Campbell and Beatrice Hudson
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Figure 9. U14/3056, profile of the western baulk of the machine trench though midden.
had a posthole (Feature 24) in its surface. These features
were not excavated. Only in very few cases did features
inter-cut others; this certainly indicates that the two small
pits represent an earlier, though not necessarily unrelated,
occupation of the site. It was noted that Pit 1 was very
shallow; it would appear to have been truncated, but it is
not clear whether this is a result of this second prehistoric
occupation or of historic period agricultural activities.
Oven scoops and postholes
The remainder of the features on the flat area consisted
of oven scoops and postholes (Figure 3). The oven scoops
ranged in size from 150 to 900 mm diameter; smaller features are probably truncated. Only three oven scoops were
excavated, all rounded scoops containing charcoal and
occasional burnt shell: Feature 61 measured 650 x 550 mm
in plan and was 150 mm deep; Feature 62 measured 900 x
600 mm in plan and was 150 mm deep; while Feature 63
measured 400 x 400 mm in plan and was 100 mm deep.
It is, however, most probable that all these features have
been truncated by ploughing. Figure 6 shows two views of
Features 61 and 62, before and after excavation. Cooking
seems to have been the main activity carried out at the
site.
None of the postholes made any clear patterns, and it
is difficult to say with any certainty what they represent.
They are of varying sizes and depths, ranging between
470 x 300 mm down to 120 x 120 mm in plan, and, for
those excavated, between 50 and 390 mm in depth. The
fi ll was generally a clean homogenous tephra mixed with

8

some topsoil. Two types of structure seem possible: windbreaks for the ovens, and racks for processing the shellfish
represented in the midden. Certainly no houses or similar
structures could be discerned. Windbreaks seem the most
likely explanation for the majority of the postholes. Several
of these are shown in Figure 7.
Midden
The midden extended from the north-east corner of the
area stripped by machine down the slope for approximately
6 m, and was approximately 8 m across. A small part of
this midden was exposed on the machine cleaned surface
while the rest remained sealed beneath 80 –120 mm of topsoil on the slope. If any midden had been present on the flat
area it has probably been destroyed by ploughing; plough
marks were visible in places in the machine cleaned surface. The midden was investigated by trenching through it
down the slope with the backhoe (Figure 8). It was drawn
in profi le (Figure 9) and a 5 litre sample of the midden was
taken for analysis. There appeared to be a posthole in the
profi le. Although the midden in general was quite clean,
the midden in the posthole was even cleaner. A similar feature was visible in the floor of the trench, though these two
features did not run along the contour or indicate any sort
of fence or palisade. Results of midden analysis are given
below.
Discussion
The remaining evidence on U14/3056 seems to primarily
represent food preparation, particularly in the second
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occupation. The two small pits, Pits 1 and 64, are from
an earlier phase of occupation of the site. That Pit 1 is so
shallow may indicate that the site was truncated in preEuropean times and other evidence from this phase may
be missing. Some postholes were also very shallow, but
they cover a wide range of depths and it is not feasible to
try and phase them by depth. Otherwise the evidence is
of oven scoops and postholes, the latter indicating drying
racks and/or windbreaks. A midden up to 200 mm thick
extends down the slope to the north of these features. It is
a clean, undisturbed deposit and is presumed to represent
waste from the cooking activities taking place on the flat
terrace above it. How much midden was formerly deposited on the terrace but has since been destroyed by ploughing is not possible to say.
Archaeology of U14/3216
U14/3216 was recorded during the original assessment
(Campbell 2005a) as a midden on the lip of the wide, flat
terrace that extends to the south of the development area.
It was exposed when a barberry hedge was removed a year
prior to the current earthworks. During earthworks monitoring by tangata whenua cultural monitors a wider area of
the site was exposed prior to archaeological involvement.
The site was probably truncated by 200 mm or more below
the plough zone before we got to it. This was Area A, which
contained a number of pits and postholes (Figure 10).
Subsequently we exposed Area B, 12 m to the west, which
was predominantly oven scoops (Figure 11).
Pits
There were eight pits, all in Area A (Figure 10). All were
rectangular and aligned roughly north east−south west,
apart from Pits 26 and 27 which were at right angles to this
alignment. Pits 16, 18, 20, 23, 26 and 27 were excavated. All
had a clean, homogenous fi ll indicating deliberate fi lling
of the pit after it had ceased to be used. Pit 16, measuring 1050 x 850 x 350 mm deep, was a simple bin pit with
no postholes in its floor, and was located off the end of Pit
20, which was a larger feature. This combination of a large
and small pit is common in the Tauranga area, though
often the bin pit is deeper than the main pit (for instance,
at Rowesdale, Campbell 2005b). Pit 20 measured 2000 x
850 x 420 mm deep and had a single posthole in its floor,
Feature 51, with the posthole measuring 200 x 200 mm
and the mould, representing the post itself, 120 x 120 x 470
mm deep. In the western wall of the pit was a bell shaped
bin, Feature 50, measuring 650 x 500 x 300 mm deep, that
cut beneath the pit wall (Figure 12). This feature was cut
down into the grey Rotoehu Ash. This tephra is unsuitable for digging pits into as it is very poorly consolidated
(Briggs et al. 1996), though it probably drains very well and
sumps are often cut to this level. Feature 50 may be a sump
to assist drainage, though these tend to be cut into the pit
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floors rather than walls. It may be a more formal structure,
but if so its function is unclear.
Pits 18 (1100 x 600 x 720 mm deep), 26 (800 x 600 x 600
mm deep) and 27 (1500 x 850 x 80 mm deep) were, like Pit
16, simple features with no postholes in the floor. Pit 23, at
2550 x 1350 x 580 mm, was the largest feature on the site,
though it is by no means a large pit compared to others that
have been excavated around Tauranga (Campbell 2007). It
had two postholes in its base along the centreline, Features
52 and 55. Area B contained no pits.
Oven scoops and postholes
There were only three oven scoops in Area A, while Area
B contained 16 – in fact the only other features in Area
B were a single posthole and an unusual abrader that was
found on the machine cleaned surface. Area B, then, is a
cooking area, and it is so unlike Area A that we can’t even
be sure these two areas belong to the same occupation. The
various oven scoops range in size from 1050 x 650 mm
(Feature 112) to 350 x 300 mm (Feature 116), though the
smaller features are almost certainly truncated. Features
109 and 112 in Area B were disturbed by tree roots, probably the barberry hedge which had only recently been
removed, and others may also have been disturbed. Only
two were excavated, Features 103 and 111. Midden samples
were taken from each for analysis. Feature 103 was 700 x
500 x 100 mm deep, and Feature 111 was 600 x 500 x 130
mm deep.
There were 42 postholes, other than those in the bases
of pits, in Area A, including two main clusters to the north
and south of Pit 23. None of these formed any regular
alignments indicating substantial structures. Most probably they were wind breaks or drying or storage racks. Most
had a homogenous topsoil/tephra fi ll but midden samples
were taken from Features 9, 17, 41 and 47, though due to
the small size of the features it was not always possible to
collect 5 litres.
Microfossil sampling
Soil samples were taken for microfossil (pollens, starch
grains, etc.) analysis from Pits 20, 23 and 26. These were
collected to look for kumara starches remaining in the
floors of the pits. Previous work at site U15/9, Hamurana
Road, Rotorua (Campbell and Horrocks 2006) had indicated that this line of inquiry could be productive.
Discussion
The lack of overlapping features indicates only a single
phase of occupation. Pits 20 and 23, however, cut a long,
shallow sub-rectangular feature with a rounded profi le,
whose function is unknown. This feature was not excavated, but can be seen running to the left of Pit 23 in
Figure 14. There were two postholes, Features 47 and 48, in
the surface of Pit 20; one, Feature 49, in the surface of Pit
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Figure 10. U14/3216, Area A. For ease of reading the figure only those features mentioned in the text are labelled.
23; and Pit 19 was also cut by another feature, probably a
disturbed oven scoop − these two latter features were not
excavated − so there are at least three sub-phases of activity visible.
Area A was primarily a pit storage area, though the
truncation of the area during earthworks may have
resulted in the loss of some features. Area B was almost
exclusively a cooking area. The strong contrast of activities
between the two areas makes it unclear whether they represent the same occupation, though it is also possible that
there was a strong spatial separation of activities within a
single occupation.
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Archaeology of U14/1941
U14/1941 was first recorded in 1984 by a student group
under the supervision of Bruce McFadgen as a 6 m long,
30 cm deep lens of shell midden. It was noted at the time
that the site was disturbed by stock trampling across it.
In 1997 it was again recorded by Ken Phillips as part of
the New Zealand Archaeological Association site upgrade
scheme. During the subdivision assessment (Campbell
2005a) two deposits, one 15 x 15 m and the other 5 x 5
m, were recorded on the slope. The slope itself, where the
disturbed midden deposit was visible, was not due to be
affected by earthworks for the subdivision, but the flat

Oropi Downs
final report

111
109

disturbed by roots
112
103
burnt soil

116

N

0

1
metres

abrader

Figure 11. U14/3216, Area B. For ease of reading the figure only those features mentioned in the text are labelled.
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Figure 12. U14/3216,
Feature 50, small bin
pit in the corner of Pit
20. Scales = 0.5 m and
0.25 m (obscured).

Figure 13. U14/3216, Feature 20 after excavation.
Scales = 1 m, 0.5 m and 0.25 m.
12
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Figure 14. U14/3216,
Pit 23 after excavation
with Pits 26 and 27 in
the background. Scales
= 1 m and 0.5 m.

Figure 15. U14/3216,
oven scoops in Area B
with Feature 111 in the
foreground. Scales =
1 m.
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Figure 16. U14/1941. For ease of reading the figure only those features mentioned in the text are labelled.
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river terrace above it was. Topsoil stripping on this part of
the terrace was therefore carried out under the direction of
an archaeologist in an area defined by small gullies to the
north and south. At the same time, the part of the terrace
above U14/1940, which was also recorded as a disturbed
midden spilling down the slope, was also stripped, but no
archaeological features were uncovered.
Parts of this site had been disturbed by rabbit burrows and tree roots, particularly by the recent removal of
barberry hedges and burning of vegetation. Modern postholes were also evident from fences that had recently been
removed. One feature, which appeared to be the result of
root burning, contained modern ceramic.
Pits
There were eight pits in the site, though none of them were
large. All were excavated, and all had a clean, homogenous
fi ll indicating deliberate fi lling of the pit after it had ceased
to be used. Pit 15, measuring 1650 x 1150 x 630 mm deep,
was the largest (Figures 16 and 17). The northeast corner
had been damaged by rabbits. There was a single posthole,
Feature 16 in the pit floor on the centreline while in the
northwest corner was a belled bin pit, Feature 17, (Figure
18) that was cut down into the grey Rotoehu ash, very
similar to the small pit in Pit 20 in U14/3216. A shallow
posthole, Feature 8, overlay the western edge of Pit 15. Just
east of Pit 15 was Pit 14, a small, narrow feature measuring
350 x 910 x 480 mm deep. It is not clear what the function
of this oddly shaped feature was.
Pit 21, measuring 1100 x 650 x 180 mm deep, and Pit 33,
measuring 1000 x 950 x 270 mm deep were both shallow
rectangular pits, each with a single posthole in their base.
Pit 26 was a small, bell shaped pit (Figure 19), measuring
350 x 300 mm on the surface, belling out to 500 x 350 mm,
and 300 mm deep with very dark fi ll at the top. It contained a thick flake of obsidian.
Pit 27 was a rectangular pit that was badly damaged on
two sides, probably by tree roots. It measured 1100 x 850
x 670 mm deep, with a single posthole in its uneven base.
The north west corner of the pit was undercut and the east
side showed evidence of tree root burning.
Pit 31 measured 1300 x 750 x 410 mm deep, with an
uneven base and, unlike most of the other pits at this
site, no posthole in the base. Pit 35 was a small feature
measuring 1300 x 500 x 420 mm deep at the western end,
stepping down to 700 mm at the eastern end – its function
is unclear (Figure 20).
Oven scoops and postholes
Eight oven scoops were visible as circular patches of burning that were fairly uniform, with depths ranging between
80 mm and 100 mm. Most were excavated in half section.
The matrix of all excavated oven scoops was a black, char-
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coal stained soil with burnt and fragmented midden, while
Feature 1 also contained several heat-cracked rocks.
Many of the postholes contained shell at, or near, the
top of their fi ll. Dimensions in plan ranged from 80 to 310
mm, though most were around 220 mm. Features 13 and
20 were notably large. Posthole depths varied between 80
and 620 mm.
As with U14/3056, the postholes did not make clear
patterns. Features 9, 10 and 11 were three shallow postholes that made a north−south alignment and perhaps
formed a wind-break. Features 13, 18 and 20 may have
formed a similar east−west alignment. Otherwise no rows
or associations could be seen.
Feature 18 was a deep posthole (620 mm) with a fi ll of
dense shell midden. A 10 litre sample of this was retained
for analysis. This sample included a dense layer of burnt,
fragmented shell in the fi ll. A small sample was also
obtained from Feature 32, which overlay Pit 31. Other
postholes also contained shell but were not sampled.
Midden
U14/1941 was first recorded as a midden site. Midden was
located on the south-facing slope below the river terrace.
Midden here was not excavated or trenched but a probe
was used to determine the area it covered and its depth. At
the top of the hill midden was sparse and disturbed, 3−4
m wide but fanning out down the slope towards the base of
the hill. In most places the midden was patchy, as if thrown
down the hill. Only at the bottom was it more intact with
some depth. In no place was it more than 100 mm thick.
It is most probable that cattle have trampled the midden
down the slope and originally it would have been a denser
and smaller deposit higher up towards the terrace.
Excavation on the terrace showed a number of features,
both natural and produced by human activity, that contained shell midden in the top of the fi ll. This indicates that
at one time midden probably covered much more of the terrace, but was gradually cleared by ploughing and remained
here only where it had fallen into the tops of features.
Discussion
As with U14/3056 and U14/3216, U14/1941 seems to represent a single occupation with only minimal evidence of
phases within it. The pits are all small but are not all on the
same alignment, which may indicate separate phases but
this isn’t really clear. There are eight pits, eight oven scoops
and several more postholes, but no clear patterns emerge.
The midden down the slope, along with the oven scoops,
indicates processing and consumption of shellfish while
the pits indicate storage of kumara.
Midden analysis
Each midden sample was air dried, weighed, wet sieved
through a 2 mm mesh and redried. Three simple statistics

15

Figure 17. U14/1941 Pit
15 after excavation.
Scales = 1 m and 0.5 m.

Figure 18. U14/1941,
detail of the bin pit in
the northwest corner of
Pit 15. Scale = 0.5 m.
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Figure 19. U14/1941 Pit
26, a small bell shaped
pit. Scales = 0.5 m and
0.25 m.

Figure 20. U14/1941 Pit
35. Scales = 1 m and
0.5 m.
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can be calculated from the resulting measures: dry weight/
volume (g/l), dry sieved weight/volume (g/l) and weight
loss through sieving (as a percentage) (Table 1). These statistics are intended to quantify the density of the midden,
that is, how much material there is in the sample and how
much of it is shell. It is notable from Table 1 that, in general, the % loss from samples from oven scoops is higher
(66.7−91.9%) than for postholes (55.9−84.8%), while the
loss for the clean midden samples from the trench in
U14/3056 is the lowest (14.8%). The lower the % loss, the
higher the amount of shell material in the sample. Clean
midden would be expected to have the highest proportion
of shell, and this sample was probably from the least disturbed deposit. Ovens may have the least shell because a
proportion of their weight is made up of oven stones, while
there is also often a great deal of charcoal and soil in an
oven sample. The shell may be very burnt and fragmented,
especially since shell can be used as a heat retainer in place
of oven stones, and so may also wash through the sieve. The
midden from postholes is not in its original place of deposition; it has fallen in to the posthole as the post has rotted
away, along with surrounding soils, which will makeup a
portion of the sample dry weight.
The counts of shell fish by species are shown in Table
2. As is often the case for shell middens in New Zealand,
cockle (Austrovenus stutchburyi) and pipi (Paphies australis) dominate the assemblages. There is a significant proportion of tuatua (Paphies subtriangulata) in the assemblage
from U14/1941 F32. Other excavations in the Waimapu
valley, at Oropi Downs (U14/1941) (Campbell 2003),
Cheyne Road (U14/1920 and U14/3193) (Furey 2004) and
at Rowesdale (U14/1972 and U14/3218) reveal a similar

Context
U14/3056
F61
F62
F63
midden trench
U14/3216
F9
F17
F41
F47
F103
F111
U14/1941
F18
F32

pattern. Cockle and pipi are estuarine or sheltered beach
species. This contrasts with assemblages from Papamoa
(Fredericksen, Barber and Best 1995; CFG Heritage report
in preparation), for instance, that are typically dominated
by tuatua and ostrich foot (Struthiolaria papulosa) which
are open sandy beach species. The contrast in species
compositions of the assemblages reflects the contrasting
environments exploited by the occupants of the Waimapu
and Papamoa: Tauranga Harbour and Papamoa Beach
respectively.
In order to allow for comparison between samples of
different sizes, Table 3 shows the shell counts adjusted to
10 litre equivalents. In Table 4 the total number of identified shellfish, adjusted to 10 litre equivalents (from Table
3), and The % loss (from Table 1) are given. These two statistics are strongly negatively correlated, with a Pearson’s r
score of -0.78. This means simply that the more shell material in the sample (or less % loss) the higher the count of
shells, which is entirely expected.
What is more interesting is the relationship between
weight of shell in the sample, that is the weight of dry
shell retained in the sieve, and the total number of shell
fish (both adjusted to 10 litre equivalents and expressed
as MNI/g in Table 4) when looked at for individual samples and compared across sample types. Here we see that
for the clean midden from the trench in U14/3056 there is
0.099 individuals per gram of shell. For posthole samples
the range is between 0.149 to 0.191, while oven scoops are
the most variable, ranging from 0.110 to 0.352 individuals per gram. In other words, the least disturbed deposit
actually has the lowest count when the matrix of soil and
rock is discounted, while an oven scoop, where the shell

Type

Volume (l)

Dry weight Sieved
(g)
weight (g)

Dry wt/vol Sieved
% loss
(g/l)
wt/vol (g/l) (weight)

Stone
(g)

oven
oven
oven
midden

5
5
5
5

4115
4115
3825
4060

335
905
1275
3460

823
823
765
812

67
181
255
692

91.9
78
66.7
14.8

520
750
435
70

posthole
posthole
posthole
posthole
oven
oven

5
2.75
5
2
5
5

3515
2500
4050
1800
3775
4090

535
1065
935
580
705
1165

703
909
810
900
755
818

107
387
187
290
141
233

84.8
57.4
76.9
67.8
81.3
71.5

20

80
485

posthole
posthole

10
4.5

9310
3840

4108
1064

931
853

411
236

55.9
72.3

245

Table 1. Volume and weight data for midden samples.
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U14/3056
F61
F62
F63
midden trench
U14/3216
F9
F17
F41
F47
F103
F111
U14/1941
F18
F32

9
4
24
16

109
207
198
324

9
3
8
8
10

73
155
131
102
87
128

37
2

697
25

1

1

1

4
144

10

9
1

U14/3056
F61
18
F62
8
F63
48
midden
trench 32
U14/3216
F9
18
F17
11
F41
16
F47
40
F103
20
F111
U14/1941
F18
37
F32
4

218
414
396
648

236
422
444
2

2

146
564
262
510
174
256
697
56

total

Miscellaneous gastropods

Miscellaneous bivalves

Mussel
(Perna canaliculus)

Tuatua
(Paphies subtriangulata)

Pipi
(Paphies australis)

Context

Cockle
(Austrovenus stutchburyi)

Miscellaneous gastropods

Miscellaneous bivalves

Mussel
(Perna canaliculus)

Tuatua
(Paphies subtriangulata)

Pipi
(Paphies australis)

Cockle
(Austrovenus stutchburyi)

Context

5

4
320

22

9
2

684
164
575
278
555
194
256
747
404

Table 2. Counts of shell by species (MNI).
is by nature highly disturbed both mechanically and by
burning, has the highest – this is not what would initially
be expected. A probable explanation is that the more disturbed a deposit is, the more the thinner margins of shells
a destroyed through mechanical, chemical or biological
processes, so that all that is left in the U14/3056 F61 oven
scoop are the tough hinge parts, which are the parts that
are counted.
The various statistics given here are indicative of
midden formation processes and processes that have
acted on the middens since they were deposited, which
are important to have some understanding of since they
affect the assemblage that the archaeologist excavates
and analyses. Formation processes are, generally, cultural processes, so in understanding them we are able to
increase our understanding of how pre-European Maori
interacted with their environment and maintained their
lifestyles. It must, however, be noted that only 12 samples
have been analysed here, and only one from the midden
trench in U14/3056. We know that there will be variation within a midden, some of it quite marked (Davidson
1964), so the patterns we see in this analysis may not be
so clear cut. Also, in order to continue the analysis we
should have collected data about the samples before they
were excavated, e.g., what sort of matrix was present, how
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Table 3. Counts of shell by species (MNI) adjusted to 10 litre
equivalents, rounded.

Context

Type

U14/3056
F61
oven
F62
oven
F63
oven
midden trench midden
U14/3216
F9
posthole
F17
posthole
F41
posthole
F47
posthole
F103
oven
F111
oven
U14/1941
F18
posthole
F32
posthole

Total
MNI

Weight
(g)

MNI/g

236
422
444
684

670
1810
2550
6920

0.352
0.233
0.174
0.099

164
575
278
555
194
256

1070
3870
1870
2900
1410
2330

0.153
0.149
0.149
0.191
0.138
0.110

747
404

4110
2360

0.182
0.171

Table 4. Comparison of weight and count of shell. All counts
are adjusted to 10 litre equivalents.
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burnt, how disturbed, etc. These sorts of evaluations would
hopefully explain some of the variations between our samples. Analyses of this kind are in their early stages, though
it is 40 years since Wal Ambrose (1967) pointed out that
we lacked understanding of the structure and formation
of middens. The only comparable work is Betty Meehan’s
(1982) work in Arnhem Land in the Northern Territory
of Australia, where she analysed how shell middens were
deposited by modern Australian Aboriginals. The lessons
from this research have not been incorporated into archaeology, and it is not yet clear how closely the Arnhem Land
situation relates to New Zealand.
Artefacts
Very few artefacts were recovered from the three sites.
One was recovered from the machine cleaned surface of
U14/3216 Area B (Figure 11). It was identified by Kath
Prickett of the Auckland Museum as being made from a
thin water-worn pebble of silicified diatomite, almost certainly from the Rotorua region (it is identical to a sample
from Rotorua itself), that has spent some of its life in a
stream. Silicified diatomite is formed when the skeletons
of single cell organisms (diatomites) are consolidated with
silica precipitated out of geothermal waters. Maximum

measurements for the artefact are 57.4 mm long, 23.4 mm
wide and 5.2 mm thick. Each face is grooved longitudinally; the groove on the smoother, front face is deeper than
on the back face. The groove is highly visible as the red
cortex of the stone has been worn away to reveal the yellow
interior (Figure 21). The cortex on the sides of the artefact
at its widest point has also been worn away, indicating that
it may have been held in some sort of, probably wooden,
clamp while the faces were worked. It is not clear what the
artefact is: the diatomite component of the stone is very
hard and would make an excellent abrasive (this is its
modern industrial use), so the identification of the artefact
as an abrader seems most likely; but perhaps it is a deliberately fashioned fishing sinker or something similar. This
is an unusual stone to use and the artefact itself is quite
unusual in form.
The other artefacts came from U14/1941 and were all
obsidian flakes with the characteristic green colour that
indicates Tuhua (Mayor Island) as the most probable
source. Two, one from Feature 29 and the other from the
machine cleaned surface, were small waste flakes. Another
large flake measuring 51 x 37 x 13.5 mm maximum dimensions was also found on the machine cleaned surface. This
had quite heavy flaking along two edges, mostly on the

Figure 21. Probable
abrader of silicified diatomite from U14/3216
Area B.
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ventral face, consistent with its being used for scraping or
sawing wood or bone (Turner 2005). A concave working
edge measuring 21 x 5.5 had been deliberately formed and
also showed heavy use flaking along one edge. It may have
been used for scraping or shaving round lengths of wood.
The other large flake, from Feature 26, measured 43.5 x
26.5 x 15 mm maximum dimensions. This was much more
heavily flaked and has been reduced from a much larger
and heavier flake. It has extensive retouch on both faces
and much heavier use wear than the other flake.
Microfossil analysis
Environmental microfossil analysis relies on the identification of either pollen grains or phytoliths (particles of silica
formed in flowers, stems, leaves and roots of many higher
plants) that are specific to particular plants, enabling the
reconstruction of the vegetation present in the environment. The third type of microfossil that is commonly analysed is starch grains. In this case we were looking for evidence of starchy crops such as kumara or taro. The latter
may have been grown in the swampy Oropi flood plain.
Of the eight microfossil samples taken only three were
submitted for analysis, from U14/3216 Area A, Pits 20, 23
and 26. All samples were taken from the ‘treading layer’
in the bases of the pits, a consolidated, thin, dark brown
layer that is thought to derive from people walking on the
pit floor. Analysis was undertaken by Mark Horrocks of
Microfossil Research (Appendix A).
The pollen samples are dominated by Cyathea sp. tree
fern (ponga) and bracken fern spores, with very low proportions of forest plants. Tree fern spores persist for a long
time in the soil and so probably represent earlier forest
cover. Bracken is often the dominant plant after repeated
burning or over-exploitation of soils for horticulture,
resulting in lowered soil fertility. The trees that had formerly been present are indicated by the pollen of rimu,
matai, other conifers and, unusually, the parasitic wood
rose. Other forest plants indicated by phytolith analysis
include rewarewa, rata/pohutukawa, beech, kamahi, tawa,
ponga and nikau. The samples are all taken from the bases
of kumara pits and so indicate the environment present at
the time the pits were in use. This seems to have originally
been a mixed broadleaf/podocarp forest (as indicated by
residual pollens and phytoliths) that was cleared and burnt
prior to gardening. After repeated burnings and cropping
cycles soil fertility became depleted and bracken took over.
By the time of the arrival of European colonists in the late
19th century, about 200 years after the Maori abandonment of the area, the forest had regrown and was milled
commercially (Young 2004).
Probable starch grains and xylem fragments of kumara
were recovered from Pit 23. Kumara starch has also been
found in two pits at site U15/9, Hamurana Road, Rotorua
(Campbell and Horrocks 2005). While this might not
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seem surprising, given that the function of pits is generally
thought to be kumara storage, it would be expected that pits
would be kept scrupulously clean. If a kumara tuber is left
on the floor of a pit it will most likely rot and the chances of
it introducing fungal diseases to the rest of the crop would
seem to be high. It is, therefore, hard to tell whether the
kumara starch from the floor of Pit 23 is because kumara
was trampled into the floor during the everyday use of the
pit; or pit storage failed and the starch is from kumara
that rotted; or some kumara was left behind when the pit
was abandoned. We don’t really know, for instance, how
often pits were used. In the soft, volcanic soils of Tauranga
digging new pits every one or two years may not have been
particularly onerous, whereas in dense clay soils pits may
have been reused more often. At this stage of research
starch analysis helps us clarify the appropriate questions
but does not necessarily provide final answers.
In addition, a pollen core was taken in a flat paddock
to the north east of the sites where it seemed possible
that previously swampy conditions had prevailed, prior
to draining for European agriculture. The area cored was
the flood plain of Oropi stream, and the soils proved to
be reworked and disturbed, and unsuitable for pollen
analysis.
Charcoal analysis
By identifying excavated charcoal to species level a different view of the local vegetation at the time of occupation can be obtained. Charcoal from secure contexts in
archaeological sites is generally the result of wood being
burnt by the occupants for heating or cooking. Charcoal,
therefore, shows a specific aspect of the environment
deliberately exploited by people. Three samples each from
U14/3056 and U14/3216 were submitted to Rod Wallace
of the University of Auckland Anthropology Department
for charcoal analysis (Appendix B). The analysis indicated
a local broadleaf podocarp forest dominated by matai.
This does not indicate that this forest necessarily grew
immediately around the sites, rather that these were the
types of wood that were available in the wider area for
collection. This may have been in the form of living trees
or stumps and branches left over after forest clearance.
Chronology
Samples of pipi from each site were submitted to the
Radiocarbon Dating Laboratory at the University of
Waikato. The results are given in Table 6.
These dates compare well with other dates from the
Waimapu (Campbell 2003, 2004a, 2004b, 2005b; Furey
2004). The main occupation of the Waimapu falls within
a 200 year range, AD 1450–1650. Both the beginning and
end of this occupation are surprisingly early: the beginning is within a few short generations of the first settlement of New Zealand, at the same time as the beginnings
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Lab no

site

CRA BP

δ13C

cal AD, 95%

Wk 18304
Wk 18306
Wk 22574

U14/3056
U14/3216 F17
U14/1941 F18

778 ± 35
798 ± 32
741 ± 29

1.4 ± 0.2
1.1 ± 0.2
1.4 ± 0.2

1450–1630
1440–1620
1460−1670

Table 6. Radiocarbon results.
of occupation on the Papamoa dune plain; the end is a full
100 years before the end of occupation on the Papamoa.
We know from traditional history that the end of occupation at Papamoa coincides with the invasion of Ngaiterangi
from Opotiki which led to a change in settlement patterns (Stokes 1980: Chapter 2; Stafford 1967: Chapter 21;
Ballara 2003: 252). The reasons for the abandonment of the
Waimapu are less clear – perhaps this was part of a progressive move up the valleys as soil fertility declined, as
indicated by the dominance of bracken spores in the pollen
analysis. The archaeological evidence of the excavated sites
indicates several repeated occupations, which, coupled
with the high site density, provides a picture of intense
activity over a fairly brief period.
Discussion and Conclusions
While there are considerable differences between the
three sites, with U14/3056 dominated by food preparation, U14/3216 having a clear separation between pit storage (Area A) and food preparation (Area B), and U14/1941
containing a mix of postholes, ovens and small pits, they
still have much in common. Compared with other sites
in the Tauranga area none of the three Oropi Downs sites
are at all extensive or intensely occupied. There is little
evidence of repeated phases of occupation, no evidence
of housing and even the pits at U14/3216 are few and not
particularly large. Taken together the three sites indicate a
fairly low level occupation, or series of occupations, in this
part of the Oropi. U14/1945, excavated in 2003 (Campbell
2003; Campbell and Piahana 2003) during an earlier stage
of development at Oropi Downs is a very similar site, with
one pit, a small midden and numerous postholes indicating drying racks for food preservation.
This contrasts with, for instance, the Cheyne Road
sites, U14/1920 and U14/3193, further down the valley just
above State Highway 29 (Furey 2004). At U14/3193, there
were numerous intercutting pits, some of them overlain by
later oven scoops. At U14/1920 several pits were also overlain by oven scoops, some of them quite deep, though this
site was smaller than U14/3193. These two sites are only
1500 m or so from the three sites reported here and there
are several other small sites between them (Figure 2). The
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dates for U14/1920 and U14/3193 are comparable to the
Oropi Downs dates (Table 6).
In the neighbouring Ohauiti Valley (both the Oropi and
Ohauiti are branches of the Waimapu) recent excavations
at Richmond Park and Rowesdale (Campbell 2004a, 2005b,
2007) have revealed more extensive sites, particularly
U14/3218 which has houses, numerous intercutting pits
indicating several phases of occupation and a palisade on
at least two sides of the pit complex. There is evidence that
cooking was carried out in a different part of the site from
pit storage, and one pit feature is not only very large (8 x
4.6 m) but is unique in New Zealand archaeology so far in
having 148 further features, mainly postholes for round and
square posts, as well as bin pits, cut into its base, indicating
at least four phases of use and reuse. U14/3235 also had
evidence of houses (perhaps cook houses) and at least two
phases of intercutting pits. These sites are significantly
more complex than the Oropi Downs sites in every way.
Although the Oropi Downs sites are simple compared
to the other sites discussed here they are part of the same
landscape of pre-European Maori occupation. Considering
all these sites together, the landscape gains in complexity,
with more intensive occupation at the valley mouth and
less intensive occupation further up the valley. Compared
to the Cheyne Road or Ohauiti sites, the Oropi Downs sites
are located in a fairly narrow valley, constricted by the
swampy flood plain on the valley floor. There was simply
less room for occupation by large groups; rather the area
was gardened to support larger groups living close by.
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Microfossil analysis of samples from Oropi Downs, Tauranga
Mark Horrocks, Microfossil Reserach

Methods
Palynology
Palynological analysis includes pollen grains of seed plants
and spores of ferns, and microscopic charcoal. It provides
insight into palaeo-vegetation and environments and
in New Zealand allows the differentiation 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, namely bottle gourd (Lagenaria ciceraria) and
paper mulberry (Broussonetia papyrifera) (Horrocks 2004),
and European crops such as maize (Zea mays) (Horrocks
& Lawlor 2006).
Samples were prepared for pollen analysis by the standard acetylation and hydrofluoric acid method (Moore et al.
1991). At least 100 pollen grains and spores were counted
for each sample and slides were scanned for types not
found during the count.
Biogenic silica analysis
Biogenic silica includes phytoliths, diatoms and sponge
spicules. Phytoliths are particles of silica formed in inflorescences, stems, leaves and roots of many higher plants.
Diatoms are unicellular algae found in aquatic and subaquatic environments and have cell walls composed of
silica. Sponges, exclusively aquatic, are multi-cellular animals with an internal skeleton often composed of siliceous
spicules. Sponges and diatoms are found in both marine
and freshwater environments. Biogenic silica analysis
compliments pollen analysis and because silica is generally more resistant than pollen to degradation by soil fungi
and bacteria, is also useful when pollen is not preserved.
Phytoliths (like pollen) may provide direct evidence of
bottle gourd and paper mulberry (Horrocks 2004).
Samples were prepared for biogenic silica analysis by
density separation (Horrocks 2005). At least 100 phytoliths
were counted for each sample and slides were scanned for
biogenic silica types not found during the count.
Starch and other residues
This analysis includes starch grains, calcium oxylate crystals and xylem cells. Starch is the main substance of food
storage for plants and is mostly found in underground
stems (eg tubers, corms), and roots and seeds. It may provide direct evidence of Polynesian starch crops, namely
kumara (Ipomoea batatas), taro (Colocasia esculenta) and
yams (Dioscorea spp.) (Horrocks & Barber 2005, Horrocks
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& Weisler in press), and European crops such as potato
(Solanum tuberosum) (Horrocks & Best 2004). Starch is
present in tubers etc in very high concentrations of grains.
Calcium oxylate crystals are mainly found in plants as
either raphides (needle-like) or druses (compound spherical crystals with many component crystals projecting
from their surfaces). The family which taro belongs to,
the Araceae (aroids), is characterised by abundant calcium oxylate crystals. Xylem is a complex vascular tissue
through which most of the water and minerals of a plant is
conducted, and is characterised by the presence of tracheary elements with distinctive thickenings.
Starch and other residues were prepared for analysis
by density separation (Horrocks 2005). Samples were analysed for starch and other significant material. Presence of
microscopic fragments of charcoal was also noted.
Results and interpretation
The three samples analysed for pollen are dominated by
spores of Cyathea tree fern, and also bracken (Pteridium)
in sample 26/1 (Fig. 1). Very low proportions of pollen of
forest plants (ie woody taxa) and the presence of bracken
spores in all three samples indicate disturbed forest, with
repeated firing (Fig. 1). Bracken, an invasive ground fern,
often dominates New Zealand pollen assemblages deposited within the last millennium and is commonly associated with Polynesian deforestation which occurred after
settlement c. 800-600 years ago (McGlone 1983). The lower
bracken values in samples 20/1 and 23/1 might suggest an
early phase of deforestation in the area. Another indicator of vegetation disturbance, puha (Sonchus) pollen, was
found in samples 23/1 and 26/1. Notwithstanding the clear
evidence of forest disturbance, the high proportions of
Cyathea and bracken spores are almost certainly in large
part due to greater resistance of these types to degrading
soil micro-organisms (Dimbleby 1985). Cautious interpretation is required in this case because pollen grains and
spores in all three samples are extremely corroded, indicating very well-drained deposits perhaps also reworked,
thus allowing a high degree of aerobic activity and decomposition of organic material by soil micro-organisms. No
European-introduced pollen types were found, indicating
that the samples are most likely prehistoric.
The dactylanthus (Dactylanthus taylorii) pollen in
sample 26/1 is an interesting find (Fig. 1). It is rare in pollen
samples and is from a highly unusual plant - New Zealand’s
only fully parasitic flowering plant. Dactylanthus has no
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green leaves or roots of its own and grows as a root-like
stem attached to the root of a host tree. Many species of
trees may be hosts. In response, the host root moulds into
the shape of a fluted wooden rose, which gives the plant
its previous common name of wood rose. It is through
this placenta-like attachment that dactylanthus draws its
nutrients. The Maori name for this plant, ‘pua o te reinga’
(flower of the underworld), alludes to the way its flowers
emerge from below ground. It is pollinated by the shorttailed bat. Dactylanthus is currently in serious decline.
Small amounts of spores consistent with truffles (hypogeous Ascomycotina) were found in two of the pollen
preparations (Fig. 1). Most truffles are ectomycorrhizal,
growing in intimate association with host plant roots
and producing the spore-bearing bodies in close proximity. This putative truffle spore type resembles those of the
Australasian truffle genera Labyrinthomyces, Dingleya and
Reddellomyces but is not identifiable to any known species
(Trappe et al. 1992).
The three samples analysed for biogenic silica had
relatively good preservation of silica and provide further
insight into the local vegetation at the time. The samples
are similar in their phytolith composition (Fig. 2). The phytolith sum is dominated by spherical verrucose phytoliths,
a type common in rewarewa (Knightia) and Fuscopsora
(beech spp. other than silver beech) trees (Kondo et al.
1994). Spherical smooth phytoliths are found in rata and
pohutukawa (Metrosideros), beech, kamahi (Weinmannia),
tawa (Bielschmeidia) and Cyathea. Spherical spinulose
phytoliths occur in palms (Arecaceae) and bromeliads
(Bromeliaceae) (Piperno 1988). New Zealand has no indigenous bromeliads therefore in this case this phytolith type

is from nikau (Rhopalostylis) palm, New Zealand’s only
representative of this family. Little is yet known about
the types of plants that produce spherical nodular phytoliths. Of the grass phytoliths, bulliform type originates
commonly from Rhytidosperma. Chionochloid phytoliths
originate from the Arundinoideae sub-family of grasses;
in this case probably mainly toetoe (Cortaderia). Festucoid
phytoliths are found commonly in the Pooideae sub-family
(eg Poa, Festuca). Elongate phytoliths are not thought to
possess any subfamily or tribal characteristics.
Analysis of starch and other residues revealed starch
grains and xylem fragments consistent with kumara
(Ipomoea batatas) root in sample 23/7. Although the starch
grains are very degraded which has caused swelling and
distortion, they have retained sufficient diagnostic features
to allow tentative identification. A cautious approach is in
any case taken because ancient starch analysis (Torrence
& Barton 2006) is a relatively new plant microfossil technique (cf pollen which has a well known taxonomy).
However, given that the samples are clearly anthropogenic
and the site is beyond the southern limit (Tiritiri Matangi
Island) of New Zealand’s only native species of this genus
(I. cairica), which has similar starch grains, the evidence
for kumara is strong. The results suggest that the sampled
area was used for cultivation or preparation of this starch
crop. Significant starch residues were not found in any of
the other samples.
Microscopic charcoal is present in all 11 samples,
reflecting anthropogenic fires, but in quite low concentrations. This suggests that the sampled areas did not undergo
intensive or prolonged human activity.
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Figure 2. Percentage biogenic silica diagram from Oropi Downs, Tauranga.
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Oropi Downs
final report

Charcoal Identification, Oropi Downs (U14/3056 and U14/3216),
Tauranga
Rod Wallace, Anthropology Department, University of Auckland

Six charcoal samples from two archaeological sites at Oropi
Downs (U14/3056 and U14/3216) were submitted for identification. The results are given below.
[1] Oropi Downs - U14/3216 - Feature 52 - wood
Conifer (Matai?)
10
[2] Oropi Downs - U14/3216 - Feature 111
Puriri
1
Matai
15
[3] Oropi Downs - U14/3216 - Feature 103
Matai
12
[4] Oropi Downs - U14/3056 - Feature 61
Matai
10
[5] Oropi Downs - U14/3056 - Feature 62
Matai
10

Species

U14/3216

U14/3056 Plant type (%)

Rewarewa
Puriri
Matai
TOTALS

1
37
38

1
3
40
44

Broadleaf trees (6%)
Conifer (94%)
82

Table. Summary

Comments
Both sites have very similar assemblages. These are dominated by matai with the residue being the broadleaf trees,
Rewarewa and Puriri. Given the small number of samples
it is difficult to be certain about this but on the face of it
appears the vegetation extant at the time of occupation was
broadleaf podocarp bush.

[6] Oropi Downs - U14/3056 - Feature 63
Rewarewa
1
Puriri
3
Matai
20
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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-

18304

Submitter

M Campbell

Submitter's Code

U14/3056

Site & Location

Oropi Road, Tauranga, New Zealand

Sample Material

Pipi

Physical Pretreatment

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

Chemical Pretreatment

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

d 1 4C
δ

13

-41.7 ± 4.2
1.4 ± 0.2

C

14

C

-92.3 ± 4.0

% Modern

90.8 ± 0.4

D

Result

‰
‰
‰
%

778 ± 35 BP

Comments

22/3/06
•

Result is Conventional Age or % Modern 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 1
.

•

The isotopic fractionation, δ 1 3C , is expressed as ‰ wrt PDB.

•

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

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-

18306

Submitter

M Campbell

Submitter's Code

U14/3216 F17

Site & Location

Oropi Road, Tauranga, New Zealand

Sample Material

Pipi

Physical Pretreatment

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

Chemical Pretreatment

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

d 1 4C
δ

13

-44.8 ± 3.8
1.1 ± 0.2

C

14

C

-94.6 ± 3.6

% Modern

90.5 ± 0.4

D

Result

‰
‰
‰
%

798 ± 32 BP

Comments

22/3/06
•

Result is Conventional Age or % Modern 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 1
.

•

The isotopic fractionation, δ 1 3C , is expressed as ‰ wrt PDB.

•

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

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- 22574
Submitter

M Campbell

Submitter's Code

Oropi

Site & Location

Oropi, Tauranga, New Zealand

Sample Material

Pipi

Physical Pretreatment

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

Chemical Pretreatment

Sample acid washed using 2 M dil. HCl for 400 seconds, rinsed and dried.

δ

13

D
F

C

1.4 ± 0.2

C

-88.1 ± 3.3

‰
‰

C%

91.2 ± 0.3

%

14

14

Result

741 ± 29 BP

Comments

14/1/08
•

Result is Conventional Age or % Modern 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, δ 1 3C , is expressed as ‰ wrt PDB.

•

F1 4 C% is also known as pMC (percent modern carbon).

Radiocarbon determination

1200BP

Marine data from Hughen et al (2004);Delta_R -7±11;OxCal v3.10 Bronk Ramsey (2005); cub r:5 sd:12 prob usp[chron]

Wk18304 : 778±35BP

1100BP

68.2% probability
1470AD (68.2%) 1560AD
95.4% probability
1450AD (95.4%) 1630AD

1000BP
900BP
800BP
700BP
600BP
500BP

1200CalAD

1400CalAD

1600CalAD

Calibrated date

1800CalAD

Marine data from Hughen et al (2004);Delta_R -7±11;OxCal v3.10 Bronk Ramsey (2005); cub r:5 sd:12 prob usp[chron]

Radiocarbon determination

1200BP

Wk18306 : 798±32BP

1100BP

68.2% probability
1460AD (68.2%) 1530AD
95.4% probability
1440AD (95.4%) 1620AD

1000BP
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800BP
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600BP

1200CalAD

1400CalAD

1600CalAD
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1800CalAD

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]

Radiocarbon determination
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Wk22574 : 741±29BP
68.2% probability
1500AD (68.2%) 1630AD
95.4% probability
1460AD (95.4%) 1670AD
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