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ABSTRACT

The lower Wairarapa Valley was an estuary as late as 6 500 years ago.
Since then sediments from the Ruamahanga and Tauherenikau Rivers
have deposited large loads of sediment into the area, prograding the
castern shore and changing the system from an estuary into lakes and

rivers.

The aims of this study were to investigate the late Quaternary deposits
and soils of the eastern shore of Lake Wairarapa, using the information
gained to look at the way in which infilling has taken place.

The surface geology and soils of the study area were mapped. The
mapping units were described and defined. Some chemical tests were
carried out on selected soil samples.

The order and method of infilling of the deposits are discussed.



TABLE OF CONTENTS PAGE

ADSITaCL . . e e e e e e e e e ii
Table of COMIENIS . . . . ... i e e e e e e iii
List of FIgures . . . o .. . i e e e e e e e v
List of Tables . . . . . .o o i e e e e e e v
List of Plates . . .. . . .t i e e e e e e vi
CHAPTER ONE: INTRODUCTION. . .. . ... e e e e e 1
1.1.0 Aims and scope of study . ... ... ... 1
1.2.0 Location and sefting of the study area ... ... ................ 2
1.2.1 Location and extent of study area ... ... .. ... .. .... ... 2

1.2.2 Setting of the study area . . . .. ... .. ... ... ... ... ... 2

1.3.0 Climate of southermn WailarapPa . . . . . ... ov v v v in v .. 8
1.4.0 History of the Wairarapa . . . . . . . . . .ot ittt i i e e e 14
141 INroduction . . . . ..o v ittt i s e e e e e e 14

142 Early Maor ocCupation . . . . . oo v v ittt e e i e e 14

14.3 Tater Maor occupation . . . . . . ... i 16

144 Ewopean settlement . . .. ..o . oo v it e e e 17

1.4.5 The struggle for control of lake levels ... ... ... ......... 18

1.5.0 Past vegetation .. .. .. . ..ottt e 19
1.5.1 Early European descrplions . ... .. .. ..o n. 19

1.5.2 Effect of the European settlers .. .. .. .. .. ... ..o . ... 22
CHAPTER TWO: GEOLOGY AND PHYSIOGRAPHY . .. ... .. ... ... 23
2.1.0 Literature ISVIEW. . . . . . .. .t i e e e e e e 23
201 Introduction. . . .. .. o e e e e 23

2.1.2 The WeSICITI TAIETS. v v v v v vt e it e e e et e e e e 24

2.1.3 The easteIn TaNZES. . . . . . . v v vt i m e e e e e 26

2,14 Wairarapa valley. ... .0 e e 29

2.1.5 Formation of Lake Wairarapa. .......... ... ... ..... 31

2.1.6 Holocene sedimentation. .. ........ ... ... irnnn 34

2.2.0 Description of the late Quaternary deposits .. .. ............ ... 37
22.1 Deposits of the dunes and sandflats. .. ................ 38

222 Deposits of the alluvial plains. .. ......... ... ... ...... 40

2.3.0 The change from an estiarine fo lacustrine envircnment. . . .. .. .. ... 45
2.3.1 Theory and discussion of esmarine sedimentation. . ......... 45

232 The oldest dune-line. ........... ... ... .00 uiirun.. 50

2.3.3 Theory and discussion of delta formation. . ... ........... 52

2.3.4 Theory and discussion of dune formation. . .............. 63

2.3.5 Formation of the Onoke gravel bar. . ... ............... 71

24.0 Physiographic units of the study area .. .. ......... ... ....... 72
241 Thesand dunes . . ... ... ... . ... e 73

242 Theadlluvial plains . . .. ... . ... ... . 73
CHAPTER THREE: SOILS . . ... .. e i e e e e e e e e 77
310 The SOl SUIVEY . . . o v vt it i e e e e e e e e e e 77
311 IntroducCtion. . . v ot et e e e e 77

312 Soll mapping. . . ..o e e 79

320 LHerature Teview . . . . .. . i e e e e e e e e 86
3.3.0 Description and distribution of soils. . ... ...... ... ... . .. ..., o7
331 Soilsofthe sand dunes. .. ............ ... .. 93

3.3.2 Soils of the slowly accumulating flood plain. . ... ......... 120

3.3.3 Soils of the rapidly accumulating floed plain. . . .. ... ... ... 131

3.4.0 Summary and discussion of soil properties .. ................. 147
3.4.1 Yellow-brown sands . ... ... ............. e 147

3.4.2 Recent soils and gleyed recent soils . . .. ... ... ... ... 152



CHAPTER FOUR: LABORATORY WORK ................ e e e e 158
4. 1.0 Introduction . . .. . ... e e e e e 158

4.1.1 Sampling procedure . . . . .. .. Lo e e 158

4.1.2 Chemical analyses . . .. . . . v vt it e e e 159

42,0 Soil PH .. . e e e e e e e e 163

422 Measured pH of soil samples . . .. ... ... ... ..., 165

43.0 Soil organmic matier . . . . . . . ... e e e 169

43.1 Literature TeVIBW . . . . . . . e e 169

432 C%, N% and C/N ratios of soil samples .. .. .. .......... 172

440 PhosphoTOUS . . . . . o ittt i et e e e e e 176

441 LUETAMIIS TEVIEW . . i vt v v it vt v e te v me st et e v a s 176

4.4.2 Phosphorous levels of soil samples . .................. 178

Biblography . . . . L . e e e e e e e e 187
Appendix One . . .. . L e e e 185
Appendix TWO . . . L e e e 156
Appendix Three . . .. .. . e e 197
Appendix FOUT . . .. .. . e e 200

Appendix Five . . . . L e e e e e Pocket



LIST OF FIGURES " PAGE

Figure 1 Location of the study area. . . ... ... . i i it 3
Figure 2 Extent of the Wairarapa Valley . ... ... ... ... .. ... . .. . ... 4
Figure 3 IHustration of SEL UP. . . . . . o ot it e e e e e e 7
Figure 4 Extent of the highest shoreline (from Heath 1979 ... ...... ... ... ... 9
Figure 5 Windrose . . .. .. .t i e e e e e 11
Figure 6 Recent climatic changes in New Zealand (from Leach 1981). ....... ... 15
Figure 7 Wairarapa vegetation ¢, 1853 (from Hill) . . ... ... ... ... ... ... ... 21
Figure 8 TFauliing and folding of the southem Wairarapa Valley. . ............,. 25
Figure 9 Movement caused by the 1855 earthquake. .. ... ... .. ............ 27
Figure 10 Eparaima marine benches. . . . ... ... ... . .. . 30
Figure 11 Summary of descriptions of Kumenga and Birchwood ... ........... 33
Figure 12 Trnbutaries of the Ruamahanga River. ... ... ... ... ... ... ..., 35
Figure 13 Circulation in a salt wedge estuary. . ... .. ... ..., 47
Figure 14 Two methods of bar development. . . . . ... ... ... ... ... ........ 49
Figure 15 A method by which dunes climb ¢liffs. . ... ..... ... ... ... ....... 51
Figure 16 Cross section through a simple delta, ... .. ... ... .. .. ...« ...... 53
Figure 17 The abundance and distrubution of gravels. .. .. .. ... ... ... ..... 56
Figure 18 The Oporua floodway Cross section. . . .. . ... o v it i i i v e, 61
Figure 19 Mid-ground bar development . ... ... .. . ..., 64
Figure 20 Wind strength and the movement of sand. . .................... 66
Figure 21 Flown diagram showing stages in
preparation of a soil resource SUrvey. .. ... ..o e . 67
Figure 22 Spade dimensions . ... .. .. ..t e e e 90
Figure 23 The relationship of soils to physical position, dune set two . . ... ..., 100
Figure 24 The relationship of soils to physical position, dune set three . ... ... ... 50
Figure 25 The variation of measurement pH in distilled water, 1 M KCl and 0.01 M
CaCl, with depth. . . . . . . . e e, 168
Figure 26 The variatio of C%, N% and the carbor:nitrogen ratio with depth for three
Profiles. . . .. L e 175
Figure 27 The variation in organic and non occluded inorganic P% with depth for 3
representative soil profiles. . .. ... .. . L L L e 181
Figure 28 Changing shoreline positions recorded on the eastern side of
Lake Wairarapa. . ... .. .. ...t ittt it it et 186
LIST OF TABLES PAGE
Table I Legend for the map of late Quaternary deposits . . ... .. .. .. ... .... 40
Table II Physiographic unit legend. . . . . .. .. .. ... .. . . i i 76
Table IIT Pedologic Legend . . . . . . . . i it e e e e e e 91
Table IV Physiographic legend .. .. ... ... ... . . ... .. 92
Table V Correlation and classification of soils
defined in previous SUIVEYS. . . . . .. o it e e 146
Table VI Laboratory Analyses . . .. o oo it i i it e e ey 167

Table VII Phosphorours Values Adjusted for Depth ... ... .. .. ...cuv.u..... 180



TABLE OF PLATES ' PAGE
Plate 1 Lake Wairarapa and the Onoke bar . . . ... ... . ... ... ... ... ..., 5
Plate 2 Dune bedding . .. ... .. .. . e 39
Plate 3 Opoma floodway . ... . . .. .. e e 59
Plate 4 Cross bedded sands and grits in the Oporua floodway. .. ...........,. 61
Plate 5 Burmed soil in the Oporua floodway. .. .. .. ... . . i 62
Plate 6 Dune SeL ONE. . . . . . . ottt it i e e e e e e e 94
Plate 7 Kahutara sand . ... .. .. ... ... ... .. e 95
Plate § DUDNE SCL WO . . . . o i e e e e e e e e e e e e 98
Plate 9 Wairio Sand . . .. . . . . . e e 6%
Plate 10 Waido mottled sand . . .. .. .. .. .. .. e, 102
Plate 11 Mangatete sand .. .. ... .. .. . .. .. ... 104
Plate 12 Dune set three . . .. . . . . . .. . o e e 106
Plate 13 Manihera sand ... ... ... ... ... . . 109
Plate 14 An active blowout on dune set three . ... ..., .. .. ... .. ... . ..., 110
Plate 15 Manihera mottled sand . . ... ... ... . ... 112
Plate 16 The Kumenga sand association . . .. ... v vttt s v i vt i e e oo e o n 114
Plate 17 Kumenga sand-dune phase .. ... .. .. ... .. ..., 115
Plate 18 Kumenga sand-swale phase . ... . . .. i i i e 117
Plate 19 Parera sand . . .. ... i i it e ittt i e e e 115
Plate 20 Parera Sand . . .. . .. . . .. e 121
Plate 21 The slowly accumulating floodplain. .. ... .. ... . oo L. 123
Plate 22 Ahikouka Silty clay loam .. .. .. .. .. . e, 124
Plate 23 Ahikouka silty ¢lay loam onsand . . .. .. .. . ... . ... ... ... ... .. 126
Plate 24 Ahikouka Stony Silty clay loam ... . ... ... . ... ... .. ..., 128
Plate 25 Te Pare stony silty clay Ioam . ... ... ... ... 130
Plate 26 Dredge Tallings .. .. . .. ittt i e et e e e e e 132
Plate 27 Cucke sty clay ..o o 133
Plate 28 Pukeo clay loam ... .. .. ... .. .. ... 135
Plate 29 Ruamahanga River delta . . .. . .. ... . .. . . . e i 137
Plate 30 Pukeo ¢lay loam onn $and . . . . v v v vt i e e e e 139
Plate 31 Former bed of Te Hopai Lagoon ... ..... ... ... ............ 140
Plate 32 Te Hopal Clay . . .. .. . i e e e e e e i e 141
Plate 33 Ephemeral pond. . . . . . . .. . e 143
Plate 34 The eastern lake margin . . .. . . . . . i i i e e e 145



ACKNOWLEDGEMENTS

I would like to thank the following people for their contribution:
Dr Alan Palmer,

my supervisor, for his guidance and support;

Bob and Shirley Stout
for their hospitality throughout my fieldwork;

my husband Stuart
who dug a lot of holes and helped format the thesis;

and finally all the others who showed an interest ...




CHAPTER ONE: INTRODUCTION.

1.1.0 Aims and scope of study.

The primary aim of the study was to map the late Quaternary deposits on
the eastern shore of Lake Wairarapa. Specifically to:
(a)  Examine the history of infilling of the study
area by fluvial and fluvio-lacustrine sediments,
i.e. the development of deltas into the lake.
(b)  Examine the chronosequence of sand dunes around
the lake margin.
(c) Produce a soil map and detail land resources of

the area.

T.ate Quaternary deposits, physiographic units and soils of the study area

were mapped at a scale of 1:25 000.

When describing properties of the landscape and in particular soils,
morphology, rather than detailed chemical and physical tests was used as a
basis for interpretation. A few chemical analyses were carried out on soil
samples however, to reveal broad trends in soil chemical properties. These
were:

(1)  pH in H,0, KCI and CaCl,

@  C%,

(3) N%,

(4y  C/N ratio,

(5) 1inorganic, organic and total P.



1.2.0 Location and setting of the study area.

1.2.1 Location and extent of study area.

The study area lies on the eastern shore of Lake Wairarapa in southern
Wairarapa Valley. Its boundaries are the lake margin in the north-west, the
former Ruamahanga River channel in the south-west, Kahutara Road in the
south-east and Mangatete Stream in the north-east (figure 1). These
boundaries enclose an area of just over 4 100 hectares (approximately 10
150 acres). |

An additional area outside the above boundaries, is the large north-east to
south-west trending dune line lying just east of the study area. It was

studied to complete the chronosequence of dune soils (figure 1).

1.2.2 Setting of the study area.

Walratapa Valiey is a stuctural depression 77km iong and up to 20km wide
that plunges south to Palliser Bay (Kamp and Vucetich 1982). It is bounded
to the west by the Rimutaka and Tararua Ranges, and to the east by the
Eastern Hills and Aorangi Mountains (figure 2). The southern end of the

valley is flat and low lying (Heine 1975).

Lake Wairarapa sits at the head of a riverine and lacustrine complex which
ends at Lake Onoke (Wairarapa Catchment Board A). Water discharges
from Lake Onoke into Palliser Bay through an outlet in the shingle bar
which separates Lake Onoke from the sea (figures 1, 2 and plate 1). When
the outlet is open Lake Onoke is estuarine, tidal fluctnations to a height of
0.5m affecting up to 25km of the Ruamahanga River. At times this regular
backflow carries salt water into Lake Wairarapa as evidenced by the
presence of salt water dependent plants in places around the lake (Wairarapa

Catchment Board 1985).
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Figure 1 Location of the study area.
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Figure 2 Extent of the Wairarapa Valley

Wairarapa valley (the area within the dashed line) is 77 km long and up to
20 km wide. The Western boundary is marked by the steep eastern face of
the Rimutaka and Tararua Ranges, and the eastern boundary by the Acrangi

mourntains.



Plate 1 Lake Wairarapa and the Onoke bar

Lake Wairarapa (top right) heads a riverine and lacustrine complex which
ends at Lake Onoke (middle left) when water enters Palliser Bay via an
outlet in the shingle bar. At the top right of the photo can be seen the
diversion channel which prevents normal flow from entering Lake Wairarapa.



LAKE WAIRARAPA.

Lake Wairarapa is a large shallow lake with a length of approximately 18km
and a width of about Okm, its length-wise axis striking north-east almost
parallel to the Rimutaka Range (Wairarapa Catchment Board 1985). At
normal levels it has an area of 7 800 ha (similar to Wellington Harbour), a
maximum depth of approximately 2.6m and an average depth of only 1.37m

(Voice 1982, Wairarapa Catchment Board A).

Reduction of lake level in summer exposes extensive areas of flats,
particularly on the eastern side where the Tauherenikau and Ruamahanga
Rivers have formed large deltas where they enter the lake. The
Tauherenikau delta contains coarse sand and gravel while the Ruamahanga
River delivers large quantities of sand and finer material (Voice 1982,
Palmer 1982).

The shallowness of the lake means that strong persistent winds create wave
action stirring up sand and silt from the bottom, large quantities of
suspended sediments giving the lake a brown turbid appearance. In calm
conditions these suspended sediments, along with sediment carried into the
lake by tributaries, settle out onto the lake bottom or on the mud and sand
flats of the eastern shore {Wairarapa Catchment Board 1985, Voice 1982).

The strong winds also cause ‘set up’ to occur across the lake, prevailing
westerly winds pushing water in front of them, tilting the water surface and
lifting levels on the eastern side (figure 3). A difference of 1.2m in level
has been measured from west to east across the barrage at the southern end
of the lake. The nodal point (i.e. zero water level change) is closer to the
western shore leading to the set up on the eastern shore being approximately
fifty percent greater than the set down on the western side. The winds
create steep, breaking waves, up to Im in height, these winnow silt and clay
from the sediments along the eastern shore, leaving the sand fraction behind.
Waves of more than 45cm occur less than one percent of the time (Pickrll

and Irwin 1978, Wairarapa Catchment Board 1985, Voice 1982).
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The block diagram above (not to scale) illustrates the phenomenon of set up,
This occurs when strong winds push up water in front of them, tilting the
lake surface. The nodal point is the point of zero change of water level.
As it is closest to the western shore the amount of fall in lake level on the
western side is less than the rise in lake level on the eastern side.



HIGHEST HOLOCENE SHORELINE AND MARINE CUT TERRACES.
Around Lake Wairarapa are found beach ridges, sand dunes and cliffs cut
into older surfaces (Palmer 1982, Heath 1979). Their distribution, and the
discovery of in situ shell beds composed of typically estuarine species buried
beneath lake and river sediments, show that the area was recently occupied
by an estwary (Leach and Anderson 1974). The outermost features represent
the furthest incursion of the post-glacial sea level, and therefore mark the
highest Holocene shoreline (HHS) (figure 4), (Heath 1979).

Within the study area are a series of dune lines, parallel to the eastern shore
of Lake Wairarapa. The oldest outermost dune sits above a cliff cut by the
HHS. The succession of dune lines is associated with the receding shoreline

of the estnary/lake since the dune formed (Heath 1979, Palmer 1982).

The Holocene incursion is not the first to occur in the Wairarapa Valley.
Terraces found on both sides of the valley were formed by previous marine
incursions. These marine terraces or marine benches were created by the
landward cutting of a marine cliff, and have been preserved from subsequent

high sea-levels by regional tectonic uplift (Ghani 1978, Palmer 1982).

1.3.0 Climate of southern wairarapa.

The weather of the Wairarapa region is controlled to a large extent by the
presence of the Rimutaka and Tararua Ranges (Figure 2). These ranges
exert a strong influence on the distribution of rainfall in the valley, as well

as modifying wind directions (Thompson, 1982).

WIND
The Wairarapa region is windy, particularly in spring and summer. Cook
Strait and Manawatu Gorge tend to funnel westerly winds, producing south-

westerly and north-westerly winds respectively.
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Lake Wairarapa is a windy location with prevailing winds from the north-
west (23%), south-west (17%), and north (19%). Wind from the north-east
(13%), and south (12%), are the next frequent, with calms (< 3 knots) only
occurring 3% of the time (Thompson 1982). Figure 5 shows the direction
and speeds of winds recorded at the Barrage, south of Lake Wairarapa. The
westerly winds are important to the soils of the study area, as they are
responsible for the formation of the sand dunes on which many of the soils
have developed.

Mean monthly wind speeds from Lake Wairarapa, Waiorongomai and
Papatahi stations on the north, south-west, and southem sides of Lake
Wairarapa respectively, range from a low of 8 knots to a high of 16 knots.
Mean annual averages from the three stations total 12, 13 and 9 knots.
Strong winds (i.e. those over 30 knots) blew for 4.3% of the time at Lake
Wairarapa station (Thompson, 1982).

There is not a great deal of variation in wind speed throughout the year,
although there is a strong diurnal variation. Wind is generally at a
minimum at night as radiational cooling increases the stability of the
atmosphere, and at a maximum in the afternoon when lower layers of the

atmosphere are least stable due to surface heating.

RAIN

Rainfall has a2 winter maximum and a summer minimum. Strong frequent
westerlies during summer months produce a foehn wind effect, often leading
to dry spells and droughts away from the ranges. This is because the ranges
shelter the lIowlands during prevailing westerly winds, most rain falling in
the ranges themselves, with showers on land adjacent to the hills, and dry
winds on the plains. Rainfall can be as high as 3000 - 6000mm annually in
the ranges, decreasing rapidly from approximately 1500mm to 800mm from

west to east across the plains (Thompson 1982, Heine 1975).
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Irwin 1978)
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As rainfall totals decrease away from the ranges, the distribution of the rain
becomes increasingly seasonal leading to frequent summer droughts in the

east.

Rainfall in the study area follows the usual Wairarapa trend of a winter
maximum and a summer minimum, with 32% of the total falling in the
winter months of June - August, and 20% in the summer months of
December - February, with 23% and 26% in spring and autumn respectively
(Thompson, 1982).

Isohyets from Thompson (1982) show that the area receives an annual
average of between 1000 - 1200mm of rain. Rainfall totals around Lake
Wairarapa decrease from west to east with annual averages from Featherston

and Waiorongomal being higher than those at Martinborough and Pirinoa.

FLOODS

The headwaters of the Ruamahanga River rise in the Tararua range near Mt.
Dundas, and many of its tributaries also drain the Tararua range.
Consequently heavy or persistent rain in the Tararua range causes river
levels to increase and may lead to serious flooding in the lower plains.
Heavy rain in the Tararuas can be caused by moist easterlies being forced to
ascend the steep sided ranges, or, by north westerlies which although
producing a rain shadow effect in the Wairarapa valley, leads to rain in the
hills (Thompson, 1982). Heavy rain from the south can also cause flooding

in the central and lowland plains (Heine, 1975).

TEMPERATURE
The Wairarapa region experiences sharp and sudden changes in temperature
and has a larger daily temperature range than is found in most coastal

districts.
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At Waiorongomai, the mean annual temperature is 12.3°C. Mean monthly
temperatures range from 7.6°C in July to 16.8°C in February, with extreme
temperatures recorded being a minimum of -3.1°C, and a maximum of
32.5°C (Thompson, 1982).

The soil temperature is very sensitive to site conditions, but is generally at a
maximum in January to February and a minimum in July. At
Waolorongomal the mean annual 9am soil temperature at a depth of 30cm is
13.5°C (Thompson, 1982).

The study area receives approximately 1850 hours of sunshine a year, about
45% of the total possible. There are generally 35 to 55 days per year with

no sunshine (Thompson, 1982).

FROST
The study area has on average 29 days of frost a year, compared with 102
days at Masterton, showing the ameliorating effect of the lake. Two thirds

of these frosts occur between March and September (Heine, 1975).

FOG AND HAIL
Low lying areas near the lake have a mean annual total of 18 days of fog
per year. These are mostly radiation type fogs which occur on calm nights

at any time of year (Thompson, 1982).

Hail, thunder and snow are all infrequent phenomenon,





