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interpreted as an obducted ophiolite (Malpas et al. 1992); (2) a
lower Miocene arc-type assemblage of predominantly
andesitic rocks (Smith et al. 1989); and (3) a varied group of
predominantly basaltic volcanics of late Cenozoic age, which
form the subject of this paper.

An intensive study of the geochemistry of volcanic rocks
in Northland (Smith 1989; Smith et al. 1989; Malpas et al.
1992) has provided the basis for characterisation of the
different volcanic associations. However, an understanding of
the relationship of volcanic activity to tectonism has been
hampered by the lack of accurate dates. In this paper, we
present 70 new K-Ar dates of samples from the late Cenozoic
basaltic volcanics in Northland. Together with a database of
194 new, whole rock, major and trace element analyses (Smith
& Black 1993), these dates prompt a reassessment of the
tectonic significance of the volcanism and of geochemical
trends presented by earlier workers (Heming 1980a, b; Hodder
1984; Ashcroft 1986).

Abstract An episode of late Miocene - Recent essentially
basaltic volcanism is the latest in a sequence of magmatic
events recognised in the tectonically complex geological
development of the Northland Peninsula. New K-Ar dates
together with an extensive collection of new major and trace
element chemical analyses prompt a reassessment of the
significance of these late Cenozoic basalts. The main time/
space groupings recognised are Tertiary volcanics in the
Kaikohe - Bay of Islands, Puhipuhi, Ti Point, and Stony Batter
areas and Quaternary basalts in the Kaikohe - Bay of Islands
and Whangarei areas and at Tara. Basalts in the Kaikohe - Bay
of Islands area are transitional to alkalic in character, while
those in the south are transitional to tholeiitic, with the Ti Point
and Stony Batter rocks being geochemically distinct. A
consistent model for these observations is that the magmas
originate from different levels of a layered mantle source in
which the upper part carries a geochemical signature inherited
from an earlier subduction event.

Keywords Kerikeri Volcanics; Ti Point Volcanics; late
Cenozoic; basalts; K-Ar; geochemistry; Northland

INTRODUCTION

The geological record of the Northland Peninsula in northern
New Zealand is dominated by a variety of volcanic episodes
that reflect a complex tectonic history. Three main volcano/
tectonic associations are recognised: (1) a basaltic association
of mainly MORB-type Cretaceous-Eocene rocks, which is
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DATING METHODS AND AGE CALCULATIONS

Seventy samples representative of the different time/space
groupings of late Cenozoic basalts and associated rocks in
Northland were selected for dating by the K-Ar method; the
results are presented in Table 1. Samples for analysis were
selected after thin-section examination showed them to be
free of alteration or secondary mineral veins. They were
prepared using the method described by Briggs et al. (1989).
Groundmass-rich separates of 60-80 mesh size were used for
the Ar analysis, and a portion of each of the separates was also
ground in an agate mortar for the K analysis.

Analyses of K and Ar, and calculations of ages and errors,
were carried out according to the method described by Nagao
etal. (1984) andltayaetal. (1991). Potassium was analysed by
flame photometry using a 2000 ppm Ce buffer. Argon
analyses were carried out on a 15 cm radius sector-type mass
spectrometer with a single collector system (Itaya et al. 1991)
by an isotope dilution method, using an argon-38 spike. The
errors of age shown in Table 1 have 2 a confidence levels
(Itaya et al. 1991). The decay constants used in the age
calculations are from Steiger & Jaeger (1977), and are 0.581 x
10"10/yr and 4.962 x 10~10/yr for 40K to 40Ar and 40Ca,
respectively, and 0.0001167 for the atomic ratio ^K/K.

AGE AND DISTRIBUTION OF LATE CENOZOIC
BASALTS IN NORTHLAND

Late Cenozoic basaltic volcanics are found in several spatial
groupings on the Northland Peninsula (Fig. 1). The northern
groups are referred to collectively as Kerikeri Volcanics (Kear
& Hay 1961; Thompson 1961) and associated minor rhyolites
mapped as a part of the Parahaki Volcanics (Bowen 1974).
Hitherto considered to be late Pliocene and Quaternary (Kear
1961; Stipp 1968; Stipp & Thompson 1971), these are now
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Table 1 K-Ar dates for late Tertiary and Quaternary basalts and associated rocks, Northland, New Zealand.

Sample
no. Rock type Location

Grid'
reference K (wt%)

40Ar (rad)
(10"8cc STP/g)

Non-rad
40Ar(%)

K-Ar age
(Ma)

KAIKOHE - BAY OF ISLANDS DISTRICT
Tertiary basalts
44034 Quartz

tholeiite
44035 Tholeiite
44037 Alkali basalt
44038 Transitional

basalt
44040 Alkali basalt
44041 Transitional

basalt
44042 Transitional

basalt
44043 Nepheline

hawaiite
44044 Transitional

basalt
43809 Hawaiite
44045 Tholeiite
44046 Quartz

tholeiite
44047 Alkali basalt
44048 Tholeiite
44049 Transitional

basalt
44057 Tholeiite
44058 Tholeiite
44059 Transitional

basalt
44062 Hawaiite
44063 Hawaiite

Tertiary rhyolites
37616 Pantellerite
43823 Pantellerite
44195 Pantellerite

Quaternary basalts
44036 Hawaiite
44039 Hawaiite
44050 Alkali basalt
44060 Hawaiite
44061 Hawaiite
45156 Alkali basalt
44032 Alkali basalt
44033 Transitional

basalt
43808 Hawaiite

Te Rahui, Papuke-Mangapa Road, plug

Pukepuke, Pukeiti Forest
Okaihau, Puketotara Road, flow
Okaihau, N shore L, Omapere, blocks

Okaihau, Puketi Road, flow
Okaihau, Waihoranga Stream, flow

Cook Road, flow remnant

Horeke, Utakura Road

Horeke, Utakura Road
SE Hokianga district
Waimate, Atkinson Road, boulders
Matauri Bay Road, columnar jointed flow
Te Pene, Whakarara Road, flow

L. Manuwai, flow in quarry
Purerua Peninsula, Taronui Bay, flow
Purerua Peninsula, Te Tii, flow

Kerikeri, Landing Road, flow
Manginangine, Waipapa Stream, flow
Kerikeri, flow

Hururu Falls, flow
Waitangi, Hobson Beach, flow

Pungaere Dome, Obsidian
Pungaere, boulders
Matauri Bay Road, boulder

Okaihau, Puketotara Road, flow (upper)
Te Ahuahu, lava flow from scoria cone
Kawiti, scoria cone, Kawakawa valley
Te Puke, Kerikeri Inlet Road
Puketutu Centre, Puketona Quarry
Kaikohe, valley filling flow, in quarry
Tauanui, thick flow in quarry, Picadilly Rd
Maungaturoto, thick lava flow

Puhangahanga, flow

PUHIPUHI-WHANGAREI DISTRICT
Tertiary basalts
44051 Hawaiite
44052 Transitional

basalt
44194 Hawaiite
44053 Hawaiite
44054 Basanite
44055 Alkali basalt
44019 Hawaiite
44020 Hawaiite
44023 Quartz

tholeiite
44024 Quartz

tholeiite
44026 Transitional

basalt
43819 Hawaiite
43820 Transitional

basalt

Tertiary rhyolites
43810 Dacite

Kawakawa, ridge top flow, Pakaru Road
Ruapekapeka, flow

Lower Puhipuhi, flow, Puhipuhi Road
Upper Puhipuhi, flow, ridgetop
Huruiki, boulders capping ridge, Helena Bay
Purukau, basalt capping on Purukaio Ridge
Gumtown, boulders capping ridge
Tikipunga Centre, Whangarei Falls
Vinegar Hill flow

Apotu Centre, Apotu Road

Matarau South

Onerahi Flow, Kaiwaka Point
Onerahi Flow, Old Onerahi Road

Opuawhanga Dome, Puhipuhi

PO5/717716

PO5/756684
P05/907620
P05/843519

P05/780585
P05/792606

PO5/730537

005/681487

005/687486

P05/965539
P04/922818
P04/927836

P05/902691
P04/005745
P04/023720

P05/985644
P05/990659
P05/986645

P05/065575
P05/094585

P04/881724
P05/880670
P04/922818

P05/907620
P05/863512
P05/983434
P05/042643
P05/004551
P06/855396
P06/835356
P05/893473

P05/906540

Q05/109469
Q06/143373

Q06/262354
Q06/243375
Q06/315379
Q06/355350
Q06/180110
Q06/316121
Q06/298167

Q06/266180

Q06/209173

Q07/332035
Q07/338055

Q06/305307

0.567 ±0.017

1.142 ±0.023
0.298 ±0.015
0.285 ±0.014

0.444 ± 0.022
0.238 ±0.012

0.328 ±0.016

0.712 ±0.021

0.688 ±0.021

0.772 ± 0.039
0.243 + 0.012
2.072 ±0.041

0.464 ±0.023
0.239 ±0.012
0.243 ±0.012

0.940 ± 0.028
1.284 ±0.026
0.258 ±0.013

0.733 ± 0.022
0.637 ±0.019

3.482 ± 0.070
2.972 ±0.059
3.42 ± 0.07

0.427 ±0.021
1.537 ±0.03
0.692 ±0.021
0.948 ±0.028
0.811 ±0.024
0.776 ±0.023
0.694 ±0.021
0.843 ±0.025

0.908 ±0.027

0.502 ±0.015
0.481 ±0.024

0.254 ±0.013
0.521 ±0.016
0.339 + 0.017
0.391 ±0.20
0.187 + 0.009
0.192 ±0.010
0.953 ± 0.029

0.742 ± 0.022

0.492 ± 0.025

0.187 ±0.009
0.144 + 0.007

2.43 ±0.07

20.62 ± 0.88

31.00 ±0.92
4.10 ±0.41
3.94 ± 0.46

4.66 ±0.13
3.09 ±0.30

10.4 ±3.4

7.85 ±0.33

7.12 ±0.20

6.02 ± 0.66
4.23 ±0.18
40.6 ±1.4

5.44 ±0.17
4.28 ±0.14
3.75 ±0.16

14.7 + 1.5
36.0 ±14.0
3.47 ±0.23

5.26 ±0.19
4.61 ±0.43

105.8 ±1.4
33.34 ± 0.38
108.3 ±1.1

2.21 ±0.14
1.68 ±0.12
0.52 ±0.18
0.52 + 0.21
0.30 ±0.18
3.83 ±0.13
0.16±0.14
1.17 ±0.20

4.8 ±2.1

12.30 + 0.57
10.66 ±0.57

4.36 ±0.21
10.09 + 0.16
6.63 + 0.16
14.7 + 2.7
4.4 + 1.4

1.78±0.13
9.33 ±0.59

12.1 ±3.2

4 .48 ±0.23

3.5 ±2.67
2.3 ±1.2

38.48 ±0.65

70.4

60.0
85.7
88.1

55.2
85.9

95.4

69.6

56.6

86.9
70.3
65.5

61.2
61.9
67.0

86.3
96.0
79.8

65.9
84.9

23.4
13.1
5.5

78.9
79.7
95.7
96.2
97.5
64.6
98.2
91.5

96.5

72.6
75.9

73.4
33.4
53.5
92.2
95.5
80.9
79.2

94.4

74.3

98.0
97.1

35.5

9.35 ± 0.49

6.98 ± 0.25
3.54 ± 0.39
3.56 ± 0.45

2.70 ±0.15
3.35 ±0.37

8.1 ±2.7

2.84 ±0.15

2.67 ±0.11

2.01+0.24
4.48 + 0.30
5.04 ±0.20

3.02 ±0.18
4.61+0.28
3.98 ± 0.26

4.02 ±0.43
7.2 ± 2.7

3.46 ± 0.29

1.85 ±0.09
1.87±0.18

7.81 ±0.19
2.89 ±0.07
8.13 ±0.18

1.33 ±0.11
0.28 ±0.02
0.19 ±0.07
0.14 ±0.06
0.10 ± 0.06
1.27 ±0.06
0.06 ±0.05
0.36 ± 0.06

1.4 + 0.6

6.30 ±0.35
5.70 ±0.42

4.42 ±0.31
4.99 ±0.17
5.03 ± 0.28
9.7 ±1.8
6.0 ± 2.0

2.38 ±0.21
2.52 ±0.18

4.2 ±1.1

2.34 + 0.17

4.9 ± 3.7
4.1 ±2.2

4.08 ±0.14

(continued)
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Table 1 (continued)

Sample
no. Rock type Location

Grid
reference K (wt%)

40Ar (rad)
(10"8cc STP/g)

Non-rad
40Ar(%)

K-Ar age
(Ma)

Quaternary basalts
37687 Quartz

tholeiite
37682 Hawaiite
44016 Hawaiite

44017
44018
37679
44021

44022

44025

44027

44028

44030
44031

44056

Hawaiite
Hawaiite
Tholeiite
Quartz
tholeiite
Quartz
tholeiite
Transitional
basalt
Transitional
basalt
Transitional
basalt
Hawaiite
Transitional
basalt
Hawaiite

Maungakaramea Quarry

Ruatangata, lava flow at Wairua Falls
Whatitiri, flow top, northern side

Blocks in stream, 2 km E of Maungatapere
Maunu, lava flow exposed in road cut
Maungatapere NW side of cone
Glenbervie, blocks of lava on cone

Pukepoto, valley filling flow

Matarau, scoria quarry

Mirowhakitiki, lava

Hurupaki Cone

Whangarei, flow
Whangarei, flow margin

Tikipunga, flow

Quaternary basalts (Tara Basalt Field)
42548 Hawaiite Mangawhai, flow

43811 Hawaiite Mangawhai, Wintles bush reserve, Tara Rd

WAIPU-TI POINT AREA
Late Miocene basalts (Ti Point Volcanics)
43807 Basalt Maungaturoto, dike

42549 Basalt Barrow Hill, volcanic plug, Leigh area
42546 Basalt Ti Point, Flow on foreshore at Ti Point
42550 Basalt dike, south side of Goat Island, Leigh
42547 Basalt Pukematekeo (Sugar Loaf), volcanic neck

WAIHEKE ISLAND
Late Miocene Stony Batter
42563 Basalt Lava flow blocks near Stony Batter
42564 Basaltic Lava flow. Stony Batter

andesite
42565 Basaltic Lava flow blocks, Stony Batter

andesite

Q07/210914

P07/087055
Q07/148060

Q07/218053
Q07/208054
Q07/177016
Q06/353146

Q06/376155

Q06/215183

Q06/187156

Q06/267125

Q07/296089
Q07/309088

Q06/296130

Q08/467656

Q08/478648

Q08/404689

R09/676445
R09/707410
R09/722467
R09/654394

S10/045908
S10/039905

S10/034903

0.432 ±0.022

0.525 ± 0.016
0.767 + 0.023

0.779 ±0.023
0.340 ±0.017
0.455 + 0.023
0.775 + 0.023

0.855 ± 0.026

0.316 + 0.016

0.534 ±0.016

0.267 ±0.013

0.339 ±0.017
0.320 ±0.016

0.362 ±0.018

1.051 ±0.021

1.16 ±0.02

1.174 ±0.023

0.868 + 0.026
0.849 ± 0.025
0.631 ±0.019
1.033 ±0.021
0.979 ±0.029

0.315 ±0.016
0.743 ±0.022

0.795 ±0.024

0.48 ±0.08
0.52 ±0.10
1.10 ±0.20
1.77 ±0.16
1.55 ±0.11
1.51 ±0.14
0.43 ±0.12
0.50 ±0.09
0.89 ±0.35

0.99 ±0.20

0.37 ±0.10

2.19±0.15

0.32 ±0.15

0.34 ±0.16
0.40 ±0.16

1.11 ±0.23

2.89 ±0.21
3.31 ±0.16
3.37 ±0.14

47.8 ± 6.4
49.3 ±6.7
30.5 ±2.1
28.8 ±1.6
23.6 ±4.4

33.64 ±0.45
32.82 ±0.51

8.39 ±0.14
22.77 ±0.28

25.80 ±0.40

90.4
92.1
92.0
83.5
80.1
84.9
94.2
91.5
96.2

92.3

94.2

79.5

96.9

96.7
96.1

92.9

74.8
68.0
67.5

89.2
89.4
74.6
68.0
89.5
23.4
32.1

31.0
18.0

26.4

0.29 ±0.05
0.31 ±0.06
0.54 ±0.10
0.60 ±0.06
0.52 ±0.04
0.50 + 0.05
0.32 ±0.09
0.29 ±0.05
0.30 ±0.12

0.30 ±0.06

0.30 ±0.08

1.06 + 0.08

0.31 ±0.15

0.26 ±0.12
0.33 + 0.13

0.79 ±0.17

0.71 ±0.05
0.81 ±0.04
0.74 ±0.04

10.5 ±1.4
10.8 ±1.5
9.02 + 0.68
8.73 ±0.54
9.6 ±1.8

8.37 ±0.20
8.62 ±0.29

6.85 ±0.36
7.88 + 0.26

8.34 ±0.28

shown to be late Miocene - Quaternary. To the south, a group
of small, discontinuous outcrops of basalt in the Ti Point area
(Ti Point Group of Heming 1980c), and at Stony Batter on
Waiheke Island, are late Miocene in age.

The Kerikeri Volcanics crop out over an area of c. 2500 km2

and are distributed mainly on the eastern side of the Northland
Peninsula. The K-Ar dates presented in Table 1 show that the
volcanism began as early as late Miocene times and has
continued through to the present. Previous workers have
recognised three geographically defined but in part over-
lapping volcanic fields of Kerikeri Volcanics, namely, the
Kaikohe/Bay of Islands, Puhipuhi, and Whangarei fields
(Heming 1980a; Ashcroft 1986; Smith 1989). The greatly
extended range of ages presented in Table 1 prompts us to
revise this informal usage and recognise spatial groupings,
which are discussed under the headings Kaikohe - Bay of
Islands and Puhipuhi-Whangarei; each of these is subdivided
into Tertiary and Quaternary groups.

Kaikohe - Bay of Islands

The Kaikohe - Bay of Islands field extends from the
Kawakawa valley northward to Matauri Bay and from
Kaikohe eastward to the Bay of Islands (Fig. 1). It is the largest
of the volcanic fields in Northland.

The oldest rocks form small intrusive plugs or isolated
ridge-top outliers capping basement rocks and lower Tertiary
sediments on the northwestern side of the field. Dates on these
rocks are 7-9 Ma. The greatest volume of lavas in the field
occurs as the northern Bay of Islands plateau extending from
Kaikohe north to Matauri Bay. Here, overlapping, typically 2-
5 m thick lava flows, separated by soil horizons, have yielded
dates that generally range from 2 to 5 Ma, with the exception
of one age of 7.17 Ma from Kerikeri Inlet. Poor exposure and
deep weathering make it almost impossible to elucidate the
detailed volcanic stratigraphy of this area, but at least 20
distinct eruptive centres have been recognised. Valley-filling
basalt flows ranging in age from 3.5 to 5 Ma occur in the
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Fig. 1 Map of the Northland Peninsula showing location of late
Cenozoic basalts and associated volcanics.

Kerikeri area and on the western side of the field, where they
are dated at 2.67 and 2.84 Ma. Taken together, these basalts
represent a major outpouring of magma over a period of 6 Ma.

Peralkaline rhyolite forms a dome near Pungaere, and
immediately to the north is an area of peralkaline obsidian
dated at 7.81 Ma (Table 1). Obsidian from Matauri Bay to the
northeast is dated at 8.13 Ma. Boulders of trachytic obsidian
near Pungaere have produced a date of 2.89 Ma. The
chemistry and the dates of these felsic rocks are compatible
with our interpretation that they represent a volumetrically
minor part of the magmatic association.

In the Kaikohe-Kawakawa area and at Waitangi near
Kerikeri, young scoria cones and associated lava flows have
yielded ages between 1.35 and 0.06 Ma. These represent an
episode of Quaternary basaltic volcanism, which is geographi-
cally more restricted than the Tertiary rocks; it is characterised
by Hawaiian-Strombolian eruptive styles and produced
extensive valley-filling lava flow successions. These young
volcanics appear to be confined to a graben between two major
northeast-southwest-trending faults (Waipapa and Kawakawa
Faults). A small lava dome (Putahi rhyolite dome) near
Kaikohe consists of peralkaline rhyolite, which probably
constitutes a part of the magmatic association represented by
the surrounding basalts. Furthermore, the mildly active
Ngawha geothermal field immediately east of Kaikohe is
probably caused by a thermal anomaly associated with related
felsic magma at depth.

Puhipuhi-Whangarei
The Puhipuhi area lies immediately south of the Bay of
Islands. Here, basalt lavas form extensive plateaus made up of
multiple flow sequences with intervening soil horizons, and
they are also found as widely separated outliers on ridge tops,
forming an inverted topography, which is attributed to

extensive post-eruption erosion. Further south, near
Whangarei, areas of basalt showing no volcanic landform crop
out as well as thick valley-filling flows and deeply weathered
flow remnants. K-Ar dates from samples of these volcanics
range from 9.66 to 2.34 Ma. A small rhyolite dome (the
Opuawhanga dome) near Puhipuhi yielded a K-Ar date of 4.08
Ma, indicating that it forms a part of the association.

The Whangarei area is characterised by numerous, small,
youthful basalt volcanoes. These are localised in a complex
series of fault-angle depressions, and their distribution shows a
strong correlation with local fault structures. The volcanics
occur as shield volcanoes built up of thin lava-flow sequences,
as steep-sided cinder cones with well-developed craters that
are commonly breached, and as valley-filling flows up to 30 m
thick and extending up to 15 km in length. The morphology of
many flows is related to the present topography. K-Ar dates
from these young volcanic rocks (Table 1) are Quaternary
(0.26-1.06 Ma).

Basalts at Tara, south of Whangarei, have previously been
mapped (Thompson 1961) and described (Heming 1980c) as
Ti Point Group, although Heming recognised that they were
petrographically distinct from other basalts of the Ti Point
Group. At Tara, basalt forms a gently sloping flow, which is
probably a valley infilling; there is no obvious eruptive centre.
K-Ar dates of samples from Tara are 0.81 and 0.74 Ma (Table
1). These ages, together with geochemical features discussed
below, link the Tara basalt with the young basaltic volcanism
of the Whangarei area.

Ti Point Group
The major occurrence of volcanics in the Ti Point area is a
lava-flow remnant at Ti Point (Fig. 1). Two other substantial
outcrops (Barrow Hill and Sugar Loaf) and several smaller
outcrops in the Leigh-Mangawhai area are the eroded
remnants of volcanic plugs or dikes (Heming 1980c). K-Ar
dates on representative samples (Table 1) show a range of
8.37-10.46 Ma, which is compatible with the date of 8.44 Ma
published by Stipp (1968).

Stony Batter
A small area of volcanic outcrop at Stony Batter on the eastern
end of Waiheke Island (Fig. 1) is generally correlated with the
andesitic Kiwitahi Volcanics (Cole 1978), but recent mapping
(Black et al. 1992) and new dates presented in Table 1 have
established the presence of a capping of younger basalts
(6.85-8.34 Ma) on older andesitic volcanics. These basalts are
petrographically and chemically similar to the Ti Point Group
basalts.

ROCK TYPES AND GEOCHEMISTRY

The Kerikeri Volcanics are mainly basaltic rocks, which are
typically moderately to strongly porphyritic and contain the
phenocryst assemblage plagioclase and olivine with or
without augite. Intermediate rocks are a minor component of
the Kerikeri Volcanics. Our K-Ar dates show that the rare
rhyolites found spatially with the Kerikeri Volcanics should
also be considered as part of the same magmatic association.

The Kerikeri Volcanics have been characterised by Smith
(1989) as being of intraplate type. Under the classification
scheme for intraplate basaltic rocks adopted by Johnson &
Duggan (1989), they are mainly hawaiites, alkali basalts,
transitional basalts, and olivine tholeiites with subordinate
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Fig. 2 Percentages of different basaltic rock types in spatial and
temporal groups within the Kerikeri Volcanics. Rock classification
follows Johnson & Duggan (1989). QT, quartz tholeiite; OT, olivine
tholeiite; TB, transitional basalt; AB, alkali basalt; H, hawaiite.

quartz tholeiites (53-60% SiO2) and rare basanite and
mugearite. Associated with these are extremely rare trachyte,
peralkaline rhyolite, and alkali rhyolite.

There are some trends in the distribution of rock types with
time and space. The predominant rock type is hawaiite (26%),
typically hypersthene normative but with about one-third
having a small percentage (<6%) of normative nepheline.
Other rock types in the association are transitional basalt
(24%), olivine tholeiite (23%), quartz tholeiite (18%), and
alkali basalt (9%); felsic rocks are volumetrically insigni-
ficant. This pattern of rock-type distribution is essentially
similar for the Tertiary basalts in the Kaikohe - Bay of Islands
field but does not hold for those in the Puhipuhi-Whangarei
area or for the Quaternary basalt fields. In the Kaikohe - Bay
of Islands field, Quaternary basalts are mainly alkaline to
transitional, and associated hawaiites typically contain a
small proportion of normative nepheline. In the Puhipuhi-
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Whangarei area, hawaiites predominate over quartz tholeiites
and transitional and alkali basalts; olivine tholeiites are minor.
In the Whangarei area and at Tara, the hawaiites are
hypersthene normative and the basalts characteristically
transitional and tholeiitic. These trends are illustrated in Fig. 2.

All of the time/space groupings of Kerikeri Volcanics,
except Tara, include a small proportion of rocks that are
intermediate in terms of their SiO2 content (53-60 wt% SiO2)
but which are classified as quartz tholeiites in the classification
scheme adopted in this paper. Rare trachyte and rhyolite are
associated with both spatial groups of Tertiary basalts and with
Quaternary basalts in the Kaikohe area.

Ti Point Group lavas are characteristically porphyritic,
with phenocryst assemblages dominated by olivine accom-
panied by subordinate augite microphenocrysts in a felds-
pathic to glassy groundmass. The basalt capping at Stony
Batter shows essentially similar petrography. Samples from Ti
Point and Stony Batter are basaltic-intermediate (51-62 wt%
SiO2) and are all hypersthene normative; most are quartz
normative. They appear to represent an association that is
distinct from the Kerikeri Volcanics, and they show some
geochemical features that indicate an arc-type affinity. Here
we have used the rock terms basalt (<53wt% SiO2) and
basaltic andesite (>53 wt% SiO2).

We have compiled a data file of 194 new major and
trace element analyses of late Cenozoic basalts from
Northland, in order to assess the extent of compositional
differences between the recognised time/space groupings, and
to characterise them in terms of their chemical compositions.
Figure 3 shows the results of statistical discriminant analysis,
which assesses all of the chemical variables simultaneously in
order to define compositionally significant groupings. The
results of this standard statistical procedure lead to the
following conclusions:

(l)The field defined by samples of Tertiary Kerikeri
Volcanics overlap but are mainly separate.

(2) The fields defined by samples of Tertiary and Quaternary
Kerikeri Volcanics are entirely distinct.

(3) The fields defined by samples of Tertiary and Quaternary
Kerikeri Volcanics from the Kaikohe - Bay of Islands area
overlap, as do the fields defined by the Tertiary and
Quaternary Volcanics from Puhipuhi and Whangarei.

(4) The Ti Point and Stony Batter samples are compositionally
distinct from those of the Kerikeri Volcanics.

On an alkali/SiO2 plot (Fig. 4) the data points representing
the Kerikeri Volcanics straddle the line separating tholeiitic
from alkaline compositions (Irvine & Barager 1971). Tertiary
basalts from both spatial groupings define overlapping fields
but, in contrast, the Quaternary basalts separate into two
mainly discrete fields. Ti Point and Stony Batter samples lie
mainly below the least alkalic of the Kerikeri Volcanics.

The division of spatially defined groups of Kerikeri
Volcanics into Tertiary and Quaternary subgroups is
essentially arbitrary because the age data show no break in the
pattern of volcanic activity at the Tertiary-Quaternary
boundary. However, the identified overlap in the compositions
of older groups of Kerikeri Volcanics contrasts with the
compositional differences observed for the younger groups.
This pattern in the evolution of the Kerikeri Volcanics points
to discrete source regions supplying each of the younger
volcano fields, and to a more widespread uniform magmatic
system supplying the older eruptive centres.



390 New Zealand Journal of Geology and Geophysics, 1993, Vol. 36

I

o

0 -

Fig. 3 Plot of discriminant fac-
tors for late Cenozoic basalts from
Northland. Discriminant analysis
used the Statistical Analysis
System (SAS) package on the Sun
main-frame computer in the
Computer Centre at University of
Auckland. The procedure involved
183 observations and 22 variables
grouped into 5 classes based on
time/space groupings described in
the text. The variables were Si, Ti,
Al, Fe, Mg, Ca, Na, K, P, Ba, Rb,
Sr, Pb, Zr, Nb, Y, La V, Cr, Ni, Cu,
and Zn. Discriminant factors 1 and
2 accounted for 47% and 31% of
the variability within the data set.
Discriminant factors were made up
as follows. Factor 1 Ti -0.52, Al
+0.47, Fe -0.69, Nb -0.66; Factor
2 Al -0.39, Na -0.48, Y +0.44, La
+0.51.

Discriminant factor 2

Open symbols, Tertiary groups; solid symbols, Quaternary groups; squares, Kaikohe - Bay of Islands; circles, Puhipuhi-Whangarei;
triangles, Ti Point.
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Fig. 4 Alkali/SiO2 plot of Northland basalts. The line divides
alkaline from tholeiitic basalts (after Irvine & Barager 1971).
Symbols as in Fig. 3. The upper part of the diagram plots Tertiary
samples and the lower part plots Quaternary samples.

These time/space groupings are also evident in tectonic
discrimination diagrams in which there is a clear separation of
the two spatially defined fields of Quaternary basalts but a
general overlap of data points representing the Tertiary
basalts. For example, in terms of Meschede's (1986) Nb-Zr-Y
discrimination diagram, Tertiary Kaikohe - Bay of Islands
samples overlap within-plate basalt fields and extend into P-
MORB and volcanic arc basalt fields, whereas Puhipuhi-
Whangarei samples are mainly in the volcanic arc basalt field
(Fig. 5). Similarly, Quaternary samples from Kaikohe - Bay
of Islands are almost entirely within-plate alkaline, whereas
those from Whangarei are mainly volcanic arc basalts, as are
those from Ti Point and Stony Batter.

The question of tectonic affinity is not clearly answered by
the chemical data. In most chemical discrimination plots the
Northland basalts as a whole straddle the fields of within-plate
and arc-type basalts (Fig. 5), although on the plot of V/Ti (Fig.
6) none are of arc-type character. In multi-element normalised
plots (Fig. 7), neither representative samples of the Tertiary
basalts, or of the Quaternary Kaikohe - Bay of Islands basalts,
show significant development of the negative Nb anomaly
characteristic of arc-type volcanic rocks (McCulloch &
Gamble 1991). However, in the Quaternary Whangarei
basalts, there is some development of an anomaly, and in the
Ti Point and Stony Batter samples, a Nb anomaly is clear.

Our interpretation of the chemical data is that the Kerikeri
Volcanics represent an association of mainly basaltic rocks,
which is essentially transitional between but grades into both
tholeiitic and alkaline types. The Ti Point and Stony Batter
volcanics are distinct and show some arc-type characteristics.
This interpretation is consistent with the mode of occurrence
and petrographic features displayed by the different basalt
groups.
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Fig. 5 Nb-Zr-Y discriminant plot for the Northland basalts (after
Meschede 1986). Symbols as in Fig. 3. Kaikohe - Bay of Islands,
Tertiary b.; Quaternary d.; Puhipuhi-Whangarei, Tertiary a.;
Quaternary c; Ti Point e. AI, All, within-plate alkali basalts; All, C,
within-plate tholeiites; B, primitive MORB; D, normal MORB: C,
D, arc basalts.

DISCUSSION

The emplacement of Cretaceous-Eocene basaltic seafloor as
an ophiolite at the end of the Oligocene (Malpas et al. 1992)
marked the onset of autochthonous late Cenozoic volcanism in
northern New Zealand. This event is logically interpreted as a
reflection of tectonic compression at a convergent plate
boundary and was probably associated with a preceding
period of subduction. Arc-type volcanism began at the time of
the obduction of the Northland ophiolite and continued for
c. 10 Ma until 15 Ma B.P. (Smith et al. 1989).

The dates presented in this paper indicate that predom-
inantly basaltic volcanic activity commenced c. 10 Ma ago
and had extended along the eastern side of the Northland
Peninsula by c. 8 Ma ago. During the period 8-2 Ma the
basaltic volcanism became restricted to the Kerikeri plateau -
Bay of Islands and the Puhipuhi-Whangarei area. In Quater-
nary times, basaltic volcanism has been confined to the
Kaikohe - Bay of Islands and Whangarei areas, with a small
southern centre at Tara.

The dates presented in this paper, together with the
available geochemical data, reveal spatial trends in the
petrology of the Northland basalts but do not support the

0 10 20

Ti / 1000 (ppm)

Fig. 6 V-Ti discriminant plot for the Northland basalts (after
Shervais 1982). Arc-type basalts are characterised by V/Ti ratios
<20, ocean-floor basalts by V/Ti ratios >20. Solid symbols, Kerikeri
Basalts; open triangles, Ti Point basalts.

temporal trend of early tholeiitic to later alkalic suggested by
Heming (1980b). The geochemistry of the basaltic rocks does
not provide a clear indication of the tectonic character of the
rocks. On balance, the petrographic and chemical data indicate
an intraplate character, as suggested by Hodder (1984), but
there are indications, particularly in the Ti Point and Stony
Batter samples, of arc-type affinities.

Heming (1980b) considered two general models to explain
the late Cenozoic basalts in Northland, namely, back-arc
volcanism and a mantle plume model possibly associated with
convection behind an active arc.

The new dates place a major constraint on any hypothesis
that links Northland basaltic volcanism to an extensional
environment behind an active convergent margin arc.
Northland basaltic volcanism commenced c. 10 Ma ago and
has continued producing at a rather low rate throughout the
last 10 Ma in essentially the same areas. Significantly, the
compositional patterns of alkalic basalts in the north and
tholeiitic basalts, which were established at the beginning of
this episode of volcanism, are continued and emphasised in the
most recently erupted rocks. During this period, arc-type
volcanism (and by implication its associated active sub-
duction), together with the back-arc environment, has
migrated from a Coromandel alignment (Pliocene) to its
present northeasterly alignment 500 km to the southeast of
Whangarei. Because basaltic volcanism has remained
spatially static during this period, we argue that it cannot be
linked to the mobile convergent plate system that has
developed to the south. Rather, it must be linked to deep-
seated mantle plume systems. Paleomagnetic orientation
studies on late Cenozoic volcanic rocks of Northland (H.
Shibuya unpubl. data), which show that the Northland
Peninsula has remained stable during the late Cenozoic,
support this conclusion.

The Ti Point and Stony Batter volcanics should probably
be considered independently of other late Cenozoic basalts in
Northland. Their age is restricted to the late Miocene (6-10
Ma B.P.); at that time the Coromandel arc c. 100 km to the east
was active (Skinner 1986). Their petrography and some
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Fig. 7 Multi-element normalised
plots of representative samples of
Northland basalts. Selected
samples all have Mg no. >60 and
were selected as being the least
fractionated in their time/space
group. Element abundances are
normalised to chondritic values.
Kaikohe - Bay of Islands, Tertiary
a.; Quaternary c ; Puhipuhi-
Whangarei, Tertiary b.;
Quaternary d.; Ti Point e.

Rb KLaSr Zr Ti Y
Ba Nb
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geochemical features set them apart from the Kerikeri
Volcanics and are consistent with their interpretation as back-
arc basalts.

Variation in the chemical characteristics of different
spatial groupings of the Kerikeri Volcanics are interpreted to
indicate differences in source parameters. The more alkaline
character of the Kaikohe - Bay of Islands field compared with
those of the Puhipuhi-Whangarei area can be attributed to
different proportions and depths of melting of an essentially
similar mantle source. However, indications of an arc-type
negative Nb anomaly in the Quaternary Whangarei basalts,
and the development of a clear negative Nb anomaly in the Ti
Point and Stony Batter volcanics, are indicative of a different
source component beneath the southern part of the Northland
Peninsula. It is significant that the Whangarei basalts are
tholeiitic, indicating a shallower origin, and that the Ti Point
and Stony Batter basalts show more arc-type petrographic and
chemical characteristics.

These observations can be explained by invoking a layered
sublithospheric mantle beneath Northland, with an upper layer
containing arc-type characteristics inherited from the earlier
(15-25 Ma B.P.) period of plate convergence, and a lower
layer that has not been modified by subduction processes.
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