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though this can have an effect on heterogeneous
cores such as these if it varies widely. While this
should be considered during the interpretation,
it is this 226Ra activity which places the 100 year
limit of 'accuracy' on the 210P b dating method.
The samples were dried, weighed, and leached

with 6 M HCL for one hour at 100 °C, when 209P O
tracer was added to monitor yield results. T he
calculati ons were based upon the act ivit ies per
kilogram total, less the shell material which was
leached during the process (A p PLEBY and OLD­

FIELD , 1978).
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Table 1. Identification of pollen and spores from three cores in the Whangamata Harbour (analysis by M.S. McGlone).

Depth Cause of Average Rate
(m) Vegetation Change of Sedimentation

Boatramp Core

0.10 abundant pine pollen, forestry, 19.8 mm yr~l

0.35 some bracken and grass channel migration 1940s

0.60 bracken and corroded tree fern landuse change, 18 mm yr " '

spores dominant, channel
0.85 some grass and raupo migration

1.12 no pollen or spores rapid 18 mm yr:!

1.35 sedimentation 1920s

Causeway Core

0.22 pine pollen and bracken forestry,

fern spores dominant, European landuse 11 mm yr- 1

considerable grass pollen

0.44 and tree fern spores,

traces of pastoral weeds 1940s

0.66 bracken fern spores Maori land

dominant, considerable clearance 0.28 mm yr " '

forest types, including

kauri, rewarewa and tree

ferns 1140

0.88 abundant tree fern spores undisturbed

and pollen of a great coastal forest

variety of forest trees 0.06 mm yr- 1

1.10 and shrubs, rimu being

1.32 dominant 6710

Sandflats Core

0.13 pine and bracken forestry 6.6 mm yr- 1

abundant, some willow

0.33 introduced pastoral weeds European

landuse 1940s

0.43 inferred Maori horizon 0.31 mm yr ' '

1300

0.53 abundant pollen of forest undisturbed

0.73 types indicating a coastal

diverse coastal forest forest 0.35 mm yr- 1

0.93
1.13 3000

Table 2. 14C dates for four samples from Whangamata Har­
bour sub-surface sediments.

Location

Boatramp Causeway Sandflats

Depth (m) 0.37-0.40 0.63-0.67 0.50-0.60
14C date 3,420 ± 60 1,140 ± 60 6,520 ± 70

Depth (rn) 1.38-1.43
14C date 6,710 ± 70

RESULTS

The results of the palynological investigations,
14C, 210Pb dating are presented in Tables 1, 2 and
3. As shown in Figure 4, the 21OPO levels decrease
with depth. The boatramp core had reached back­
ground levels by 0.5 m. The uppermost sample in
the causeway core is suspected to be reworked
older sediment and as a result was not used in
the calculations of age. Levels in the causeway
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core reached background levels by 0.9 m depth.
The sandflats core appeared to possess a slow sed­
imentation rate shown by all samples stabilising
at the background level. Figures 5, 6, and 7 are
the core log, descriptions, x-ray and photograph.
Interpretation of each core follows.

Boatramp Core

Palynological analysis found sediment east of
the Whangamata boatramp at < 1.5 m depth to
be no older than the 1900's, as the absence of any
pollen, spores, or shells from 1.35-1.0 m depth
(Figure 5) indicated a rapid influx of eroded ma­
terial). Between 1.0 and 0.5 m, bracken and cor­
roded tree fern spores dominated along with rau­
po, grasses and introduced species, indicative of
European habitation. The uppermost 0.5 m con­
tained species dominated by exotic pine pollen
with minor bracken spores and grass pollen, a sign
that these sediments had been deposited since the
1940's when the first planted exotics reached ma­
turity. Only one layer at 0.37 to 0.40 m was 14C
dated owing to the low incidence of shell in the
remainder of the core and gave an age of 3,420 ±
60 years. 21°Pb levels, however, placed sediments
above and below this layer in the 1970's and 1920's
respectively. The shell bed is thus likely to have
been reworked and deposited into the younger
sediments. 210Pb excesses decreased to back­
ground levels for the lower four samples, indicat­
ing that sediment below 0.5 m was emplaced ear­
lier than the 1920's. Sediments at 1.5 m depth
could have been laid down rapidly owing to an
influx of sediment from the catchment. However
considering the lack of organic matter it is more
likely that a change in channel configuration re­
sulted in the main channel migrating to the east.
The sedimentation rate then slowed allowing the
deposition of shell fragments, until the rapid de­
position of a reworked shell layer originating from
elsewhere in the estuary 0.10 m below the present
surface. This layer was covered in 10-15 em of
recent sandy sediment.

Causeway Core

A shell bed at the base of the causeway core
(1.43-1.38 m) was 14C dated at 6710 ± 70 BP
(Figure 6). This bed may be in situ, as palynologic
analysis showed undisturbed rimu (Dacrydium
cupressinum) dominated coastal forest was iden­
tified from 1.32 m to approximately 0.75 m depth.

At 0.66 m, the dominance of bracken spores
revealed the extensive spread of bracken, en-

Table 3. 210Pb dates from three cores in the Whangamata
Harbour. The sedimentation rate applies between a layer and
the une above and is calculated in mm yr- 1.

Sedi-
menta-

Sedi- tion
ment Rate

Depth 21OPO Date Date (mm
Location (m) (Bq/kg) Age Approx. Calc. yr ' ']

Boatramp 0.10 14.5 ± 0.2 0 1980's 1981
0.30 11.1 ± 0.2 9 1970's 1972 22.2
0.50 2.9 ± 0.1 52 1920's 1929 4.7
0.70 2.7 ± 0.1 54 1920's 1927
0.90 3.0 ± 0.1
1.10 3.0 ± 0.1

Causeway 0.10 3.8 ± 0.1
0.20 14.7 ± 0.3 0 1980's 1980
0.30 10.8 ± 0.2 10 1970's 1970 20.0
0.40 10.8 ± 0.2 10 1970's 1970 10.0
0.50 2.7 ± 0.1 55 1920's 1925 2.0
0.60 2.7 ± 0.1 55 1920's 1925

Sandfiats 0.10 7.8 ± 0.1 0 1980's 1984
0.20 6.5 ± 0.1 6 1970's 1978 10.0
0.30 6.0 ± 0.1 8 1920's 1976 2.0
0.40 3.7 ± 0.1 24 1960
0.50 5.4 ± 0.1
0.60 6.0 ± 0.1

couraged by firing and clearance of the forest by
Maori settlers. Kauri (Agathis australis), rewa­
rewa (Knightia excelsa) and tree ferns were also
present. The shell layer at 0.67-0.63 m was 14C
dated at 1,140 ± 60 years above the 'Maori ho­
rizon' identified by palynology. This is most likely
to have arisen through bioturbation, although it
is possible that the Maori did inhabit the Coro­
mandel up to 1,000 years ago (EASEDALE and
JACOMB, 1982; HARRISON, 1988).

The upper 0.50 m of sediment contained an
abundance of pine pollen and bracken spores, and
considerable amounts of grass pollen, tree fern
spores and traces of pastoral weeds. 210Pb dating
indicated that background levels were reached by
0.70 m, i.e., sediment above 0.70 m has been de­
posited since the 1920's. The low level measured
in the uppermost sample could indicate reworking
of old sediments, deposited rapidly since the con­
struction of the causeway.

Sediments at 1.5 m depth in the Moanaanuanu
Estuary are typical of undisturbed coastal forest,
and are consequently dated 6000-1300 BP. A dis­
continuity at 1.0 m depth may be related to the
sea reaching its highest level at 4000 BP, then
grading into beds containing articulated shells and
shell fragments. Maori influence occurred at 0.66
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m depth although shell was dated above this at
1140 BP. Sands from 0.40 m depth are recent
sediment containing an abundance of pine pollen
reflecting the influence of forestry in the area.

Sandflats Core

Although the age of sediment lower than 0.5 m
is not completely certain, kauri and rewarewa pol­
len analysis suggests tha.t these sediments were
probably younger than 3000 BP and definitely
older than 700 years because of the absence of
any sign of deforestation (Figure 7). Shells at 0.60
to 0.50 m depth dated at 6,520 ± 70 years of age.
There was an insufficient accumulation of shell
in the remainder of the core to warrant further
dating. The dated layer could possibly be in situ
as it was contained within a period characterised
by diverse coastal forest, but palynological anal­
ysis suggests that < 3000 BP is more probable,
indicating that the shell may be reworked. The
sediments beneath did not show a marked bound­
ary change into Pleistocene sediments, and it is
unlikely that 0.75 m of recent sediment was laid
down before 6500 BP as sea-level was just reach­
ing this height (GIBB, 1986). Therefore it is con­
cluded that this bed is a reworked shell layer.

The upper 0.5 m of sediment appears to have
been deposited since the 1940's, owing to the
abundance of pine pollen and bracken spores, some
willow, and introduced pastoral weed pollen. 210Pb
in the core maintained background levels, indic­
ative of a slow rate of sedimentation, i.e., at 0.10­
0.20 m the sediments are at least 50 years old.

Sediments at 1.0 m depth in the intertidal area
of the mid-harbour accumulated relatively slowly
from 3000-6000 BP. Pumice occurred in beds from
0.96-0.65 m. Rapid sedimentation in the upper­
most 0.35 m of sandy sediment is attributed to
land clearance and forestry development based
on the abundant pine pollen.

RATES OF SEDIMENTATION IN THE
WHANGAMATA HARBOUR

The sedimentation rate is calculated by mea­
suring the thickness of material deposited since
'known' estimations of age, i.e., marker beds, dated
shells and distinctive faunal assemblages. The
amount of compaction that sediment has under­
gone is difficult to estimate, and it was not pos­
sible to determine a suitable correction factor for
adjusting rates of compaction. The effect of com­
paction is that even if no actual change in the
sedimentation rate occurred, the apparent rate

would increase. The differences in real sedimen­
tation rates are likely to be smaller than differ­
ences in the actual rates; however, unless other­
wise stated, the calculated rates are apparent and
not actual. Various sources contribute to the sed­
iments within the estuary, including: the decom­
position and excretory products of marine plants
and animals; wind transported material; domestic
and industrial effluent and solid wastes; and ma­
terial transported by flood tides from the ocean.
Erosion of the hinterland and stream channels
also adds alluvium.

Hallmarks of European occupation and land
clearance in the palynologic record are bracken,
grass and weed dominated samples of which there
are few, indicating that while the early European
did not have the greatest impact on sedimentation
rates it is nevertheless visible in the sediments.
Timber milling, extraction of gum and mining
may have increased catchment erosion and con­
sequently generated sediment which accelerated
estuarine infilling. This would have occurred in
the Whangamata estuary from the 1870's to the
1920's, when sedentary farming became estab­
lished, which is less harsh on the landscape and
consequently results in lower sedimentation rates.
Clearance and planting of exotic pine began in
the Whangamata catchment in the late 1920's;
therefore mature pine pollen would have been
present from the early 1940's. Palynology showed
that there has been a good deal of sedimentation
in the recent past, probably since the 1940's.

The sandflats core represented quiet estuarine
conditions, or the control in this case. The rate
of sedimentation on the upper inter-tidal flats
since the sea-level stabilised about 6000 BP, as­
suming that rewarewa and kauri place a 3000 BP
limit on calculations (MCGLONE, 1983), was 0.35
mm yr :", which increased to 6.60 mm yr- I in Eu­
ropean times (Table 4). 210Pb dating indicated an
increase from roow2 mm yr -] from the 1920's-1970's
to roow 10 mm yr -] from the 1970's to the 1980's.

The causeway core provided the most complete
record, showing a rate of 0.06 mm yr -] from the
sea-level still-stand until the arrival of the Maori,
when sedimentation rates increased to 0.28 mm
yr -I attributable to Polynesian deforestation. Eu­
ropean influence increased the rate to 11 mm yr -I,

which may be due in part to the construction of
the causeway increasing rates since 1976. This
theory is supported by the high 210Pb levels in the
upper 0.40 m, in which the sedimentation rate
increased from 2 mm yr -1 from the 1920's to the
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Figure 8. Accumulation rates for various New Zealand estuaries (referred to in Table 4).

1970's, to ~ 15 mm yr I from the 1970's to the
1980's.

The younger boatramp core sediments showed
rates at 18 mm yr I since the 1920's increasing
slightly to 19.8 mm yr 1 since the 1940's. The
former high rate may have been caused by Eu­
ropean land use increasing sedimentation rates,
but is more likely to be attributed to lateral move­
ment of the channel. The latter rate appears to
have been caused by forestry development and
general land use change in the catchment as the
sediment contained plentiful pine pollen, grass
pollen and bracken spores. 210Pb levels also reg­
istered an increase from ~ 2 mm yr I from the
1920's to the 1970's to ~ 10 mm yr I after the
1970's.

COMPARISON WITH OTHER
NEW ZEALAND ESTUARIES

Table 4 from HUME and DAHM (1991) and SHEF­
FIELD (1991) presents sedimentation rates from
various inter-tidal environments of some New
Zealand (including Whangamata) and overseas
estuaries. The data from this table are formulated
into Figure 8. Whangamata sedimentation rates
are comparable with those found in other studies.
Notably, rates of 11 mm yr I are higher than those
usually recorded in estuaries but similar to rates

in the adjacent Tairua catchment (HUME and GIBB,
1987).

Sedimentation rates for Whangamata may have
been under-estimated if substantial periods of
erosion of estuarine sediments have taken place.
However, sediments within the cores grade uni­
formly into the next layer except for one clear
discontinuity in the causeway core at 1.08 m depth.
This occurred before human occupation of the
area and does not affect the calculation of sedi­
mentation rates. Sediment samples were coarsely
spaced; therefore confirmation of the estimated
rates may be obtained by sampling further cores
at smaller intervals.

HUME and DAHM (1991) utilised palynologic and
I4C dating methods on two cores from Whanga­
poua Harbour, four from Coromandel Harbour,
and three off Thames in the Hauraki Gulf. They
found sedimentation rates increased from 0.1 mm
yr- 1 during pre-Polynesian times to 0.3-2.8 mm
yr - 1 as land use changed owing to European in­
fluence, in some sites by as much as 25-45 times.
There was also some, although not conclusive, in­
dication of an increase in sedimentation for parts
of the Whangapoua Harbour since 1950, when
exotic forests were established.

HARRISON (1988) noted 'Cutting of forests has
the potential for major impact on the Whanga-
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Table 4. Estuarine sedimentation rates in various New Zealand estuaries (from HUME and DAHM, 1991) and SHEFFIELD (1991).

Location

Drury Creek
Manukau Hr.

Lucas Creek
Manukau Hr.

Pahurehure Inlet
Manukau Hr.

Puhinui Creek
Manukau Hr.

Off Ihumatao
Manukau Hr.

Cape Horn
Manukau Hr.

Tairua

Pauatahanui Inlet

Nelson Haven

Temperate latitude estuaries

Whangamata Hr.

Whangamata Hr.

Whangamata Hr.

Depositional Environment

tidal creek, muds, intertidal

tidal creek, muds, intertidal

tidal creek, muds, intertidal

tidal creek entrance, intertidal
sandy mud

middle harbour, intertidal, fine sand

middle harbour, intertidal, fine sand

middle harbour, intertidal, sandy

sandy, intertidal

middle harbour, intertidal, sandy

bays and estuaries

causeway, muddy sand, intertidal

boatramp, intertidal sandy

sandflats, intertidal, muddy sand

Time Sedimentation
Interval Rate (mm yr :")

1950-1987 5
1880-1945 7

present day 2
1840-1986 3
700-110 BP 1
6500-700 BP 1.5

110 BP-1988 5.7

110 BP-1988 1.2

1000 BP-1988 0.46
5000 BP-1988 0.09

600 BP-1988 0.4

1933-1984 6

1978 3

1950-1987 4.5
110 BP-1950 1.3
700-110 BP 0.06
1400-700 BP 0.18

<1000 BP 2-4

1940-1990 AD 11.0
1140 BP-1940 AD 0.28
6710-1140 BP 0.06

1940-1990 AD 19.8*
1920-1940 AD 18.0*

1940-1990 AD 6.6
1300 BP-1940 AD 0.31
3000-1300 BP 0.35

The asterisk attributes the rate principally to channel migration, not sediment accumulation.

poua estuary in the 1990's. For example a 1.5-2.0
year rainfall event in the Tairua forest in 1983
eroded a log landing area causing a sediment yield
3,000 times larger than from an uncut adjacent
catchment. Higher than normal sediment yields
were sustained for 3 years following this event.'
Tairua catchment is 280 km 2 in size and consists
of Coromandel Group and Quaternary tephras,
hence is similar in composition to the Whanga­
mata catchment. 'The weathered rock and tephra
(in Tairua) are extremely susceptible to erosion
and landslip once the vegetation cover is removed'
(HUME and GIBB, 1987). HUME and GIBB (1987)
used a 'wooden floor' from a now defunct timber
mill as a marker bed in the Tairua Harbour. They
noted that over the lower reaches of the estuary,
accumulation of sediments was highly variable.
Since 1933, between 2 and 22 mm yr -1 of sediment

had accumulated at a net average rate of 6 mm
yr--1

, which is similar to rates reported by CLARK
and PATTERSON (1984), for inter-tidal salt marsh
from eastern Long Island.

Earlier surveys by HUME (1983) in the Waite­
mata Harbour near Auckland (2 mm yr -- 1) and
PICKRILL (1979) at Pauatahanui inlet, New Zea­
land (3 mm yr I) produced net average rates of
only half this value (HARRISON, 1988). In the up­
per Waitemata Harbour sedimentation occurred
rapidly, hence the top few meters represent sed­
iments deposited less than 6000 BP, comparable
to Whangamata Harbour. 14C results in the Wai­
temata Harbour showed a doubling of sedimen­
tation rate from 1070 BP to present.

From the above discussion, it is evident that
maximum sedimentation rates of 6-11 mm yr :'
for Whangamata Harbour are suggestive of tidal
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prism reduction leading to lower currents through
the entrance and increased difficulty for naviga­
tion by the numerous vessels which use the har­
bour. Should such infilling rates be maintained,
it is evident that much of the present harbour
would become unnavigable within a few hundred
years. Even allowing for a possible anthropogen­
ically induced sea-level rise of perhaps 0.50 m by
the year 2100, this is clearly insufficient to counter
the effective rate of sedimentation infilling.

SUMMARY AND CONCLUSIONS

WhangamataHarbour is surrounded by a mod­
erately steep catchment subject to erosion, caus­
ing rapid harbour infilling. Investigation of ver­
tical sedimentation rates using a combination of
palynological, 210Pb and 14C dating techniques in­
dicated that late Holocene, but pre-Polynesian
rates (prior to 1000 BP), were about 0.1 mm yr I.

After the arrival of the Polynesian peoples and
initial land clearance, rates increased to 0.3 mm
yr :", Since 1880, European activities such as log­
ging, mining and farming induced marked impact
on the vegetation and resulted in highly acceler­
ated sedimentation rates of 6-11 mm yr I. This
suggests that the resulting reduction in the tidal
prism will exacerbate navigation difficulties
through the tidal inlet to the harbour in the near
future and that much of the estuary could become
infilled within several hundred years. The effects
may be lessened however by the projected rise in
sea-level.
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