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A sedimentological investigation was conducted across the Pakiri-Mangawhai sand body located on the
east coast of the Northland Peninsula, New Zealand. Nearshore, inner continental shelf and mid shelf
depositional environments are recognised. The sand body extends seaward as a continuous accumulation
of relatively mud-free unconsolidated sand from the landward extent of the coastal dunes to the 45 m
isobath, approximately 4,500 m offshore, at the base of the inner shelf.

The Pakiri-Mangawhai sand body is characterised by a regular pattern of morphological components
and associated sediment types. In profile, the nearshore displays a concave geometry that extends to
approximately the 22 m isobath, 1,500 m or so offshore. The inner shelf displays a convex or irregular
profile and extends seaward of the nearshore to a break of slope at the 45 m isobath, approximately 4,500
m offshore, where the mid shelf commences. Nearshore gradients range between 0.4° and 1.8°, inner shelf
0.1° to 0.6° and mid shelf 0° to 0.15°

Three subtidal sediment facies are recognised. Nearshore sediments comprise fine, very well sorted
sands of 2 phi (0.25 mm) mean grain size. Inner shelf sediments grade offshore from medium to coarse
sands (Mz = 0.0-0.5 phi, 0.71 1.00 mm) with some very coarse sand and fine gravel present. In contrast,
the sediments of the mid shelf in Pakiri Bay are very fine sands (Mz = 2.0-2.5 phi, 0.177-0.250 mm),
with a relatively high mud content (5-10C'c). Carbonate skeletal debris, derived mostly from mollusca,
comprises a significant proportion of inner and mid shelf sediments, increasing offshore from 0-5 v; across
the nearshore to :~o (( at the base of the inner shelf.

The size-graded bed of the nearshore and inner shelf is consistent with diabathic sediment transport
resulting in the preferential shorewards transport of the fine sand fraction of the sediments of the inner
shelf. Shoaling gravity waves have the potential to disturb sediments to at least the base of the inner
shelf, however, wind generated and other currents may also be significant.

Sediment exchange between the mid shelf and inner shelf is unlikely and the Pakiri-Mangawhai sand
body is in effect a closed sediment system. Sand mined from the nearshore must result in a net loss of
sediment from the sand body, and the sand resource should be considered finite.

ADDITIONAL INDEX WORDS: Nearshore, shelf, sand body, Hauraki Gulf, New Zealand, sand mining.

INTRODUCTION

Investigations of the New Zealand continental
shelf have revealed distinct regional variations in
shelf sedimentology and morphology (see CAR
TER, 1975, for a review). These variations are at
tributed to differences in sediment supply to the
coast (CARTER, 1975; GRIFFITHS and GLASBY,
1985), tectonic stability (LEWIS, 1973a,b; NORRIS,
1978), Quaternary eustatic sea level variations
(SCHOFIELD, 1978; HERZER, 1981; CARTER and
CARTER, 1986) as well as local variations in ge
ology, oceanographic and meteorologic climate and
rates of carbonate sedimentation.

The shelf adjoining the east coast of the North
land Peninsula is mostly narrow and relatively
steep compared with other New Zealand coasts

92066 received 10 July 1992; accepted in revision 16 June 1993.

and is not thought to receive significant quantities
of sediment from fluvial sources or regional lit
toral drift (CARTER, 1975; RILEY et al., 1985). The
coast comprises stretches of rocky coast punctu
ated by sandy embayments. The dune and near
shore sands of many of these bays have long been
mined to provide aggregate for construction pur
poses, although historically little has been known
of the nature of the subtidal deposits or the effect
of mining on coastal stability (HILTON, 1989). Re
cent legislation, primarily the Conservation Act
(1987) and the Resource Management Act (1991),
demand of consent-granting authorities much
greater cognizance of the impact of mining on
coastal systems. Attention is presently focused on
the impact of nearshore sand mining on the Paki
ri-Mangawhai coast. Of particular interest is the
question of the areal and stratigraphic extent of
the sedimentary deposits presently mined and the
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likelih ood of na tural replenishmen t and hence the
sustaina bility of the mining opera t ions .

The objectives of the presen t study are to (1)
describe and offer an initial inte rpretation of the
sed iments of the subtidal environments of the
Pakiri-Ma ngaw ha i embaym en t , and (2) exam ine
the find ings in terms of t he likely susta ina bility
of nea rshore coastal sand mining in the study area.
Characteristics of th is coast mak e it a useful lo
cation to investigate the nature and developm en t
of sha llow marine facies, and spec ifically the off
shore extent of modern sed imentation. While a
substantial body of sediment has appa rently ac
cumu lated in the embayment, th e modern supply
of sedime nt to the coast from ot he r tha n offshore
sources and in situ biogenic pr oducti on is likely
insigni fican t (H ILTON, 1990). Ther e is thus a rea
sona ble expectat ion that the sed imentology of the
sea bed represen ts a response to the hydrauli c re
gime in P akiri Bay.

COASTAL SETTING

The study area covers th e southe rn half of th e
Pak iri -Mangawhai embaym en t located in the out
er Hauraki Gulf on the east coast of the Nort hland
P en insula, New Zealand (Figure 1). The outer
Hauraki Gulf coast of the lower No rt hland Pe n
insula comprises a series of sandy embayments
separated by rocky headlands. The P ak iri-Mang
awhai embayment is separated from adjacen t em
bayments , Bream and Omaha Bays, by Bream
Tail to the north and Cape Rodney to the south
(Fig ure 1).

Coastal Morphology

The P akiri-Mangawhai coast is backed by a
dune field tha t extends up to 3 km inland , in
creasing in width and overall elevation to th e north
(Figur e 2). Dune topography is hummocky and
irregular with numerous active an d stabilised par
abolic blowouts. Foreshore/insh ore morphologies
are charac te ristic of W RI GHT and Snotrr's (1984)
' inte rme diate' beach states; th e insh ore zone cha r
acterise d by a simple t rough/alongshore bar com
plex, extendi ng as a subtida l ledge approx imately
250 m seaward of the foredune (HILTON, 1990).
The morphology of the offshore has not pr eviously
been descri bed in detai l. Ex isti ng bathymetric
surveys indicate the presence of a broad surface
offshore of the sandy coast, na rrowing towards
Ca pe Rodney and Bream Tail, sloping sea wards
to the mid she lf whic h commences in water depths

of between 40 and 50 m. In profile, t he seafloo r
of the Pakiri-Mangaw hai embayment comp rises
a relatively steeply-slopi ng segme nt of the Hau
raki Gulf profile. THO;\II'SON (1975) interpreted
the base of this slope as the seaward limit of the
inne r she lf.

Geology and Sediments

Pakiri Bay adjoins th e ase ismic Northland land
mass, th ough t to be tecton ically stable since the
upper Miocene (LENSEN, 1977). The rocks of the
headl ands, Bream T ail , T e Arai Point and Cape
Rodney a re Mesozoic greywacke or T ertiar y sand 
stone. The intervening coas ts of Man gawhai and
Pakiri Bays are comprised of un consolid at ed sa nd
dunes, mos tly of Holocene age, overlyi ng conso l
ida ted sa nds possibl y of last in terglacial age
(SCHOFIELD, 1970).

The sed imentology of coastal and she lf envi
ronmen ts in Paki ri Bay is known from surveys of
Hauraki Gu lf coasta l a nd she lf se d iments.
SCHOFIELD (1970) lab els the sedi ments of the mid
she lf and those of the coast (incorporating dune,
near sh ore and inn er she lf envi ronme nts) as the
Haurak i A and B Sa nd Facies, respect ively. T he
Haurak i B Sand Fac ies is considered a coastal
derivative of the sed ime nts that blanket the sea
floor of the outer Haur ak i Gu lf, and to have been
work ed shoreward and onshore during successive
late -Qua ternary sea level t ransgressions
(T HOl\II'SON, 1975; SCHOF IEJ.I) , 1978).

T he Pakiri-Mangawhai coasts are not thought
to receive signi ficant quan t it ies of new sedi ment
from fluvia l sources (Hn.rox, 1990), or as a result
of regional alo ngs hore littoral tr anspor t (RILEYet
al., 1985). LEES (1982) estimates th e rat es of ero
sion of rocky coast in th e embayme nt in histor ic
t imes as 5.7 x 10" m"/yr , which is low in com
pari son with th e pot ential volume of Hauraki B
Facies sed iments between Bream T ail and Cape
Rodney (1.26 x 10' m" ass uming these sedimen ts
are only 1 m thick). Biogeni c product ion of car
bonates-as the tests of mollusca-is likely of far
greater signifi can ce (H ILTON, 1990). T he min er
alogy of the qu artz-feld spathic sands of the Man 
gawhai (MCCABE, 1985) and Omaha (SCHOFIELD,
1970, 1978) coas ts, to the north and south of the
study ar ea, are consisten t with an offshore prov
enance and are considered to have bee n worked
onshore during late Quaternary (THOMPSON, 1975).

Dune sands from the Pakiri and Mangawhai
coasts are descr ibed as having median gra in sizes
of 2-2.5 phi (0.23-0.27 mm) (SCHOFIEJ.I), 1970)

Jou rna l of Coastal Research, Vol. 11, No.2, 1995
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Figure 1. Location map of the Pakiri-Mangawhai sand body, outer Hauraki Gulf, North Island, New Zealand.

and 1.5-2.5 phi (0.35-0.18 mm) (MCCABE, 1985),
respectively. The mean grain size of 44 intertidal
samples analyzed by HILTON (1990) from Pakiri
Bay ranged from 1.17 phi (0.47 mm) to 1.83 phi
(0.28 mm), although all but three of the samples

were contained in the range 1.60-1.83 phi (0.34
0.28 mm). The foreshore sands of the Mangawhai
coast are also medium sands (MCCABE, 1985). The
presence of modern autochthonous carbonate fa
cies offshore of Bream Tail and Cape Rodney,
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described by MCCABE (1985) and HILTON (1990),
further suggests sediment exchange between the
Pakiri-Mangawhai embayment and Omaha and
Bream Bays is unlikely.

Waves and Currents

Observations of the northeast New Zealand wave
climate have shown that wave energy is both lower
and more variable along the East Coast than other
exposed coasts around New Zealand with local
storm events the primary influence (HAI{HIS et al.,
1983). The dominant swell wave arrives from a
northeast direction. The mean deep water wave
height is 1.4 m and rarely exceeds 3.0 m (EwANs
and KIBBLEWHITE, 1986). Periods are mainly in
the range 6 to 9 sec, with 6.55 sec the average.
Episodes of high wave activity in the study area
result from onshore winds associated with intense
sub-tropical cyclones that originate to the north
west of New Zealand. The most extreme storm of
recent times occurred in 1978 when a sub-tropical
cyclone generated near hurricane force easterly
(onshore) winds and waves in the outer Hauraki
Gulf of 9 m maximum height and 12 sec period
(PEEK, 1979). Periods of moderate and high wave
energy along the east coast of the North Island
do not, however, persist for long. HARRIS et al.
(1983) reported that waves greater than 3 m never
persisted for longer than 36 hours. Above 4 m, the
persistence was no greater than 12 hours. In con
trast, periods of low wave activity, less than 1.5
m, could persist for as long as 300 hours.

Knowledge of wind-and tide-generated cur
rents in the Pakiri-Mangawhai embayment is poor.
Tides in the study area are semi-diurnal and meso
tidal with a maximum range of 3.0 m at springs
and 1.5 m at neaps. An Aanderaa RCM-4 Eulerian
continuous recording current meter has been op
erated in water depths of 30 (site 1) and 45 m
(site 2) in Pakiri Bay for a 6 week period (BELL,
1986). Maximum speeds do not exceed 0.19 m
sec 1 at site 1 and 0.15 m sec I at site 2. However,
these speeds are exceptional: at site 1, speeds
greater than 0.10 m sec I were exceeded only 4.7
percent of the record. The current meter record
is dominated by bidirectional tidal flows, primar
ily oriented alongshore. Offshore winds of unex
ceptional velocity and near calm seas occurred
throughout this meter deployment; hence, there
is no likelihood of the local (storm) wind-gener
ated bottom currents reported by BHADSHAW et
al. (1991) from a comparable east coast location.
The East Auckland Current is not thought to im-

pinge into the Hauraki Gulf and have any signif
icant effect on the coast (HARRIS, 1985); however,
a persistent, mostly southeasterly current of max
imum speed 0.06 m sec I is superimposed over the
bidirectional tidal flows.

METHODS

The investigations reported, with the exception
of some alongshore side-scan sonar surveys, were
conducted across a series of eight, regularly spaced,
shore-normal transects, originally established by
the Auckland Regional Council in 1978 (Figure
3). Transect lines were relocated using shore
markers and the position of the research vessel
along the transect by radar rangefinder.

Sediment sampling involved two components.
Samples were initially obtained across all tran
sects during June and August 1986. A 20-25 litre
sample of the top 10-20 em of the bed was ob
tained at regular intervals using a pipe dredge.
Sampling commenced about the crest of the
alongshore bar and was discontinued approxi
mately 8 km offshore. Samples were obtained at
90 m intervals across the relatively steeply sloping
seabed seaward of the alongshore bar, and every
260 m thereafter. A total of 175 samples were
obtained across the seven transects. In addition,
46 foreshore samples were collected from low and
high water levels at regular intervals between
Okakari Point and Te Arai Point.

The second sampling component entailed the
extraction and analysis of multiple samples from
a selection of stations across a single transect. A
total of 59 samples were dredged from 10 stations
at water depths of 4, 10, 15, 20, 25, 30, 35, 40, 45
and 47 m across Williams transect over a 3 day
period (Figure 3). The aim was to determine
whether the results of the one-off sampling pro
gramme, in which a single sample was obtained
at each station, accurately represents the range
of bed sediments present, and to assess the nat
ural variability of the bed sedimentology. Results
are presented as means of means and the variance
about the mean indicated by standard error bars.
Williams transect was chosen because of its me
dial position in Pakiri Bay, and because in terms
of the strength of sedimentological trends it is
transitional between the three transects to the
north (Couldrey, Walkway, Gravel) and south
(Brown, Matheson, Okakari). In several respects,
the results from Williams transect represent the
typical condition.

Laboratory analysis of sediments involved de-
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Figure 3, Location of Pakiri Bay beach and offshore samples and side scan sonargraph survey.
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termining settl ing velociti es and gra in size dis
tributions (excluding par t icles < 4 phi , 0.0625 mm )
by automated settling tube (includ ing and ex
cluding the carbonate frac tio n), th e prop ortion of
mud (sediment finer than 4 phi ) and the propor
t ion of carbona te mat eri al , usin g th e sta ndard
methods of CAHVI<:H(1971) an d FOI.K (1974). Per
centage fines and carbonates refer to th e pr opor
tion of the dr y weigh t of the origina l untreat ed
sample.

Additional inform ati on on th e spatial distri 
bution of sediments , and in part icul ar variat ions
associated with sma ll- and large-scale bedforms,
was provided by SCU BA d iving and side -scan so
nar , respecti vely. Side -scan data was obtained in
March 1987 to invest igate sed iment variati ons as
sociate d with large scale bedform s on the inn er
and middle cont inental shelf. A total of 3.3 km
of seabed was survey ed using a Klein side-scan
sonar operat ing at a ran ge of 100 m and 375 Kh z
frequency.

RESULTS

Morphologic Features of Paki ri Bay

A typical shore- normal echoso und survey in
Pakiri Bay indicates th e presence of three major
subt ida l features-nearshore, inn er shelf and mid
shelf (for example, Grave l profi le, Figur e 4a) . In
profile, the nearshore consis ts of a relatively
stee ply-sloping concave-out com ponent between
the alongshore bar and the inn er shelf. Supe r
imp ositi on of Pakiri Bay shore-normal echograms
shows the cross-sectiona l geometry of the near 
shore to be consistent with a width of about 1,700
m and dep th ran ge of 3 to 20-25 m below mean
sea level. Cha rac te rist ic gradients are of the orde r
of 0.4 to 1.8°, lower and higher gradie nts being
associat ed with th e lower and upper nearshore,
respectiv ely.

Relati ve to th e nearshore, the inner shelf slopes
more gradually, with gradients ranging betw een
0.2 and 0,50. The geomet ry of inn er shelf profiles
var ies within Pakiri Bay, from irr egular in the
south near Okakari Point to convex offshore of
Te Arai Poin t. Inn er shelf pro files towards the
cent re of th e Man gawhai-P ak ir i embay ment;
Gravel and Walkway displ ay a convex -out ge
omet ry. Whil e the inne r shelf can be recognised
across most profiles as a single convex ity, across
Walkway tr an sect two add it iona l (seconda ry)
convexit ies are also presen t (Figure 4b) . In pro file,
the trans it ion from the near shore to the inn er
shelf forms a near level surface. Across the north-

ern tr an sects (Couldrey, Walkw ay, Grave l and T e
Arai), this juncture occurs as the meetin g of con
cave near shore and conve x inner shelf slope com
ponents (Figure 4a and b).

The transit ion from the inn er she lf to th e mid
shelf occurs more or less un iformly alongshore,
4,200 to 4,500 m offshore, in water dep th s of 42
45 m. Characteristi c slope angles on the lower
inner shelf are 0.4 to 0.5°, while slope an gles on
the middle continenta l shelf are usually less than
0.1°. Seaward of Pakir i Bay, th e mid shelf extends
as a broad, undulating, re latively gentl y-sloping
sur face to the shelf brea k, ap proxima te ly 60 km
offsh ore (THOMPSO N, 1975).

Near shore, inner and mid she lf profile com
ponen ts are more readily recognised from echo
gram surveys north of the Pak iri River . Sout h of
the river , the pr ofile geome try of these feat ures is
much less regular ; in par t icular , t he abrupt cha nge
in slope marking th e juncture between nearshore
and inn er shelf pr ofile components is absent (for
example, Br own t ra nsect, Figur e 4c). T his is pos
sibly becau se the morphology of the profiles south
of the Pakiri River is increasingly influenced by
the underlyin g bedrock as the Cape Rodn ey coast
is approached.

Shore-Normal Variation in Gr ain Size and
Sorting

Unconsolida te d sediments are continuous be
tween th e coastal dunes and the sea ward limit of
sampling, 8 km offshore. The sediments are pr e
dominantly moderately to very well-sorted sands
with mean gra in sizes varying between 0 ph i (1
mm ), coarse sand, and 3 ph i (0.125 mm ), very fine
sand. T he mud and carbonate content of the sa m
ples varies from 0 to 15 and 1 to 30 percent of
to tal sa mple weigh t , respect ively. Within these
ranges, the sedimentology of the bed in Paki ri
Ba y shows a syste matic, primaril y onshore -off
sho re vari ation in te xt ure and composit ion. This
variation is exemplified by the results obtained
across Walkway t ransect (Figure 5). The sands of
the insho re are mar ginally (but cons istently)
coa rse r (mean, Mz = 1.7 ph i) tha n the medium
to fine sands (Wentworth size grades) of the mid
nearshore (Mz = 2 phi) , so there is a t rend of
seaward finin g offshore from the alongshore bar ,
ending 800 to 1,000 m offshore in water dep th s of
about 15 m. Thereafter , the sediments become
progressivel y coarse r with increasin g distan ce off
shore (Figur e 5a and b). This trend culminates
at the base of th e inner shelf, 3,500 to 4,000 m
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offshore, in water depths of 40 to 45 m. T hese
sediments are comprise d mostly of very coarse
sand, with some granules and pebbles (Mz = 0.0
0.8 phi) . Immediately seaward of the inner shelf,
there is an ab rupt change in the sedimentology
of the bed (Figure 5a and b). The non-mud frac 
tion of mid shelf sediments comprise very fine
sands. These sands are the finest in the study area
with mean grain sizes of about 2.5 phi (0.177 mm) .

As the sediments of the mid to lower nearshore
and inner shelf become coarser they become pro 
gressively less well sorted. The best sorted sedi
ments (SD = 0.35 phi) are the fine sands (Mz =
2 phi, 0.25 mm) of the shallow nearshore, 200 to
1,000 m offshore (Figure 5a) . The degree of sorting
decreases offshore, with the least well sorted sed 
iments (SD = 0.5 phi) the coarse sands and fine
grave ls at the base of the inner she lf. Seaward of
this coarse material sorting improves, although
samples from the mid shelf are much less well
sorted than the sands of the nea rsho re. Foreshore
sands are coarser (Mz = 1.2-1.9 phi) and less well
sorted (SD = 0.36-0.61 phi) than the medium to
fine, well-sorted sands of either the upper near
shore or the coastal dunes. Aeolian dune sands
are well to very well sorted, medium to fine sands
and have typical mean grain sizes of 1.7 phi and
a standard deviation of 0.34 phi.

With one exception, the grain size frequency
distributions of all beac h and subtidal samples
analyzed are unimodal. Distributions tend to be
near-symmetrical (Sk = - 0.10 to 0.10) or fine
skewed (Sk = 0.10 to 0.30) and mesokurtic (K =
0.90 to 1.11). Samples from near the base of the
inner she lf tend to be negatively skewed, reflect 
ing the predominance of coarse sands in these
samples. Sediment distributions from the midd le
continental shelf are weakly negatively skewed
and near-symmetrical. In general, the distr ibu
tions tend to become more symmetrical across the
inner she lf and nearshore with sample distribu
tions from the alongshore bar being essentially
symmetrical.

The textural transition from the very coarse
sands of the lower inner shelf to the very fine
sands of the middle continental shelf coincides
with an ab rupt increase in the proportion of mud
in the samp les (Figure 5c). Mud content is 0-2
percent across the nearshore, and low (2-5 per
cent) across the inner shelf between water depths
of 25 and 42 m. However, immediately seaward
of the inner shelf the proportion of mud in sam
ples increases to between 10 and 15 percent.
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Figure 5. Variation in (a) mean grain size and sorting (bars
indicate standard deviations) , (b) proportion of total sample in
different sand size grades (Wentworth classification) and (c)
percent mud across (d) Walkway transect.

The pattern of offshore coarsening of bed sed
iments across the nearshore and inner shelf is
consistent across all Pakiri transects. However,
trends are most strongly indicated over the north
ern transects in te rms of both the range of grain
sizes present and the consistency of the station
to station trends. The range of mean grain sizes
present across the transects decreases from north
(Gravel) to south (Matheson) , although there is
no comparable trend in sorting. These differences
are unlikely to result sole ly from sampling error
such as there appears to be a systematic along
shore variation in grain size. In general, suc h
alongshore variations in bed texture are minor
compared with shore-normal variations.

Carbonate Content

The carbonate fraction of the sediments ana
lyzed is largely comprised of fragments of benthic
molluscan mac rofauna. Carbonate content in-
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samples confirms that the size distribution of the
carbonate fraction at any site is virtually the same
as the size distribution of the non -carbonate grains.
Hence, carbonate fragments associated with the
sediments of the lower inner shelf are commonly
of granule size , whereas the carbonates associated
with the very fine sands of the middle continental
shelf are highly comminuted.

South of Pakiri Beach shelf sediments contain
increasingly greater quantities of shell. Maximum
concentrations range from about 20 percent across
Matheson transect to nearly 100 percent offshore
from the rocky coast south of Okakari Point.
Where the carbonate content is less than 100 per
cent, the balance often comprises locally derived
rock fragments . Analysis of the species composi
tion of these carbonate sediments indicates they
are derived from mollusca and echinoderms that
inhabit the rocky intertidal and subtidal habitats
in this area. A similar carbonate-rich facies is de
scribed by McCAHE (1985) offshore from the rocky
coast between Mangawhai estuary and Bream Tail
at the northern limit of the Pakiri-Mangawhai
sand body.

Distance Offshore (m I

Figure 6. Variation in (a) percent carbonates and (b) mean
grain size for carbonate-digested and undigested samples across
Walkway transect.

creases, more or less uniformly across each tran
sect in an offshore direction. For example, across
Walkway transect (Figure 6a) the carbonate con
tent of the fine, well-sorted sands of the shallow
nearshore is relatively low, generally between 2
and 5 percent. The carbonate content steadily
increases offshore across the nearshore and inner
shelf, attaining maximum concentrations of 20 to
30 percent at the base of the inner shelf. The
coarsest (non-carbonate) sediments are thus also
those that contain the most carbonate material.
Seaward of the inner shelf there is an abrupt re
duction in carbonate content, although concen
trations in the mid shelfsediments are moderately
high at around 10 percent.

The grain-size distribution of samples obtained
across two transects was determined prior to and
following carbonate digestion. Living mollusca
were removed prior to analysis. The retention of
the carbonate fraction in the samples does not
greatly affect the sample means, despite carbon
ates comprising up to 30 percent of total sample
weight (Figure 6b) . Microscopic examination of

Interpretation of Replicate Samples, Williams
Transect

The second component of the sampling pro
gram entailed the extraction and analysis of mul
tiple samples from 10 stations across Williams
transect. The results support and refine the re
sults of the one-off sampling programme. Intra
station variation, indicated by the length of the
standard error bars about the mean of the sample
means at each station, is low relative to the inter
station variation across the transect, with a clear
trend of offshore coarsening across the lower near
shore and the inner shelf (Figure 7a). The stan
dard error (indicated by vertical bars) is small ,
with the exception of samples from a station at
the base of the inner shelf. Consistent results are
also obtained for mud and carbonate concentra
tions, although there is somewhat greater vari
ability at each station in the case of the latter.
This variability is partly due to the occasional
presence in samples of large bivalves which tend
to result in the overestimation of the carbonate
content.

The analysis of multiple samples from Williams
transect suggests that the overall shore-normal
grain size trends are more uniform than the re
sults of the one-off sampling suggest. The tran
sition from coarse inner shelf to very fine mid shelf
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Distance Offshore (m)

DISCUSSION

continental shelf results from the decrease on
shore of the proportion of coarse sand and gran
ules in the samples and a commensurate increase
in the proportion of fine sands.

Figure 7. Variation in (a) mean grain size, (b) percent mud
and carbonates (variance about means indicated by standard
error bars) across (c) Williams transect.
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Previous interpretations of the sedimentology
of the Pakiri-Mangawhai embayment by
SCHOFIELD (1970), THOMPSON (1975) and CARTER
and EADE (1980) were based on a small number
of samples collected during synoptic investiga
tions of the sedimentology of the Hauraki Gulf
coast and shelf. Intensive offshore sediment sam
pling in Pakiri Bay has shown the (coastal) Hau
raki B Facies of SCHOFIELD (1970) to comprise a
well defined body of unconsolidated, fine to coarse,
relatively mud free sands, incorporating back
shore dune, foreshore, inshore, nearshore and in
ner shelf sediments. The sedimentology of this
sand body is both more complex and regular than
previously appreciated, a feature being the off
shore gradation in sample grain size and sorting.
Three new facies are proposed (Table 1); (1) the
mid shelf muddy, fine sand facies; (2) an inner
shelf medium to coarse sand facies; and (3) a
coastal medium to fine sand facies (incorporating
foreshore, inshore and nearshore sediment types).

Analysis of Raw Grain Size Data

The pattern of shore-normal grain size varia
tion described does not simply reflect variations
in the relative proportion of sediment present in
each size fraction, but rather the virtual absence/
presence of whole phi fractions. For example, the
analysis of samples across Williams transect (Fig
ure 9) indicates that 0.0 (1 mm) and 0.5 phi (0.71
mm) sand only occurs on the inner continental
shelf, and 3 to 4 phi (0.125-0.0625 mm) sand only
on the mid shelf. The size-graded bed of the inner

sands usually occurs abruptly as portrayed in Fig
ure 5a; however, at times it may occur somewhat
landward of this position especially across the
southern Pakiri Bay transects.

The available side-scan sonar data is limited
(Figure 3) and unverified, but does suggest some
thing of the nature of the transition from inner
shelf to mid shelf sediments. The sonargraphs
indicate a fine sand present as patches (Figure
8a) or as a continuous sheet (Figure 8b) overlying
a coarser sediment at the location of the inner
shelf-mid shelf juncture. This interpretation is
consistent with the side-scan results of BLACK and
HEALY (1988) from Bream Bay, and DELL et at.
(1985) and BHADSHAW et at. (1991) from the Cor
omandel inner shelf who describe comparable in
stances of juxtaposed coarse and fine sands.

A second source of textural variation may result
from the presence of large-scale dune-type bed
forms located on the mid shelf in Pakiri Bay. The
plan configuration of these dune-type bedforms
is variable, but most examples are elongated with
the long axis oriented approximately normal to
the Pakiri coast. The landward margin is rela
tively broad and crenated with the seaward end
being more acute (as shown in Figure 8c). These
features are interpreted as accumulations of rel
atively fine sediment separated by bands of coars
er sediment (Figure 8c). The former is probably
the very fine sand type characteristic of the mid
shelf in Pakiri Bay, and the latter medium to fine
sands, samples of which were, on occasion, dredged
from the mid shelf. That the darker toned sedi
ments are in fact coarser is also suggested by their
occasional association with large, linear-crested
ripples. Such ripples are correlated with the coarse
sands of the inner shelf in Pakiri Bay (HILTON,
1990) and commonly associated with the coarse
sands described by BLACK and HEALY (1988) in
neighbouring Bream Bay and BHADSHAW et at.
(1991) on the Coromandel east coast shelf.
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Figure 8. Side -scan sona rgraphs of t he contac t het ween the inne r shelf (dark) an d mid shelf (light) sed iment types, (a) in the
presence of large sca le bedform s and (b) in th e abse nce of la rge sca le bedforms; and (c) sonagraph of a large-scale du ne -ty pe bedfo rm
located on t he mid shelf. Scenes locat ed in Figur e :J.
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Figure 9. Variation in (a) mean grain size and sorti ng and
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In plan view, th e sa nd body comprises two shore 
parallel facies, bounded to seaward by the mid
shelf facies (Figure 10).

Furth er work IS required to define the oute r
limits of the mid shelf facies of the ty pe described ;
the sedi ments of th e Hauraki Gu lf mid shelf, as
described by T uoxn-so rc (1975), a re textu ra lly
more variable tha n those samples analyzed from
the mid shelf bordering the Pakiri-Man gawha i
sand body. With one excep ti on, all t he samples
obtained during the presen t st udy are unimoda l.
T his cont ras ts wit h the polym odal sed iments of
the middle conti nenta l she lf beyon d the 70 m iso
bath. T he unimodal nature and high degree of
sorting of nearsh ore and inn er she lf sedi me nts in
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the study area supports the interpretation of
SCHOFIELD (1970) that the coastal sediments of
the Hauraki Gulf are derived from the Hauraki
A Facies.

The shore-normal morphological and sedimen
tological phenomena described are continuous
alongshore in Pakiri Bay, although the trends de
scribed are best expressed north of the Pakiri Riv
er . At the southern end of Pakiri Bay, nearshore
and inner shelf sands grade into a locally derived
carbonate and gravel/sand facies offshore from
the rocky Cape Rodney to Okakari Point coast
(portrayed approximately in Figure 10). A similar
rocky shore facies is described between Manga
whai and Bream Tail by MCCABE (1985). The
textural characteristics of foreshore and near
shore samples described by MCCABE (1985) are
comparable to those of Pakiri Bay, and it is likely
that the sedimentology and morphology of the
seabed in Pakiri Bay is representative of the over
all Pakiri-Mangawhai sand body.

The shore-normal pattern of grain size varia
tion across that section of the Pakiri-Mangawhai
sand body examined does not accord with the
classic 'equilibrium' model of offshore sediment
tining of JOHNSO N(1919). However, the results do
indicate an offshore gradation in the grain size
distribution of the sand fraction. The mean grain
size fraction of these sediments steadily increases
from the shallow nearshore to the base of the inner
continental shelf. At the same time, the propor
tion of mud increases across the inner shelf, al
though in all samples from this environment the
total proportion of mud is low. I" L rther seawards
of the inner shelf, the sediments of the middle
shelf (in Pakiri Bay) are very tine, muddy, sands.

The juxtaposition of a tine, well-sorted, sand
and a coarser, less well-sorted, sediment further
offshore is comparable with results obtained from
the Atlantic coast of North America (STETSO N,
1938; GOHSI.I NE, 1963; PII.h NEY and FHANhENBEW:,
1964), the east coast of New Zealand (SCHOFIELIl,
1978; DELL et al ., 1985; BHAI>sHAW et al ., 1991) ,
the California shelf (CA(THIONE et al ., 1984;
HI INTEH et al., 1988) and from the New South
Wales coast (Roy and CHAWFOIW, 1980). The sea
ward limit of the tine sands has generally been
interpreted as indicating the limit of modern sed
imentation (BHaIAM, 197:~; Roy and STI':I'HENS,
1980). Further seaward, the sediments of the in
ner shelf are usually interpreted as palimpsest
and are not considered a component of the mod
ern coastal sediment system.

The sediments of the Pakiri nearshore and in
ner continental shelf can be generally character
ised as well sorted fine sands and less well sorted,
medium to coarse sands, respectively. However,
the transition from nearshore to inner shelf sed
iments is not abrupt; rather there exists a gra
dation in the grain size of bed sediments from the
base of the inner shelf, approximately 4,500 m
offshore where the water depth is around 45 m,
to near the top of the nearshore. This gradation
invites consideration of the extent to which: (1)
the graded surface of the subtidal sand body ev
idences the preferential onshore transport of fine
sands originally contained in the heterogeneous
sand body; (2) this process is ongoing and (3) the
differentiation of nearshore and inner shelf facies
as proposed is justified.

It is problematic to determine to what extent
the fine to medium nearshore sands are the result
of former or ongoing shoreward transport of the
tine sand fraction of heterogeneous offshore sed
iments, since the culmination of the last sea level
transgression, or result from the reworking of eo
lian and other barrier sediments of potentially
greater age, as envisaged by Roy and CHAWFOIW
(1980) for the New South Wales coast. Both mech
an isms may be important in the study area. Com
parison of a 10 year time series of inshore-near
shore profiles (HILTON,1990) indicated that during
the 1978 storms large volumes of backshore dune
sand was eroded and subsequently deposited on
the mid to upper nearshore. SCHOFIELD (1978)
interprets the coarse sand facies of neighbouring
Omaha Bay as a modern lag deposit that results
from the preferential shorewards transport of the
tine sand fraction of an originally heterogeneous
sediment; the development of fine and coarse sand
deposits is considered to be related to late Ho
locene second order sea level transgressions and
regressions, respectively. The development of fine
sand coastal (nearshore, inshore, foreshore and
backshore) and medium to coarse inner shelf sand
facies in Pakiri Bay may thus be closely interre
lated and ongoing.

Evidence supporting the interpretation of the
tine and coarse sand deposits as modern includes:

(1) all samples obtained from Pakiri Bay are un
consolidated, with no evidence of aggregation
or any form of in situ cementation;

(2) all samples obtained are moderately well to
very well sorted;

(3) low mud content of samples from these en-

.1.
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vironments compared with the adjacent mid
shelf;

(4) the consistency of the shore-normal grain size
trends;

(5) the carbonate fraction of the sediments ex
hibits the same size gradation as that de
scribed for the bulk sample-a survey of the
macrobenthos by HILTON (1990) showed that
such a pattern is unlikely to result from au
thocthonous biogenic production of carbon
ates and is more likely a consequence of sed
iment transport and resulting sorting;

(6) presence of sharply defined textural bound
aries associated with large-scale bedforms at
the base of the inner shelf; and

(7) the predictable geometry of nearshore and in
ner shelf profiles (particularly north of the
Pakiri River mouth).

Differentiation of nearshore and inner shelf fa
cies is not justified on the basis of comparison of
the mean grain size of one-off samples since there
is overlap (Table 1). Greater confidence in the
distinction is gained from comparison of the av
erage of the multiple samples from across Wil
liams transect and consideration of the raw phi
data from the same transect. When multiple sam
ples from the same transect station are averaged,
there is no overlap between nearshore and inner
shelf sediments. The inner shelf samples contain
a significant proportion (8-25 ~;') of sediment in
the 0.0, 0.5 and 1.0 phi sand fractions whereas
such fractions are virtually absent from nearshore
sediments.

Diabathic sediment transport offshore of ex
posed coasts may result from a wide range of cur
rents, including those induced by shoaling gravity
waves, rip currents, wind- and tide-driven cur
rents, and combinations of these currents
(WI{l(;HT, 1987). The potential significance of
combined oscillatory wave- and wind shear-gen
erated currents to the present study is suggested
by the results of BHAIJSHAW et at . (1991) which
identify a north flowing current generated during
episodes of strong onshore easterly winds. Prob
ably a component of a more complex three-di
mensional current system, this current is able to
transport inner shelf sands to water depths of at
least 30 m. Waves formed by the same onshore
easterly winds are likely to intensify rates of
transport. Investigations of dredge spoil dispersal
on the inner shelf off Tauranga Beach by HAHMs
(1989), H EALY et at. (1991) and others suggest

diabathic sediment transport to water depths of
at least 25 m. These results accord with those of
BLACK and HEALY (1988) for Bream Bay and GIL
LIE (1979) for stretches of the Northland inner
shelf. The inner shelf at Pakiri occurs in some
what deeper water (24-45 m) and is bounded by
a greater width of continental shelf. Shoaling
gravity waves of 2.5 m height have the potential
to disturb fine to medium sands to the base of
the inner shelf (HILTON, 1990); however, there has
as yet been no attempt to determine rates of sed
iment transport.

Implications for Coastal Mining

Sand is currently mined from Pakiri Bay by
suction dredges at the rate of approximately
170,000 m '/yr. Since the 1950's, extractions have
concentrated on the seabed a little seaward of the
alongshore bar in water depths of 4-8 m (HILTO N,
1989). With the passing of the Resource Manage
ment Act (1991) , local authorities and central gov
ernment departments have sought an under
standing of the sustainability of the extractions
and specifically the potential for the operations
to affect natural coastal development. Recent en
vironmental impact assessments recognise the
Pakiri-Mangawhai sand body does not receive sig
nificant modern inputs of sand from either along
shore littoral or parabathic offshore sediment, flu
vial sources or from the erosion of local rocky
coasts (O'BRIEN and ASSOCIATES, 1992; BECA CAR
TER HOLLINGS AND FERNER, LTD., 1992). Instead,
sands mined from the nearshore are thought to
be replenished by shorewards movement of inner
shelf sediments.

The results of the present study show that inner
shelf sediments are mostly comprised of sediment
in the medium to coarse sand grades, whereas the
sediments mined from the shallow nearshore are
predominantly fine sands. Consequently, it is un
likely that sands mined from the nearshore would
be replenished by onshore transport of inner shelf
sediments. Similarly, the juxtaposition of very fine
mid shelf and coarse lower inner shelf sediments
indicates sediment exchange between the two en
vironments is unlikely. Replenishment of sands
mined from the nearshore is more likely to occur
as a result of either diabathic or parabathic trans
port of nearshore sands or erosion during storms
of foreshore /backshore sands.

The results of the present study also show that
collectively the sediments of the coastal dunes,
foreshore , inshore, nearshore and inner shelf en-
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vironments in Pakiri Bay comprise a discrete sand
body, bounded to landward by fluvial sediments
and basement rocks, to seaward by muddy sedi
ments, and alongshore by the coarse carbonate
facies described from offshore of the rocky head
lands by MCCABE (1985) and HILTON (1990).
Management of the sand mining operations should
be based on the understanding that the sand body
comprises a finite resource and, with the excep
tion of autochthonous biogenic sedimentation, a
closed sediment system. The sands mined from
the nearshore constitute a net loss of sediment
from the sand body such that mining cannot be
considered a sustainable activity.

CONCLUSIONS

This study has presented the results of a sed
imentological survey of an embayed sand body on
the east coast of the Northland Peninsula. En
vironmental factors that distinguish this coast in
clude the episodic exposure of the study area to
easterly storm winds and waves, the dearth of
fluvial sediment delivered to the coast, the em
bayed, isolated, nature of the sand body and the
Recent tectonic stability of the area.

Bathymetric surveys conducted during the
present study show the subtidal Pakiri-Manga
whai sand body to comprise a regular arrange
ment of morphologic features. In profile, the near
shore consists of a relatively steeply-sloping
concave-out component between the alongshore
bar and the inner shelf with a width of about 1,700
m, depth range of 3 to 20-25 m below mean sea
level and characteristic gradients of 0.4 to 1.8°.
The inner shelf profiles north of the Pakiri River
display a convex-out geometry and slope more
gradually, with gradients ranging between 0.2 and
0.5°. The transition from the inner shelf to the
mid shelf occurs more or less uniformly along
shore, 4,200 to 4,500 m offshore, in water depths
of 42-45 m. Characteristic slope angles on the
lower inner shelf are 0.4 to 0.5°, while slope angles
on the middle continental shelf are usually less
than 0.1°.

The southern half of the Pakiri-Mangawhai sand
body comprises an accumulation of relatively mud
free, unconsolidated sand, that is continuous be
tween the coastal dunes and the base of the inner
shelf. Seaward of the inner shelf there is an abrupt
change in the characteristics of the bed-the sed
iments of the middle continental shelf in Pakiri
Bay comprise very fine, muddy sands. The sedi
mentology of the sand body comprises a regular

sequence of juxtaposed, shore-parallel, sediment
types. The sediments of the nearshore are fine,
very well sorted sands, while samples from the
inner shelf are typically medium to coarse sands.
Sediments of the backshore, foreshore and in
shore, are comparable with those of the nearshore,
foreshore and inshore sands being marginally
coarser and less well sorted. The carbonate com
ponent of the sediments increases in an offshore
direction, the highest concentrations being asso
ciated with the coarse sands and granules at the
base of the inner shelf. The shell component of
bed sediments shows the same size grading across
the sand body as the non-carbonate fraction. It
is proposed that the sediments of the nearshore
inshore-foreshore- backshore, inner shelf and mid
shelf be recognised as distinct facies.

The juxtaposition of fine nearshore sands and
medium to coarse sands to seaward characterises
the southern half of the Pakiri-Mangawhai sand
body offshore of the sandy coast. This pattern is
reported from nearby exposed east coast North
Island locations, including Omaha Bay
(SCHOFIEL]), 1978), Tauranga Beach (HAHMs,
1989), east Coromandel Peninsula (DELL et al.,
1985; BI{ADSHAW et al., 1991). However, in the
Pakiri case there exists a systematic shore-normal
gradation in grain size across the nearshore and
inner shelf. As a working hypothesis, it is pro
posed that this gradation results from diabathic
sediment transport resulting in the preferential
shorewards transport of the fine sand fraction of
the sediments of the inner shelf. The relatively
low mud content of inner shelf sediments implies
frequent disturbance of the bed by currents, how
ever, the relatively low fine sand content of inner
shelf sands suggests significant onshore transport
of sediments may no longer be occurring. Further
work is required to characterise the nature of the
current regime, especially during episodic easterly
storms.

The offshore boundary of the Pakiri-Manga
whai sand body occurs along a well-defined sed
imentological boundary between the inner and
mid shelf sediment types. In terms of the poten
tial sustainability of sand mining in Pakiri Bay,
it is unlikely that the sand body is receiving sig
nificant inputs of sediment and therefore com
prises a finite resource. The relationship between
inner shelf and nearshore sediments is less equiv
ocal. There remains the potential for sands mined
from the shallow nearshore to be replenished as
a result of the onshore transport of inner shelf
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sediments, however; the sedimentology of the in
ner shelf makes this environment an unlikely
source.
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