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EXECUTIVE SUMMARY
Two groundwater bores drilled to >200 m depth at Tauranga Harbour sites near Omokoroa
and Athenree have been studied to provide information on the sequence and thickness of
sediment and rock units in those localities. At both sites, the sequences begin at the surface
with soils developed in volcanic ash deposited from eruptions at various Taupo Volcanic Zone
volcanic centres. The soils mantle a variety of sand and gravel sediments, deposited in fluvial,
swamp, beach, and shallow marine environments. In the north (Athenree site), the sediments
cover an unconsolidated pyroclastic flow deposit (Aongatete Ignimbrite), which lies on a
basement of Uretara Formation andesitic lava. In the south-central area (Omokoroa),
equivalent sediments overlie a different pyroclastic flow deposit (Waiteariki Ignimbrite).
The sequence and thickness of geological units in those localities have been established with
high precision and this data is available for evaluation and improvements of hydrogeological
and geophysical models.
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1.0

INTRODUCTION

This report provides descriptions and identification of the geological units encountered by the
“Capamagian” and “Omokoroa” groundwater bores. These two bores were drilled in 2016 at
locations around the northern and south-central margins of Tauranga Harbour. The
Capamagian bore was drilled to 221.5 mBGL (metres below ground level) on the Goldwood
Orchard property, Capamagian Drive, Athenree. The location is approximately 13 km north of
Katikati (Figure 1.1 and Table 1.1). The Omokoroa bore was drilled to 204 mBGL at the site of
the Omokoroa wastewater treatment plant, approximately 10 km west of central Tauranga City
(Figure 1.1 and Table 1.1). The bores were selected for this study by the Bay of Plenty
Regional Council, who provided GNS Science with boxed drill-chip samples collected at 1 m
intervals from surface to the completion depths, and one core from the Capamagian bore (pers.
comm. D. Harvey).

Figure 1.1

Location map for the Capamagian and Omokoroa groundwater bores examined in this study.
Topographic base map from Land Information New Zealand Topo50 maps BC36 Katikati and BD36
Lower Kaimai.

Table 1.1

Location and depth information for Tauranga Harbour groundwater bores examined in this study.
Bore numbers are Bay of Plenty Region Council reference numbers.

Location

Bore name

Bore
number

East
(NZTM)

North
(NZTM)

Bore depth
(mBGL)

Goldwood Orchard, Capamagian Drive, Athenree

Capamagian

BN-100130

1860350

5852554

221.5

Omokoroa wastewater treatment plant

Omokoroa

BN-100113

1866901

5828482

204
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2.0

GEOLOGICAL BACKGROUND

The Tauranga Basin is an area formed probably ~2 to 3 million years ago in response to
episodes of large-volume local volcanism and regional tectonic activity that were occurring
during the transition of active volcanism from the Coromandel Volcanic Zone to the Taupo
Volcanic Zone (e.g., Briggs et al. 2005). The strata of the Tauranga Region can be broadly
grouped by lithology into (1) lavas, pyroclastic flow deposits (ignimbrites) and tephra units, and
(2) sedimentary units that are reworked volcanic materials, deposited in river, lake or estuary
environments. The primary volcanic units are correlated with subgroups and formations within
the Coromandel Group (Brathwaite and Christie 1996; Edbrooke 2001). The sediments are
incorporated in the Tauranga Group, but can be subdivided (Briggs et al. 2005) by lithology
and depositional environment.
The geological history of the region as outlined in Houghton and Cuthbertson (1989),
Brathwaite and Christie (1996) and Briggs et al. (1996), has elements that are relevant to
understanding the stratigraphy of the bores examined in this study. The Miocene andesitic and
dacitic lavas and breccias that form the Kaimai Range west and northwest of Tauranga
Harbour, are also the local “basement”. The Miocene volcanics are covered by Pliocene
dacitic-rhyolitic ignimbrites that in turn, are onlapped by younger (Pleistocene) sediments,
ignimbrites and tephra. These deposits initially filled the Tauranga Basin and were later eroded
and incised during Pleistocene glacial periods (Shepherd et al. 2000) and now form the
terraced peninsulas (e.g., Omokoroa) of the modern Tauranga Harbour.
The Miocene andesitic-dacitic rocks in the Tauranga Region are part of the Kaimai Subgroup
(Houghton and Cuthbertson 1989; Edbrooke 2001), within which is the Uretara Formation. The
Uretara Formation is mapped (Brathwaite and Christie 1996) 2 km west of the Capamagian
bore. The Uretara Formation is intruded by Minden Rhyolite Subgroup lavas that include
rhyolites mapped at Hikurangi and Bowentown ~4 km from the Capamagian bore (Figure 1.1).
The Pliocene dacitic-rhyolitic ignimbrites mapped in the Tauranga Region include the
Aongatete Ignimbrites (~3.5–3.9 million-year-old [Ma]) and the Waiteariki Ignimbrite (~2.1 Ma).
Neither is thought to have been erupted from a local volcanic centre (Briggs et al. 2005), but
both are locally thick (>200 m) in the Tauranga Region and form useful stratigraphic markers.
Pleistocene sediments, ignimbrite and tephra in the region are part of Tauranga Group, and
have been separated into many subgroups and individual units. Of relevance to this study are
the Matua Subgroup (swamp, estuarine and shallow marine sediments), and Kidnappers
pyroclastic/volcaniclastic deposits that are exposed in coastal cliffs around the harbour and
can provide clear lithostratigraphic markers in bores.
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3.0

SAMPLES AND DESCRIPTION

The stratigraphy of both bores is represented by drill chips collected at 1 m intervals. One core
was cut in the Capamagian bore (195–196.2 mBGL) and provided texture and lithology
information that was key to identifying the material above and below that depth. The depths
referred to in this report are those labelled on the sample boxes, and are taken to be metres
below ground level at each bore site. A geological boundary reported here is the sample depth
at which fragments of the different underlying unit first appear. The accuracy of unit boundaries
relies on the accuracy of drilling-depth measurement and recording, minimal downhole mixing
during drilling, and on the sample collection and labelling at each nominal depth. Samples from
some intervals (2–5 m) in the Omokoroa bore were not recovered but this is not critical to
establishing the stratigraphy.
The descriptions of volcanic and sedimentary materials from the bores follows standard
terminology of McPhie et al. (1993), Burns et al. (2005), and White and Houghton (2006). The
colour names for drill chips are in field-moist condition and are guided by Munsell soil colour
charts and nomenclature (Munsell 2009). Reference to regionally extensive stratigraphic units
is consistent with Group and Formation nomenclature of QMAP Auckland (Edbrooke 2001),
QMAP Rotorua (Leonard et al. 2010) and the Waihi area geological map (Brathwaite and
Christie 1996).
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4.0

STRATIGRAPHIC SUMMARIES

Table 4.1 and the following sections summarise the geological characteristics of materials
drilled by each of the bores. Digital images of drill cuttings and cores are provided in
Appendix 1.
Table 4.1

Generalised stratigraphy of the Omokoroa and Capamagian bores. EOH = end of hole; mBGL=
metres below ground level.

Grouped lithology
Modern soil and older tephra-paleosol
composite

Depth (mBGL)

Depth (mBGL)

in Omokoroa

in Capamagian

0–3

0–5

Late Pleistocene tephra-sediment composite

4–6

(Hamilton Ash; Matua Subgroup)

(7–8, no samples)

Kidnappers deposit (Tauranga Group)

9–18

Matua Subgroup sandy clay

6–7
8–10
11–18

Matua Subgroup gravels

19–42

19–29

Matua Subgroup lignite

43–47

-

Matua Subgroup sands

48–82

-

Waiteariki Ignimbrite

83–197
(198 no sample; EOH at 204)

-

volcaniclastic sediment

30–69

Aongatete Ignimbrite

70–157

Uretara Formation volcaniclastic sediment

158–193

Uretara Formation lava breccia

194–196

Uretara Formation lava

197–222 (EOH)
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4.1

Omokoroa Bore: Summary of Stratigraphy

The strata drilled by this bore (Table 4.1; Appendix 1) represent sedimentary deposits that form
the headlands and peninsulas of the Tauranga Harbour, and the older pyroclastic flow deposits
that partly infilled the Tauranga Basin in its early stages. The shallowest 3 m of the samples
are modern topsoil and sandy loam subsoil layers. At 2 m and 3 m the sand fractions from the
soil include biotite and cummingtonite, which are both indicative of tephra erupted from a
source in the Okataina Volcanic Centre (Lowe et al. 2008), but no unit could be separately
identified from any sample. Tephra stratigraphy of the Omokoroa area includes locally thick
(<1 m) ~47,000-year-old Rotoehu tephra (Flude and Storey 2016) that is very likely present
within the top 3 m of the samples.
Strong brown and dark yellowish-brown clays at 4–6 m are from paleosols of the Hamilton Ash
unit. These well-developed soils overlie pale brown to light yellowish brown sandy clay material
of the Matua Subgroup. In cliff sections around the Omokoroa peninsula, discrete tephra and
reworked pyroclastic units have been identified as Pahoia Tephras and separated from Matua
Subgroup deposits (Briggs et al. 1996). No distinction was possible in the bore, but at 9–18 m
the sandy clay includes lustrous pearl-coloured <1 mm flakes of highly weathered biotite. The
crystals, frequently referred to as “hydromica” are diagnostic of the Kidnappers pyroclastic flow
and fall deposits, and the sediments derived from them. The sandy clay material overlies sandy
silt with some clay and some pebbles (pumice and rhyolite lava), that from 33 m becomes
sandier and dominated by rhyolitic volcanic rock pebbles. These Matua Subgroup gravels are
in sharp contact with a 5-m-thick interval of black to dark reddish-brown woody, firm to fibrous
organic material referred to as Matua Subgroup lignite (cf. Briggs et al. 1996).
Sediment beneath the lignite at 48–63 m is well sorted medium sand (mostly rounded to
subrounded quartz and feldspar) with some fine pebble sized pumice and silicified volcanic
rock pieces. The sediment resembles typical beach sand.
Samples from some intervals between 60 m and 65 m were not recovered, but there is a
marked change in lithology at 63 m from loose sand to cohesive sand with distinct 2.5Y olive
brown to very dark greyish brown colours (Munsell 2009). At 65 m, there are also ~0.5 cm
fragments of firm amorphous black organic soil. The indurated sand is well sorted medium
sand of feldspar, quartz and hornblende crystals, and is firm to hard in strength due to the iron
oxy-hydroxide (and clay?) cement. Globally, this type of material is commonly referred to as
“coffee rock” due to the colour and resemblance to granulated instant coffee. It is interpreted
to form in beach, dune or fluvial sand at or above the water table, where organic matter and
iron are mobile. Samples at 76 m and 77 m are sands, but include a substantial component of
completely weathered white, medium grained crystal-pumice ash tuff. This is a volcanic ash
fall deposited onto one of the coffee rock sand layers. At 79 m the sample comprises pink and
pinkish grey (5YR) ash tuff fragments and rounded granules of grey or red unweathered
rhyolite lava and hydrothermally altered greenish-grey rhyolite lava. Samples at 80–82 m were
not recovered during drilling, which means the nature of the boundary with the underlying
Waiteariki Ignimbrite formation is not entirely clear. These materials have different origins to
the overlying sands but all are categorised as Matua Subgroup sediments.
From 83 m to 197 m, the cuttings represent the upper, non-welded part of the Waiteariki
Ignimbrite. Variations in overall grainsize and in abundance of the lithic fragments or pumice
fragments mark boundary zones between flow units within the ignimbrite. At 83–116 m the
samples consist of 2.5Y greyish-brown to light olive brown fibrous-textured pumice (<2–3 cm)
and many dark brown, reddish-brown, and grey lithics (mostly rhyolite lava; 1.5–2 cm). The
pumice fragments have a thin partial coating of fine ash and are crystal rich (10–20% total:
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feldspar and hornblende, with quartz and pyroxene and rarely, biotite). The sand fractions of
the samples are dominated by feldspar, quartz and hornblende- the latter being a useful
distinctive component. Lithics are uncommon in samples below 116 m. White pumice is very
abundant at 151–159 m, which is interpreted as a pumice concentration zone generated in the
pyroclastic flow.
Between 167 m and 168 m, the overall texture of the material changes from pumice-rich lapilli
(originally, clasts 2–63 mm diameter) to a brownish grey to olive brown medium ash tuff.
Pumice fragments are uncommon in this substantially finer material, but the tuff has the same
crystal assemblage and lithic types as observed throughout the coarser unit and is interpreted
as an earlier flow unit of Waiteariki Ignimbrite.
Colour zones (pink, yellowish-red), at 160–174 m in the base of the coarser unit and at
168–174 m in the top of the finer unit, highlight zones of thermal oxidation generated by
residence and transition of hot gases and vapour during cooling of the pyroclastic flow.

4.2

Capamagian Bore: Summary of Stratigraphy

In this bore, the materials sampled from the top-most 5 m (Table 4.1; Appendix 1) are dark
brown and dark yellowish-brown fine sandy loam soil and paleosol units. These include sandsized pumice fragments and crystals that represent rhyolitic tephra layers, but no discrete
tephra unit could be identified from the interval. Yellow brown clay with some pumice sand,
drilled at 8–10 m, includes <1 mm flakes of highly weathered biotite that represents sediments
derived from the Kidnappers pyroclastic flow and fall deposits. In the Tauranga Region, that
ignimbrite was previously mapped and described as Te Puna ignimbrite (Briggs et al. 2005).
The Kidnappers deposits overlie several metres of 10YR yellow to brownish yellow clay, with
some sand. Detail of this 11–18 m interval is masked by the effects of drilling but the material
is assigned to the Matua Subgroup of volcaniclastic sediments which includes fluvial and
estuarine silts and gravels, as well as primary airfall tephra and pyroclastic flow deposits
(Briggs et al. 1996). In the Capamagian bore, the sandy clay overlies pink coloured sandy clay
with gravel (fine pebbles) of various types. The pebbles include common brown to black
completely weathered volcanic rock (andesitic scoria?) and iron-manganese-oxide nodules,
carbonaceous material, large (≤3 mm) quartz crystals, and some pumice. Clay (2.5YR red and
pale brown) at 28–29 m separates the Matua Subgroup gravels from underlying weakly
indurated tuffaceous sandstone.
Sediment drilled at 30–69 m is derived from pyroclastic material. It is weakly indurated and has
soft to firm apparent soil strength. Cuttings of light yellowish-brown very weakly indurated fine
sand drilled at 30–36 m grades into weakly indurated sand with rounded and well-rounded
pebbles of rhyolite lava, quartzite, andesite lava, pumice, chert-like hydrothermally altered
volcanic rock. The sand comprises quartz/feldspar crystals (and pyroxene below 56 m), with
dark yellowish-brown highly weathered volcanic rock grains, weakly supported in a clay-silt
matrix. There are also intact pebble-sized fragments where bedding laminae are preserved.
Marine deposition is evidenced by pebble fragments with bivalve-bored trace fossils (at 61 m)
and microscopic sponge spicules amongst the grains in the indurated sand (at 56–69 m). The
spicules resemble tapering glass rods with a central tube and are part of the “skeletal” structure
of sponges.
The marine-deposited sediment grades into pumice-rich gravel that is interpreted as nonwelded ignimbrite (Aongatete Ignimbrite). The pumice fragments (<4 cm where intact) are grey
with indistinct light grey banding and are characterised by a fibrous texture of tiny tube vesicles.
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Diagnostically, the pumice is almost devoid of crystals (<1% feldspar ± pyroxene). The sand
fractions of the samples include hornblende, quartz and rare biotite crystals that are likely to
be contaminants (due to drilling) given their absence or rarity in the ignimbrite (Houghton and
Cuthbertson 1989). Many fragments of pumice lapilli have a partial thin coating of very pale
brown fine ash. Lithic fragments include andesite lava, rhyolite lava, pumice breccia, chert, and
rare greywacke. Colours are varied (yellow-red-brown-grey) but are mostly darker shades of
greyish-brown. Lithics appear in zones of greater/lesser abundance throughout the 70–156 m
interval, which may reflect flow-segregation zones within the pyroclastic deposit. Light olive
brown ash tuff sampled at 157 m marks the base of the Aongatete unit and is interpreted as
an airfall deposit from the start of that eruption sequence.
The package of sediment and tuff material at 158–193 m is varied in type and origin. This is a
composite of andesite lava gravel, dacitic tuff, dacitic lava gravel, rhyolitic gravel and andesitic
gravel, which represents a long period of erosion and deposition (and eruption?) of the Uretara
Formation volcanics. The olive grey sandy gravel below 175 m is reworked, single-origin
andesitic lava or lava breccia. The rock is moderately weathered to completely weathered
hornblende andesite.
Core cut at 195–196.2 m is from matrix-supported lava breccia, very likely being the top surface
of an andesite lava flow. The rock at 197 m depth and to at least 222 m is coherent medium
grained, porphyritic lava, characterised by 15% total phenocrysts of feldspar (2–6 mm),
pyroxene, and hornblende (pseudomorphed by pink to dark red haematite). The rock over all
is dark grey with a reddish hue, but in detail is variably coloured due to moderate weathering.
It has weak apparent strength (can be scratched with difficulty with a steel point). This lithology
is typical of Uretara Formation lavas and breccias (cf. Houghton and Cuthbertson 1989).
4.2.1

Core Description: Capamagian 195–196.2 mBGL

Recovery 100%; 60 mm diameter, 5–15 cm sections and <1–5 cm fragments separated at
clast-matrix boundaries; 5YR 4/1 dark grey with 15% light grey 2–5 cm polygonal mottles, also
minor 10Y 4/1 greenish-grey polygonal mottles, within the 5YR domains; BRECCIA. Andesitic,
matrix-supported, coarse block breccia. Clasts: sub-angular 5–15 cm blocks of mediumgrained porphyritic, non-vesicular lava; very weak apparent strength; phenocrysts: 10%
feldspar (2–6 mm), 1–2% pyroxene (1–2 mm), 1–2% hornblende (1–3 mm); also few
glomerocrysts (2–8 mm) of <0.25 mm pyroxene + feldspar; groundmass pilotaxitic (feldspar
laths, magnetite, devitrified glass); breccia matrix: 5Y pale yellow to pale olive, fine sand
textured crystal-vitric material; stiff to very stiff soil strength; defects (at clast-matrix
boundaries) rough undulating, partially coated with patches of 2.5Y yellow mineral oxide/clay.
URETARA FORMATION.
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5.0

SUMMARY AND CONCLUSIONS

The geological characteristics of strata intersected by the Omokoroa and Capamagian bores
are entirely consistent with the local stratigraphy of the two different areas of the Tauranga
basin and provide useful thickness and lithology data that will incrementally improve existing
hydrogeological models of the region.
Parts of the sequence drilled in the Omokoroa bore have been documented in boreholes and
cliff exposures elsewhere in the Tauranga Region. The identification of Waiteariki Ignimbrite in
the Omokoroa bore as 115 m of unconsolidated non-welded ignimbrite is valuable information
because, although the ignimbrite has previously been identified in Tauranga basin boreholes,
it is sometimes not differentiated from the underlying Aongatete Ignimbrites (e.g., Simpson
1987).
In the north, the Capamagian bore was drilled through modern soil and well-developed
paleosols that cover clay-rich and gravel-rich sediments, identified as reworked pyroclastic
deposits. Trace fossil borings and sponge spicules observed in some samples signal that these
sediments were deposited in a shallow marine environment. The weakly consolidated shallow
marine sediments grade downwards into clastic material that is largely or entirely derived from
a non-welded pyroclastic unit that is most likely the Aongatete Ignimbrite. Beneath that
material, is primary non-welded Aongatete Ignimbrite 90 m thick, which lies on gravels derived
from the Uretara Formation andesitic volcanics. The rock drilled below 194 mBGL is andesitic
breccia that grades sharply into coherent andesite lava and this lithology demonstrates a clear
extension of the Uretara Formation eastwards beneath the Athenree area from its nearest
outcrop in the Puketoki hill area (Figure 1.1).
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APPENDIX 1: DIGITAL IMAGES OF DRILL CUTTINGS AND CORES
A1.1

Omokoroa Sample Boxes
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A1.2

Capamagian Sample Boxes
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A1.3

Capamagian Core 195–196.2 m

GNS Science Consultancy Report 2018/96

35

www.gns.cri.nz

Principal Location

Other Locations

1 Fairway Drive

Dunedin Research Centre

Wairakei Research Centre

National Isotope Centre

Avalon

764 Cumberland Street

114 Karetoto Road

30 Gracefield Road

PO Box 30368

Private Bag 1930

Wairakei

PO Box 31312

Lower Hutt

Dunedin

Private Bag 2000, Taupo

Lower Hutt

New Zealand

New Zealand

New Zealand

New Zealand

T +64-4-570 1444

T +64-3-477 4050

T +64-7-374 8211

T +64-4-570 1444

F +64-4-570 4600

F +64-3-477 5232

F +64-7-374 8199

F +64-4-570 4657

