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Abstract 

The Coromandel Harbour is located on the eastern side of the Coromandel 

Peninsula, North Island, New Zealand. To date, sedimentological research 

conducted in the harbour has been confined to nearshore areas, with limited data 

existing for the subtidal regions of the harbour. The primary aim of this thesis is to 

identify whether and how various human activities in the catchment have altered 

harbour-wide, intertidal and subtidal, sedimentation rates and sediment 

geochemistry. A 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 been analysed for down-core changes in sediment texture, 

mineralogy, observational characteristics and geochemistry measured through 

portable X-ray fluorescence (pXRF). A facies model constructed from this data 

has been used to interpret the sedimentary development of the harbour. Pre-human 

and anthropogenic sediment accumulation rates (SARs) have been estimated 

using radiocarbon dating, qualitative pollen analysis and facies analysis. 

Anthropogenic heavy metals have been interpreted against pre-human baselines to 

identify influences on natural contaminant levels, with specific values compared 

with regional contaminant guidelines to assess ecological threats.  

 

Deeply weathered soils developed in a subaerial environment somewhere between 

the last interglacial at c.120 ka and the extended last glacial maximum (eLGM) at 

29 ka. These soils were overtopped by streambank and floodplain deposits at the 

eLGM to the onset of the mid-Holocene sea level rise at c.7500 cal yr B.P. As sea 

level rose, inundated eLGM and early estuarine sediments were initially pyritised 

in a stratified, restricted marine setting. Over time, sea level rose and the 

stratification of the harbour was destroyed, ceasing pyritisation. Streams began to 

rapidly aggrade at the harbour with the positive change in base level, giving early 

estuarine (c.7500-5000 cal yr B.P) subtidal SARs of ~0.31-0.45 mm/yr. As 

streams reached stable profiles, SARs decreased to generally conformable rates of 

0.25-0.47 mm/yr in the intertidal regions and ~0.1-0.25 mm/yr in the subtidal 

regions during the pre-Polynesian phase (c.7500-700 cal yr B.P). Polynesian 

SARs (700-130 cal yr B.P) decreased to ~0.05-0.13 mm/yr. Whole European 
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(1820 A.D-present) SARs in the northern parts of the harbour are ~0.52-0.77 

mm/yr and appear to be chiefly related to mining and deforestation. Recent 

European (1975 A.D-present) SARs are ~3.52-10.37 mm/yr in the southern parts 

of the harbour and are chiefly related to pine plantation erosion. A secondary 

depocentre for pine plantation sediments appears to be at the inlet where rates of 

~4.98 mm/yr occur.  

 

Only arsenic and mercury exist over Australian and New Zealand Environment 

and Conservation Council (ANZECC) Interim Sediment Quality Guidelines 

(ISQG) Low concentrations in anthropogenic sediments analysed. Maximum 

harbour-wide arsenic concentrations of up to 33.5 mg/kg that exceed the ISQG-

Low value of 20 mg/kg are associated with mining related sediments near the 

Whangarahi Stream mouth. Maximum arsenic concentrations in pine plantation 

sediments is 22.3 mg/kg. Mercury may also exceed ISQG-Low/High values 

throughout all harbour sediments, though it is unclear whether mercury has been 

incorrectly measured by pXRF. 
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1 Chapter 1 

Introduction  

This chapter first introduces the Coromandel Harbour and the nature of the 

sedimentological problem that this research will address. Secondly, thesis aims 

and objectives are identified. 

 

1.1 Background 

The Coromandel Harbour is thought to be currently infilling at rates greater than 

those observed in pre-human times. Hume & Dahm (1991) used limited sediment 

cores to identify elevated harbour sedimentation rates related to various 

Polynesian and European activities within the harbour catchment. They estimated 

that sedimentation rates since European settlement have been 10ï40 times higher 

than prior to human habitation. Several studies have also identified elevated 

concentrations of heavy metals arsenic, zinc, lead and copper within the most 

recent sediments relative to the pre-human baseline (Coffee, 1992; 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 Thames-Coromandel District Council has proposed dredging the Coromandel 

and Te Kouma wharf boating channels as a part of the Coromandel Harbour 

Facilities Project (TCDC, 2016). The project aims to increase aquaculture 

capabilities and develop the Auckland-Coromandel tourist ferry infrastructure to 

facilitate economic growth in the future. The bulk sedimentological research 

conducted in the 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, 1991; Aurecon, 2013). The lack of comprehensive data on 

sedimentation dynamics and sediment geochemistry restricts the ability of the 

Council to assess dredged channel management (i.e. how often channels will have 
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to be re-dredged) and ecological threats posed by resuspension of contaminated 

surface sediments. 

 

The harbour-wide uncertainty relating to anthropogenic sedimentation processes 

necessitates a holistic sedimentological research project. This project aims to 

bridge the knowledge gaps identified above and provide a robust 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 22E) (Fig. 1.1). The Coromandel 

Township lies to the north-east 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 rise to 5,300 in 

summer months (TCDC, 2010).  

 

 

Fig. 1.1 - Location of Coromandel Harbour and Coromandel Township on the North 

Island of New Zealand. Image taken from Google Earth Pro. 
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The Coromandel Harbour is bounded to the east and south by the Coromandel 

Peninsula. The Coromandel Peninsula and Coromandel Ranges to the east extend 

~120 km north-west from the Bay of Plenty and are characterised by steep 

topography and mountain ranges of up to 900 m above sea level. The elevated 

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, which shelter the estuary from north-west wind and swell from 

the Firth of Thames.  

 

The harbour has a total high tide area of 23.6 km2 and tidal range of 2.3 m (Mead 

& Moores, 2004). Tidal waters cycle through a primary inlet (Fig. 1.2 A-Aô) and a 

small, secondary inlet (Fig. 1.2 B-Bô). The primary inlet is from here referred to 

as the óprimary inletô, and the secondary inlet termed the ósecondary inletô. The 

harbourôs total catchment area is 73.57 km2, which is drained primarily by the 

Whangarahi Stream in the north and the Waiau Stream in the south (Fig. 1.2) 

(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 the NEmb and SEmb are defined as the 

centre harbour.  

 

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 Ramp in the 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). Bathymetry and locations of 

aquaculture farms taken from LINZ (2016) Chart NZ 533. 

 

1.3 Research Aims and Objectives 

The primary aim of this thesis is to identify whether and how various human 

activities in the catchment have altered harbour-wide sedimentation rates 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 throughout the harbour over broad time scales (i.e. thousands of 

years). This research aims to address these knowledge gaps. The specific 

objectives of this research are to: 
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1) apply radiocarbon and pollen dating methods to estimate Holocene 

sedimentation rates 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 contamination in anthropogenic sediments and 

compare them to pre-human concentrations to gather contamination enrichment 

factors; 

 

4) develop a stratigraphic model of harbour sediments to infer harbour-wide 

sediment dynamics and development through the Holocene. This model will also 

be used to identify pre-human sedimentation and sediment chemistry variability in 

the harbour. From this information, the degree of anthropogenic variability can be 

assessed against natural variability. 
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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 describes field methods, core collection and logging processes.  

 

Chapter Four presents core logs and down-core geochemistry for each core 

analysed. This data is interpreted in Chapter Five. 

 

Chapter Five uses grain size, thin section, and XRF analysis and interpretation to 

construct a facies analysis for the harbour. 

 

Chapter Six uses multiproxy age data to calculate sedimentation rates. 

Sedimentation rates for pre-human, Polynesian and European periods are 

calculated. Spatial variability of these sediments throughout the harbour is 

identified. 

 

Chapter Seven determines contamination enrichment in anthropogenic sediments 

relative to pre-human sediments. Contaminants in surface sediments are compared 

to regional sediment guidelines to assess current threats to estuarine 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 

discussed in the context of longer-term variability.  

 

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

identifying potential for future research. 



 

7 

 

2 Chapter 2 

Literature Review 

This chapter reviews relevant literature to identify the present-day knowledge of 

the sedimentary evolution of the Coromandel Harbour. Firstly, the regional 

Coromandel Peninsula geology and Coromandel Harbour catchment geology are 

defined. Then, the Coromandel Harbourôs climate and hydrodynamic setting are 

discussed to provide insight into possible implications on sedimentation. A time-

line of the development of the Coromandel Harbour since the mid-Holocene is 

then presented, identifying potential sources of estuarine sediments. Lastly, 

regional and site specific 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 was formed by Pacificï

Australian plate 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 with widths of up to 

40 km (Christie et al., 2007). The CVZ is bound on its western margins by the 

Hauraki Rift system which downthrows to the east (Hochstein et al., 1986; 

Booden et al., 2012).  

 

Basement material in the Coromandel Peninsula is comprised of indurated 

Mesozoic metagreywacke-argillite of the Manaia Hill and Tokatea Hill Groups 

(Skinner, 1967; Adams et al., 1994).  The Manaia Hill Group is a lithic volcanic 

greywacke, while the Tokatea Group is a feldspathic greywacke devoid of 

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) (Adams et al., 1994).  
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Calc-alkaline CVZ volcanism from 18 Ma to 2.5 Ma unconformably overtopped 

the basement with igneous basalts, andesites to dacites and rhyolites, which 

dominate the present day topography of the Coromandel Peninsula (Fig. 2.1) 

(Bradshaw, 1991; Booden et al., 2012; Christie et al., 2007; Booden, Smith and 

Mauk, 2009). CVZ 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 continental volcanic arc system and the 

Coromandel Ranges on the western side of the Peninsula (Fig. 2.1) (Skinner, 1986; 

Adams et al., 1994). Volcanism shifted to the east of the peninsula during the Late 

Miocene, with eruptives shifting to the rhyolitic Whitianga Group (Fig. 2.1). 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 quiescence 

and erosion occurring between eruptive intervals (Christie & 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 have subsequently infilled lowland depressions and river channels 

throughout the Quaternary (Fig. 2.1).  

 

Regional faulting generally trends along the axis of the Peninsula and is 

associated with Mesozoic basement faults formed during the Cretaceous Rangitata 

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 mm yr-1-0.3 mm yr-1 (Pillans, 

1986 and Abrahamson, 1987 in Clement, 2011).  

 

Extensive hydrothermal alteration during the Miocene mineralized economic 

concentrations of gold and silver throughout Coromandel Group andesites and 

dacites (including the Kuaotunu Subgroup, see subsection 2.1.2.1).  Heavy metal 

elements arsenic (As), zinc (Zn), lead (Pb), copper (Cu) and mercury (Hg) were 

also mineralised in Coromandel Group rocks during this period (Hume & Dahm, 

1991). Hydrothermal alteration of regional rock has resulted in a deeply 

weathered regolith on steep slopes throughout the Coromandel (Hume & Dahm, 

1991). Land slips are common during rainfall events and significantly exacerbated 
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where vegetation cover has been removed (i.e. deforestation) (Bradshaw, 1991; 

Hume & Dahm, 1991). 

 

 

Fig. 2.1- Geology of the upper Coromandel Peninsula (From Booden et al., 2009).  
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2.1.2 Catchment geology 

Sediment entering Coromandel estuaries is primarily derived from catchment 

erosion (Mead & Moores, 2004). Therefore, catchment geology 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 are sourced from hydrothermally altered 

catchment rocks (Hume & Dahm, 1991).  

 

The Coromandel Harbour catchment consists of Neogene rocks of the 

Coromandel Groupôs Kuaotunu Subgroup and the Manaia Hill Group basement. 

The Kuaotunu Subgroup is found at the surface in all regions, while the Manaia 

Hill Group outcrops are located in the South and East (Fig. 2.2). Quaternary 

sediments have infilled river channels and lowland plains (Fig. 2.2). The 

catchment is dominated by steep to rugged terrain (Land, Air, Water, 2016). 
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Fig. 2.2 ï 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 small 

faults and catchments of smaller streams have not been represented as they are not 

relevant to this research. 

2.1.2.1 The Kuaotunu Subgroup  

Within the catchment, Kuaotunu Subgroup occurs as deeply weathered 

hydrothermally altered andesites and dacites (Edbrooke, 2001). Tuff and 

conglomerate lithologies often overlie lava flows and intrusions, resulting in 

sensitive slip 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 (Adams et al., 1994).   
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2.1.2.2 Manaia Hill Group  

Folded Manaia Hill Group rocks outcrop to the west and south of the SEmb as 

indurated volcanic greywacke-sandstones and conglomerates. Manaia Hill group 

rocks occur as both weathered and un-weathered outcrops, and are generally 

unstable and prone to slip events and soil creep (Edbrooke, 2001). Mania Hill 

greywackes sampled in the catchment by Skinner (1967) comprised quartz and 

feldspar with accessory weathered biotite and hornblende. Skinner (1967) defined 

the Manaia Hill conglomerate (Fig. 2.2) as a combination of sub-rounded volcanic 

pebbles within a matrix of sub-angular quartz, plagioclase and orthoclase mineral 

grains. The Manaia Hill Group conglomerates have accessories minerals of biotite, 

epidote and muscovite.  

 

2.1.2.3 Faults and tectonism 

2.1.2.3.1 Faults 

The Coromandel Fault is a high angle normal fault that runs NNW adjacent to the 

western margin of the Coromandel Harbour (Fig. 2.2). Upthrusting on the eastern 

side of the fault has exposed Manaia 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 suggested in regional tectonic maps 

(Edbrooke, 2001; Christie et al, 2007)  (Fig. 2.2). Both fault systems are inactive 

and unlikely to have had noteworthy impacts on Holocene sedimentation. 

 

2.1.2.3.2 Tectonic uplift  

No studies were found on subsidence and tectonism in the Coromandel Harbour. 

Abrahamson (1987) (in Clement, 2011) proposed uplift rates of 0.3 mm yr-1 along 

the western side of Coromandel Peninsula. Pillains (1986) gave uplift rates of 

~0.25 mm/yr for the Coromandel Peninsula. It is unclear 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 investigation of Holocene 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 ranges from 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 AprilïAugust, typically in 

response to westward moving ex-tropical 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 topography can 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, some conclusions can be drawn from the 

surrounding topography. Elevated landmasses shelter the harbour from N, S and E 

winds. Dominant SW-W winds move into the harbour through the primary inlet, 

where SW-W winds of up to 45 km/h are not uncommon (Pers. Comm. Stuart 

Crawley, Coromandel Harbour Master; TCDC, 2016). The southern parts of the 

harbour are located at the end of the SW-W fetch and are therefore likely to have 

the greatest wind activity in the harbour (TCDC, 2016). Some SW-W winds will 

refract around Whanganui Island and enter the NEmb, where winds are typically 

weaker than those to the south (Fig. 2.3) (TCDC, 2016). 
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Fig. 2.3 ï 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 to the NW (Whanganui Island 

and Puffin Peninsula) and south (Te Kouma) (Fig. 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 

unusual morphology and does not fit squarely into a single specific estuary type 

under NIWAôs Estuary Environment Classification (EEC). The harbour is 

elongate and has little fluvial input, characteristics of Category Dïcoastal 

embayments. However, the inlet is constricted and not open to the ocean under 

this classification. The harbour also has characteristics of category Hïdrowned 

valley, or ria, where the estuary has the structure of a narrow elongate basin and 

has characteristically deep (>10 m) subtidal areas. Expansive 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 high tide area of 23.6 km2 (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 1.38 km. 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 situated between Puffin Peninsula and 

Whanganui Island and cycles tidal waters during high tide (Fig. 1.2). Review of 

google Earth time-lapse photography shows sediment plumes moving through this 

in inlet during tidal cycles. Areas near this second inlet may therefore be likely to 

be influenced by erosion and redeposition from tidal mixing. The Coromandel 

Harbour has a tidal prism of 47.7 × 106 m3. This is a large tidal prism for the 

catchment size of the harbour, which suggests that the harbour will be well mixed 

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 km2 

(Mead & Moores, 2004). Two primary streams flow into the Coromandel Harbour: 

the Whangarahi Stream (draining into the NEmb) and the Waiau Stream (draining 

into the SEmb) (Fig. 2). Two smaller streams also drain into the southern margin 

of the harbour, though are not  likely to be as significant in terms of sediment 

outwash as the two primary streams (Fig. 2) The Whangarahi Stream drains a 25 

km2 catchment and the Waiau Stream a 35 km2 (Land, Air, Water, 2016; DOC, 

n.d). Both primary streams have rough to steep catchment topography (Land, Air, 

Water, 2016; DOC, n.d). 

 

2.3.4 Wave climate 

A dominant SWïW 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 the Coromandel Harbour Facilities 

Project report (TCDC, 2016) suggests wind waves of up to 1 m may develop in 

the harbour from SW-S winds. Uncalibrated wind wave modelling in the harbour 

indicates that these winds will generate the largest wind waves (and thus wave 

mixing) occurring in centre of the harbour to the SEmb. SW-W winds do refract 

around Whanganui Is., moving into the NEmb, generating lower wind waves in 

the NEmb (TCDC, 2016). During field work, larger wave-related bedforms were 

observed in the SEmb intertidal region compared to the NEmb intertidal region. 

This appears to support this 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 forcing of mixing 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 generate 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 

rapidly rose ~120 m across New Zealandôs coastal margins (Hume & Dahm, 1991; 

Newnham et al., 2007; Clement, Sloss & Fuller, 2010). Palaeo-valleys and 

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

near to present-day mean sea level (PMSL), forming the initial pattern of New 

Zealandôs present day estuaries. With sea level rise, palaeosols were inundated 

and overlain by marine sediments.  

 

It is not clear when sea-level reached its present-day level in the Coromandel 

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

Northland-Auckland region and applying the Holocene sea level curve 
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constructed by Clement, Sloss & Fuller (2010), it can be inferred that sea level 

was around 5 m below PMSL at c.8500 cal yr B.P are rose to around its present 

day level within the Coromandel at around c.7500 cal yr B.P (Clement, 2011). 

Recent work on dating chenier plains (associated with sea level fluctuations) by 

Dougherty & Dickson (2012) has proposed that sea level on the western side of 

the Coromandel Peninsula was ~2 m higher than present at c.4000 cal yr B.P.  Sea 

level dropped to the present day level between c.4000 cal yr B.P and c.1000 cal yr 

B.P, and has since remained relatively constant to the present day (Dougherty & 

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 well-dated anthropogenic events. Each 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; 

Sheffield et al., 1995; Mead & Moores, 2004). Here, these periods are defined and 

discussed in the Coromandel Harbour context. 

 

2.4.2.1 Pre-Polynesian c.7500 cal yr B.Pï700 cal yr B.P 

Prior to human habitation, the Coromandel Peninsula was characterised by 

extensive native forest. Widespread vegetation cover sheltered well-developed 

soils, which resulted in low catchment erosion. Estuarine sedimentation was low 

and relatively steady (Hume & Dahm, 1991). 

 

2.4.2.2 Polynesian 700 cal yr B.Pï130 cal yr B.P (1820 A.D) 

The first anthropogenic influence in the Coromandel Harbour catchment was that 

of Polynesian (Maori) settlement. Work on rat-gnawed seeds (rats were 

transported to the country on settlers boats) in the Coromandel Peninsula by 

Wilmshurst & Higham (2004) has dated Polynesian arrival in the area to no 

earlier than 700 cal yr B.P. Upon arrival, settlers used small-scale fires to clear 

land for agricultural purposes. Some large-scale accidental fires may have also 
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occurred (Hume & Dahm, 1991). The removal of vegetation cover and 

agricultural land practices exposed soils to amplified erosion (Mead & Moores, 

2004), resulting in marginal increases in estuarine sedimentation (Hume & Dahm, 

1991). 

2.4.2.3 Early European 1820 A.D.ï1910 A.D. 

2.4.2.3.1 Deforestation and kauri gum digging 

While Europeans 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 A.Dï1910 A.D. Native kauri was felled for 

timber in significant volumes from the catchment 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 erosion during dam breaking.  

 

Once in the harbour or along river banks, timber was transported to local saw 

mills for processing. One such saw mill was Frasers Sawmill, which was 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 harbour. No other 

historic kauri 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 soils of Coromandelôs kauri forests. Large-scale land 

burn-offs 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. RightïKapanga gold 

mine in the upper Whangarahi Stream catchment. Driving dam photo courtesy of 

the Thames Historical Museum. Kapanga mine photo from the Sir George Grey 

Special Collections, Auckland Libraries, 7-A8897. 

2.4.2.3.2 Gold mining 

World-class deposits of gold were mined from Kuaotunu Subgroup rocks within 

the Coromandel Harbour catchment from 1850 A.Dï1910 A.D Gold was mined 

alluvially (i.e. from stream channels) and from underground shafts, with mine 

wastes disposed of down banks and within stream channels (Fig. 2.4). Several 

stamper batteries within the Whangarahi Stream catchment (which drains to the 

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). Gold mining activity was located chiefly in the 

Whangarahi Stream 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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Fig. 2.5 ï Locations of historic (1850 A.Dï1910 A.D) gold mines 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). 

 

2.4.2.4 Recent European 1910 A.D.ïpresent  

Gold mining and deforestation activities had largely ceased by 1910 A.D, leaving 

much of the catchment un-vegetated. Land uses changed to farmland and 

secondary native forest, much of which is still seen throughout the area in the 

present day (Hume & Dahm, 1991).  

2.4.2.4.1 Pine plantations 

Pine plantations have been located on steep slopes in the SEmb catchment (Waiau, 

Awakanae and unnamed streams in Fig. 2.6) since ~1975 A.D (Hume & Dahm, 

1991) (Fig. 2.6). Over 800 ha of pine plantations are currently located in the Semb 

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 events (Marden, Rowan, & 

Phillips, 2006). 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; Sheffield et al., 1995, Reeve, 2008). Severe pine 

plantation erosion and consequent organic rich debris flows have been noted 

throughout the Coromandel during storm events (McSaveney & Beetham, 2006). 

 

 

Fig. 2.6 ï 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 Ministry 

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, and to have comparable anthropogenic 

estuarine sedimentation trends. Numerous studies have identified anthropogenic 

SARs across various Coromandel estuaries (Hume & Dahm, 1991; Sheffield et al., 

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

including radiocarbon dating, palynology, 210Pb 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 

provide insight into the Coromandel Harbourôs SAR dynamics. A table containing 

the summarized SAR data from each of these studies is first presented and 

subsequently developed upon in detail (Table 2.1). 

 



 

 

2
3 

Table 2.1ï Summary of sedimentation rates within Coromandel estuaries. All data expressed in mm/yr-1. From Hume & Dahm (1991), Sheffield et al. 

(1995), Swales & Hume (1995), Mead & Moores (2004), Reeve (2008). Data from McGlone (1998) and 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 

embayment)
0.02 0.07 14C, pollen Hume & Dahm (1992)

Coromandel Harbour (southern 

emabyment)
0.94 0.39 -0.57 1.01 11.7 14C, pollen Hume & Dahm (1992)

Tairua N/A N/A N/A 6 (average)
Wooden floor 

marker bed
Hume & Gibb (1987)

Whangapoua Harbour 0.03 - 0.08 0.12 - 0.13 1.3 - 1.5 0.89 - 1.33 14C, pollen Hume & Dahm (1992)

Whangapoua Harbour ?
McGlone (1998) in 

Turner & Riddle (2001) 

Whangamata Estuary 0.1 0.3 14C, pollen Sheffield et al . (1995)

Whitianga Estuary N/A N/A 21 - 30 5.0 - 9 210Pb Reeve (2008)

Wharekawa Estuary 0.09 - 0.12 N/A ~ 3.6 - 7.2 5.0 - 8.0 ? Swales & Hume (1995)

Firth of Thames (7.5 km from 

Waihou River mouth)
0.09 0.13 14C, pollen Hume & Dahm (1992)

~0.16 ~1

0.82

0.5

6.0 - 11
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2.5.1 Previous sedimentation studies 

The majority of data concerning anthropogenic SARs in Coromandel estuaries 

come from Hume & Dahm (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 measured on shell 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 Sheffield et al. (1995) calculated SARs in the Whangamata Estuary, 

applying radiocarbon and pollen dating methods in the same manner as Hume & 

Dahm (1991). Reeve (2008) used 210Pb dating to investigate European 

anthropogenic sedimentation in the Whitianga Estuary. The short half-life of 210Pb 

makes it only applicable to sediments <150 years old. Thus, pre-Polynesian 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). 

 

2.5.1.1 Pre-Polynesian SARs 

Hume & Dahm (1991) identified pre-Polynesian sediments with native pollen 

assemblages and generally fine-grained silt to sand sediments. Hume & Dahm 

report similarly low pre-Polynesian SAR of 0.02ï0.12 mm/yr throughout all 

Coromandel estuaries studied. Some elevated outliers are observed near the 

outlets of streams, where natural SARs are high (Hume & Dahm, 1991) Sheffield 

et al. (1995) report similar pre-Polynesian SARs in the Whangamata of 0.1 mm/yr.  

 

Low pre-Polynesian SARs are interpreted as primarily due to the extensive 

vegetation cover that restricted erosion of catchment geology (Hume & Dahm, 

1991; Sheffield et al., 1995). Storms are likely to have generated periodic erosion 

and sedimentation; however, due to the sampling resolution of the dating methods, 

the effects of these processes cannot be identified. 
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Interestingly, Hume & Dahm (1991) infer that pre-Polynesian sedimentation rates 

in several areas were highest immediately following the beginning of PMSL. 

However, they do not discuss this conclusion further. 

 

2.5.1.2 Polynesian SARs 

Polynesian sediments are characterised by a marked increase in bracken pollen, an 

indicator of forest disturbance induced by small-scale fires (Hume & Dahm, 1991). 

Hume & Dahm (1991) and Sheffield et al. (1995) both calculate Polynesian SARs 

as equal to or marginally greater than pre-Polynesian SARs, increasing to 0.07ï

0.57 mm/yr. The authors associate these rises in sedimentation with agricultural 

land clearance practices. In some cases Polynesian SARs decrease compared with 

pre-Polynesian SARs (Hume & Dahm, 1991). Possible reasons for this are not 

clear. 

 

The influences of Polynesian activity on sedimentation are generally considered 

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

 

2.5.1.3 Early European SARs 

The most significant changes to estuarine sedimentation in the Coromandel are 

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 gold mining 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, (Table 2.1) (Hume & Dahm 1991; Sheffield 

et al. 1995). Reeve (2008) presents early European deforestation-related 

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 Estuaryôs large catchment size (Reeve, 2008). 

 

Hume & Dahm (1991) and Reeve (2008) note that recent European sediments are 

enriched in heavy metals relative to pre-human sediments, and associate this with 

outwash of historic mining wastes and erosion of metal-enriched soils. Hume & 
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Dahm (1991) use heavy metal enrichment to infer mining periods in the 

Coromandel Harbour. Reeve (2008) used heavy metal enrichment to validate 

SARs calculated using 210Pb dates in the Whitianga Estuary, where elevated heavy 

metals were interpreted as a European stratigraphic marker. 

 

2.5.1.4 Recent 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 native forest).  At 

some sites, (e.g. Coromandel Harbour), this sediment is appears to be derived 

from pine plantations in the catchment (Hume & Dahm, 1991; Sheffield, 1995; 

Reeve, 2008). A recent European SAR of 11.7 mm/yr has been collected from the 

SEmb of the Coromandel Harbour (Hume & Dahm, 1991).  Hume & Dahm (1991) 

suggested that this may be an overestimate due to pine pollen being reworked by 

bioturbation into earlier sediment. Hume & Dahm (1991) also noted that 

European sediments are generally coarser than pre-European sediment, 

highlighting increased erosional energy in the catchment. 

 

Sheffield et al. (1995) also noted a significant rise in sedimentation in the recent 

European period, and related this to pine plantation erosion throughout the 

catchment. In the Whangamata Estuary, recent European sedimentation rates may 

be up to 110 times greater than pre-Polynesian SARs. These sediments 

accumulated rapidly, and contain abundant pine pollen. Sheffield et al. (1995) 

suggested that this marked increase can be associated with the large scale of pine 

plantations in the Whangamata catchment. 

 

Reeve (2008) calculated recent (since 1950 A.D) European SARs within the 

Whitianga Estuary of 5ï9 mm/yr. While Reeve (2008) did not suggest a source 

for these sediments, it seems likely that this sediment is derived from the 

extensive pine plantations throughout the catchment. Pine plantations are the only 

significant land-use changes in the Whitianga catchment for the last 50 years. 
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It is clear that pine plantations are significantly influencing estuarine 

sedimentation rates in recent European periods in Coromandel estuaries. These 

sediments contain abundant pine pollen and are often coarse-grained. Given their 

characteristic properties, these sediments should be easily observable in 

Coromandel Harbour sediments, where pine plantations occur extensively in the 

catchments of the SEmb. 

 

2.5.1.5 Non-conventional dating methods 

Radioactive isotope and pollen dating methods are not always applicable in all 

sedimentary environments. Thus, researchers 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 (DDT), a pesticide that was used extensively on 

agricultural land from 1950 A.Dï1970 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 marker. Hume, 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 DDT-contaminated sediments may not be distinguishable 

in estuarine sediments. The results 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 a wood-rich 

layer with early European deforestation and kauri milling within the Tairua 

catchment. The ñwooden floorò consists of wood chips and organic detritus 

derived from kauri milling processes. Associating the wooden floor with mill 

waste outwash that were deposited 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 European land 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 widespread 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.  

 

2.5.1.6 Applicability 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. 

 

Pollen, DDT, ñwooden floorò material and 210Pb can easily be bioturbated through 

a sediment succession, which can result in sediments being interpreted as older 

than or 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 (1991) and Reeve (2008) used 

heavy metal analysis to correlate mining-related 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 

sediments, and 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 accumulate in situ, providing accurate sediment 

ages, they can also be reworked and re-deposited 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 Sheffield et al. (1995) interpret radiocarbon dates 

alongside pollen dates, with Hume & Dahm (1991) additionally using heavy metal 

analysis. 

 

2.5.1.7 Sedimentation 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 differ. Differences between SARs in different estuaries have 

been related to a number of variables, including catchment geography and size 

and catchment-specific anthropogenic activities. 

 

Pre-Polynesian sedimentation rates are low in all estuaries studied. Typically, 

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 of ~10ï20 times pre-

Polynesian SARs (excluding the Whitianga outlier). Where mining has been an 

influence, early European sediments can be elevated in heavy metals, a feature 

that can be used to identify mining-related sediments in estuarine sediment 

successions. The largest increases in sedimentation rates are seen in 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 due to the effects of bioturbation. 

 

Sedimentation rates have typically been identified through radiometric dating and 

palynological studies. Novel methods of DDT and ñwooden floorò dating have 

been identified, and are shown to have applicability in the Coromandel Harbour 

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

bioturbation and erosion and re-depositional processes often generating errors. 
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Dating methods must therefore be used in conjunction with other dating proxies 

and sedimentological 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; Cundy et 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 life (Coffey, 

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 pre-human and Polynesian phases, heavy metals that 

entered the 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, 1991). This likely resulted in low levels of 

heavy metals entering the harbour.  

 

During the early European phase (~1860 A.Dï1910 A.D), the Kuaotunu Subgroup 

andesites and dacites were extensively mined for epithermal gold and silver 

deposits (Moore & Ritchie, 1996; Craw & Chappell, 2000). Vast volumes of mine 

waste rock were 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 stamper batteries throughout 

the NEmb catchment, with tailings deposited directly into stream networks (Hume 

& Dahm, 1991; Moore & Ritchie, 1996; Craw & Chappell, 2000; Aurecon, 2013). 

This exposed a significant amount of crushed Kuaotunu Subgroup rock to 

weathering and increased erosion, liberating elevated concentrations of heavy 

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 waste enters 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 contamination in the NEmb 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 times (Aurecon, 

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 

geochemistry 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 Stream (Fig. 2.5). 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 

compare 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) (Table 2.2) (ANZECC, 2000). 

ISQG-Low indicates contaminant concentrations that are very unlikely to have a 

negative effect on local ecologies. ISQG-High 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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concentrations between ISQG-High and ISQG-Low are not known, but are 

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

 

Table 2.2-ANZECC (2000) ISQG 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 are normalised to 1% organic 

carbon. Adapted from WRC, n.d. 

 

Trace element or organic 

compound 

ISQG-Low  

(mg/kg) 

ISQG-High 

(mg/kg) 

Arsenic (As) 20 70 

Cadmium (Cd) 1.5 10 

Chromium (Cr) 80 370 

Copper (Cu) 65 270 

Lead (Pb) 50 220 

Mercury (Hg) 0.15 1 

Zinc (Zn) 200 410 

DDT 0.0016 0.046 

 

Sediments around the Whangarahi stream mouth and Coromandel Wharf have 

concentrations of cobalt (Co), Cu, chromium (Cr), Pb, Zn and nickel (Ni) at 

concentrations lower than ISQG-low concentrations (Coffey, 1992, Hume & 

Dahm, 1991; PDP, 2012; Aurecon, 2013). Some arsenic values rise above the 

ISQG-Low value in several regions with concentrations of ~20ï30 mg/kg (Coffey, 

1992, PDP, 2012, Aurecon, 2013). PDP (2012) and Aurecon (2013) both found 

Hg levels above the ISQG-High values near the Coromandel Wharf with 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 outwash of mine wastes into the harbour (Coffee, 1992; Hume & Dahm, 

1991; PDP, 2012; 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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concentrations 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 ~1-1.4 times greater than pre-Polynesian sediments, identifying that 

human influences have increased the amount 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 SARs, sediment 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 to mid-Holocene in age. 

These sediments were identified in the intertidal to shallow subtidal areas of the 

Coromandel Harbour, and thus little is known on harbour development in the 

subtidal harbour. No data exists on the evolution of the harbour prior to the 

Holocene. Thus, the broad sedimentary evolution (i.e. prior to mid-Holocene sea 

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

 

2.8 Summary 

The Coromandel Harbour catchment geology primarily consists of Miocene 

Kuaotunu Subgroup andesites and dacites with some Manaia Group 

metagreywacke-argillite basement occurring to the east and south of the harbour. 

Quaternary sediments infill lowland depressions and river channels. Soils and 

sediments derived from parent Kuaotunu Subgroup volcanics and Manaia Hill 

Group rocks are largely situated 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 westward moving ex-tropical 

cyclones. Dominant winds are predominantly sourced from the WïSW, 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 total high tide area of 23.5 km2 and a mean spring 

tidal range of 2.7 m and a neap tidal range of 1.8 m. Intertidal regions are broad 

(up to 1 km wide) along the western margins of the harbour. Tides predominantly 

enter through the primary inlet. Fluvial inputs into the harbour drain from a total 

catchment of 73.6 km2. Wind waves are most energetic in the SEmb and less 

energetic in the northern. The harbour is likely to be primarily mixed by tidal 

cycles and wind waves which are dominant in the SEmb and lesser in the NEmb. 

 

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 estuarine SARs relative to pre-Polynesian SARs. Early European 

deforestation, kauri gum digging and mining increased sedimentation in 

Coromandel estuaries by a factor of ~5ï20 times greater than pre-Polynesian 

SARs. Recent European SARs are up to 40 times greater than pre-Polynesian 

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

Coromandel catchments.  

 

Anthropogenic heavy metal contamination studies in the Coromandel Harbour 

have been primarily conducted at the mouth of the Whangarahi Stream, 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 ISQG-High 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. 

 



 

35 

 

3 Chapter 3 

Field methods and Core Processing 

This chapter describes the rationale behind core locations and the methods of 

core collection and processing.  

 

3.1 Core Locations and Collection 

Cores were located along two transects from the outwash areas of the Whangarahi 

and Waiau Streams through to the harbour inlet (Fig. 3.1). The purpose of these 

transects was to identify 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 runs from 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 placed off-transect 

to identify spatial sediment distribution in areas of the harbour not directly in 

outflow zones of the two fluvial inputs (e.g. Fig. 3.1. CH10, CH9, 007). These 

cores would allow for a full 3D identification of spatial and temporal variability in 

harbour sedimentation. Cores CH4 and CH3 are hereby defined as ónear-inletô 

areas. 

 

All cores were positioned away from stream channels and banks where primary 

sedimentation may have been altered by secondary reworking 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 shown in Fig. 3.1. 
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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 (Coromandel Harbour) 

indicate subtidal cores. The remaining cores were retrieved from intertidal 

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 diameter 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 and magnetic 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 powered vibracorer 

(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 the core barrel 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 their retrieval.  

 

  

Fig. 3.2 ï Left ï 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 field excursions 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 vibrating head unit, 

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

Subtidal coring was undertake on-board the Triton (Fig. 3.3). A remote controlled 

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

winch system to 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. 

 

Predetermined core locations were approached using an on-board GPS. Core 

barrels were pre-cut 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 lowered 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 ceased, indicated 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 sediment 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 core-catcher was either placed at the bottom 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 than 48 hours after retrieval.   

 

Subtidal coring took place over the 26th and 27th 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 of a sand layer 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 down-core during the splitting 

process. Immediately after cleaning, cores were photographed and 

stratigraphically logged. 

 

3.4.2 Visual core logging 

Split cores were logged for variations in sediment texture, observable mineralogy, 

biogenic content, bioturbation, burrowing and colour. All sedimentological data 

collected through core logging were converted to stratigraphic columns using 

Adobe Illustrator CC 2015 software. Further data were added to these charts as 

the investigation 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 where material 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 higher resolution was desired. Dried <2 mm subsamples 

were used in subsequent physical and chemical analyses described in Chapters 5, 

6 and 7. 

 

3.5 Terminology  

3.5.1 Core sample terminology 

Specific samples collected from cores are often referred to in text (especially 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, 

CH1ï12 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 0.55 m.  

 

3.5.2 Grain size terminology 

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

A Wentworth grain size scale chart has been included in Appendix H for reference. 

Grain sizes are often abbreviated in this report as: 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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4 Chapter 4 

Core Logs and Down-Core Data 

This chapter presents core logs, down-core geochemical and magnetic 

susceptibility data for cores analysed. Several fence diagrams are also included. 

This data is interpreted in Chapter 5. 

 

This chapter presents data that is applied in facies analysis in Chapter 5. Data 

includes core logs generated from visual observations, down-core geochemical 

and magnetic susceptibility and sediment fence diagrams. Note that high 

resolution PDF versions of these images are 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 therefore 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 (?). Note that core 007 has not been 

logged. This was because this core was considered to be influences by stream 

migration and secondary erosion and redeposition. Anthropogenic sediments in 

core 007 not interpreted for SAR study but are interpreted geochemically in 

further chapters. 

4.1.1 Core log legend 

 

Fig. 4.1 ï Legend for presented stratigraphic logs 
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4.1.2 Intertidal core logs 

 

Fig. 4.2 ï Stratigraphic log of core 001. 



 

44 

 

 

Fig. 4.3ï Stratigr aphic log of core 002. 
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Fig. 4.4ï Stratigraphic log of core 003. 
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Fig. 4.5ï Stratigraphic log of core 004. 
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Fig. 4.6ï Stratigraphic log of core 005. 
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Fig. 4.7ï Stratigraphic log of core 006. 
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4.1.3 Subtidal core logs 

 

Fig. 4.8ï Stratigraphic log of core CH1. 
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Fig. 4.9ï Stratigraphic log of core CH2. 



 

51 

 

 

Fig. 4.10ï Stratigraphic log of core CH3. 
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Fig. 4.11ï Stratigraphic log of core CH4. 
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Fig. 4.12 - Stratigraphic log of core CH5. 
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Fig. 4.13ï Stratigraphic log of core CH6. 
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Fig. 4.14ï Stratigraphic log of core CH7. 
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Fig. 4.15ï Stratigraphic log of core CH8. 



 

57 

 

 

Fig. 4.16ï Stratigraphic log of core CH9. 
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Fig. 4.17ï Stratigraphic log of core CH10. 
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4.2 Down-core MS and Geochemical Data  

MS and geochemical is presented for each core analysed. These data are discussed 

in Chapter 5. Depositional settings have been interpreted from facies analysis and 

are listed alongside this data. These depositional settings are further developed in 

Chapter 8. Depositional settings have been interpreted as follows: 

 

1. Palaeosol and fluvial deposits 

Á Orange clay loam facies 

Á High MS sand facies 

Á High MS silt facies 

2. Pyritic layer (treated as its own depositional setting) 

3. Pre-PolynesianïPolynesian estuarine sediments 

Á Bioturbated sand facies 

Á Bioturbated silt facies 

Á Shelly sand facies 

Á Silty shell facies 

Á Black sand/silt lamination facies 

4. European anthropogenic estuarine sediments 

Á Organic rich sand to silt facies 

 

Near shell beds, Ca induced matrix effects generated interference in the 

geochemical data (see subsection 5.1.6.1.4). Geochemical data within these 

intervals have been removed where Ca has exceeded 2 wt. %. Note that high 

resolution versions of these data are presented in Appendix J. 
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Fig. 4.18 ï Down-core MS and geochemical data for core CH1. 
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Fig. 4.19 ï Down-core MS and geochemical data for core CH2. Elevated As values have been removed from depths > 2.75 m. These values are presented in 

Fig. 5.26. 














































































































































































































































