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Stratigraphy and development of c. 1 7 000 year od

Lake Maratoto, North sIand, New Zealand, with some

inferences about postglacial climatic change
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Abstract The stratigraphy and geomorphology
of Lake Maratoto and its surrounds were investi
gated as part of a programme of paleolimnological
studies based on sediment cores from lakes in
northern North Island. Changes in the lake and
catchment were inferred from variations in sedi
ment character, the correlation and timing being

determined from distinctive tephra layers in the

sediments and by radiocarbon dating. Nineteen new

C-l4 dates, on gyttja or peat, are reported old T'/2,

years B.P,: 1 1 on tephras Mamaku Ash 6830 ±
90. Wk227; Rotoma Ash 8370 ± 90, Wk522; 8350

± 100, Wk523; Opepe Tephra 9370 ± 210, Wk230;

Mangamate Tephra 9700 ± 140, Wk23l; 10000

± 120, Wk232; Waiohau Ash 12 200 ± 230,

Wk233; 12500 ± 190, Wk234; 12450 ± 200,

Wk5l5 12300 ± 190,Wk516;RotoruaAsh 13450

± 120, WkSll; 5 on the deposition of Hinuera

Formation alluvium 16 300 ± 250, Wk239; 16 900

± 470, Wk240; 17050 ± 200, Wk358; 16200

+360 -340, Wk509; 15 850 ± 130, Wk510; and

3 on basal peat of the Rukuhia bog 10 250 ± 90,

Wk114; 15200 ± 130, Wk534; 10600 ± 90,

Wk553.

Lake Maratoto originated c. 1 7 000 years ago

when a small valley was dammed by volcanogenic

alluvium Hinuera Formation. From c. 17 000 to

c. 1 4 000 years ago the lake was about 2 m deep

with clear water. Marginal peat first developed at

c. I 5 000 years ago, reducing the area of the lake

by about one-half by c. 1 3 000 years ago. Lake area

then expanded, possibly because of marginal

erosion and/or oxidation of the peat, to its maxi

mum size at the present day. The adjacent Ruku

hia peat bog grew rapidly from c. 1 1 000 years ago

and is now 8 m thick immediately to the west of

the lake. As a result ofthis growth, the lake became

dystrophic and deepened 3.5 m at c. 7000 years

ago, 6.4 m at c. 2000 years ago, and 7. 1 m today.

The developmental history suggests that net pre

cipitation increased at c. 1 5 000 years ago, increased

further at c. 1 1 000 years ago, remaining high to c.

7000 years ago at least, but with a decline at or

before c. 2000 years ago. There may have been a

distinctly wetter or windier period from c. 1 0 000

to 9000 years ago.

This interpretation is consistent with other

reconstructions of postglacial climate in the South-

em Hemisphere.
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INTRODUCTION

Paleolimnology is a useful discipline for the

investigation of Quaternary paleoecology and

paleoclimate e.g., Frey 1969; Birks & Birks 1980;

Pennington 1981; Binford et al. 1983; Brugam

1 984. Few such studies, none comprehensive, have

been done in New Zealand e.g., Deevey 1955;

Kennedy et al. 1978; Boubée 1983; McGlone 1983,

and hence we have begun a programme of paleo

limnological studies based on sediment cores from

lakes in the northern North Island.

One of the most promising areas for these stud-

ies is the Hamilton Basin Fig. 1. Its major geo

morphological features were developed in the late

Quaternary, mainly by aggradation of the ancestral

Waikato River McCraw 1967; Hume et al. 1975,

when a number of peat bogs and small lakes were

formed. Exploratory corings of sediments on some

ofthe lakes in 1979 verified that they are ideal sites

for paleolimnological studies. The lakes are shal

low with soft sediments and very low sediment-

ation rates. Particularly notable is a series of

laterally continuous, thin, distinct volcanic ash lay-

ers. The stratigraphic sequence, thickness, lithol

ogy, and bedding characteristics of these layers is

practically identical in all of the lakes examined,

hence they are regarded as primary tephras Lowe

et al. 1980 and of great value as time-stratigraphic

markers. Lake Maratoto, located about I 0 km south

of Hamilton City Fig. 1, was chosen as the siteReceived 25 June 1 984, accepted 22 July 1985
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Fig. I The Hamilton Basin showing the location of Lake Maratoto and the distribution of other Waikato lakes, peat
bogs, and the latest paleochannels ofthe Waikato River after McCraw 1967.
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for initial paleolimnological studies. The purpose

of this paper is to establish the age, origin, and

developmental history of the lake basin.

Previous accounts of the origins of the lakes in

the Hamilton Basin have been based on observa

tions of lakes situated away from peat bogs e.g.,

Lakes Rotokauri, Mangakaware, and Ngaroto; Fig.

1. Such lakes were formed when small valleys in

low hills were blocked with alluvium Hinuera For-

mation deposited by the Waikato River at about

the close ofthe last glaciation McCraw 1967. Lakes

on the margins ofpeat bogs, such as Lake Maratoto

and Lakes Cameron, Mangahia, Rotomanuka, and

D; Fig. 1, are all situated within or near embay

ments in the hills, suggesting that they also lie in

dammed valleys. However, this cannot be con-

firmed by observation of the local geomorphology

as much of the older landscape in their vicinity is

hidden by the blanket of younger peat. It is con-

ceivable that some of these lakes may have been

formed by encroaching peat alone, backing up water

draining from a valley Grange et al. I 939. If the

lakes did originate as valleys dammed by alluvium,

it seems likely that later peat accumulation would

have `contributed to the form and depth ofthe pres

ent lake basins.

The age of the lakes is unknown, but they could

have been formed at any time since the onset of

deposition of the Hinuera Formation, which

occurred in two phases: Hinuera-l sedimentation

between c. 65 000 and 20 000 years ago and Hin

uera-2 sedimentation between c. 20 000 and 12 000

years ago Schofield 1965; Hume et al. 1975;

McGlone et al. 1978.

We have clarified the mode of origin of Lake

Maratoto and, by implication, other peat lakes in

the area by determining the topography, compo

sition, and age of the surface lying below the lake
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Fig, 2 The present-day Lake Maratoto area. The bathymetry is from Irwin 1982. The drainage ditches are modern,
the lake having no outlet in pre-European times.
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Fig. 3 Locations of transects and probing and coring sites. Lake sediment cores were labelled according to the
transect they were on a number and their position in the lake a letter as follows: western cores 5W; 6W; 7W,

eastern cores 5E; 6E; 7E, north cores 1N and central cores all on transect 1-I ` 4,1; 5,1; 6, 1; 7, 1. The first core
taken at each location was designated a e.g., 5Wa, the second b 5Wb, and so on see also Fig. 8.

sediments and surrounding peat. To find the age

of the lake we have radiocarbon-dated the base of

the lake sediments, and have estimated rates of

sedimentation in the lake using the dated tephras

in the sediments Lowe et a!. 1980. Utilising this

tephrochronology, we also determined variations

in the lake's area and depth, and the influence of

peat development, from changes in the character

of the lake sediment. The results have enabled us

to make inferences about some aspects of postgla

cial climatic change.

Lake Maratoto and its surroundings

Lake Maratoto 37°53'S 175°18'E lies on the east-

em border of the domed ombrogenous Rukuhia

peat bog 23 000 ha Fig. 1. The lake, at an ele

vation of 52 m a.s.l., occupies an embayment in

low hills that rise to 76 m a.s. 1 . immediately to the

east of the lake with lower elevations to the north

and south Fig. 2. Such low hills in the Hamilton

region consist of weathered Pleistocene tephras,

ignimbrites, and volcaniclastic sediments that pre

date deposition of the volcanogenic Hinuera For-

mation Kear & Schofield 1978. The lake is

surrounded by peat, but to the west and northwest

Fig. 2 the tops of Pleistocene hills emerge above

the peat, showing that the surface below is of var-

ied relief. Some of this subpeat surface consists of

Hinuera Formation sands and gravels since farm

well-drilling showed "sand" 7-1 0 m below the

present peat surface c. 400 m to the west of the

lake B. Davies pers. comm..
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The lake's bathymetry is shown in Fig. 2; its sur
face area is 16 ha, maximum depth 7.1 m, and
volume 535 100 m3.

METHODS

Depths of peat and lake sediment were determined
at regular distances along a series of transects Fig.
3*

Surface contours ofthe peat along these transects
were determined by standard levelling techniques
with the lake surface 52 m a.s.l as the datum. Peat
depths were measured, usually at 30 m intervals
along the transects, with a peat probe fitted with
an auger for obtaining a bottom sample. An mdi-
cation of the type of substrate below the peat was
obtained by 1 examining the sample in the auger
screw, which sampled clays and muds, and 2
listening to sound transmitted up the probe-gray-
els and sands were readily identified in this way.
Lake sediment was sampled along the transects

Fig. 3 with a modified Livingstone piston corer.
The coring tube was 4 m of 50 mm internal
diameter PVC pipe. The lake sediment was
described and classified from its colour, consist-
ence, texture, and organic content.

*Sone of these transects have also been profiled using
subsurface interface radar in a separate study by Lowe
1985. this issue. evaluating the effectiveness of the radar
method for this sort of work.

Table I Dominant ferromagne
sian mineral abundances* in

Mamaku Ash. Rotoma Ash, and
Waiohau Ash at Lake Maratoto.

To positively identify substrate types noted
during peat probing, seven cores were taken through
the peat and into the underlying sediments Fig. 3.
Six ofthe cores GC1-GC6 were taken with a Gid
dings motorised hydraulic drilling rig, and one RJ1
with a modified Russian/Jowsey D-section manual
corer. The particle-size distribution of substrate
samples from these cores was analysed by sieve and
pipette Folk 1968, and sand-fraction 2-4 corn-
positions were determined by standard methods
see Table 3. Alluvial and colluvial muds and sands
beneath the lake sediments were also sampled and
particle-size distributions and sand-fraction corn-
positions were similarly determined. Ashy hori
zons found in the peat column, and in the lake
sediment cores below Rerewhakaaitu tephra i.e.,
additional to the tephras described by Lowe et al.
1980, were correlated with known tephras mainly
from their ferromagnesian mineralogy; the identi
fication of one tephra Waiohau Ash was con-
firmed by electron microprobe analysis of its glass
shards see Table 2.

Sixteen samples of the lake sediment were col
lected to date the major tephra layers and other
significant horizons in the core e.g., the base of the
lake sediment. These samples were composites of
several 1 cm thick slices of sediment taken above
and below the tephras in suitable cores from
throughout the lake. The tephras, identified by
Lowe et al. 1 980, were correlated from core to

core by their distinctive colour, thickness, lithol
ogy, and stratigraphic position. Several of the

tephra identifications of Lowe et al. 1980 were

Tephra Samplet

Ferromagnesian

summed to
silicate minerals

100%
Opaques
vo1%Hyp Aug Hbe Cgt Bio

Mamaku Ash 1
2

75

56
8 17

10 34

tr

0

0

0

19
32

Rotoma Ash 3
4

57
49

29 4
27 Ii

10
13

tr

0

25

8

Waiohau Ash 5
6
7

73
52
58

2 24

18 27

7 31

0
is

0

1

3
4

34
27
42

*Determined by point-count of the 2-4 250-63 m size fraction of the heavy

mineral assemblage 2.95 g/cm3. Between 200 and 500 grains were counted.

1 1 = peat core Ri 1 -2; 2 = Lake Maratoto core 4, 1 b 3 = Lake Maratoto core
4,lb; 4 = Lake Maratoto core 4jf 5 = peat core RJI-3; 6 = Lake Maratoto

core 4,lb 7 = Lake Maratoto core 4,ld.

Proportion ofopaque minerals mainly titanomagnetite in 2-44 heavy mineral

fraction.

Hyp hypersthene Aug = augite; Hbe = calcic hornblende; Cgt = cum
mingtonite; Bio = biotite; tr = trace < 1%.




