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Abstract

The Coromandel Harbour is located on the eastern side of the Coromandel
Penirsula, North Island, New Zealandlo date, sedimentological research
conducted in the harbour has been confined to nearshore &iabmited data
existing for the subtidal regions of the harbdure primary aim of this thesis is to
identify whether and how various human activities in the catchment have altered
harbourwide, intertidal and subtidal,sedimentation rates and sediment
geochemistryA secondary aim is to identify the sedimentary evolution of the

whole Coromandel Harbour over broad time scales (i.e. thousands of years).

Sedimentological data has been collected from 17 intertidal and subtidal sediment
cores Cores have éen analysed for doweore changes irsediment texture,
mineralogy, observational characteristicand geochemistrymeasuredthrough
portable Xray fluorescence (pXRFA facies modekonstructed from thislata

has been used to interpret the sedimentavgldpment of the harbouPre-human

and anthropogenisediment accumulation rateSARS have been estimated
using radiocarbon dating, qualitativpollen analysisand facies analysis.
Anthropogenic heavy metdigve beernterpreted againgire-human baselireto
identify influences omatural contaminanevels, with specific values compared

with regionalcontaminanguidelines to assess ecological threats.

Deeply weathered soils developed in a subaerial environment somewhere between
the last interglacial at ¢.120 ka and the exteridstglacial maximum (eLGMat

29 ka Thesesoils were overtopped by streambank and floodplain depatsitse

eLGM to the onset of the mitlolocene sea level rise at ¢.7500 cal yr.B\P sea

level rosejnundatedeLGM andealy estuarine sedimentsereinitially pyritised

in a stratified, restricted marine settin@ver time, sea level rose and the
stratification of the harbour was destroyed, ceasing pyritisation. Streams began to
rapidly aggradet the harbouwith the positivechange in base levadjving early
estuarine(c.75085000 cal yr B.P)subtidal SARs 0f~0.3:0.45 mml/yr. As
streams reached stable profiles, SARs decreasgehtrally conformable rates of
0.250.47 mml/yr in the intertidal regions and ~@.25 mm/yr in the subtidal
regions dung the prePolynesian phaséc.7500700 cal yr B.P) Polynesian
SARs (700130 cal yr B.P) decreased to ~0@33 mm/yr Whole European



(1820 A.Dpresent) SARs in the northern parts of the harbour are 00752
mm/yr and appear to behiefly related tomining and deforestationRecent
European(1975 A.Dpresent)SARsare~3.52-10.37 mm/yr in the southern parts
of the harbour and are chiefly related to pine plantation erogiosecondary
depocentre for pine plantation sediments appears @t the inleivhere rates of

~4.98mm/yr occur.

Only arsenicand mercury exisbver Australian and New Zealand Environment
and Conservation Council (ANZECC) Interim Sediment Quality Guidelines
(ISQG) Low concentrations in anthropogenic sediments analysed. Maximum
habourwide arsenicconcentrations of up to 33.5 mg/kgat exceed théSQG

Low value of 20 mg/kgare associated witmining related sedimentsear tle
Whangarahi Stream mouth.aMimum arsenic concentrati®im pine plantation
sediments is 22.3 mg/kg. Mergumay also exceed ISQGow/High values
throughoutall harbour sedimentghough it is unclear whether mercury has been

incorrectly measured lpXRF.
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Chapter 1

Introduction

This chapter first introduces the Coronuh Harbour and the nature of the
sedimentological problem that this research will address. Secordgist aims
and objectives are identified.

1.1 Background

The Coromandel Harbour is thought to be currently infilling at rates greater than
those observed iprehuman times. Hume & Dahm (199dsed limited sediment
cores to identify elevatecharbour sedimentation rates related to various
Polynesian and European activities within the harbour catchment. They estimated
that sedimentation rates since Europeatieseént have been 180 times higher

than prior to human habitation. Several studies have also identified elevated
concentrations of heavy metadssenic, zinc, leaénd copperwithin the most
recent sediments relative to the+{breman baseline (Coffee, 98; Hume & Dahm,

1991 Aurecon, 2015). Rapid anthropogenic sedimentation threatens aquaculture,
tourism and recreational activities in the harbour, infilling boating channels and
disrupting hydrodynamics surrounding various aquaculture farms. Contamination
of the surficial and shallow subsurface sediments poses threats to estuarine
ecologies and aquaculture industries.

The ThamesCoromandel District Council has proposed dredging the Coromandel
and Te Kouma wharf boating channels as a part of the Corombiadiebur
Facilities Project (TCDC, 2016). The project aims to increase aquaculture
capabilities and develop the Auckla@@romandel tourist ferry infrastructure to
facilitate economic growth in the future. The bulk sedimentological research
conducted in tb harbour has been confined to limited studies of the intertidal and
shallow subtidal areas of the estuary, leaving a knowledge gap surrounding
broader harbour sediment dynamics, chemistry and accumulation rates (Coffee,
1992;Hume & Dahm, 1991Aurecon, P13). The lack of comprehensive data on
sedimentation dynamics and sediment geochemistry restricts the ability of the

Council to assessedged channel management (hew often channels will have
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to be redredged) and ecological threats posed by ressgpemf contaminated

surface sediments.

The harbowwide uncertainty relating to anthropogenic sedimentation processes
necessitates a holistic sedimentological research project. This project aims to
bridge the knowledge gaps identified above and providebast foundation of
sedimentological data that can be used as a basis for future research on processes

within the harbour.

1.2 Study area

The Coromandel Harbour is located on the western side of the Coromandel
Peninsula, New Zealand (36 46 56S, 175 28 2H). 1.1). The Coromandel
Township lies to the northast of the harbour and is primarily residential, though
some industrial areas occur around its western margins. At present, the
Coromandel Township has a population of around 1600 that can riseDtbib,3
summer months (TCDC, 2010).

Coromandel Harbour

y Coromandel Wharf

- — Coromandel
y ¢ Township

it
preece® v

{
Coromandel Harbour

-
¥

Te Kouma Wharf

Fig. 1.1 - Location of Coromandel Harbour and Coromandel Township on the North
Island of New Zealand. Image taken from Google Earth Pro.



The Coromandel Harbour is boundedthe east and south by the Coromandel
Peninsula. The Coromandel Peninsula and Coromandel Ranges to the east extend
~120 km northwest from the Bay of Plenty and are characterised by steep
topography and mountain ranges of up to 900 m above sea leeekléVated
topography of the peninsula shelters the Firth of Thames and Coromandel
Harbour from swell and easterly winds sourced from the Pacific Ocean to the east.
The western margins of the harbour are bound by Puffin Peninsula and
Whanganui Island, whitshelter the estuary from nontbest wind and swell from

the Firth of Thames.

The harbour has a total high tide area of 23.6 &nal tidal range of 2.3 m (Mead

& Moores, 2004). Tidal waters cycle through a primary inlet (EA-A6) and a
small, secondary inlet (Fig.1.2B-B 6 ) . The primary inlet 1is
as primaryionl et 6, and the secondary inlet t
harbourdés tot al ¢ a?% whithmie drdinedaprineadly by the 7 3. 57
Whangarahi Stream in ¢hnorth and the Waiau Stream in the south (Eig)

(Land, Air, Water, 2016; DOC, n.d). Preeces Point divides the intertidal region of

the harbour into a northern embayment (NEmb) and southern embayment (SEmb)

(Fig. 1.2). Subtidal regions outside of theElb and SEmb are defined as the

centre harbouir.

Several mussel and oyster farms are located in the shallow subtidal to intertidal
regions Fig. 1.2). There are two main wharfs in the harbour. Coromandel Wharf
in the north and the Te Kouma Boat Ramphe south Fig. 1.2). Coromandel
Wharf is primarily used for recreational purposes, while the use of Te Kouma

Boat Ramp is centred on aquaculture (e.g., mussel barge docking and loading).
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Fig. 1.2 - Bathymetry of the Coromandel Harbour including locations of the
Coromandel Wharf and Te Kouma Boat Ramp. Aquaculture farms are noted in red.
Dotted lines indicate the boundaries of the NEmb and SEmb. Depths expressed as
depth below mean low water spring (MLWS). B#hymetry and locations of
aquaculture farms taken from LINZ (2016) Chart NZ 533.

1.3 Research Aims and @jectives

The primary aim of this thesis is to identify whether and how various human
activities in the catchment have altered harbmsige sedimentationates and
sediment geochemistry. Previous studies have primarily focused upon identifying
anthropogenic influence on surface sediments near the intertidal regions. At
present, no research has been conducted into sedimentation and sediment
geochemistry thraghout the harbour over broad time scales (i.e. thousands of
years). This research aims to addressséhknowledge gap The specific

objectives of this research are to:



1) apply radiocarbon and pollen dating methods to estimate Holocene
sedimentation rage within the harbour, placing emphasis on comparing

sedimentation rates before and after human settlement;

2) identify catchment sources of anthropogenic sediments and highlight

depocentres within the harbour;

3) assess the degree of heavy metal contation in anthropogenic sediments and
compare them to preuman concentrations to gather contamination enrichment

factors;

4) develop a stratigraphic model of harbour sediments to infer hanbder
sediment dynamics and development through the Holoddme.model will also

be used to identify prauman sedimentation and sediment chemistry variability in
the harbour. From this information, the degree of anthropogenic variability can be

assessed against natural variability.



1.4 Thesis outline

Chapter Two presents a literature review primarily focussed on the
environmental background of the Coromandel Harbour. The timing and
environmental significance of anthropogenic settlements and activities in the

harbour catchment are also discussed.

Chapter Three descibes field methods, core collection and logging processes.

Chapter Four presents core logs and doware geochemistry for each core

analysed. This data is interpreted in Chaptee.

Chapter Five uses grain size, thin section, and XRF analysis angpnetation to
construct a facies analysis for the harbour.

Chapter Six uses multiproxy age data to calculate sedimentation rates.
Sedimentation rates for pheiman, Polynesian and European periods are
calculated. Spatial variability of these sedimentsoufghout the harbour is
identified.

Chapter Sevendetermines contamination enrichment in anthropogenic sediments
relative to prehuman sediments. Contaminants in surface sediments are compared

to regional sediment guidelines to assess current threatsiéoies ecologies.

Chapter Eight draws together the data and interpretations of previous chapter to
present a reconstruction of environmental change in Coromandel Harbour since
the early Holocene. Recent sedimentation rates and contaminant levels are

disaussed in the context of longarm variability.

Finally, a conclusion chapter summarizes the findings of this thesis while also

identifying potential for ftureresearch.



Chapter 2

Literature Review

This chapter reviews relevant literature to identifye presentiay knowledge of

the sedimentary evolution of the Coromandel Harbour. Firstly, the regional
Coromandel Peninsula geology and Coromandel Harlmaachment geologsre
defined. Then, the Coromandel Har bour 6s
discussed to provide insight into possible implications on sedimentation. A time

line of the development of the Coromandel Harbour since theHoilocene is

then presented, identifying potential sources estuarine sediments. Lastly,

regional and site spdtc research on sedimentation rates and heavy metal

contamination are discussed.

2.1 Geology and Tectonic Setting

2.1.1 Regional geology

The Coromandel Peninsula and Coromandel Ranges are part of the Coromandel
Volcanic Zone (CVZ), a remnant volcanic arc that wasmed by Pacific
Australianplate subduction through the Early Miocene to Late Pliocene (18 Ma to
2.5 Ma) (Booden, Smith and Mauk, 2009). The CVZ is a horst structure that
extends ~200 km NW from Te Puke to Great Barrier Island witlths of up to

40 km (Christieet al., 2007). The CVZ is bound on its western margins by the
Hauraki Rift system which downthrows to the e@idbchsteinet al., 1986;
Boodenet al.,2012).

Basement material in the Coromandel iRsula is comprised of indurated
Mesozoic metagreywackargillite of the Manaia Hill and Tokatea Hill Groups
(Skinner, 1967; Adamst al.,1994) The Manaia Hill Group is a lithic volcanic
greywacke, while the Tokatea Group is a feldspathic greywackeiddefo
volcanic detritus (Skinner, 1967). Exposed sections of the basement are found
mostly in the furthermost NW and SEmb reaches of the Coromandel Peninsula
(Fig. 2.1) (Adamset al.,1994)



Calcalkaline CVZ volcanism from 18 Ma to 2.5 Ma unconformatertopped

the basement with igneous basalts, andesites to dacites and rhyolites, which
dominate the present day topography of the Coromandel Peninsula2(Eig.
(Bradshaw, 1991Boodenet al., 2012; Christieet al.,2007; Booden, Smith and
Mauk, 2009). Z eruptives are categorised by Skinner (1986) into three groups:
the Coromandel, Whitianga and Merrcury Basalt Groups (Booden, Smith and
Mauk, 2009). Andesitic to dacitic Coromandel Group rocks were erupted in the
Early to late Miocene, forming the corgimal volcanic arc system and the
Coromandel Ranges on the western side of the Peninsul2 (Bi¢Skinner, 1986;
Adamset al.,1994) Volcanism shifted to the east of the peninsula during the Late
Miocene, with eruptives shifting to the rhyolitic Whitiga Group (Fig2.1). Late
Miocene andesitic to basaltic Mercury Basalts were the final eruptives, and are
found on the outermost NEmb regions of the Coromandel Peninsula and Mercury
Islands (Fig.2.1). CVZ volcanism was intermittent, with periods of qowsce

and erosion occurring between eruptive intervalkristie & Brathwaite, 2005).
Fluvial erosion through the Cenozoic has carved valleys and formed alluvial
plains throughout the peninsula. Eroded regional materials and CVZ and TVZ
eruptives ha® subsequently infilled lowland depressions and river channels
throughout the Quaternary (Fig1).

Regional faulting generally trends along the axis of the Peninsula and is
associated wittMesozoic basement faults formed during the Cretex&angitata
Orogeny (Skinner, 1967; Bradshaw, 1991). The closest fault to the field area is the
Hauraki Fault, which is not known to be active (McSaveney & Beetham, 2006)
Uplift rates throughout the Coromandel are ~0.25 m#-@r3 mm yrl (Pillans,

1986 and Abrahamson, 1987 in Clement, 2D11

Extensive hydrothermal alteration during the Miocene mineralized economic
concentrations of gold and silver throughout Coromandel Group andesites and
dacites (including the Kuaotunu Subgroupe sebsectior?.1.2.1). Heavy metal
elements arsenic (As), zinc (Zn), lead (Pb), copper (Cu) and mercury (Hg) were
also mineralised in Coromandel Group rocks during this péHkiomne & Dahm,

1991) Hydrothermal alteration of regional rock has resulted irdesply
weathered regolith on steep slopes throughout the Coromandel (Hume & Dahm,

1991). Land slips are common during rainfall events and significantly exacerbated



where vegetation cover has been removed (i.e. deforestation) (Bradshaw, 1991,
Hume & Dahm1991).

*Great Barrier Island

Pacific Ocean

Hauraki Gulf

D Mercury Basalts
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NN Sea ", &\3
Okm 10 20 A
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Fig. 2.1- Geology of the upper Coromandel Peninsula (From Boodegt al.,2009).




2.1.2 Catchment geology

Sediment entering Coromandel estuaries is primarily derived from catchment
erosion (Mead & Moores2004). Thereforecatchmentgeology has significant
implications for estuarine sedimentation throughout the Coromandel. Catchment
geology also has significance for sediment chemistry, as the majority of heavy
metals that enter Coromandel estuaries arecedufrom hydrothermally altered
catchment rocks (Hume & Dahm, 1991).

The Coromandel Harbour catchment consists of Neogene rocks of the
Coromandel Groupbés Kuaotunu Subgroup and
The Kuaotunu Subgroup is found at the surficall regions, while the Manaia

Hill Group outcrops are located in the South and East E®B). Quaternary

sediments have infilled river channels and lowland plains (Big). The

catchment is dominated by steep to rugged terrain (Land, Air, Watd).201
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Kuaotunu Group . Manaia Hill conglomerate / Fault

(ticks downthrown)
. Manaia Hill Group Quaternary sed.

Fig. 2.2 7 Geology of the Coromandel Harbour catchment including the catchment
boundaries of the Whangarahi, Waiau, Awakanae (2.) and unnamed (1.) streams
(dashed lines). Modified from LINZ Topo 50 and Edbrook (2001). NB. Some snial
faults and catchments of smaller streams have not been represented as they are not

relevant to this research.

2.1.2.1The Kuaotunu Subgroup

Within the catchment, Kuaotunu Subgroup occurs as deeply weathered
hydrothermally altered andesites and dacit€éxibfooke 2001). Tuff and

conglomerate lithologies often overlie lava flows and intrusions, resulting in
sensitiveslip planes. Small rotational slips and soil creep are therefore common,
with examples of 60 ha slips in the catchment (Edbrooke, 2001 McSaveney &
Beetham, 2006). Kuaotunu rocks are typically phyric, comprising hornblende,

orthopyroxene clinopyroxene, plagioclase and quartz (Addrak,1994)
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2.1.2.2Manaia Hill Group

Folded Manaia Hill Group rocks outcrop to the west and south of the SEmb as
indurated véranic greywackesandstones and conglomerates. Manaia Hill group
rocks occur as both weathered andweathered outcrops, and are generally
unstable and prone to slip events and soil creep (Edbrooke, 2001). Mania Hill
greywackes sampled in the catchment3kmnner (1967) comprised quartz and
feldspar with accessory weathered biotite and hornblende. Skinner (1967) defined
the Manaia Hill conglomerate (Fig.2) as a combination of stdiounded volcanic
pebbles within a matrix of suéngular quartz, plagioclasand orthoclase mineral
grains. The Manaia Hill Group conglomerates have accessories minerals of biotite,
epidote and muscovite.

2.1.2.3Faults and tectonism

2.1.2.3.1Faults

The Coromandel Fault is a high angle normal fault that runs NNW adjacent to the
western margin of the Coromandel Harbour (Rig). Upthrusting on the eastern
side of the fault has exposed Maan Hill Group rocks to the east of the harbour
(Edbrooke, 2001)Mill Fault lies parallel to the Coromandel Fault to the west,
down throwing to the east. The occurrence of Mill Fault through the harbour has
not been outright identified though is often gasted in regional tectonic maps
(Edbrooke, 2001Christieet al, 2007 (Fig. 2.2). Both fault systems are inactive
and unlikely to have had noteworthy impacts on Holocene sedimentation.

2.1.2.3.2Tectonic uplift

No studies were found asubsidence and tectonism in the Coromandel Harbour.
Abrahamson (1987) (in Clement, 2011) proposed uplift rates of 0.3 rhalgmg

the western side of Coromandel Peninsula. Pillains (1986) gave uplift rates of
~0.25 mm/yr for the Coromandel Peninsulaslunclear whether these rates can
be applied to the Coromandel Harbour. Interpreting the evolution of the harbour
with regard to unclear uplift rates would be difficult. Thus, this study will not

consider regional tectonism further in its investigatiorlofocene sedimentation.
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2.2 Climate

2.2.1 Rainfall

The Coromandel Peninsula is characterised by high yearly rainfall. Average
rainfall along the eastern side of the Peninsula ranges from 1200 mm/yr to 1800
mm/yr. Rainfall on the western side of the Peninsula rafrges 1600 mm/yr to
3200 mm/yr. Along the Coromandel ranges, rainfall is often in excess of 3000
mm/yr, sometimes even exceeding 4500 mm/yr (Chappell, n.d; Hume & Dahm,
1991). Severe rainfall and flooding is common through Apalgust, typically in
resporse to westward moving dxopical cyclones. An example of such rainfall is
illustrated by Cyclone Fergus which hit the area in 1996. During the storm,
around 300 mm of rain fell over the Coromandel in a 24 hour period. High rainfall
on the steep topograplgan generate significant runoff, induce flooding and
transport eroded sediments to the harbour (Hume & Dahm, 1991).

2.2.2 Wind climate

There is limited availability of reliable wind velocity and direction data for the
Coromandel Harbour area; however, somect@ions can be drawn from the
surrounding topography. Elevated landmasses shelter the harbour from N, S and E
winds. Dominant S\WV winds move into the harbour through the primary inlet,
where SWW winds of up to 45 km/fare not uncommon (Pers. Comm. Stuart
Crawley, Coromandel Harbour Master; TCDC, 2016). The southern parts of the
harbour are located at the end of the-B¥\fetch and are therefore likely to have

the greatest wind activity in the harbour (TCDC, 2016). S&&WW winds will

refract around Whanganui Island and enter the NEmb, where winds are typically
weaker than those to the south (@) (TCDC, 2016).
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Fig. 2.317 SW-W winds moving through the primary inlet into the harbour. Adapted
from unpublished wind wave models presented in TCDC (2016).

2.3 Hydrodynamics

2.3.1 Estuary classification

The harbour is bracketed by volcanic headlands ¢oNW (Whanganui Island

and Puffin Peninsula) and south (Te KoumBig(1.2). Intertidal regions are
broad, up to 1 km wide at low tide along the western margins of the harbour.
Mangroves are common near intertidal stream channels. The harbour has an
unuswal morphology and does not fit squarely into a single specific estuary type
under NI WAOG s Estuary Environment Cl assi fi
elongate and has little fluvial input, characteristics of CategoigoBstal
embayments. However, the inletdenstricted and not open to the ocean under
this classification. The harbour also has characteristics of categamowhed

valley, or ria, where the estuary has the structure of a narrow elongate basin and
has characteristically deep (>10 m) subtidabard=xpansive intertidal areas and

unlikely stratification removes the harbour from this classification. As such, the
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Coromandel Harbour has been generalised with a morphology between a coastal

embayment and a ria.

2.3.2 Tidal influence

The harbour has a hidglile area of 23.6 ki(Mead & Moores, 2004) with a mean
spring tidal range of 2.7 m and a mean neap tidal range of 1.8 m (LINZ Nautical
Almanac, n.d; TCDC, 2016). The primary tidal inlet is situated in the SW of the
harbour with a high tide width of 1.38rk The majority of tidal waters will move
through the primary inlet. The primary inlet is expressed as a deepened channel.
This may be a result of constricted tidal waters accelerating through the inlet over
tidal cycles.A second 100 m wide inlet is sitieal between Puffin Peninsula and
Whanganui Island and cycles tidal waters during high tidg. (.2). Review of
google Earth timéapse photography shows sediment plumes moving through this
in inlet during tidal cycles. Areas near this second inlet mesetbre be likely to

be influenced by erosion and redeposition from tidal mixing. The Coromandel
Harbour has a tidal prism of 47.7 x%1®°. This is a large tidal prism for the
catchment size of the harbour, which suggests that the harbour will be wedl mix
by tidal waters (Jones, 2008).

2.3.3 Fluvial inputs

Fluvial input into the harbour is low, drawing from a total catchment of 73.57 km
(Mead & Moores, 208). Two primary streams flow into the Coromandel Harbour:
the Whangaralttream (draining into the NEmland the Waiau Streardr@ining

into the SEmbp (Fig. 2). Two smaller streams also drain into the southern margin
of the harbour, though are not likely be as significant in terms of sediment
outwash as the two primary streams (Fig. 2) The Whangarahi Stream drains a 25
km? catchment and the Waiau Stream a 3% kiband, Air, Water, 2016; DOC,

n.d). Both primary streams have rough to steep catchmentréggdog(Land, Air,
Water, 2016; DOC, n.d).

2.3.4 Wave climate

A dominant SWW wind runs directly into the southern intertidal parts of the

harbour (Fig.2.3). Unpublished, preliminary wind wave modelling for the
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Coromandel Harbour by the DHI presented in @momandel Harbour Facilities
Projectreport (TCDC, 2016) suggests wind waves of up to 1 m may develop in
the harbour from SW5 winds. Uncalibrated wind wave modelling in the harbour
indicates that these winds will generate the largest wind waves (and thas wa
mixing) occurring in centre of the harbour to the SEmb.-8Winds do refract
around Whanganui Is., moving into the NEmb, generating lower wind waves in
the NEmb (TCDC, 2016). During field work, larger warnatdated bedforms were
observed in the SEmb #rtidal region compateto the NEmb intertidal region.

This appears teupportthis hypothesis.

2.3.5 Mixing processes

No further evidence has been found on mixing processes in the Coromandel
Harbour. The degree of mixing in the harbour and dominant forcimgohg is
unclear. It is likely the harbour is primarily mixed by the tidal cycles and wind

wave mixing in the NEmb and SEmb.

The harbour has a large tidal prism and what appears to be a constricted inlet.
Thus, it is likely that tidal mixing will geneta eddies through the water column

that will remove any sort of bottom water salinity stratification.

2.4 Holocene Evolution of the Coromandel Harbour

2.4.1 Sea level rise

Following deglaciation from the extended last glacial maximum (LGM), sea level
rapidlyrose-120 m across New Zeal andds coast al me
Newnhamet al., 2007; Clement, Sloss & Fuller, 2010 Palaeevalleys and

depressions across the region were inundated and drowned as sea level rose to

near to preserday mean sea level (PMSLjprming the initial pattern of New

Zeal andods pr e sWith sea ldval yrisegalmdosola weresisundated

and overlain by marine sediments.
It is not clear when seavel reached its preseday level in the Coromandel

(Clement, 2011). By intpolating clear sea level rise trends in the proximal

NorthlandAuckland region and applying the Holocene sea level curve
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constructed byClement, Sloss & Fuller (20)0it can be inferred that sea level

was around 5 m below PMSL at ¢.8500 cal yr B.P ase to around its present

day level within the Coromandel at around c.7500 cal yr (Blement, 2011)
Recent work on dating chenier plains (associated with sea level fluctuations) by
Dougherty & Dickson (2012) has proposed that sea level on the westerofsid

the Coromandel Peninsula was ~2 m higher than present at ¢.4000 cal yr B.P. Sea
level dropped to the present day level between ¢.4000 cal yarBl€1000cal yr

B.P, and has since remained relatively constant to the presenDdagherty &
Dickson 2012).

2.4.2 Anthropogenic Influences in the Catchment

Hume & Dahm (1991) divide human activity in the Coromandel into four periods:
pre-Polynesian, Polynesian, early European and recent European. These periods
are defined by weltlated anthropogenic eventBach period has a distinct
catchment erosion and estuarine sedimentation regime. Interpreting sedimentation
rates based on these periods is common practise in New Zealand sediment
accumulation rate (SAR) studies (Hume & Gibb, 1987; Hume & Dahm, 1991,
Shefield et al.,1995; Mead & Moores, 2004). Here, these periods are defined and

discussed in the Coromandel Harbour context.

2.4.2.1Pre-Polynesian c¢.7500 cal yr B.P700 cal yr B.P

Prior to human habitation, the Coromandel Peninsula was characterised by
extensive mtive forest. Widespread vegetation cover sheltered-desiloped
soils, which resulted in low catchment erosion. Estuarine sedimentation was low

and relatively steady (Hume & Dahm, 1991).

2.4.2.2Polynesian 700 cal yr B.P130 cal yr B.P (1820 A.D)

The first antbropogenic influence in the Coromandel Harbour catchment was that
of Polynesian (Maori) settlement. Work on -ggtawed seeds (rats were
transported to the country on settlers boats) in the Coromandel Peninsula by
Wilmshurst & Higham (2004) has dated Polgaa arrival in the area to no
earlier than 700 cal yr B.RJpon arrival, settlers used smattale fires to clear

land for agricultural purposes. Some lasgale accidental fires may have also
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occurred (Hume & Dahm, 1991). The removal of vegetation couel
agricultural land practices exposed soilsataplified erosion (Mead & Moores,
2004), resulting in marginal increases in estuarine sedimentation (Hume & Dahm,
1991).

2.4.2.3Early European 1820 A.Di 1910 A.D.

2.4.2.3.1Deforestation and kauri gum digging
While Europeas had made voyages to the Coromandel by 1769 A.D, the first

noteworthy European influence in the Coromandel Harbour catchment was the
widespread deforestation from 1820 AI®10 A.D. Native kauri was felled for
timber in significant volumes from the catcemt and transported to the
downstream through controlled flooding and release of driving dams (Hume &
Dahm, 1991) (Fig. 2.4). Significant volumes of sediment would have passed
through stream systems during these processes, with sediment sourced from the
erosion of exposed weathered soils during felling and through mechanical
streambank erosiasuringdam breaking.

Once in the harbour or along river banks, timber was transported to local saw
mills for processingOne such saw mill was Frasers Sawmill, whwas located

in the lower region of the Waiau Stream catchment. During mill operation, saw
dust and wastes were deposited into stream channels and waterways, and much of
the detritus was likely to have ultimately moved into the harbbiar. other

historickauri mills have been identified in the Coromandel Harbour catchment.

In conjunction with deforestation, Kauri gum digging was also widespread during
this period. Kauri gum, historically an expensive varnish and commodity, was
abundant throughout the soil o f Cor omandel 0 sscale @ndr i forest
burnoffs were used to clear land for gum digging, further exposing soils to

erosion.
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Fig. 2.4 - Left-A Coromandel Peninsula driving dam. Note the exposed soils and
significant amounts of organic detritus in the background. RightKapanga gold
mine in the upper Whangarahi Stream catchment. Driving dam photo courtesyf
the Thames Historical Museum. Kapanga mine photo from the Sir George Grey
Special Collections, Auckland Libraries, 7A8897.

2.4.2.3.2Gold mining

World-class deposits of gold were mined from Kuaotunu Subgroup rocks within
the Coromandel Harbour catchment from @8%Di 1910 A.D Gold was mined
alluvially (i.e. from stream channelgind from underground shafts, with mine
wastes disposed of down banks and within stream channels (Fig. 2.4). Several
stamper batteries within th&hangarahi Stream catchment (which draimghe

NEmb) refined ore using crushing and cyanide methods, washing tailings into
stream channels. These mine wastes are well known to be enriched in heavy metal
elements (Hume & Dahm, 1991).0& mining activity was located chiefly in the
Whangarahi Stem catchment, and therefore we expect to find mine wastes
primarily within the NEmb (Fig. 2.5).

Historic newspaper articles indicate that some gold dredging was attempted in the
NEmb near the mouth of the Whangarahi Stream (Otago Daily Times, 1920). The
extent of this activity is not well documented. The extent of how these activities

have disrupted primary sedimentation in these areas is unclear.
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Stamper battery

Gold mine shaft

Fig. 25 T Locations of historic (1850 A.01910 A.D) gold mhes and stamper
batteries within the Coromandel Harbour catchment. The catchment boundaries of
the Whangarahi, Waiau, Awakanae (2.) and unnamed (1.) streams are included for
reference. Adapted from Moore & Ritchie (1996).

2.4.2.4Recent European 1910 A.D present

Gold mining and deforestation activities had largely ceased by 1910 A.D, leaving
much of the catchment wregetated. Land uses changed to farmland and
secondary native forest, much of which is still seen throughout the area in the
present day (Hume & DaMn 1991).

2.4.2.4.1Pine plantations

Pine plantations have been located on steep slopes in the SEmb catchment (Waiau,
Awakanae and unnamed streams in Ri§) since ~1975 A.D (Hume & Dahm,

1991) (Fig. 2.6). Over 800 ha of pine plantations are currently locatad fhemb
catchment. Pine plantations are well understood to increase erosion rates, as cyclic
harvesting exposes unconsolidated soils to mechanical erosion (e.g. abrasion from
trees moving down slope), weathering, and land slip evéfdasden, Rowan, &

Philips, 200§. Sediments derived from pine plantations are characteristically
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high in woody detritus and are frequently reported to be rapidly infilling regional
estuaries (Hume & Dahm, 1991; Sheffieldal., 1995, Reeve, 2008). Severe pine
plantation eraen and consequent organic rich debris flows have been noted

throughout the Coromandel during storm events (McSaveney & Beetham, 2006).
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Fig. 2.6 T Present day location of pine plantations in the Coromandel Harbour
catchment. The catchments of the boundaries of the Whangarahi, Waiau, Awakanae
(2.) and unnamed (1.) streams are included for reference. Modified from Mistry
for the Environment (2012) LUCAS New Zealand Land Use Map.

2.5 Sedimentation Accumulation Rates (SARs) in Coromandel
Estuaries

The various Coromandel estuaries are expected to have undergone relatively
similar anthropogenic catchment activities, antidge comparable anthropogenic
estuarine sedimentation trends. Numerous studies have identified anthropogenic
SARs across various Coromandel estuaries (Hume & Dahm, 1991; Sheffald

1995; Reeve, 2008). These SARs have been calculated using vaetusdm

including radiocarbon dating, palynologd®Pb dating, heavy metal analysis and
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interpretation of unique anthropogenic sediment markers (Hume & Dahm, 1991;
Sheffield et al., 1995; Reeve, 2008). Here, previous studies are discussed to
provideinsigh i nt o the Coromandel Harbourdés SAR d
the summarized SAR data from each of these studies is first presented and

subsequently developed upon in detail (T&hlé.
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Table 2.1i Summary of sedimentation rates within Coromandel estuaries. All data expressed in mmAlr From Hume & Dahm (1991), Sheffield et al.

(1995), Swales & Hume (1995), Mead & Moores (2004), Reeve (2008). Data from McGlone©8%nd Turner and Riddle (2001) have been sourced from
Mead & Moores (2004) and are not developed upon further in this review.

Coromandel estuary Pre-Polynesian | Polynesian Early European |Recent European | Dating methods Source
Coromandel Harbour (northern 14
embayment) 0.02 0.07 0.82 C, pollen Hume & Dahm (1992)
Coromandel Harbour (southern i 14
emabyment) 0.94 0.39 -0.57 1.01 11.7 C, pollen Hume & Dahm (1992)
. Wooden floor .
Tairua N/A N/A N/A 6 (average) Hume & Gibb (1987)
marker bed
Whangapoua Harbour 0.03 - 0.08 0.12-0.13 1.3-15 0.89 - 1.33 14¢, pollen Hume & Dahm (1992)
McGlone (1998) in
- ~ 2
Whangapoua Harbour 0.16 1 : Turner & Riddle (2001)
Whangamata Estuary 0.1 0.3 6.0-11 14¢, pollen Sheffield et al. (1995)
Whitianga Estuary N/A N/A 21-30 50-9 210py, Reeve (2008)
Wharekawa Estuary 0.09-0.12 N/A ~36-7.2 5.0-8.0 ? Swales & Hume (1995)
Firth of Thames (7.5 km from 14
Waihou River mouth) 0.09 0.13 0.5 C, pollen Hume & Dahm (1992)




2.5.1 Previous sedimentation studies

The majority of data concerning anthropogenic SARs in Coromandel estuaries
come from Hume & BRhm (1991). In their report, the authors investigated
changes in sedimentation rates by applying radiocarbon and pollen dating
methods to core samples from the Coromandel Harbour, Whangapoua Estuary
and the Firth of Thames. Radiocarbon dates were measureghell material

within cores. Changes in pollen assemblage associated with various anthropogenic

activities within the catchments were used to infer dates from surficial sediments.

Later work by Sheffielaet al. (1995) calculated SARs in the Whanganiastuary,
applying radiocarbon and pollen dating methods in the same manner as Hume &
Dahm (1991). Reeve (2008) used!®Pb dating to investigate European
anthropogenic sedimentation in the Whitianga Estuary. The shoitfaaif 21%Pb
makes itonly applcable to sediments1§0 years old. Thus, pifolynesian and

Polynesian sedimentation rates could not be identified.

Here, the results of these reports are discussed with regard to the four
anthropogenic periods defined by Hume & Dahm (1991).

2.5.1.1Pre-Polynesan SARs

Hume & Dahm (1991) identified piieolynesian sediments with native pollen
assemblages and generally figainedsilt to sandsediments. Hume & Dahm
report similarly low prePolynesian SAR of 0.62.12 mm/yr throughout all
Coromandel estuaries stad. Some elevated outliers are observed near the
outlets of streams, where natural SARs are high (Hume & Dahm, 1991) Sheffield
et al. (1995)report similar prePolynesian SARs in the Whangamata of 0.1 mm/yr.

Low prePolynesian SARs are interpreted asmgarrily due to the extensive
vegetation cover that restricted erosion of catchment geology (Hume & Dahm,
1991; Sheffielcet al.,1995). Storms are likely to have generated periodic erosion
and sedimentation; however, due to the sampling resolution o&thmg anethods,

the effects of these processes cannot be identified.
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Interestingly, Hume & Dahm (1991) infer that gPelynesian sedimentation rates
in several areas were highest immediately following the beginning of PMSL.
However, they do not discuss tleisnclusion further.

2.5.1.2Polynesian SARs

Polynesian sediments are characterised by a marked increase in bracken pollen, an
indicator of forest disturbance induced by srsalle fire{Hume & Dahm, 1991).

Hume & Dahm (1991) and Sheffietd al. (1995) both cleulate Polynesian SARs

as equal to or marginally greater than-paynesian SARS, increasing to 0.07

0.57 mml/yr. The authors associate these rises in sedimentation with agricultural
land clearance practices. In some cases Polynesian SARs decrease atovitpare
prePolynesian SARs (Hume & Dahm, 199Possible reasons for this are not

clear.

The influences of Polynesian activity on sedimentation are generally considered

marginal relative to European influence (Hume & Dahm, 1991).

2.5.1.3Early European SARs

The most significant changes to estuarine sedimentatiaine Coromandeére

related to European activities since ~1820 A.D. Early European sediments have
high organic matter content elevated heavy metal concentrations relative to the
deforestation and goldiming activities that occurred during this period (Hume &

Dahm, 1991, Reeve, 2008). Early European sedimentation rates are calculated at
between 0.82 mm/yr and 7.2 mm/yr, (TaBl&) (Hume & Dahm 1991Sheffield

et al. 1995). Reeve (2008) presents earlyrdpean deforestatiorelated
sedimentation rates of up to 30 mm/yr in Whitianga Estuary. These rates are much
greater than those observed in other Coromandel estuaries and may be related to
the Whitianga Estuaryo6és | arge catchment

Hume& Dahm (1991) and Reeve (2008) note that recent European sediments are
enriched in heavy metals relative to {tregman sediments, and associate this with

outwash of historic mining wastes and erosion of rretaiched soils. Hume &
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Dahm (1991) use heavy nagtenrichment to infer mining periods in the
Coromandel Harbour. Reeve (2008) used heavy metal enrichment to validate
SARs calculated using®b dates in the Whitianga Estuary, where elevated heavy

metals were interpreted as a European stratigraphic marke

2.5.1.4Recent European SARs

Recent European sediments are distinguishable from early European sediments by
a change in pollen assemblage to high compositions of pine pollen and a rise in
native forest species (associated with replantation of secondary foagd. At

some sites, (e.g. Coromandel Harbour), this sediment is appears to be derived
from pineplantationsin the catchment (Hume & Dahm, 1991; Sheffield, 1995;
Reeve, 2008)A recent European SAR d4fl.7 mm/yrhas been collectefdom the

SEmb of theCoromandel HarboyHume & Dahm, 1991 Hume & Dahnm(1991)
suggested that this may be an overestimate due to pine pollen being reworked by
bioturbation into earlier sediment. Hume & Dah(991) also noted that
European sediments are generally coarsern thmeEuropean sediment,

highlighting increased erosional energy in the catchment.

Sheffieldet al. (1995) also noted a significant rise in sedimentation in the recent
European period, and related this to pine plantation erosion throughout the
catchmentln the Whangamata Estuary, recent European sedimentation rates may
be up to 110 times greater than -pr@lynesian SARs. These sediments
accumulated rapidly, and contain abundant pine pollen. Shetield. (1995)
suggested that this marked increase eaadsociated with the large scale of pine

plantations in the Whangamata catchment.

Reeve (2008) calculated recent (since 196D) European SARs within the
Whitianga Estuary of 8 mm/yr. While Reevé2008) did not suggest a source

for these sediments, geems likely that this sediment is derived from the
extensive pine plantations throughout the catchment. Pine plantations are the only

significant landuse changes in th&hitiangacatchment for the last 50 years.
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It is clear that pine plantations aregmificantly influencing estuarine
sedimentation rates in recent European perindSoromandel estuarie§hese
sediments contain abundant pine pollen and are often egaised. Given their
characteristic properties, these sediments should be easigrvabe in
Coromandel Harbour sediments, where pine plantations occur extensively in the

catchments of the SEmb.

2.5.1.5Non-conventional dating methods

Radioactive isotope and pollen dating methods are not always applicable in all
sedimentary environments. Thussearchers often have to apply novel methods
to date sedimentary successions.

Hume, Fox, & Wilcock (1989) proposed the use of organochloride stratigraphic
markers to place age constraints on recent European sediments.
Dichlorodiphenyltrichloroethane (DT), a pesticide that was used extensively on
agricultural land from 1950 A.1970 A.D, does not occur in nature and can only
be related to human activity. As the period of use of the pesticide is well defined,
DDT provides a unique stratigraphic markemurik, Fox, & Wilcock (1989)
analysed DDT and its breakdown components in sediments of the Manukau
Harbour, Auckland, using pollen to validate the dating of the marker bed. Their
preliminary study noted that earliest sediments deposited during the period of
DDT use could be accurately identified through DDT measurements. Due to
ongoing leaching of DDT from the catchment and bioturbation, they found that
the upper boundary of DDontaminated sediments may not be distinguishable
in estuarine sediments. The u#s do however validate the use of the

organochloride as a marker for 1950 in New Zealand estuaries.

Another interesting method of interpreting age from anthropogenic sediments is
presented by Hume & Gibb (1987), who associate occurrence of anebod

layer with early European deforestation and kauri milling within the Tairua
catchment . The fAwooden fl ooro consists
derived from kauri milling processes. Associating the wooden floor with mill

waste outwash thatere depased in 1933, Hume & Gibb were able to calculate
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net early European sedimentation rates of 6 mm/yr. These rates are slightly
elevated compared to other Coromandel estuaries, though this may be due to the
large, steep catchment and intensive early Europemash practices within the
region. The rates do still broadly conform with other Coromandel Peninsula early
European sedimentation rates calculated using conventional methods, thus

validating the viability of the dating method.

As the use of DDT was widesgad across the country, the stratigraphic marker
may be observable in the Coromandel Harbour. The same can be said for the
wooden floor marker bed, as kauri was extensively felled and milled in the
catchment.

2.5.1.6Applicability of dating methods

All of the studies discussed draw attention to the applicability of dating methods

used to infer SARs, outlining possible means of dating error.

Poll en, DDT, i wo o &b cah éasilphbe bioturbatedehrough |

a sediment succession, which can resulsediments being interpreted alsler

thanor younger than their true depositional age. These methods are therefore best
applied in conjunction with other dating methods and careful interpretation of
sediment character. For example, Hume & Dahm (199d)Reeve (2008) used
heavy metal analysis to correlate miniedated sediments with early European
pollen dates. Hume & Dahm also correlated the appearance of abundant pine
pollen with changes in sediment composition to highly organic and coarser
sedimentsand inferred that these changes were all related to the appearance of
pine plantations in the catchment. Hume & Dahm (1991) acknowledged the
possibility of bioturbation effects on pollen dates and applied a 10 cm margin of
error for all pollen dates.

Radiocarbon dates from Coromandel estuaries have typically been measured on
shell material. While shells can accumulatesitu, providing accurate sediment
ages, they can also be reworked anrdeposited during erosion and storm events
(Hume & Dahm, 1991 Sheffield et al., 1995). Radiocarbon dates should be
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interpreted carefully and compared with other dating and sedimentological data.
Both Hume & Dahm (1991) and Sheffiedtial. (1995) interpret radiocarbon dates
alongside pollen dates, with Hume & Dahh991) additionally using heavy metal

analysis.

2.5.1.7Sedimentation rates summary

All of the SAR studies within Coromandel estuaries have found similar trends of
changes in sedimentation rates for the periods identified, even if the absolute
SARs themselves d#f. Differences between SARs in different estuaries have
been related to a number of variables, including catchment geography and size
and catchmenspecific anthropogenic activities.

PrePolynesian sedimentation rates are low in all estuaries studigucally,
Polynesian settlement and catchment activity can be seen inducing small increases
in sedimentation. In some cases, Polynesian sedimentation does not produce any
increase at all. The most significant change in SAR has been since European
arrival. Early European deforestation, kauri gum digging and mining all
influenced SAR increases to varying extents in Coromandel estuaries. In general,
early European sedimentation increased SARs by a factor ®26ltines pre
Polynesian SAR (excluding the Whitiaga outlier). Where mining has been an
influence, early European sediments can be elevated in heavy metals, a feature
that can be used to identify minimglated sediments in estuarine sediment
successions. The largest increases in sedimentation rateseemein recent
European sediments, and may be associated with pine plantations within
catchments. Here, we see sedimentation rates increasing up to 40 times those of
pre-Polynesian times. Some large estimates for SARs in this period may be

overestimates duto the effects of bioturbation.

Sedimentation rates have typically been identified through radiometric dating and

pal ynol ogi cal studi es. Novel met hods of
been identified, and are shown to have applicability in the i@analel Harbour

setting. Dating methods do not always provide accurate sediment dates, with

bioturbation and erosion and-depositional processes often generating errors.
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Dating methods must therefore be used in conjunction with other dating proxies
and sdimentological investigation, and applied with common sense to avoid
erroneous age interpretations and anthropogenic SAR estimates.

2.6 Heavy Metals in the Coromandel Harbour

Heavy metals are well known to cause detrimental effects to estuarine ecologies
(Yanko et al., 1998; Cundyet al., 2003). At present, several studies have
identified anthropogenic heavy metals in near shore areas of the harbour at
concentrations which may have negative implications on marine Qitéfey,

1992, PDP, 2012, Aurecon, 2013)

2.6.1 Heavy metal sources

Miocene to Pliocene hydrothermal alteration enriched Kuaotunu Subgroup
andesites and dacites with heavy metals such as As, Zn, Pb, Cu, and Hg (Hume &
Dahm, 1991). During preuman and Polynesian phases, heavy metals that
entered tb Coromandel Harbour were chiefly sourced from natural weathering
processes on these rocks (Hume & Dahm, 1991; Edbrooke, 2001; Craw &
Chappell, 2000). The catchment had low erosion rates due to extensive vegetation
during these phases (Hume & Dahm, 1991is likely resulted in low levels of

heavy metals entering the harbour

During the earlfEuropean phase (~1860 A.910 A.D), the Kuaotunu Subgroup
andesites and dacites were extensively mined for epithermal gold and silver
deposits (Moore & Ritchie, 2®%; Craw & Chappell, 2000)Vast volume®f mine

waste rockwere deposited in stream networks during mining operations (Moore
& Ritchie, 1996; Craw & Chappell, 2000) Gold cyanidation and mercury
amalgamation were used to extract gold at several stampieridm throughout

the NEmb catchment, with tailings deposited directly into stream networks (Hume
& Dahm, 1991; Moore & Ritchie, 199&raw & Chappell, 2000Aurecon, 2013).

This exposed a significant amount of crushed Kuaotunu Subgroup rock to
weatheringand increased erosion, liberating elevated concentratiorteeafy
metals into stream networks and thus the harbour. Mine waste throughout the

NEmb catchment may have continually leached heavy metals into stream
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networks as acid mine drainage. Mine wastters stream networks during runoff
events or intercepts groundwater systems, which eventually enters the harbour
(Aurecon, 2013). Mining activities took place chiefly in the NEmb catchment, and
are assumed to have primarily influenced contaminationanNEmb intertidal
regions (see 2.4.2.3.2) (Coffey, 1992, Hume & Dahm, 1991; PDP, 2012; Aurecon,
2013).

Amplified erosion of Kuaotunu Subgroup catchment rocks are likely to have been
the primary sources of heavy metals to the harbour in European timesc¢Au
2013). Some heavy metals are also likely to have entered the harbour from recent
industrial activities in the catchment, such as construction, metal works and
automotive industries, though the exact influence of these activities on sediment

geochenstry is not known.

2.6.2 Previous studies

The majority of previous studies into heavy metals in the Coromandel Harbour
have focused primarily on surficial sediments within the intertidal and shallow
subtidal regions near the outlet of the Whangarahi StreamZ5ig These areas

have been of particular interest due to continual development and dredging around
the Coromandel Wharf (Aurecon, 2013). The nearshore areas of the NEmb are
also of environmental interest as they are considered to be most associated with
mining outwash (Aurecon, 2013).

Numerous studies have analysed various suites of heavy metals near the
Whangarahi Stream mouth (Coffey, 1992, Hume & Dahm, 1991; PDP, 2012,
Aurecon, 2013). Aurecon (2013) compiled all of the data from these studies to
compre heavy metal contamination in these areas with the Interim Sediment
Quality Guidelines (ISQG) developed by the Australian and New Zealand
Environment and Conservation Council (ANZECC) (TabhB) (ANZECC, 2000).
ISQG-Low indicates contaminant concenioais that are very unlikely to have a
negative effect on local ecologies. IS@Bh values are contaminant
concentrations which are expected to adversely affect half of the exposed

organisms (WRC, n.d.). The effects of contaminants on organisms at
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concentations between ISQ®igh and ISQGLow are not known, but are

classed as moderate (WRC, n.d.).

Table 2.2-ANZECC (2000) I1SQG for heavy metals and organochlorides (DDT) of
interest in this study. Heavy metal concentrations presented in dry weight. DDT
concentrations are presented in dry weight and arenormalised to 1% organic
carbon. Adapted from WRC, n.d.

Trace element or organ| ISQG-Low ISQG-High
compound (mg/kg) (mg/kg)
Arsenic (As) 20 70
Cadmium (Cd) 15 10
Chromium (Cr) 80 370
Copper (Cu) 65 270

Lead (Pb) 50 220
Mercury (HQ) 0.15 1

Zinc (Zn) 200 410

DDT 0.0016 0.046

Sediments around the Whangarahi stream mouth and Coromandel Wharf have
concentrations otobalt Co), Cu, chromium Cr), Pb, Zn andnickel (Ni) at
concentrations lower than IS@QGw concentrations (Coffey, 1992, Hume &
Dahm, 1991; PDP, 2012; AurecoB013). Some arsenic values rise above the
ISQG-Low value in several regions with concentrations ofi-320mg/kg (Coffey,

1992, PDP, 2012, Aurecon, 2013). PDP (2012) and Aurecon (2013) both found
Hg levels above the ISQ8igh values near the Coromandel #vhwith Hg
concentrations ranging from 0.18 mg/kg to 3.1 mg/kg. Heavy metal contaminants
in these sediments are assumed to be associated with mining activities and
continual outwaslof mine wastes into the harbour (Coffee, 1992; Hume & Dahm,
1991; PDP, 202; Aurecon, 2013).

The report by Hume & Dahm (1991) is the only study to address heavy metal
contaminants in other areas of the harbour. They analysed one anthropogenic core

sample (through XRF) from the intertidal regions of the SEmb and report
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concentations of heavy metals Hg, Pb, As, Cu, Zn, Cr and Ni were lower than
ISQG-Low values. Hume & Dahm (1991) note heavy metals in anthropogenic
sediments as ~1.4 times greater than pRolynesian sediments, identifying that
human influences have increase@ #mount of heavy metals moving into the

harbour.

2.7 Present Sedimentary Knowledge Gaps in the Coromandel

Harbour

Currently, no studies have identified sedimentation processes in the deep subtidal
regions of the Harbour. Anthropogenic influences on SARIm&sd dynamics

and sediment geochemistry in these areas remains unclear.

The oldest sediments identified in the harbour were by Hume & Dahm (1991),
who suggested grey silty sediments in their cores to be up tblaltene in age
These sediments wereeldtified in the intertidal to shallow subtidal areas of the
Coromandel Harbour, and thus little is known on harbour development in the
subtidal harbourNo data exists on the evolution of the harbour prior to the
Holocene. Thus, the broad sedimentary etmtu(i.e. prior to midHolocene sea

level rise through to the present day) of the harbour is also not clear.

2.8 Summary

The Coromandel Harboucatchment geologyprimarily consists of Miocene
Kuaotunu Subgroup andesites and dacites with some Manaia Group
metagreywackeargillite basement occurring to the east and south of the harbour.
Quaternary sediments infill lowland depressi@msl river channels. dds and
sediments derived fromparentKuaotunu Subgroup volcanics and Manaia Hill
Group rocks are largelyitsated on steep and rugged topography and prone to

land slips and erosion, especially during intense rainfall events.

The Coromandel Peninsula is characterised by high yearly rainfall and can
experience intense rainfall events in relation to westwardimgoextropical

cyclones.Dominantwinds are predominantly sourced from thé SW, primarily
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moving into the harbour through the primary inlet. Winds are greater in the

southern parts of the harbour than the northern.

The Coromandel Harbour has a totajthtide area of 23.5 khand a mean spring
tidal range of 2.7 nand a neap tidal range of 1.8 intertidal regions are broad

(up to 1 km wide) along the western margins of the harbour. Tides predominantly
enter through the primary inlet. Fluvial input¢arthe harbour drain from a total
catchment of 73.6 kfn Wind waves are most energetic in the SEmb and less
energetic in the northerM.he harbour is likely to be primarily mixed by tidal

cycles and wind waves which are dominant in the SEmb and leskerNEmb.

The Coromandel Peninsula has had a diverse history of anthropogenic land uses
that have all had varying impacts on estuarine sedimentation. Polynesian
settlement and agricultural practices either induced no change or marginally
increased estuamn SARs relative to prBolynesian SARsEarly European
deforestation, kauri gum digging and mining increased sedimentation
Coromandel estuariegy a factor of ~520 times greater thapre-Polynesian

SARs. RecentEuropeanSARs are up to 40 times greatkan prePolynesian

SARs, and are expected to be chiefly related to pine plantation erosion in

Coromandel catchments.

Anthropogenic heavy metal contaminatistudiesin the Coromandel Harbour
havebeen primarilyconducted at the mouth of the Whangaraine&n, which is
thought to be most influenced by mining sedimentation. In these areas, heavy
metals As and Hg have been identified with concentrations greater then ISQG
Low values. Hg does also occur with values above I$(gh values in a number

of studies. Apart from the Whangarahi Stream mouth, heavy metal investigation

in the subtidal region is limited and currently exists as a knowledge gap.
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Chapter 3

Field methods and Core Processing

This chapter describes the rationale behind core locations anangtbods of

core collection and processing.

3.1 Core Locations and llection

Cores were located along two transects from the outwash areas of the Whangarahi
and Waiau Streams through to the harbour i(ffed. 3.1). The purpose of these
transects was to idéfy any differences in terrigenous sedimentation sourced
from the two streams and their respective catchments, as well as to understand
spatial variability in sedimentation rates and sediment characteristics throughout
the harbour. The transect that rdnsm the NEmb to the inlet is defined as the
northern transect. The transect that runs from the SEmb to the primary inlet is
defined as the southern transect. Several additional cores were platrathsétt

to identify spatial sediment distribution imeas of the harbour not directly in
outflow zones of the two fluvial inputs (e.gig. 3.1. CH10, CH9, 00Y. These

cores would allow for a full 3D identification of spatial and temporal variability in
harbour sedimentatiorCores CH4 and CH3 are herebyidef e d aisn | éenteda r

areas.

All cores were positioned away from stream channels and banks where primary
sedimentation may have been altered by secondawyorking processes

associated with stream meandering and migration. Intertidal cores were positioned
in areas accessible through private or common land that could be cored in one
tidal cycle. Subtidal cores were restricted to areas with at least 1 m water depth at

high tide due to the draught of the vessel. Core locations are shéugn 8il.
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Fig. 3.1 - Core location and transect lines imposed upon a bathymetric map of
the harbour. Cores preceded by the letters CH Goromandel Harbour)
indicate subtidal cores. The remaining cores were retrieved from intertial
regions. Depths are expressed as depth below mean low water spring
(MLWS). Bathymetry taken from LINZ (2016) Chart NZ 533.

3.1.1 Core barrel selection

80 mm internal diameter PVC (polyvinyl chloride) core barrel was chosen over
standard 76 mm internal diatee aluminium core barrel. Using PVC reduced the
possibility of aluminium contaminants being introduced to the sediment cores
during coring and core splitting procedures. Eliminating aluminium contamination
is of significance as both metal geochemistry aradjnetic susceptibility are used

in this study. A larger internal diameter was also beneficial to analysis as a greater
volume of sediment was retrieved with each core.
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3.2 Intertidal Coring

Intertidal regions were cored during low tide with a generator penlveibracorer
(Fig. 3.2).

Cores were driven down by the user's weight and the vibrational motion generated
by the vibrating head unit. Following full penetration of the core, a plug was
placed in the top of the core to retain negative pressure in thebaarel during
retrieval. The core was extracted from the sediment using a tripod and winch
system. Excess PVC at the top of the core was removed with a hacksaw and the
total sediment recovery noted. Any space at the top of the barrel was plugged with
foam to prevent movement of sediment within the barrel during transport and
storage. Core barrels were labelled, cut into ~1 m lengths and capped prior to
transportation. Core sections were placed in 4°C refrigerated storage no more than

48 hours after themetrieval.

Fig. 3.2 1 Left T core being driven into the sediment using the handheld

vibracorer. Right - core extraction using the tripod and winch system.

Intertidal coring took place over three fieleixcursions during October to
December, 2015. Intertidal core lengths ranged from 0.74 m to 2.4 m with an
average core length of 1.72 m. Maximum core penetration was largely determined
by loss of momentum following the repositioning of the fixed vibratiagd unit,

or by the interception of a coarse shell/gravel unit.
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3.3 Subtidal Coring

Subtidal coring was undertake-board the TritonKig. 3.3). A remote controlled

towered vibracorer was implemented off the side of the vessel using a Hiab and

winch systento gather cores of up to 4.75 m.

Fig. 3.3 - Towered vibracorer being positioned over the side of the Triton (left)

and winched to the estuary floor using a HIAB crane at core location CH9.

Predeterminectore locations were approached using arboard GPS. Core
barrels were preut to length on board the Triton and fitted with aluminium core
catchers. At each core location, a barrel was secured to the vibrating head unit.
The vibracore tower was then leved to sediment surface using a HIAB and
winch system. Once at the sediment surface, the vibrating head unit was engaged,
and the core barrel driven into the sediment. The vibracorer was powered for 20
30 seconds or until core penetration had ceasedaitedi by a slackening in the

rope attached to the vibrating head unit.

The tower and enclosed core barrel were then winched to the surface.- A non
return valve at the top of the core along with the core catcher at the bottom of the
barrel secured the sedimt within the barrel during extraction. Once the tower
had been placed on the deck, the core barrel was removed from the tower and both
core penetration and total sediment recovery were noted. Sediment housed within
the corecatcher was either placed hetbottom of the core or stored separately. A

foam plug was placed at the top of the core to secure the sediment within the
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barrel. The barrels were then labelled, capped and cut into 1 m sections. Cores

were placed in 4°C refrigerated storage no more 48amours after retrieval.

Subtidal coring took place over the28nd 27" of January, 2016 over two tidal
cycles. Core lengths ranged from 2.8 m to 3.64 m with an average core length of
3.02 m. Core penetration was limited by the interception ohd kseyer or a dense,

compacted orange clay.

3.4 Core Processing and logging

3.4.1 Core splitting

Core barrels were split lengthwise using either a hand saw or dedicated saw table.
The exposed sediment surfaces of each half core were cleaned with a plastic card
to remove sediment and contaminants spread ewwe during the splitting
process. Immediately after cleaning, cores were photogiaplaad

stratigraphically logged.

3.4.2 Visual core logging

Split cores were logged for variations in sediment texture, observaidgaitgy,
biogenic content, bioturbation, burrowing and colour. All sedimentological data
collected through core logging were converted to stratigraphic columns using
Adobe lllustrator CC 2015 software. Further data were added to these charts as

the invesigation progressed.

3.4.3 Spaced subsampling

Spaced subsamples were taken from the working halves of each core. Starting at
the top of each core, 1 cm bands of sediment were taken at 5 cm intervals.
Sediment was gathered from the centre of the core barrel wisegial was not
expected to have been disturbed during the coring or core splitting processes.

Subsamples were weighed and dried at 60°C for 24 hours. Subsamples were then
reweighed to gather moisture content. Dried subsamples were sieved to 2 mm,

with the >2 mm fraction recorded for terrigenous/shell ratio, and the <2 mm
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fraction placed into labelled sample bags. Additional samples were also gathered
from intervals where higheresolution was desired. Dried2<mm subsamples
were used irsubsequent physal and chemical analyses describe€iapters 5,
6and 7.

3.5 Terminology

3.5.1 Core sample terminology

Specific samples collected from cores are often referred to in(désgecially in
Chapter 5) Throughout this report, samples have been described by the core
number followed by the specific subsample from the same core. For example,
CH1i 12 refers to subsample 12 from core CH1. As subsamples have been
collected every 5 cm from the surface, this subsample can be identified as being
collected from a depth of 0.586.

3.5.2 Grain size terminology

Sediment grain size is described using the Wentworth Sééat(vorth, 1922).

A Wentworthgrain sizescale chart has been included in Appertdlifor reference.
Grain sizes are often abbreviatéa this reportas: VF=very fine, F=fine,
M=medium, C=coarse, VC=very coarse followed by the type of sediment. For
example, a M/C sand is a medium to coarse sand.
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Chapter 4

Core Logs and DownCore Data

This chapter presents core logs, dewore geochemical and magnetic
susceptibility dea for cores analysed. Several fence diagrams are also included.
This data is interpreted in Chaptér

This chapter presents data that is applied in facies analysis in Cbhajata
includes core logs generated from visual observations, -@own geocamical
and magnetic susceptibility and sediment fence diagrams. Note that high

resolution PDF versions of these images available in Appendix.G
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4.1 Core Logs

Some cores have not been geochemically analysed or analysed for magnetic
susceptibility, and twrefore facies based upon geochemical or magnetic
susceptibility characteristics cannot be associated to these cores. Areas such as
this have been noted with a question mark K®jte that core 007 has not been
logged. This was because this core was cemnsdlto be influences by stream
migration and secondary erosion and redeposition. Aptdgenic sediments in

core 007 not interpreted for SAR study kare interpreted geochemically in

further chapters.

4.1.1 Core log legend

Sediment Symbols
| Bioturbated silt (A Shell hash

Organic rich silt Q) Whole shell

Bioturbated sand @5 Wood fragments

Organic rich sand U Burrows

Shell bed withinsilt | .- -. Gradational boundary

matrix
|=<—] Shell bed within sand Sharp boundary
7__‘—1'.—.% matrix

Bottom of subtidal core.

I - Orange clay PUTATH Core catcher material
T ¢TIty
TITTITETTITITT M below break

Coarse black sand

lamination

Gap

Fig. 4.17 Legend for presented stratigraphic logs
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4.1.2 Intertidal core logs

| COROMANDEL HARBOUR CORE LOGS |

001

Date taken: 11/10/15
GPS: 36°45'56.08"S 175°29'51.03"E
Region: NEmb INTERTIDAL

Thick.
(m)

Facies

-_—

[9;]

8

Graphic Log

[v]

B3d

Fossil/
Bioturb

Date

Bulk
density

Description

Brown moderately sorted C sand fining downwards to
moderately sorted M/C sand. Brown mottles through-
out, concentrated around small pebbles,

Some regions have green discolouration.

Grey well sorted C/F silt + F/M sand

Brown and mottled black to brown moderately sorted
M sand

>1 cm diameter shell within a dark grey F/M sand
matrix

Light grey well sorted C sand to fine silt with ~10%
shell frag

>1 cm diameter shell within a dark grey C/F silt to F/IM
sand matrix

Core length (minus gaps) = 0.74 m

Fig. 4.271 Stratigraphic log of core 001.

silt
sand

gravel
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COROMANDEL HARBOUR CORE LOGS Date taken: 11/10/15

00 2 GPS: 36°46'2.11"S 175°29'40.87"E
Region: NEmb INTERTIDAL

B i . Fossil/ -
3 Tm%k Graphic Log Bioturb | Date dgrl:éli(ty Description
1 Brown well sorted M sand. <5 % shell.
o Whole and hash shell bed within dark grey - black
32 é @ @ C/M sand matrix.
Grey F sand to C/F silt. ~10% shell - broken to relict.
° 8
Fragmented shell bed within a F/M sand matrix.
3 i
Brown well sorted M sand. Some shell scattered
throughout, < 5 % total.
5
Colour change to light brown F sand to C/F silt. Wood
material at mm scale throughout .
Bal Q) Shell bed in above matrix
5 light brown F sand to C/F silt
Bal é) > 1cm diameter shell in F/M sand matrix.
F/M sand fining downwards to C/F silt
5
Grey F/C silt with some F sand. Structureless.
2
6
Core length = 2.25 m

silt
sand|
gravel

Fig. 4.3i Stratigr aphic log of core 002.

44



COROMANDEL HARBOUR CORE LOGS

003

Date taken: 11/10/15
GPS: 36°46" 8.95"S 175°29'33.08"E

Region: SEmb INTERTIDAL

Thick.

() Graphic Log

Facies

Fossil/
Bioturb | Date

Bulk
density

Description

0.5

é

| |875+865
cal yr B.R

Brown/black poorly sorted F/M sand. Some coarse
lithics throughout. ~10 % shell frag. Colour lightens to
dark grey at bottom of unit. Inverse grading to F sand.

]1 .461 g/em

[ ]1.257 grem

:|1 146 glem

[T1.016 grem

Dark grey well sorted F sand. mm scale laminations
of wood matter5% shell.

cm scale wood fragments from 0.4 m to 0.45 m

Dark grey well sorted C/F silt - F sand. mm scale
laminations of dark silt become frequent down the
unit. < 5% shell.

Dark grey C sand layer.

Light grey very well sorted C/F silt - F sand. mm scale
wood frag throughout. < 5% shell.

Light grey C/F silt with dark grey F/M sand lamina-
tions every 2-4 mm. Laminae of sand contain wood. <

Dark black C/M sand layer

Grey C/F silt with some mm scale laminations of
wood. < 5% shell.

:|1 1009 giem

Dark grey - black gravel to C sand layer. ~10 % shell
fragments. ~ 10 % silt in matrix. Pebbles up to 3-4cm
diameter. Sooty, black mask. Washes off. Appears to
be organic matter. < 5% shell.

Core length = 2.00 m

silt
sand
gravel

Fig. 4.41 Stratigraphic log of core 003.
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COROMANDEL HARBOUR CORE LOGS Date taken: 6/12/15
004 GPS: 36°46'18.95"S 175°29'33.08"E

Region: NEmb INTERTIDAL

3 Thick. ) Fossil/ Dat Bulk o
S| (m) Graphic Log Bioturb ate | gensity Description
1

Grey brown well sorted M/Fsand with <5% shell.

Ak Grey/dark grey poorly sorted shell hash within
== well sorted M/F sand matrix.

Coarse shell bed, >25% shell frag~1 cm diame-
@ ter within a grey well sorted F sand matrix.

Dark grey medium sorted M sand with >15%
shell frag. Coarsens downwards to a M/C sand.

Light grey medium sorted C/F silt to F sand. > 5% shell

Alternating coarse shell to shell hash within a
well sorted C/F silt matrix.

ES

|G~

Light grey medium sorted C/F silt to F sand. =5% shell

@ Alternating coarse shell to shell hash within a
et
Black to dark grey medium sorted M sand. Some silt component, dirty.
Unstructured light grey C/F silt which lightens
downwards to a light grey/brown. <5% shell.
@) Shell >1cm diameter in above matrix

Light grey very well sorted C/F silt which lightens
downwards to a light grey/brown. Two darkened
laminations between 164 cm - 170 cm and 174
cm - 177 cm. <5% shell.

Core length =1.92 m

gravel

Fig. 4.51 Stratigraphic log of core 004.
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COROMANDEL HARBOUR CORE LOGS

005

Date taken: 6/12/15
GPS: 36°46'12.00"S 175°29'27.00"E

Thick.
(m)

Facies

Graphic Log

Fossil/
Bioturb | Date

Bulk
density

Description

£

G~

583 + 90

@) cal yr B.P
fals

M 885 + 60

cal yr B.P

Dark grey very well sorted F sand. mm scale laminations
of wood. ~ 5% shell

Alternations of shell hash and whole shell beds. Light
grey C/F sand matrix.

Dark grey to black very well sorted F sand. <5 % shell.
Laminations of silt + fine sand become more frequent
down the unit. Fines downwards.

Colour change to dark grey.

Shell hash in light grey F/M sand matrix.

Dark grey very well sorted C/F silt to F/M sand. Interbed-
ed cm scale lenses of sand.

Light grey relict shell hash bed within C/F silt matrix.

Dark grey C/F silt. ~ 5 % shell

Dark grey M/C sand

Dark grey very well sorted C/F silt. < 5 % shell

Dark grey very well sorted C/F silt. < 5 % shell

Core length = 1.54 m

gravel

Fig. 4.61 Stratigraphic log of core 005.
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COROMANDEL HARBOUR CORE LOGS Date taken: 6/12/15

GPS: 36°46'7.87"S 175°29'32.97"E
006

Region: NEmb INTERTIDAL

§ Thick| G hic L Fossil/ Date Bulk D ipti
81 m raphic Log Bioturb density escription
1 Dark grey well sorted M/F sand with common black organic
|| striations
Ral @ Whole shell > 2mm diameter in above matrix.
? - Dark grey well sorted medium to fine sand with common black striations.
G| A Shell hash within a black poorly sorted F/G dirty sand.
Whole shell and shell hash within a light grey M/F
M sand to F/C silt matrix. Patches of silt.
34 @)
? Dark grey M/F sand. ~ 10 % shell hash throughout.
L Whole shell + shell hash has within dark grey C/F silt
3_a @ é to F sand matrix.
Dark grey M/F sand. ~ 10 % shell hash throughout.
5 Ak Fining down to unit below.
Whole shell to shell hash in a well sorted C/F silt
matrix + F sand matrix.
e @
PE| -
= w &
A
Pa = é
6 Light grey C/F silt + F sand.
Z M/C black sand layer. Dirty, black coating.
Light grey C/F silt + f sand. Inverse grading to well
sorted C/F silt at bottom of core.
i
6

Core length = 1.95 m

Fig. 4.71 Stratigraphic log of core 006.
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4.1.3 Subtidal core logs

| COROMANDEL HARBOUR CORE LOGS |

CH1

Date taken: 27/01/16
GPS: 36°47'24.00"S 175°29'11.00"E
Region: SEmb SUBTIDAL

8 ) Fossil/ Dat Bulk -
8 Graphic Log Bioturb ate density Description
] Grey brown, slightly bioturbated very well sorted C/F silt.
- :I 0,636 g/cm] High organic content - wood speckles throughout + rapid
visable oxidation during processing. <5% shell throughout.
1 :l 0.727 gfem ) o )
v Shell hash increases from 0.45 m, grading into unit below.
| :l 1.21 gfem’
>2 mm diameter shell hash in a grey C/F silt to F sand
b M 1048 +70 matrix. Shell hash contains some whole pieces of shell,
calyrBp though is primarily broken shell material. >30% shell
6 C/F grey silt bed. <5% shell. Some burrows
1 :ID.Q?Zg/:m’
Large > 3 cm diameter bivalve shells in a grey C/F silt
2a 6 matrix. Some lensoidal shell hash at the top of the unit.
Gunmetal grey very well sorted C/F silt bed, no structure.
]n.919 g/em] Single lamination of wood fragments at 1.37 m
[ =)
Black to dark grey C/F silt layer at 1.5 m, sharp above and
:I 0.896 g/cm] below contacts.
6
1.5 m - 2 m colour change to light grey with dack em
scale bands every 3 cm.
]0.888 g/cm
Very well sorted C/F silt, colour change to light brown.
e Visable speckels of wood, ~ 3% total.
9
:Iﬂ-376 g/cm]2 mm laminations of brown/grey sand and silt
Brown silt coarsening to F sand
1r
L | Core length =2.66 m
Core length + core catcher=2.71m

gravel

Fig. 4.8 Stratigraphic log of core CH1.
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COROMANDEL HARBOUR CORE LOGS

CH2

Date taken: 27/01/16

GPS: 36°47'38.00"S 175°28'35.00"E
Region: SEmb SUBTIDAL

Thick
(m)

Facies

—

FFE]

Graphic Log Bioturb | Date

Fossil/

Bulk
density

Description

E

=p Sz

[Gog

i

Black brown very well sorted C/F silt, high OM - visable
oxidation during processing. < 5% shell

Shell hash (mm to cm scale) in dark grey VF/F sand

Grey green very well sorted C/F silt + some VF sand. < 5%

Very fine shell hash (mm scale) in C/F grey green silt matrix
Grey green very well sorted C/F silt
Whole shell and shell hash bed in C/F silt matrix

Colour change - light grey green w. no visable oxidation
occuring.

Grey green very well sorted moderately burrowed C/F silt. <
5 % shell.

Grey green very well sorted minor burrowed C/F silt. < 5 %
shell.

2 large gastropods < 4 cm diameter @ 1.02 m & 1.58 m

Calpur change - Darker grey green + dark grey. Dark grey
thick laminations are burrowed. Black terrig material grades
increases downwards

Lamination of grey greensilt@2.13m-2.15m

Colour change - Light brown very well sorted C/F silt.
Wood frag@ 286 m&2.9m

Silt grades to Fsand @ 2.9 m

Core length=2.915m
Core length + core catcher = 2.965 m

gravel

Fig. 4.91 Stratigraphic log of core CH2.
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COROMANDEL HARBOUR CORE LOGS

CH3

Date taken: 26/01/16

GPS: 36°47'59.00"5175°27'27.00"E

Region: CENTRE HARBOUR

. Fossil/
Graphic Log Bioturb | Date dgrt:éli(ty

| |Facies

Description

z

3260+ 70
calyrBP

Brown/grey, very well sorted C/F silt. High OM, visable
oxidation. 1 mussel shell @ 4 cm diameter, though < 5%
shell total.

Shell bed @ 15% shell, whole shell + majority shell hash,
within a very well sorted VF/F sand + C/F silt matrix

Decrease in shell from above to ~ 5 % shell. Same matrix as
_above

Green/grey, very well sorted C/F silt + VF/F sand. Majority
silt. < 5% shell throughout

1 ¢cm sand laminations at 0.87 mand 0.92 m

Black VF/F sand layer @ 1.23 m

Oyster shell @ 1.29 m

Broken shell hash (mm scale) @ 1.45m

Gradational transition from above to below. Laminations
of black sand become more fequent, grading downwards
to VF/F sand

Brown/dark grey very well sorted VF/F sand + some silt.

Brown/dark grey very well sorted C/F silt.

Grades down in colour - dark brown to light brown

At 2.79 m, sharp boundary to M/F sand

Core length =2.804 m
Core length + core catcher = 2.854 m

Fig. 4.10i Stratigraphic log of core CH3.
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COROMANDEL HARBOUR CORE LOGS Date taken: 27/01/16

CH4 GPS: 36°47'52.00"S 175°26'20.00"E
Region: INLET

; Fossil/
hick i . Bulk —
m Graphic Log Bioturb Date density Description

Facies

Light grey/brown very well sorted C/F silt. Common OM
Py ]0-513 g/cm’ wood, < 5% shell

et

—_

Light brown/grey well sorted C/F silt + VF sand

:l 1.18g/em’® Green pastel/light grey very well sorted C/F silt + some F
sand. <5 % shell, OM uncommon.

[ 0.969 g/cm

Two dark silt bands at 0.68 m - 0.72 m & 0.75 m - 0.78 m

Tosts g/cm] Green pastel/light grey well sorted VF -F sand with some silt

[ o]

Dark grey whole shell to shell hash shell bed within a well
Mg @) laaa sorted F sand.

Whole shell at top of unit (0.88 m - 1.01 m), shell hash (mm

Grey green very well sorted C/F silt + F sand
[]0.882 g/em] Laminations of F sand + some silt

From 1.86 m, mm laminations of F sand increase in frequency
increasing average grain size

154

[ 0.888 g/cm

Grey green C/F very well sorted silt bed < 5 % shell. No

0.888 g/cm ‘ _
:l 9 laminations of F sand.

25

Colour change. Grey green very well sorted C/F silt + v.f sand.
mm laminations of VF/F sand increasing in frequency
downwards.

] 0.882 g/cm

Dark grey/light brown C/F silt + F sand, laminations of black
grey well sorted F sand.

Green grey C/F silt + F sand, no laminations
F/M sand with cm scale striations of C/F silt.
v []0.859 g/cm? Grades downwards to medium sand at BOC.

35 Core length=3.51m

Core length + core catcher=3.56 m

Fig. 4.117 Stratigraphic log of core CH4.
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COROMANDEL HARBOUR CORE LOGS

Date taken: 26/01/16

GPS: 36°7'29.00"S 175°28'3.00"E
Region: INLET
-§ Thick Date Bulk Description
& | (m) density
'I J),G'l gy‘crn3 Dark grey/brown very well sorted C/F silt + VF/F sand. Common wood
'] organic matter. < 5% shell
:P-723 g/em’| Shell hash bed (mm-cm scale) within a dark grey/brown very
well sorted C/F silt + VF/F sand matrix. Inverse grading, shell
3b) is coarser at top of unit, becomes finer at bottom of unit.
(13280 + 70 1153 g/em’
cal yr B.P
1 Shell hash bed (mm scale) within a dark green grey very well sorted C/F silt
b/ _@ matrix.
— 3
Jossgrem® | park green grey very well sorted ¢/F silt + VF sand. < 5%
6 shell.
[o.879 g/em?
M Shell hash (mm scale) in a C/F silt + VF sand matrix.
== Grey green very well sorted C/F silt + VF sand. < 5% shell.
[.8s0g/cm®
:|0.Ss4g/cm5 Some minor bioturb and dark laminations between 1.25 m -
6 140 m
Dark wood frag @ 0.84 m
[o.824 g/em®
PER M 7263 + 60 Opyster shell bed, ~4 cm diameter. Grey green C/F silt +some vf sand matrix
calyrBP Grey green very well sorted ¢/F silt + VF sand. < 5% shell.
:P_BM glem? Laminated grey green/dark grey green very well sorted c/f
silt + VF sand.
Laminations of dark grey c/F silt + VF sand increase in density
downwards.
; Darkens in colour downwards though no grainsize change.
? o833 g/em?®| < 5% shell.
Grey green brown very well sorted ¢/F silt + VF sand with
dark grey laminations. Grades in colour downwards to
brown grey with no laminations.
:|0.81 g/em?
Light brown very well sorted c/F silt + VF sand. Colour grades
downwards to lighter brown.
:b.BS}' g/em?®
9
1958 g/cm’
]0 k& Light brown very well sorted ¢/ silt + VF sand. Inverse
grading to csF silt at BOC.
— Core length =3.368 m
E Core length + core catcher=3.418 m

Fig.4.12 - Stratigraphic log of core CH5.
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COROMANDEL HARBOUR CORE LOGS Date taken: 26/01/16

CH6 GPS: 36°46'54.00"S 175°28'17.00"E
Region: CENTRE HARBOUR

Facies

i Fossil/
hick | i ) Bulk ipti
m Graphic Log Bioturb | Date density Description

TR W Shell hash in a silt - F sand matrix. Shell appears as relict/non-relict

C/F very well sorted silt bed. High organic content. Oxidised
1 quickly from black to brown, wood frag throughout. <5%
shell.

C/F very well sorted silt bed. Distinctly less OM than silt

05 bed above, oxidation did not occur below the boundary
' above. Some wood frag is still apparent, though less
frequent.

Consolidation varies through this unit, alternates
between loose, unconsolidated silt to dense, compacted
silt.

6 1 é s Consolidated layers at: 0.46 m-0.5m, 0.55m - 0.57 m,
0.63m-0.74m

C/F very well sorted silt. Striations of dark grey silt within
light grey silt. Striations mm apart at mm scale, Low
bioturbation.

Two bands of dark grey siltat .36 m- 141 m &1.43 m-
1.48 m

[~]

1.5 C/F very well sorted grey-green silt bed. Obvious bioturba-
6 ‘U‘ tion > 1cm burrows infilled with green material. 2 cm shell
hash lamination @ 1.58 m - 1.60 m

C/F very well sorted grey-green silt bed.

o B

1 mm thick lamination of wood frag @ 1.8 m

I
N

C/F very well sorted dark grey/brown bioturbated silt. >2
cm burrows and speckles of wood OM throughout unit,

C/F very well sorted light grey/brown silt. Faint lamina-
tions of wood frag

7
2
C/F very well sorted brown silt grading downwards to
. fine sand.
8
F/M sand with cm scale striations of ¢/f silt. Grades down-
1 [‘ wards to medum sand at BOC.

Core length = 3.74m
Core length + core catcher=3.79m

Fig. 4.13/ Stratigraphic log of core CH6.
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COROMANDEL HARBOUR CORE LOGS

CH7

Date taken: 26/01/16
GPS: 36°46'31.01"S 175°28'58.00"E

Region: NEmb SUBTIDAL

'§ Thick Graphic L Fossil/ Date Bulk Description
8| (m) raphic Log Bioturb density P
Jo_g;ls g/cm| >15% shell hash and whole shell (to 2 cm diameter) in a
1 @ M(‘l black to oxidised brown F sand to silt matrix
| Grey blue C/F silt + some fine sand. 5% shell hash through-
out.
6 0.887 g/cm
9
1 @ Whole shell (>1 cm diameter) bed in a very well sorted silt matrix
2a 0.5 ©
Very well sorted massive bule grey C/F silt.
Some bioturbation evident by oxidation.
Jos77 giem
@ ]5105 4105 Gastropods shells found at0.72 m & 0.82 m
6 é calyrBP
1
Colour change to light grey. Striations of brown F silt.
T
1 :lo.a:-m g/cm] Dark striation @ 1.08 m- 1.1 m
6
Colour change to dark brown. Lightens in colour down-
wards.
1.5
o
:|0.34| gl/em
9 2
Well sorted C/F striated silt grading downwards to C/F silt
+f/m sand. Striations of silt and wood organics at mm scale.
s Grades downwards to brown F/M sand. Striations of wood
thicken downwards with concentrations of wood also
s increasing.
[
Laminated grey C/F silt and brown F/M sand.
Black f/m sand layer at 2.52 m.
L1125
Laminations of grey clay - C/F silt and brown F sand.
Laminations appear to contain peds.
e v
Orange medium sorted sandy clay loam. Very dense.

Fig. 4.14i Stratigraphic log of core CH7.
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COROMANDEL HARBOUR CORE LOGS Date taken: 27/01/16

CHS GPS: 36°46'31.01"S 175°28'58.00"E
Region: NEmb SUBTIDAL
-§ Thick Graphic L Fossil Date Bulk Description
8| (m raphic Log Bioturb density P
Silt shell bed. Green grey very well sorted C/F silt matrix, some F
2h M 6 sand. Evidence of relict and fresh shell.
— ]0.692 gfem
Green grey very well sorted C/F silt bed. < 5% shell.
1 [Jossogiem
] 3470 + 70 Shell bed in well sorted green grey silt to F sand matrix. Majority
0.5 cal yr B.P of shell is fragmented or hash below 1 cm diameter.
250 &t
ey
Green blue very well sorted C/F silt bed. No obvious stucture.
é ]0.801 g/em
- Dark grey/black lamination of F/M sand at 1.29 m.
6 é
1
4
:|o.715 glem
1.5
Colour change to light grey. cm striations of blue grey and light
grey silts increase in frequency down the unit.
6
= ]0.735 gfcm
2
s Light grey C/F silt bed. Laminations of organic matter at mm
scale.
s
[
Light grey very well sorted C/F silt. Structureless to bottom of
2.5 core. Evidence of shell throughout unit. Relict shell hash
lamination at 2.59 m. Shell fragments at 2.64 m and 2.7 m.
@ ]0.727 glem
Core length=2.81m
— Core length + core catcher =2.86 m
=22
5[5

Fig. 4.15 Stratigraphic log of core CHS8.
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COROMANDEL HARBOUR CORE LOGS Date taken: 27/01/16

CH9 GPS: 36°47'58.00"S 175°28'59.00"E
Region: SEmb SUBTIDAL

; Fossil/
hick i h Bulk ot
m Graphic Log Bioturb Date density Description

097g/cm® | Black/brown, very well sorted C/F silt with high OM. <5 %

Mﬁl 65 + 60 mm scale shell hash within black/grey, very well sorted C/F silt + V.F sand matrix

[E] — |Facies

IyrBP
canr Grey green, very well sorted C/F silt. <5% shell.

]0.989 gfemi
Light wood frag @ 0.29 m
Dark wood frag @ 0.5 m

] 0.829 g/cm

0.5

Light grey green, very well sorted C/F silt. < 5% shell.

Visable burrows @ 0.89 m, 0.93 m, 0.95 m. All ~2 cm
diameter

Dark wood frag @ 1.41m
:|0.7zs glem
Light wood frag @ 1.48 m

Shell hash lamination @ 1.59 m

& ]o.sos glem

Light grey green very well sort C/F silt with possible dark
grey bioturb structures.

Light grey green, very well sort C/F silt. < 5% shell.

Light grey brown very well sorted C/F silt. <5% shell

Gradual colour change to darker grey from 2.07 m

] 0.892 g/cm

Core length=2.25m
— Core length + core catcher=2.30m

Fig. 4.16i Stratigraphic log of core CH9.
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COROMANDEL HARBOUR CORE LOGS

CH10

Date taken: 27/01/16
GPS: 36°46'23.00"5175°27'58.00"E

Region: CENTRE HARBOUR

Graphic Log

Facies

gravel

Fossil/ B
h ulk inti
Bioturb Date density Description
Dark grey brown very well sorted C/F silt. ~ 5% shell hash
M (mm scale). Some disturbance of sediment due to foam
[Josogrem®
Grad colour change - Green grey
]0-52 9/cm’ | Green grey very well sorted C/F silt. <5% shell.
]o.s:fz g/em
13270 + 70| Sharp colour change - light green grey
calyrBP
Light green grey very well sorted C/F silt. <5% shell
4 cm diameter shell @ 0.71 m-0.73 m
]0.533 g/cm’ 2 cm shell hash (mm scale) @ 0.83 m - 0.85 m.
Dark grey C/F silt band @ 1.515m - 1.555 m
Dark grey green very well sorted C/F silt. Grades down in
colour to dark grey. <5% shell
Dark grey band very well sorted C/F silt. <5% shell
Light grey green very well sorted C/F silt
Dark grey green band very well sorted C/F silt
Light grey green very well sorted C/F silt
Dark grey band very well sort C/F silt
Dark grey band very well sort C/F silt
I Shellhash (mm scale) within very well sorted C/F silt. Hash
o density grades downwards, ~5% to 15%
Grey green very well sorted C/F silt
é g é Shell hash (mm scale) within very well sorted C/F silt. Hash density grades
4690 + 90) downwards, <5% to 5%
00 @) calyrBP Relict whole +shell hash in grey C/F silt - F sand.
- :|5330 +130
calyrBP Core length =3.494 m
Core length + core catcher =3.544 m

Fig. 4.171 Stratigraphic log of core CH10.

58



4.2 Down-core MS and Geochemical Data

MS and geochemical is presented for each core analysed. These data are discussed
in Chapter 5Depositional settings have been interpreted from facies analysis and
are listed alongside hdata. These depositional settings are further developed in
Chapter8. Depositionalkettings have been interpreted as follows:

1. Palaeosol and fluvial deposits

A Orange clay loam facies

A High MS sand facies

A High MS silt facies
2. Pyritic layer (treated as itsvm depositional setting)
3. PrePolynesianPolynesian estuarine sediments
Bioturbated sand facies
Bioturbated silt facies
Shelly sand facies

Silty shell facies

D> > > D>

Black sand/silt lamination facies
4. European anthropogenic estuarine sediments

A Organic rich sand tdlsfacies

Near shell beds, Ca induced matrix effects generated interference in the
geochemical data (sesubsection 5.1.6.1)4 Geochemical data within these
intervals have been remalavhere Ca has exceeded 2 wt. Btate that high

resolution versions dhese data are presented in Appendix J.
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Fig. 4.181 Down-core MS and geochemical data for core CH1.

Anthropogenic

Pre-human
estuarine
sediment

Pyritic layer



Shell interference

Fig. 4.1917 Down-core MS and geochemical data for cor€H2. Elevated As values have been removed from depths > 2.75 m. $dealues are presented in
Fig. 5.26.





































































































































































































































































































































































