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ABSTRACT 

The area mapped comprises 180 km2 of rolling hill country between 

Waitahaia and Ihungia, 70 km north of Gisborne, in the extreme northeast 

of the North Island of New Zealand. The region is within Cretaceous 

and Tertiary rocks of the northern part of the northeast-trending East 

Coast Deformed Belt. 

Six formations and one group (containing seven lithofacies) have been 

recognised. Mokoiwi Formation, Taitai Sandstone Member, Karekare, 

Whangai and Ihungia Formations have been retained. Waitahaia, Owhena 

and Tikihore Formations, and Mangatu siltstone, Wheturau siltstone and 

Te Waka greensand lithofacies are names introduced from the upper 

Waipaoa, Mangatu and Waitahaia Catchments. Smectite mudstone 

("bentonite") is given lithofacies status here. The term Mangatu Group 

has been reinstated (Kenny 1984a) and the following lithofacies have 

been erected - Whakoau limestone, Opossum Creek sandstone and Hauturu 

greensand. New Rakauroa and Upper Calcareous Members and two other 

lithofacies are described for the Whangai Formation. Two conglomerate 

lithofacies, a breccia and two limestone lithofacies (Kouetumarae and 

Bexhaven) are recogni sed in the Ihungi a Formati on. 

Two autochthonous domains and three stacked allochthonous sheets are 

established. The autochthonous "basement" domain consists of highly 

deformed, sandstone-dominated submarine fan sediments of Ngaterian (Late 

Albian to Early Cenomanian) age (Waitahaia Formation), accreted to an 

eastward-younging series of subduction-related imbricated packets. The 

relatively undeformed mudstone-dominated, fining upwards "cover ll domain 

has accumulated in slope basins upon the accretionary prism (older 
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Karekare Formation - Arowhanan and Mangaotanean; Late Cenomanian to 

Turonian) eventually burying the "basement" inter-basin structural highs 

(younger Karekare Formation, Owhena and Whangai Formations - Teratan to 

Teurian; Senonian to Paleocene}. 

An allochthonous domain was emplaced possibly from the northwest at 

approximately 25 Ma (Oligocene-Miocene boundary), scraping off uppermost 

autochthonous sediments in its path, and incorporating some as lubricants. 

The domain contains Mokoiwi and Waitahaia Formations, both of 'tlhicb. are 

comparable to the autochthonous "basement"; but in addition they have 

been rotated during emplacement. Many smaller sheets of sandstone, 

siltstone, mudstone, greensand and limestone are included in the over

lying Mangatu Group domain, also emplaced from the northwest, probably 

in Tongaporutuan (latest Miocene) times. In this domain mixed lithologies 

within melange and "bentonite" represent a f ining upwards, passive margin 

sequence, poor in terrigenous detritus, of Late Cretaceous to Oligocene 

age. 

The uppermost domain is thought to have been emplaced "piggy-back" upon 

the Mangatu Group domain. In the study area it is composed entirely of 

gently folded, mudstone-dominated Miocene Ihungia Formation strata. It 

is proposed that the formation was deposited in basins formed in accreted 

Karekare and Whangai Formations during early development of the Miocene 

to Recent Hikurangi subduction system. 

Post-emplacement megascopic faulting and folding affect the region. 
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PART I - INTRODUCTION 

Chapter 1 - INTRODUCTION 

1.1 THESIS SETTING 

The Raukumara Peninsula of northeastern North Island, New Zealand 

(Figure 1.1), includes the northern part of the northeast-trending East 

Coast Deformed Belt (Spdrli 1980). The Belt contains continental 

margin sediments, mostly marine, ranging in age from approximately 

100 Ma to the present day. Within that 100 Ma, and throughout the Belt, 

three major episodes of sedimentation can be identified (Spdrli and 

Ballance, in press): mid-Cretaceous (100 - 90 Ma) subduction-accretion, 

Late Cretaceous to Late Oligocene (90 - 25 Ma) subsiding passive margin, 

and Neogene (25 - a Ma) subduction-imbrication and accretion. 

Figure 1.1: Major structural elements of the eastern North Island, 

showing the spatial relationships of the East Coast 
Deformed Belt with the Hikurangi Trough, axial ranges and 

1 

Taupo Volcanic Zone (modified 
after Kingma 1965; Sp~rli 

1980; van der Lingen and 

Pettinga 1980). 

100 km 
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This thesis describes a mapping transect through rocks representing all 

three episodes. It spans a complex zone between "basement'.' Middle 

Cretaceous rocks to the northwest, which are thought to be autochthonous 

(with respect to adjacent younger rocks) and allochthonous Late Cretaceous 

and Tertiary lithologies to the southeast. 

The oldest rocks, which cover much of the western half of Raukumara 

Peninsula, resemble older Torlesse Supergroup lithologies in induration 

and structural complexity. The sediments then generally young south

eastwards through a sequence of less indurated and less deformed Clarence 

and Raukumara Series flysch, Mata Series and Paleogene siliceous and 

calcareous mudstones with less common sandstones and greensands, to thick 

Miocene and Pliocene flysch sequences (Kingma 1965; Suggate et al. 1978). 

Autochthonous rocks were severely deformed by Late Cretaceous tectonic 

activity. During the Middle Tertiary a series of gravity slides 

emplaced material southwestwards (Kenny 1980, 1984a and this study). 

Post-emplacement megascopic faulting is parallel to the NNE-SSW trends 

recognised elsewhere in the East Coast Deformed Belt . 

1.2 LOCATION 

The area mapped is 70 km north of Gisborne. It is centred on the 

Puketoro region (Figure 1.2), 20 km west of Te Puia Springs (on State 

Highway 35), 25 km southwest of Ruatoria and 13 km south of Mt Hikurangi, 

which at 1752 m is the highest peak in the North Island main ranges. 

The area comprises 180 km2 within the approximate boundaries of 

2949500 to 2962500 east and 6331000 to 6345000 north (parts of Yl5 



and Y16) on the metric grid. The boundaries encompass a comparatively 

poorly understood tract between the extensively mapped Ihungia Catchment 

to the east (Kenny 1980, 1984a,b) and the upper Waitahaia, Mangatu and 

Waipaoa Catchments to the southwest (Black 1980; Moore 1981; Phillips 

1985). 

The rolling hill country ranges in elevation from 910 m at Whakoau Trig 

in the west, to 180 m in the northeastern corner. Relative relief is 

largely controlled by geology, with closely spaced drainage networks 

throughout the Miocene mudstone ("papa ll
) country in the southeast, 

larger networks in the Cretaceous rocks in the northwest, and subdued 

topography in the areas of melange and IIbentonite" through the centre. 

Hillsides are generally prone to slope failure. The Mata and Waitahaia 

Rivers drain the area, flowing northeastwards to the Waiapu River. 

Land use is dominantly typical North Island high country sheep and 

cattle farming, although poor pasture on the melange areas is now 

undergoing reafforestation. 

1.3 FIELD MAPPING 

3 

Mapping during the summers of 1981/1982, 1982/1983 and 1983/1984 totalled 

9 months. Metric base maps at a scale of 1 : 10,000 and contour 

interval of 10 m, were obtained from the New Zealand Forest Service, 

Gisborne. Extensive use was made of aerial photographs. Run numbers 

are 4433/41-49, 4434/44-51, 4435/42-50 (30/10/72) and 4455/42-51, 4456/ 

41-49 (22/10/72). 

The study area is accessible from State Highway 35 along the Takapau-
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Figure 1.2: Location of the study area. Locality names within the 
area appear in "the locality map in the back pocket. 

A 
Wharekia 8 

8 
Hikurangi 8. 

Aorangi 

Taitai 

o 5 10 km 
c:::::==:::i:::===~ 

A 
Puketiti 



Waitahaia Road or Mata Road. Access is good in summer, with adequate 

public roads, forestry roads and farm tracks, and dry stream beds. 

Exposure is excellent in stream and river sections in the north of the 

region. Elsewhere exposures are poor, and reasonably unweathered 

material on slopes has often been displaced. Therefore much of the 

mapping, especially in the interfluve areas, is interpretive rather than 

factual. The following quotation is very apt here:-

"The most significant geological quandaries strike towards, 
and culminate at, the area of poorest outcrop, and then re
emerge on the other side with a different solution." 

- Gisborne Office, New Zealand Geological Survey, 
1985 (Geological Society of New Zealand Newsletter 
68, p52). 

1.4 PREVIOUS WORK 

Ongley and Macpherson (1928) provide an account of early geological 

investigations in the region. Those who visited the area included 

A. McKay (in 1887), H. Hill (l906}, J.H. Adams (.1908-1910), J. Wanner 

(1910-1911), E. deC. Clarke (1911-1912), P.G. Morgan (1914), Henderson 

and Ongley (1914-1916) and F.G . Clapp (1924). Most were concerned 

with oil exploration. 

The detailed investigation by Ongley and Macpherson (1928*) initiated 

* Geological Survey bulletin 
+ open-file petroleum report 

x University of Auckland thesis 
# other publication 

5 
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a period of exploration by oil companies concerned with the numerous oil 

seeps and gas vents throughout the eastern Raukumara Peninsula. Reports 

most useful to this study include Macpherson (1930+), Bremner (1934+), 

Jablonski (1934+), Steineke (1934+), Burr (1940+), Vella (1959+), Stoneley 

(1960+), Pick (1962a+), Phizackerly (1963+), Laing (1972a,b+) and Katz 

(1974#). 

Geologists were also attracted to the area when it became clear that 

Raukumara Peninsula contained some of the most complete Cretaceous and 

Lower Tertiary sections in New Zealand. Those who studied the region 

near the study area include Arnold (1958+), Wellman (1959a#), Kingma 
# # + + + + (1960 , 1973' ), Faber (1965 , 1966 }, Rumeau (1965 , 1966 ) and Speden 

(1976#, 1977#). 

More recent ly the tectonic importance of the Raukumara Peninsula, at the 

northern on-land extent of the East Coast Deformed Belt, has been recognised. 

Studies involving detailed structural analyses of small areas have been 

undertaken by Ridd (1964#, 1968# ), Stoneley (1968#), Black (1980# , 1981#), 

Kenny (1980x , 1984a#), Moore (1981#), Mazengarb (1982x, 1983#) and Phillips 

(1985#). 

1. 5 AIMS 

This study was undertaken in order to continue westwards the mapping which 

was commenced by the author at Ihungia (Kenny 1980), to add to the 

accumulating in formation on th.e complex au t ochthon/allochthon boundary . 

The relationship b.etween "basement" and "cover" sediments within the 

autochthon was not clearly understood. West of the study area they are 
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separated by an intra-Motuan unconformity. Detailed mapping in the north 

of the study area was required to investigate the possibility that the 

unconformity documented from the base of the Karekare Formation in lower 

Puketoro Stream by Ongley and Macpherson (1928) and Wellman (1959a), 

equated with that intra-Motuan unconformity. 

Direction of emplacement and possible source(s) of allochthonous material 

was a problem for investigation. 

This study was initially intended to be based on petrography and thus 

determine provenance for many of the lithologies. However such a large 

number and variety of structural measurements were accumulated that the 

focus was moved to a tectonic analysis of the region. 

1.6 SAMPLES 

Lithologic samples (petrographic descriptions, electron-probe micro

analyser and X-ray diffraction analyses), referenced throughout the text 

(eg. AU 38791), are lodged in the Petrology Store, Geology Department, 

University of Auckland. 

Fossil collections (labelled according to the national fossil record 

file numbers, ego Y16/f185, in the text) have been submitted to the 

Paleontology Store, Geology Department, University of Auckland. 



PART II - STRATIGRAPHY, SEDIMENTOLOGY 
PETROGRAPHY, PALEONTOLOGY 

Chapter 2 - INTRODUCTION TO PART II 

Lithostratigraphic mapping is the basis of this study. Areal extent 

of the units is simplified in Figure 2.1. Stratigraphic relationships 

and lithologic descriptions are listed in Table 2.1. 

Biostratigraphic mapping has also been undertaken for the Karekare and 

Ihungia Formations, based largely on Inoceramus species and foraminifera 

respectively. The additional information clarifies internal 

stratigraphy, especially in the Ihungia Formation, where bedding is not 

always reliable and faults are difficult to detect. 

8 

Lithologic descriptions are grouped into three chapters according to 

sedimentological characteristics, which coincidentally correspond to 

chronological order. The first chapter (Chapter 3) contains descriptions 

of Clarence and Raukumara Series flysch sequences (Mokoiwi, Waitahaia 

and Karekare Formations). Uppermost Cretaceous and Paleogene age 

lithologies, deposited in a quiet environment with little terrigenous 

input (Whangai Formation and Mangatu Group) and their proximal 

equivalent (Tikihore Formation) are described in Chapter 4. A return 

to mudstone-dominated flysch deposition (Ihungia Formation) is 

documented in Chapter 5. Petrographical methods and interpretations, 

mentioned in petrographic descriptions in the above chapters, are 

combined, and trends discussed, in Chapter 6. 



Figure 2.1: Areal extent of the six formations and one group, mapped 
in the study area, 
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Table 2.1: Stratigraphic rel ati onships within the study area, with brief lithologic descriptions. 

LITHOLOGIC UNIT AGE LITHOLOGIC DESCRIPTION 

Late Otaian to Predomi nantly mudstone-domi nated flysch (massive , blue-grey I 

Ihungia Formation (Lillie 1953 Waiauan sandy muds~one and brown-grey , fine grained sandstone ), 
after McKay 1887 ) (Burdigalian to moderately calcareous, moderate microfauna, poor micro-

Early Tortonian) fauna. Subordinate conglomerate, breccia , thick sandstone I 

sheared and limestone facies. 
I--

contact Hauturu greensand Waitakian Massive or poorly laminated, fine grained~ olive green, 
1 ithofaci es (i nforma 1 , (latest Oligocene} calcareous greensand. 
new name) 

~heared contact I 

s.... Highly variable lithofacies. Very calcareous, yellow-grey, Q) 
+J Opossum Creek sandstone massi ve, fine grained sandstone is most common in the east. I 4- Waitakian to l ithofaci es (informal, In the west the facies becomes more silty. Calcareous .--.. (l atest Oligocene ) ~U) new name) brown sandstone and a breccia of Taitai Sandstone clasts Ll .-< 
en (J) are associated. LD .-< 

~ >, ~hea red contact 
Q) Whakoau limestone Wha i nga roan C .-- Pale yel low-grey, f1aggy, marl y limestone (micri te/ca l c-to 0) lithofac es (informal, to Duntroonian E C arenite) with frequent sandier phases . .-- 0 new name) (Ol igocene ) r-

Q)"O ~heared contact 3c 
~ to Dannevi rke to 
o.c smectite mudstone Bortoni an Pale cream-grey or red smectite mudstone ("bentonite" ) only :J 0 
OVl 1 i thofacies (Paleocene to associated wi th shear zones. s.... s.... 

<..!JQ) Middle Eoeene) "0 
:JC ~heared contact +lQ) 
to:C Te Waka greensand Teurian Massive . dark blue-green, coarse to medium grained non-0) 

C l ithofacies (informal, (Paleocene ) ca l careous greensand. to 
:E: after Black 1980) 

~heared contact I 

I-' 
o 



(Table 2.1 continued) 

shea 
cont 

Ti 
shea 
cont 

Whang 

--sheared contact 
Wheturau siltstone 
lithofacies (informal, 
after Black 1980) 

--sheared contact 
Mangatu siltstone 
1 i thofaci es (i nforma 1 , 
after Black 1980) 

red 
act 

kihore Fonnation (Black 1980) 
red 
act "Waingata Limestone" 

(infonnal ,after Pick 1962a) 

s il i ceous "upper" Whanga i 
ai Formation 

? Teuri an Dark brown to black, massive, noncalcareous siltstone 
(Paleocene) ("black shale"). 

? Haumuri an to Interbedded pale to medium grey, very fine grained Teurian 
(Maastrichtian sandstone and siltstone, often coated by jarosite. 

to Paleocene) Noncalcareous in the study area. 

Piripauan Alternating, usually noncalcareous, carbonaceous, medium 
(approximately grey sandstone and dark grey siltstone with rare coarse 

Campanian) sandstones and conglomerates. 

Teurian Well bedded, medium to dark grey (but white superficially) 
(Paleocene) muddy limestone. 

Teurian Pale to medium grey, laminated, siliceous mudstone 
(Paleocene) containing many dark grey chert nodules. 
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Chapter 3 - STRATIGRAPHY, SEDIMENTOLOGY AND PETROGRAPHY 
OF CLARENCE AND RAUKUMARA SERIES ROCKS 

3.1 MOKOIWI FORMATION (Speden 1976, after Bremner 1934) 

3.1 a DEFINITION AND DISTRIBUTION 

Mokoiwi mudstone was described by Bremner (1934) and redefined by 

Wellman (1959a), but the Mokoiwi Formation (sensu stricto) was not 

clearly defined until Speden's (1976) study of the Mt Taitai area, 

Tapuaeroa Valley (Figure 1.1}. Speden's definition is consistent 

with the Mokoiwi Formation in the present study area, and is as follows:

"Siltstone containing thin beds of medium-to-fine grained sandstone, 

sometimes sufficiently frequent to form alterna t ing thin-bedded intervals, 

calcareous siltstone beds and concretions in layers and as isolated 

specimens (Mokoiwi siltstone), which enclose and intertongue with thick 

sandstone masses containing minor conglomerate and siltstone (Taitai 

Sandstone Member)" - Speden (1976, p84) . Taitai Beds were first named 

by McKay (1 887), but only later formalised as a member of t he Mokoiwi 

Formation by Speden (1976). 

Mokoiwi Formation is named after Mokoiwi Stream (Y15/612552) and Taitai 

Sandstone Member after Mt Taitai (Y15/664552), both of which are located 

in the Tapuaeroa Valley (Figure 1.1). 

The formation outcrops extensively in Tapuaeroa Valley and an unknown 

distance westwards (Speden 1976). Its distribution in the study area 

is shown in Figure 3.1. Everywhere it is separated from underlying 

and overlying material by shear zones. 
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3.1 b STRATIGRAPHY AND SEDIMENTOLOGY 

i) Moko;w; siltstone (informal name, following Speden 1976) 

The dominant lithology is a hard, dark blue-grey- to charcoal-coloured, 

noncalcareous siltstone (AU 38791), which has been severely sheared 

and crushed by tectonic processes (Chapter 9.2). It weathers to a 

medium grey colour and later to very pale grey. Slightly coarser 

horizons or lenses (up to very fine sand grain size - Folk et al. 1970) 

are rare. 
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Hard, medium grey to yellow-grey sandstone beds, each 200 - 700 mm thick, 

are often involved in alternating sequences with the siltstone (sandstone 

: siltstone ratios of 1 : 3 to 4 : 1) ( Figure 3.2), referred to here as 

the flysch facies. The laterally discontinuous sandstones are character

istically very fine to fine grained, moderately to well sorted and non

calcareous (AU 38376); some contain carbonaceous fragments, aligned to 

form crude laminations. Coarse grained sandstone with fine grained 

matrix is occasionally present within the fine grained sandstone beds. 

Sandstone units have sharp basal contacts with the underlying siltstone, 

but upper contacts with the overlying siltstone are usually gradational. 

Sandstones in thinner-bedded alternating sequences are more likely to 

have sharp upper contacts with the siltstone. 

Primary sedimentary structures are difficult to decipher in most 

exposures because of the high degree of shearing. However some small 

areas have remained intact, and small-scale cross-bedding, convolute and 

parallel lamination (Bouma B to D divisions) are clearly visible. Some 

of the thickest sandstones (600 - 700 mml are parallel laminated 

throughout. Slump and flame structures and mottling (caused by 

bioturbation), described by Speden (1976), were not seen. Sole markings 



15 

Figure 3.2: Disrupted alternating sandstone and siltstone beds of the 
Mokoiwi Formation (Mokoiwi siltstone sensu stricto) at 
Locality 9 (Figure 3.21. 

Figure 3.3 : Knoll of Taitai Sandstone Member surrounded by Mokoiwi 
siltstone (subdued relief) at Locality 7 (Figure 3.2). 
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(flute and load casts) show inconsistent current flow directions with 

slight emphasis towards the east (Figure 3.4). 

Calcareous concretions, some with cone-in-cone outer layers, are rare 

although they are described as being ubiquitous by Speden, 1976). Some 

concretions contain shell fragments, for example Y16/f185 contains a large 

portion of a distinctive inoceramid shell - Inoceramus warakius Wellman. 

Pyrite may be associated with the concretions in the form of nodules and 

disseminated grains (AU 38793). Calcite and quartz veins are common. 

Oil seepages occur in Mokoiwi siltstone at Y16/528392 (Locality 1, Figure 

3.1) . 

Figure 3.4: Current directions from measurements of sole markings on 

sandstones from the Mokoiwi Formation. Lines around the 

outer circle represent measurements from which exact 
current directions could be determined. Lines in the 
inner circle show trends only. Flute casts are shown 
by thick lines; thin lines represent load casts. Probable 

original orientations have been 
achieved by rotating bedding to 

N horizontal about the local 

strike. 
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ii) Taitai Sandstone Member (Speden 1976, after McKay 1887) 

In the type area Taitai Sandstone consists of "thick sandstone masses 

containing minor conglomerate and siltstone" - (Speden 1976, p82) 

enclosed by, and intertonguing with the Mokoiwi siltstone. The largest 

examples of the sandstone are found in the Tapuaeroa Valley and form 

conspicuous pinnacles including Mounts Aorangi, Wharekia and Taitai. 

Hills made up of Taitai Sandstone are found in the Ihungia Catchment 

(Kenny 1980, 1984a) where Puketiti is the largest (12 ha). In the 

study area Taitai Sandstone is found in smaller blocks throughout the 

Mokoiwi Formation (Figure 3.1), the largest forming a ridge 1 - 2 km 

north of Whakoau Trig (Figure 3.3). 

Taitai Sandstone is a du1l olive green-grey to yellow-grey colour with 

dark brown clay shears throughout (AU 38794, 38795, 38796). Grain 

size is variable from fine to coarse sand size, the constituents are 

poorly sorted with a muddy matrix, and the rock is massive, usually 

noncalcareous, and as indurated as the sandstone phases of the Mokoiwi 

siltstone. Discontinuous siltstone and mudstone lenses (AU 38797) 

and parallel laminated carbonaceous sandstone (AU 38798) are not 

common. No sedimentary structures, except for the laminations, were 

identified. The mottled appearance in places may be due to bioturbation 

(Speden 1976). Rare disseminated pyrite (AU 38794) and veins of calcite 

are other notable features. Cut sections of Taitai Sandstone reveal 

partings along some joint surfaces and open voids, indicating a high 

porosity for this li t hology (Kenny 198~. 

iiil Conglomerates and breccias of the Taitai Sandstone Member 

Conglomerates and breccias are found as laterally discontinuous phases 

wi thi n the Ta itai Sandstone ~lember. They grade upwards into typi cal 
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grains, pseudomatrix of lithics misidentified as matrix (Moore 

1979), and secondary chlorite, micritic cement and possible sericite. 

Secondary sparite growth has occurred in AU 38806. Zones of albitisation 

of the matrix are present in AU 38804 and carbonate replacement in AU 

38805 and AU 38806. Veins of iron-rich clay material cut AU 38805. 

Clays in Mokoiwi siltstone have been identified by X-ray diffraction 

methods (described in Chapter 6). Unoriented, oriented, glycerol- and 

heat-treated mudstone have been compared, using samples AU 38807 and 

AU 38803. Quartz (45%) and feldspars (30%) are dominant, clays (13%) 

and accessory minerals (12%) are subordinate (Table 3.2). 

Using the sedimentary rock classification by Folk et al. (1970), Mokoiwi 

siltstone (sensu stricto) sandstone lithologies plot on a QFL (quartz/ 

feldspar/li t hic ) diagram as sedimentary li t hic f el dsa reni t es (refer ta 

QFL diagram in Chap t er 6) . 

Table 3.2: Percentages of mineral s i dentified from mudstone belonging 
to Mokoiwi siltstone, using X-ray diffraction me t hods . 
Note that percentages are onl y appro xima t e; the figures 
shoul d only be used to compa re equivalent f igures in 
subsequen t lithofacies descriptions. (* tr = trace) 
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ii) Taitai Sandstone Member 

Thin-sections AU 38808 and AU 38809 (Table 3.3) reveal fine to medium 

grained, poorly sorted sandstones which could equally well be described 

as cataclastic microbreccias or volcanoclastic microdiamictites. 

Samples from the type locality have been described texturally as grey-

wackes by M.G. Laird and J .J . Reed (Speden 1976). Anastomosing clay 

seams cut across the material. Monocrystalline detrital quartz (about 

13% of each thin-section) is angular to subangular, fresh and has non-

undulose extinction. Amounts of detrital feldspars (19%) vary between 

the two thin-sections. Orthoclase and albite grains are usually larger 

than the average grain size, subrounded and cloudy. Simple twinning in 

orthoclase is rare; no twinning was observed in albite grains. 

Plagioclase feldspars are approximately An 30 (oligoclase/andesine 

boundary) but may be concentrically zoned from An 30 at the centre of the 

grain to An 20 (oli goclase) at the rim. Multilamellar twinning is rare. 

Rounded lithic fragments make up 36% of AU 38808 and 15% of AU 38809. 

Large (up t o coarse sand size) aggregates of polycrystalline, angular to 

subangular, fine grained quartz (quartzite) are predominant. Some 

grains of monocrystalline quartz appear to have become detached from 

these masses. Other lithic fragments comprise subequal proportions of 

Table 3.3: Percentages of point counts of two samples of Ta itai 
Sandstone Member. 300 points were counted for each. 
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the following assemblages (each with about 50% matrix~ 

i) subangular quartz grains; 

ii) subangular to subrounded orthoclase grains; 

iii} subangular quartz and albite grains with poorly aligned muscovite 

flakes; 

iv) orthoclase/albite/plagioclase (crude alignment)/chlorite/biotite/ 

calcite; 

v) orthoclase/plagioclase (andesine) laths; 

vi) quartz/orthoclase/albite/plagioclase (andesine) laths. 

The first three varieties are probably from a sedimentary source, 

because constituents lack euhedral or subhedral boundaries; the last 

three are likely to be of volcanic origin because plagioclase laths 

are roughly aligned. 

Accessory minerals (13%) include biotite and muscovite flakes which 
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have been bent and squashed around other grains, chlorite (after biotite), 

epidote, and one count of altered rutile polymorph. Pyrite is present 

as euhedral crystals only in AU 38809. In AU 38808 iron oxides 

(probably magnetite) are associated with chlorite in the break-down of 

biotite. 

The matrix is made up of unresolvable detrital material, clays (including 

brown iron-rich clay, especially in seams), chlorite, and, in sample 

AU 38809, areas of carbonate metasomatism. 

X-ray diffraction analysis of muds in AU 38809 (Table 3.4) shows an 

increase in feldspar with respect to quartz (compared to the thin

section of the whole rock), and also a small percentage of zeolites. 
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Table 3.4: Percentages of minerals identified from mudstone belonging 

to Taitai Sandstone sample AU 38809, using X-ray diffraction 
methods. (*tr = trace) 
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According to Folk et al. (1970) Taitai Sandstone sample AU 38808 would 

be a feldspathic sed/litharenite, and sample AU 38809 would be a 

sedimentary/volcanic lithic feldsarenite (see QFL diagram in Chapter 6). 

iii) Conglomerate clasts in Taitai Sandstone Member 

Clasts in conglomerate range from granule to boulder size, but clasts in 

the upper pebble to lower cobble size range predominate. Identifiable 

constituents include yellow-grey coloured, fine grained, moderately to well 

sorted sandstones (AU 38800); medium grey, indurated, fine to medium grained, 

moderately sorted sandstones (AU 38799); dark grey, very fine grained, 

moderately sorted greywackes (AU 38802); and clasts composed of poorly 

sorted granule conglomerates (AU 38810 and AU 38811). Inoceramus prisms 

are rare. No igneous clasts were identified, although granite/granodiorite 

and possible basalt pebbles were recorded at Y16/675391 in Mangarara Stream, 

Ihungia Catchment (Kenny 1980, 1984a), and porphyries and microgranites 

predominate in conglomerates at Mt Taitai (Speden 1976). 

Sample AU 38799, a medium grained, moderately sorted sandstone clast, was 
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Table 3.5: Percentaged poi nt count of sample AU 38799 of a sandstone ' 

constituent of conglomerate within Taitai Sandstone 
Member (300 points counted). 
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thin-sectioned for electron microprobe and modal analyses (Table 3.5). 

Monocrystalline, detrital quartz grains are subangular to subrounded, 

moderately altered and pitted and have straight extinction. Detrital 

feldspars are of ten cloudy, subrounded orthoclase (mostly untwinned, 

rare simple twins ) or albite (untwinned). Large euhedral plagioclase 

grains (An 38_43 - andesine) appear to be relative ly fresh. Albite and 

simple twins are present in equal proport ions, and some zonation is also 

visible. Smaller, subangular grains of altered andesine may have been 

affected by albitisat i on. Lithic f ragments include subrounded grains 

containing very fine feldspar laths, many of which are clearly aligned 

plagioclase laths (volcanic origin, 60% of lithics), and rounded grains 

of unresolvable material, probably mudstone (40%), which, being softer 

than surrounding grains, we re squashed into irregular shapes. Some 

grains are partly chloritised. Accessory minerals include bent biotite 

(often altering to chlori t e l and muscov i te, rare anhedral pyrite and 

epidote. The matrix is partly of detrital origin and partly secondary 

calcite, sericite and clays. 
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3.1 d THICKNESS 

Mokoiwi Formation in the Ihungia Catchment is a direct continuation of 

the material in the study area (Figure 3.1). In that region - "faulted 

contacts, the complexity of folding and faulting, and lack of marker 

horizons make accurate measurement of thickness impossible, but it is 

unlikely to exceed 1000 mil - (Kenny 1984a). Structural complexities in 

the study area (see Part III) make thickness determination impossible. 

Cross-sections (back pocket) indicate that the average thickness of the 

Mokoiwi Formation, from its upper to its lower sheared contacts, is 400 m. 

Estimates of thickness of Mokoiwi Formation in tbe type area are :-

no less than 1000 ft to possibly well over 3000 ft (Bremner 1934); several 

1000 ft (Wellman 1959a); 900 - 1200 m (Pick 1962a,b); unlikely to exceed 

1000 m (Speden 1978). A well drilled east of the Ihungia Catchment 

encountered 535 ft of Taitai Sandstone "floating in 'Mokoiwi Chaos Breccia 'll 

- (Laing 1972). 

Absence of bedding in most Taitai Sandstone masses prevents estimation of 

their thickness. Laterally discontinuous bedding near Locality 7 (Figure 

3.1) allows a thickness of 100 m to be calculated on that individual knoll. 

In the Ihungia Catchment thickness of the largest Taitai Sandstone mass 

(Puketiti) could not be measured, but it rises 170 m above the surrounding 

Mokoiwi siltstone (Kenny 1980). "Major sandstone masses fonning ridges 

at Mt Taitai are between 35 and 115 m thick" - Speden 1976, p86}. 

3.1 e PALEONTOLOGY AND AGE 

A large specimen of Inoceramus warakius Wellman (Y16/f185, Appendix 2a) was 

discovered in a calcareous concretion at Locality 10 (Figure 3.1). 

~ sp. indet. (also Y16/f185) was found in siltstone at the same locality. 

• 
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I. warakius is considered to be a species indicative of the Motuan Stage 

(late Albian) (Wellman 1959a; Speden 1976,1977). No other fossils were 

discovered in Mokoiwi Formation (including Taitai Sandstone Member). 

The occurrence of I. warakius Wellman in Mokoiwi siltstone of the study 

area provides the most convincing field evidence that the siltstone and 

alternating sequences do, in fact, belong to the Mokoiwi Formation, 

rather than thin-bedded alternating sequences of the Waitahaia Formation 

(section 3.2), which is similar in outcrop appearance. I. warakius, 

- "the species characteristic of the Mokoiwi Formation" - (Speden 1976, p 

97), and Aucellina euglypha Woods, the Motuan Stage index species, are 

both found, along with other macrofossils, in Mokoiwi Formation in the 

type area (Tapuaeroa Valley). Speden (1976) proposed that - "the 

Mokoiwi Formation in the eastern part of Tapuaeroa Valley is taken as 

Motuan, although an immediately older late Urutawan age is possible 

locally" - Speden 1976, p98). More recently it has been suggested that 

locally Mokoiwi Formation may extend up into the Ngaterian (Raine et al. 

1981) . 

Therefore, with evidence from Mokoiwi Formation of the Tapuaeroa Valley, 

it is concluded that Mokoiwi Formation in the study area has a maximum 

possible age range of uppermost Urutawan to lowest Ngaterian elate 

Albian). Taitai Sandstone Member is enclosed in Mokoiwi siltstone, and 

although lacking in fossils, it is considered to be the same age. 

3.1 f PROVENANCE 

lithic fragments from Mokoiwi siltstone and Taitai Sandstone, as well as 

conglomerate clasts, are predominantly of sedimentary origin. Quartzi te, 
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sandstone, greywacke, siltstone and mudstone constituents are typical. 

Taitai-like sandstone and some mudstone and siltstone clasts may be 

intraformational (Leeder 1982). Volcanic constituents with aligned 

feldspar laths are subordinate in Taitai lithologies, and may also be 

present in sandstones of alternating sequences in the Mokoiwi siltstone. 

Igneous clasts are more common in Mokoiwi Formation elsewhere (Speden 

1976; Kenny 1980). 

• 

Monocrystalline quartz grains are angular to subrounded, with non-undulose 

or slightly undulose extinction. According to Basu et al. (1975) non-

undulose extinction implies a volcanic or authigenic origin for the quartz, 

and slightly undulose extinction, caused by lattice strain (less than 5% 

undulosity), may indicate an original plutonic source. Subrounded, 

cloudy, rarely twinned orthoclase and albite seem to be partly altered 

by sericitisation and albitisation. Similarly altered plagioclase grains, 

mostly within an An 20 _30 range, with rare albite twins, are sometimes 

concentrically zoned. Zoning is probably indicative of an igneous source, 

and the percentage anorthite range of the grains is most characteristic 

of an acidic to intermediate volcanic source (Pittman 1970). Thus 

quartz and feldspar grains may have been reworked from a volcanogenic 

sediment source. 

The accessory mineral assemblage contains detrital flakes of biotite (often 

altered to chlorite), with less common streaks of muscovite and diagenetic 

pyrite. Other accessories are rare - their infrequency is possibly 

caused by a lack of suitable lithologies (intermediate to basic igneous 

and/or low to high grade metamorphic) at the source, the leaving behind 

of heavy minerals, or differential weathering (Montague 1981). 



Clays are difficult to interpret without further analysis. Any 

authigenic clays were probably precipitated in pores between sandstone 

grains during diagenesis (Leeder 1982). Detrital clays present may 

have formed from the break-down of ferromagnesian minerals, feldspars, 

micas and other clays (Heinrich 1965). 

Well-rounded, indurated cobbles and boulders are clearly recycled 

(perhaps many times), as indicated by their high sphericity. Granule 
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conglomerates are still retained in their earlier-deposited configuration 

in rounded pebbles. Potential source conglomerates in Torlesse 

lithologies, older than Mokoiwi Formation, now outcropping in the 

adjacent Raukumara Ranges, have not yet been found (Speden 1976), 

although granule and pebble conglomerates have been mapped within the 

Waioeka Gorge by Feary (1979). 

All sedimentary clasts, and the possible volcanic clasts, could be 

* derived from Torlesse terrane (descri bed by Hi 11 1974; Moore 1974; 

Hoolihan 1977; Isaac 1977; Feary 1979), to the west of the study area. 

Detrital modes of New Zealand greywackes in both the Iwestern marginal 

terranel and the leastern axial terrane I (to which belongTorlesse and Mata 
I "?rI5. 

Ri ver terranes of Raukuma raj Spcirli ~ Ballanc.e ) are domi nated by 

volcanic rock fragments, although the edstern terrane is more quartzose 

than the western terrane (Dickinson 1971; Beetham and Watters 1986). 

However the eastern terrane greywackes of the North Isl and are 1 ess 

quartzose than those in the South Island (Dickinson 1971; Feary 19]9). 

* Eastern Torlesse Supergroup has been assigned to a new, younger 
(but similar in structural style) accretionary terrane named 
Mata River terrane (Sp~rli and Ballance 1985) (see section 3. 4). 
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Thus the potential source area for the Mokoiwi Formation is richer in 

volcanogenic material than is apparent in the redeposited detritus in the 

Mokoiwi Formation itself. Microscopic lithic fragments may have been 

misidentified as pseudomatrix (section 3.1 c), and this may explain the 

discrepancy. 

Another potential source for the Mokoiwi Formation volcanogenic material 

is the volcanic arc expected to accompany a westward-dipping subduction 

zone active during this time (approximately 100 ± 3 Ma) (Sptlrli and 

Ballance, in press). The calcalkaline Mt Somers Volcanics, erupted as 

early as 98 ± 2 Ma (Adams and Oliver 1979), is believed to be a remnant 

of the arc (Sptlrli and Ballance, in press). More basic alkaline 

volcanics (96 - 85 Ma) of inland Marlborough (Gregg and Coombs 1965) 

are not part of this arc. 

3.1 g ENVIRONMENT AND PROCESSES OF DEPOSITION 

The main facies of the Mokoiwi Formation is dark blue-grey siltstone which 

is mostly hemipelagic in origin, and is typical of the environment of 

modern continental slopes (Mutti and Ricci Lucchi 1978). The siltstone 

is genetically associated with sandstone beds, and is therefore thought to 

belong to Facies G of Mutti and Ricci Lucchi (1978) and to D1.2/E2.1/G2.1 

facies of Pickeri ng et a 1. (1986). The laterally discontinuous flysch 

facies contains examples of Bouma divisions Tb_e , Tc_e and Tde especially 

(Bouma 1962). They best relate to Mutti and Ricci Lucchi's (1978) Facies 

o flysch model in which centimetre-bedded sandstone and mudstone sequences 

in the ratios of about 1 : 2 to 1 : 9 persist laterally for hundreds of 

metres. They correspond to the Facies C2.2, C2.3 and 02.1 of Pickering 

et a 1. (1986). They also resemble the 'distal turbidites ' of Walker 

(1967), but following the work of Nilsen et al. (1980), the term is now 
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considered to be obsolete. 

Sandstone masses of highly variable size - Taitai Sandstone Member 

are enc]osed in Mokoiwi siltstone. At Mt Taitai the sandstone is seen 

to grade into Mokoiwi siltstone; it is therefore appropriate to envisage 

a sedimentary contact between the two lithologies even though a sheared 

contact is all that is visible in the study area (refer to Chapter 9.2). 

The interdigitating masses of Taitai Sandstone are poorly sorted, 

structureless sandstones which lack grading and contain very few finer 

grained (pelitic), parallel-laminated, carbon-rich layers (Bouma Ta 

division). As such, the sandstone corresponds to Facies A or B of 
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Mutti and Ricci Lucchi (1978) and Facies B1.1/C1.1 disorganised sandstones 

and muddy sandstones of Pickering et al. (1986). 

Lenses of conglomerate and breccia from the Taitai Sandstone Member may 

also be ascribed to Facies A (Mutti and Ricci Lucchi 1978) or Facies 

A1.4 (Pickering et al. 1986). The conglomerates, in which there is a 

lack of internal stratification, and rare imbrication, conform to the 

cobble-boulder conglomerates and 'disorganised bed' model of Davies and 

Walker (1974) and Walker (1975). Their model is best suited to confined 

channels (canyons) within a submarine fan environment (Walker 1975). 

The massive, structureless nature of the Taitai Sandstone (and associated 

conglomerates and breccias) indicates that it has been deposited rapidly 

by numerous, large-scale sediment gravity flows, which have some of the 

characteristics of grain flows and debris flows, but more especially 

poorly organised turbidity currents (Middleton and Hampton 1976; Mutti 

and Ricci Lucchi 1978; Pickering et al. 1986). The conglomeratic portions 

may correspond to population 3 of Lowe (1982) in which the clasts are 
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- "supported largely by dispersive pressure resulting from clast collisions 

and by buoyant lift provided by the interstitial mixture of water and finer 

grained sediment" - (Lowe 1982, p282). 

The flysch facies of the Mokoiwi siltstone (sensu stricto) are characteristic 

of overbank flow deposits of turbidity currents (Middleton and Hampton 1976; 

Winn and Oott 1977; Normark et al . 1979; Bowen et al. 1984) in which finer 

grained particles in the flow, suspended by turbulence, spillover the 

levees on either side of the feeder channels and on to the interchannel area. 

The hemipelagic siltstones comprising much of the Mokoiwi Formation are 

indicative of the normal muds and si l ts deposited in interchannel flats 

between influxes of overflow turbiditic material (Normark et al. 1979; 

Leeder 1982). The Te division is distinguished from true hemipelagic 

material by a subtle colour change. 

The Mokoiwi Formation thus contains an assemblage of lithologies which 

are characteristic of confined channels, overbank flows and interchannel 

accumulations. 

environments:-

These assemblages are found in the following similar 

i) The continental slope situation relates to the slope facies model of 

Mutti and Ricci Lucchi (1978), where there is a predominance of 

pelitic sediments (hemipelagic in this case) corresponding to their 

Facies G (~okoiwi siltstone, sensu stricto), with local alternating 

sandstone and siltstone overflo~ deposits (Facies D), and intercalations 

of coarser grained lenticular bodies of Facies A lithologies (Taitai 

Sandstone Member ) related to the infilling of submarine channels. 

Facies F chaotic levels of the slope association model, described from 

both channel and interchannel deposits by Mutti and Ricci Lucchi (1978), 



have been reported from the type area of Mokoiwi Formation by 

Speden (1976). 

ii) The submarine fan environment involves a - Il zone developed at the 

base of a slope that includes, within a relatively restricted area, 

coarse and fine grained sediments carried toward the basin across 

a system of canyons incised in the slope" - (Mutti and Ricci Lucchi 

1978, p142). Within this model the Mokoiwi Formation best fits 
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the inner to middle fan associations, where large bodies of sandstone 

and conglomerate (Facies A or B - Taitai Sandstone Member) fill 

distributary canyons incised within, and surrounded by, base-of-slope 

pelites (Facies G - Mokoiwi siltstone). Occasional overflows from 

the channel produce alternating sequences (Facies D). 

Both these similar depositional environments require deep channels 

incised into hemipelagic material. The difference between the two 

situations is the relative positions with respect to the continental 

slope. Scattered specimens of Inoceramus warakius Wellman, especially 

in the type area, imply possible deposition in outer shelf/upper slope 

depths (Speden 1976) but this evidence is disputed by Ballance (1983). 

The abundance of hemipelagic rather than pelagic material indicates 

perhaps a closer proximity to terrestrial influences than a submarine 

fan environment should encounter. Thus disputed evidence from 

Inoceramus specimens, and hemipelagic lithologies, favours a continental 

slope environment over a more distal, deeper, submarine fan situation. 

A reducing environment is indicated by the presence of disseminated 

diagenetic pyrite grains (Curtis and Spears 1968). The occurrence of 

small amounts of diagenetic siderite and dolomite in the clay fractions 

of both Mokoiwi siltstone and Taitai Sandstone may indicate possible 
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burial of these lithologies to 10 - 1000 m (Curtis 1977). Some carbonate 

and sodium metasomatism (albitisation) has taken place since deposition -

albitisation of feldspars is a late diagenetic feature (Pittman 1970; 

Moore 1979). 

A possible sediment supply from west to east is indicated from sole 

markings (Figure 3.4), but the measurements are not important because 

the Mokoiwi Formation is considered to be allochthonous and has experienced 

an unknown amount of rotation about both horizontal and vertical axes 

(Chapter 9.2 g and 9.4). Sole structures in autochthonous Motuan-age 

sediments to the west indicate current flow from southwest towards the 

northeast (Isaac 1977). 

There exists a problem of size, concerning Taitai Sandstone masses. The 

masses in the study area and in the adjoining Ihungia Catchment are much 

smaller than the documented examples of channellised deposits (eg. Mutti 

and Ricci Lucchi 1978; Normark et al. 1979; Bowen et al. 1984). The 

Taitai Sandstone massifs, described by Speden (1976}, in the Tapuaeroa 

Valley (eg. Mt Taitai, Mt Aorangi), are closer to channel size in this 

respect. It is probable that the masses in the vicinity of Localities 

3 and 8 (Figure 3.1) once formed a single entity. If the small blocks 

north of Locality 10 are envisaged to be part of the entity, then the 

whole mass would roughly equate to the area (? volumel occupied by Mt 

Aorangi . 

In developing this concept further, it is conceivable that all the 

fragments of Taitai Sandstone in the Waitahaia and Ihungia areas were 

originally parts of larger masses, or even one mass in the most extreme 

case. It would follow that these masses were initially fragmented during 



the deformation(s) which produced shearing and isoclinal folding of 

the Mokoiwi Formation, perhaps broken up further during allochthonous 

emplacement (discussed in Chapter 9.2 and 9.4). 

36 
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3.2 WAITAHAIA FORMATION (Moore 1986) 

3.2 a DEFINITION AND DISTRIBUTION 

Waitahaia Formation is described by Moore (1986). Previously the 

names I Hikurangi Beds I or I Hi k~rangi Format ibn I Uk~a:y 1887; Vella 1959; 

Pick 1962a,b), and 'Mangarakeke ' and 'Rangikohua ' lithofacies (Kenny 

1980, 1984a,b) have been adopted for these beds. Also, in the past, 

'Waitahaia Formation I has been used by Jablonski (1933), Bremner (1934), 

Steineke (1934), Vella (1959), Pick (1962a) and Faber (1966) for beds 

stratigraphically higher in the sequence, now equivalent to lower 

Karekare Formation (section 3.3). 

The Waitahaia Formation in this study is made up of centimetre-bedded, 

alternating, noncalcareous, fine grained sandstone and sheared mudstone 

sequences, sometimes interrupted by very thick, composite, fine grained 

sandstone units. It outcrops (Figure 3.5) across the northern third 

of the study area, along a ridge west of Whakoau Trig, in isolated 

windows near Owetea Station (Localities 1, 2 and 3, Figure 3.5) and in 

the Ihungia Catchment to the east. The formation extends an unknown 

distance westwards and northwestwards into the Raukumara Ranges. 

A lower contact with older material is never seen in the northern, 

autochthonous region of the study area. A contact with Mokoiwi 

Formation in the allochthonous region (west of Whakoau Trig and mid
proDably sheared (Chapter9A) . 1he upper contac.t is 

Ihungia Valley) is ~unconformable with Karekare Formation (regional 

unconformity) or is shea red with al l ochthonous lithologies. 

The Waitahaia Formation is named after t he Waitahaia River which 
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flows through the western part of the study area before joining the Mata 

River (Figure 3.5). 

3.2 b STRATIGRAPHY AND SEDIMENTOLOGY 

The Waitahaia Formation is composed of four distinct lithofacies, 

distinguished by variations in sandstone to mudstone ratios and patterns 

of depositional cycles. Sandstones are generally brown-grey to yellow-

grey, noncalcareous, fine to very fine grained and moderately to well 

sorted (AU 38812). Mudstones are medium to light blue-grey, noncalcareous 

and highly sheared (AU 38813), frittering away to leave the sandstones 

protruding. 

;} The dominant lithofacies is composed of regularly-spaced, 0.5 to 2 m-

thick sandstone units alterna t ing, in ratios of 4 : I to I : 2, with 

intervals of centimetre-bedded ai t ernating sandstone and mudstone in the 

ratio of approximately I : I (Figure 3.6). The sandstone of the thin-

4. 
3 2_ 
1.1iE 

Figure 3.6: Stratigraphic column from Locali ty 
4 (Figure 3.5) which is representative of 
the assemblage of regularly-spaced, thick 
sandstones alternating with thin-bedded 

alternating sandstones and mudstones. 

EJ massive pa ra 11 e 1-... : . . 
sandstone (Ta) ~ 1 ami na ted ... ' . 

siltstone (Td) 

~ 
parallel-laminated 

=.::.=- -=- sandstone (Tb) pelagic -convoluted mudstone 
~ laminae (\ ) ..::: 'SS -
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bedded packets exhibits typical T turbidite divisions (Bouma 1962) c-e 
(Figure 3.8), sometimes emphasised by carbonaceous horizons. The contact 

with pelagic mudstone below is sharp and planar, while the upper contact 

is gradational from the hemipelagic mudstone with a slight green tinge 

(Te) to blue-grey pelagic mudstone. 

The thick sandstones contain unusual assemblages of T Bouma divisions a-e 
(Figure 3.7) and occasionally exhibit centimetre-scale flame structures . 

All assemblages, except assemblage V, have sharp, planar upper and lower 

contacts with pelagic mudstone. Typical turbidite sandstones of assemblage 

V have sharp, planar lower contacts but grade upwards into mudstone. 

The assemblage is found throughout the autochthonous northern extent of 

the formation. 

ii) Minor thin-bedded sequences, at Localities 1-3, 5, 6, between 7 and 8, 

and 9-12 (Figure 3.5), lack the 0.5 - 2 m-thick sandstone units. The 100 

- 400 mm-thick sandstone units alternate with pelagic mudstone in the 

ratio of 2 : 1 to 1 : 5. Tc is dominant in most sandstones with Td and e 

being subordinate. Thinnest sandstone units contain only Td_e . The 

thickest sandstones contain T ; laminations are frequently carbon-rich. a-e 

iii) Another minor constituent of the Waitahaia Formation is essentially 

the opposite extreme to the situation in the previous assemblage . The 

1 - 2 m-thick sandstone units are separated by centimetre-thick pelagic 

mudstone, the ratio being 10 : 1 to 20 : 1. They occur at Localities 13 

- 17 (Figure 3.5) and along the subcatchment boundary north of Waingata 

Stream. 
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Figure 3.7: Seven examples of Bouma sequences in thick sandstone units. 
Each sketch represents a thickness of 1 m. (Key to shading 
is given in Figure 3.6) The sandstones may exhibit:-

I totally massive, normally graded or 

ungraded sandstone (Tal, sometimes 
with cross-cutting, mm-thin clay seams 
(Chapter 8.2); occasionally tbe 
uppermost 50 - 100 mm is made up of 
parallel laminations of T~. 

II exclusively small-to-medium-scale 
ripple cross-bedding and highly 

convoluted laminae (Tc l with large 
whi rl s and' water escape structures . 

.III dominantly small-to-medium-scale 
convoluted laminae, ripple cross
bedding, climbing ripple and foreset 

beds (Tc)' with subordinate parallel 
l aminations below, often emphasised 
by carbonaceous horizons in fine 

grained sandstones (Tb), and parallel 
laminations above, in very fine 
grained sandstone to siltstone (Tdl . 

IV carbon-rich parallel, and rarely 

convoluted, laminations (Tb and c) 
beneath massive, ungraded sandstone. 

V full, normally graded, Bouma sequence 

(.T a-e)' 

VI composite beds of more than one 
sedimentation unit, consisting of 

repetitions of massive sandstone, 
parallel and convoluted laminae, and 
occasionally parallel laminae in 

siltstone (T and T d) ' a-c a-
VII composite beds repeating parallel 

and convoluted laminae (Tb and c) 
with the parallel laminae some t imes 
picked out by carbonaceous fragments. 

..... -: ...... ~.:: .. : 
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Figure 3.8: Parallel and convoluted laminations in thin-bedded 
sandstone at Locality 5 (Figure 3.5). 
direction is towards the righ t (west). 

Younging 

Figure 3.9: Flut e casts on the underside of a sandstone bed at 
Y15/ 558431 (50 m west of Loca l i t y 15, Figure 3.5). 
Afte r rotation of these near-ve rtica l beds abou t 
the strike, flute casts in this vicinity indicate 

current flow towards the north (towards the r ight 
in this photograph). 
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Normally graded massive sandstone, with T d b or T divisions in a an a-c 
the upper portions, is the most common configuration. Beds composed 

entirely of convoluted laminae and ripple cross-bedding (Tc) are also 

common. Occasionally composite beds occur, which are made up of 

repetitions of T or T d divisions. a-c a-

iv) About 25% of the Waitahaia Formation is composed of 5 - 20 m-thick, 

single or composite sandstone beds, which form conspicuous N - S-trending 

topographical ridges across the northern part of the study area, at 

Localities 18 - 24 (Figure 3.5). The thickest sandstones (thicker than 

15 m) tend to be composite, normally graded, massive and structureless 

except for mm-thin clay shears (Chapter 8.2), often bounded above and 

below by carbon-rich parallel laminations (AU 38814). Thinner sandstones 

(less than 15 m thick) may be massive, or composite beds of parallel and 

convoluted laminae. Occasionally sandstones grade upwards to parallel-

laminated siltstone which sometimes develops into the sandstone-dominated 

assemblage described above (iii). Thick sandstones similar to assemblage 

iv within flysch sequences, have been recorded along strike, 6 km to the 

north, in Waingakia Stream (Moore et al. 1984). 

Field relationships suggest that thinning upwards sequences, involving 

some, or all. of the four assemblages, exist sporadically throughout the 

formation. However evidence is difficult to present owing to the 

extensive tectonic complexity (refer to Chapter 8. 2 - 8.6). Flute 

casts (Figure 3.9) are very common on the undersides of sandstone beds, 

and together with current ripple foreset laminae within some sandstones, 

indicate that flow was from south to north (Fig 3.10). Similar flow 

directions were measured from Waingakia Stream, 6 km to the north, and 

Ruatahunga Stream, 7 km to the west (Moore et al. 1984). 
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Figure 3.10: Current directions from measurements of sole markings on 
sandstones from the Waitahaia Formation. Lines around 
the outer circles indicate current directions; lines in 

the inner circles are trends only. 

a) flute casts 
b) load casts (~nbroken lines) and ripple - foreset -laminae 

(dashed lines) 
N 

b) 
N 

Trace fossils are often visible on upper surfaces of sandstone units, 

exposed because of preferential erosion of intervening mudstone. A 

single meniscus variety of Scolicia (100 mm wide and 300 - 400 mm long) 

and areas of small Chondrites intrinsica were identified following 

discussions with Professor A. Seilacher (University of TUbingen, 

Germany) in 1982. 

Crushed mudstone, enclosing sparsely distributed oval sandstone pebbles, 
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Figure 3.11: Disc-shaped concretions lying in mudstone, parallel to 

bedding. Note the thin calcite vein passing through 

the centre of the discs, also parallel to bedding. 

Figure 3. 12 : Spherica l sandstone concretions enclosed by similar 
sandstone . 
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is exposed for 12 m along Waingata Stream (Locality 26, Figure 3.5). 

The pebbles are 100 - 500 mm long and are not aligned. 

is interpreted to be a pebbly mudstone (Crowell 1957). 

The material 

Lithologies on 

either side of this exposure are highly contorted, mudstone-dominated 

flysch (assemblage ii). 

Disc-shaped (200 mm thick and 0.5 m across), calcareous, silty 

concretions (AU 38815) lie in mudstone intervals, parallel to Bedding 

(Figure 3.11). Featureless spherical calcareous concretions, about 

0.3 - 0.6 m in diameter, are within thick sandstone units (Figure 3.12). 

Fragments of Inoceramus (AU 38816) were discovered in a third variety 

of concretion - rounded, medium-brown and calcareous (AU 38817). 

Other characteristics of the Waitahaia Formation are occasional growths 

of pyrite in sandstone (AU 38818), rare, mm- to cm-thick, pale green, 

chlorite-rich beds (AU 38819), and frequent, mm-thick calcite veins, 

generally pa rallel to bedding and often associated with the disc-shaped 

concretions (Figure 3.11). Pale grey tuff(?} horizons, recorded from 

Ruatahunga Stream (Moore et al. 1984l and upper Waitahaia River (Phillips 

1985), were not observed in lower Waitahaia and Mata River sections. 

however the chlorite-rich beds may represent altered tuff horizons. 

3.2 c PETROGRAPHY 

Sands t one (AU 38812, 38820, 38821, 38822) is fine to very fine grained, 

moderately to well sorted and contains subequal amounts of quartz, 

feldspar, lithic fragments, accessory minerals and clay matrix (Table 

3.6). Detrital quartz grains are angular to subangular, fresh-looking 

and rarely have slightly undulose extinction. Subrounded, cloudy, 
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Table 3. 6: Percentages of minerals in four samples of Waitahaia 

N 
~ 

'-

'" :> 
<7 

AU 38812 25.3 

AU 38820 26.7 

AU 38821 19 . 3 

AU 38822 20.3 

Formation sandstone. 300 point counts were made for 

samples AU 38812, 38820 and 38822; 150 counts were made 

for sample AU 38821 because of the poor quality of the 

slide. (refer to Chapter 6 for methods) 
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larger than the average grain size, and subrounded, partly altered, 

rarely twinned plagioclase (An 27 _35 - calcic oligoclase/sodic andesinel. 

Lithic fragments are rounded aggregates of angular to subangular 

polycrystall ine quartz (quartzite - roughly 40%), rounded fragments of 

silt to very fine sand size quartz and feldspar (about 25%) and 

irregularly-shaped, noncalcareous, brown, unresolvable material, 

'" ... 
-5 

18.3 

16.0 

20 .6 

11. 3 

probably mUdstone (35%) . All lithics are possibly of sedimentary origin. 

Twisted and squashed biotite, in various stages of alteration to chlorite, 

and thin strands of muscovite are common accessory detrital minerals. 

Pyrite is a common secondary mineral in small, euhedral/subhedral or 

larger framboidal forms. Other accessory minerals are rare (Table 3.6). 

Grain interstices are filled by clays, silica or calcite (m icrite) 

cement, secondary sparry calcite (AU 38821) and abundant chlorite. 

Albitisation and sericitisation of f el dspars is common in AU 38812 and 
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AU 38820 . X-ray di ffraction analyses ( refer to Chapter 6) of sandstone 

and hemipelagic mudstone units (Table 3.7) shows approximately 50% quartz, 

25% feldspar, 10% accessories and 15% clay mi nerals. Material from a 

clay shear (AU 38823) is similar to clays from sandstone and mudstone 

samples . Pale green chlorite-rich beds (AU 38819) are also glauconitic. 

The proportion of feldspar in the allochthonous sands t one sample (AU 38824 ) 

has increased at the expense of quartz. Analyses of concretions are added 

to Table 3. 7. 

Table 3.7: Percentages of minerals identified from mudstone belonging to 
the Waitahaia Formation, using X-ray diffraction me t hods . 
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According to Folk et al. (1970), sandstones of the Waitahaia Formation 

should be classified as sedimentary lithic feldsarenites (refer to the 

QFL diagram in Chapter 6). 

3.2 d THICKNESS 
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The Waitahaia Formation is structurally complex - its isoclinally folded 

nature (Chapter 8.2 - 8.6) increases the apparent thickness many times. 

The lower contact of the fomation is not seen in the study area, and has 

not yet been recognised elsewhere. Thus a calculation of minimum 

thickness is all that is possible, and that is estimated to ue 800 

1000 m. 

Previous estimates of thickness in the area are: less than 1000 m 

(Speden 1978) to the north and west of the study area, 500 m of 

Mangarakeke and Rangikohua lithofacies exposed in northern Ihungia 

Catchment (Kenny 1984a) immediately east of the present study area, and 

at least 300 m in the upper Waitahaia River (Phillips 1985). 

3.2 e PALEONTOLOGY AND AGE 

Fragments of Inoceramus sp. indet. were recorded from mudstone units 

along the Mata River at sporadic intervals from Localities 15 to 12, 

Figure 3.5) and are marked accordingly (~). During a reconnaissance 

visit to the Mata River, I.G. Speden (New Zealand Geological Survey) 

identified some of the fragments as Inoceramus hakarius Wellman or 

I. hakarius-fyfei species group. Similar fragments were observed in 

Waingata Stream (400 m east of Locality 8, Figure 3.5) and a tributary 

of Owetea Stream, in allochthonous material (Locality 2). I. hakarius-
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fyfei species group (sample Y16/f641, identified by I.G. Speden) was 

collected from a float boulder of allochthonous Waitahaia Formation 

beside the road, 500 m west of Whakoau Trig. Exposures along the 

Waitahaia River are apparently unfossiliferous. 

This fossil indicates that the Waitahaia Formation in the study area is 

of Ngaterian age (Late Albian to Middle Cenomanian). Poorly preserved 

I. hakarius and identifications, by the Palynology Section of New 

Zealand Geological Survey, of palynomorphs from a carbonaceous sandstone, 

also gave a Ngaterian age for the formation in the adjacent Ihungia 

Catchment (Kenny 1980, 1984a). Along strike, in the Waingakia River 

(6 km north} the formation contains I. hakarius-fyfei and I. cf. 

concentricus Parkinson (Moore et al. 1984). In the lower reaches of 

Ruatahunga Stream (7 km west) I, hakarius-fyfei is again present, however 

further up stream (northwards) similar lithologies have preserved 

Aucellina euglypha Woods (the Motuan i ndex fossil) and Inoceramus sp. cf. 

ipuanua-kapuus Wellman, suggesting an Urutawan-Motuan or younger age 

(Middle to Late Albian) (Moore et al. 1984). A similar situation occurs 

in upper Waitahaia River and Mangawhero Stream, where Phillips (1985) 

considers the formation to be of Urutawan to Ngaterian age. 

Therefore it is likely that the majority of the Waitahaia Formation is 

Ngaterian in age, but becomes older towards the northwest. 

3.2 f PROVENANCE 

Sandstones from the Waitahaia Formation are very similar, petrographically, 

to those examined from sandstones in the flysch sequences of the Mokoiwi 

Formation (section 3.1 c, i) - non-undulose monocrystalline quartz (some 
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of which is probably derived from polycrystalline aggregates of quartzite), 

sericitised and albitised feldspars, and subordinate accessories and 

clay minerals. However, the lithic fragments, which were so useful in 

diagnosing the provenance of the Mokoiwi Formation, are not as plentiful 

or as diverse in the Waitahaia Formation. The quartzite and siltstone/ 

very fine sandstone fragments are clearly of sedimentary origin. The 

irregularly-shaped, unresolvable material is probably also sedimentary 

(mudstone). Lithics derived from a volcanic source were not observed. 

Lithic fragments excluded, the Waitahaia Formation could have had a 

similar source to the Mokoiwi Formation - either the Torlesse and Mata 

River terranes now exposed in the main ranges to the west, or volcanic 

arc-derived material (section 3.1 f). But as no volcanic lithic 

fragments were recognised in the Waitahaia Formation the possible 

volcanic component of the sediments (non-undulose quartz - Basu et al. 

1975; altered plagioclase with an albite:anorthite range consistent 

with an original acidic or intermediate igneous source - Pittman 1970) 

perhaps should not be emphasised. It is more likely that the source 

of the Waitahaia Formation is sedimentary, possibly volcanogenic. 

Derivation could be from the Torlesse and Mata River terranes, including, 

conceivably, the Mokoiwi Formation. 

The abundance of carbonaceous material, especially in parallel laminations 

of the Bouma B division, indicates the presence of an adjacent vegetated 

landmass. Sole markings (Figure 3.10l clearly show current flow from 

south to north. This implies that plant material was supplied from the 

south. However source rocks for the Waitahaia Formation, now found 

to the north through to the southwest of the study area, are not exposed 

to the south, and are judged to have been absent from that region in the 
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past. Ngaterian rocks elsewhere in Raukumara Peninsula (not necessarily 

Waitahaia Formation} exhibit well-formed flute and groove casts. Flow 

directions measured at these localities are illustrated in Figure 3.13. 

Notice the consistent northerly flow at localities in the east. Further 

southwest the flows become northeast-directed. With these additional 

measurements it is easy to imagine terrigenous material originating in the 

Raukumara Ranges and flowing in a gentle curve northeastwards, then 

northwa rds. 

Figure 3.13: Current directions in lithologies of Ngaterian age in 
middle Raukumara Peninsula. 1 = Te Whaka Stream (pers. 

observ. 1982); 2 = Mangaotane River (pers. observ. 1982) 
3 = Ruatahunga Stream (~oore et al. 1984); 4 = Waingakia 
River (Moore et al. 1984}; 5 = Ihungia Catchment (Kenny 
1980); 6 = Mangaoporo River (pers. observ. 1982). 

;' = current flow directions 
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3.2 g ENVIRONMENT AND PROCESSES OF DEPOSITION 

The background sedimentation was of cm-thick, fine grained turbidites 

and pelagic mudstone of similar thickness (assemblages i and ii), 

belonging to Facies D and possibly E flysch models of Mutti and Ricci 

Lucchi (1978) and Faci es C2. 3 of Pi ckeri ng et a 1. (1986). 

At intervals this situation was interrupted by influxes of 0.5 - 2 m-
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thick fine sandstones. The normally graded sandstones, generally with 

sharp upper and lower contacts, are composed of incomplete Bouma 

sequences dominated by the T or T divi~ions. 
a c 

Parallel laminations 

(Tb and/or Td) and composite beds (J ,T d' Tb ) are subordinate. a-c a- -c 
These regular influxes may be turbidites associated with the Facies C 

flysch model (Mutti and Ricci Lucchi 1978) despite their incomplete 

and unusual Bouma sequences. They also correspond to the models of 

Pickering et al. (1986) for Facies Cl.l/C2.1. 

Association of the very thick, structureless, massive (Ta) sandstones 

(possibly equivalent to the S3 division of Lowe 1982; and Bl.l Facies 

of Pickering et al. 1986) with rare Tb_c or Tb_d intervals suggests that 

the depositing currents were high density turbidity currents. They 

deposited their material rapidly because of loss of momentum, caused by 

lessening of slope angle, widening of the channel or an increase or 

decrease in transported sedi ment. 

The assemblages of the Waitahaia Formation are similar to the submarine 

fan associations described by Mutti and Ricci Lucchi (19 78 ) , Normark 

et al. (1979), Ghibaudo (1980) and Bowen et al. (1984). The tradit i ona 1 

submarine fan environment consists of - "a zone developed at the base of 

a slope that includes, within a relatively restricted area, coarse and 
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fine grained sediments carried toward the basin across a system of 

canyons incised in the slope ll 
- (Mutti and Ricci Lucchi 1978, p142). 

The presence of thinning upwards cycles (section 3.2 b) leads to the 

assumption that much of the formation may have developed in a middle 

fan environment. Here an abrupt change in the submarine gradient 

occurs, resulting in the filling up of submarine channels. 

Deposition in a submarine fan environment accounts for Waitahaia 

Formation assemblages i and ii (apparently unrestricted "channel ll 

deposits and overbank flows - Facies C, 0, E and G of Mutti and Ricci 

Lucchi. 1978) and probably assemblage iii (thicker "channel" deposits) 

also. Assemblage iv of very thick sandstones is thought to represent 

channellised flows which resedimented at the change of gradient, in the 

vicinity of the middle fan . The pebbly mudstone at Locality 25 

(Figure 3. 5) is a cohesive debris flow (Rodine and Johnson 1976; Enos 

1977; Lowe 1982). 

The Waitahaia Formation in the study area is a typical mid fan deposit 

(Figure 3.14). The general absence of coarser material, even medium 

sand, may indicate that it dropped out of suspension further up slope, 

but it is more likely that the fine grain size was controlled by the 

detrital source. The great thickness of sandstone units in assemblage 

iv suggests that the fan was more proximal than the fine grain size 

suggests . 
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Figure 3.14: Model of submarine fan deposition, relating facies, 

fan morphology, and depositional environment (after 
Walker 1978 : 946). Mid-fan deposits of the Waitahaia 

Formation are represented in the cent re of the model. 
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3.3 KAREKARE FORMATION (Speden 1975, after Gair 1967) 

3.3 a DEFINITION AND DISTRIBUTION 

The Karekare Formation was named Karekare Mudstone by Gair (1967) and 

Karekare Siltstone by Speden (1975) after Karekare Stream at W17/882961 

near Matawai in the Raukumara Ranges. The lithologic term was 
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removed by Isaac (1977) because it was misleading. The formation in 

that region, in which reference sections have been designated by Speden 

(1975) at Koranga River and Choveaux Stream, consists of fossiliferous 

blue-grey siltstone with interbedded, thin, fine to coarse grained 

sandstones locally (pers. observ., 1982). At the top of the sequence 

in the Mangaotane area further northeast (roughly 30 km WSW of the study 

area), a fossiliferous blue-grey mudstone, with red and green horizons, 

has been described by Ongley and Macpherson (1928) and named Mangaotane 

Mudstone. 

Previously lithologies of the upper and lower Karekare Formation in the 

study area have been named Puketoro Formation (including Mangaotane 

Mudstone) and Waitahaia Formation respectively by Jablonski (1933), 

Bremner (1934), Steineke (1934), Vella (1959), Pick (1962a) and Faber 

(1966). The name 'Karekare Formation I is adopted for this lithology in 

the study area in order to comply with usage further west and southwest 

(Moore 1974; Speden 1975; Isaac 1977). 

The extent of the formation in the study area can be seen in Figure 3.15. 

It extends southwestwards into the Mangaotane, Motu and Matawai regions 

(Kingma 1965; Suggate et al. 1978). Throughout the Waitahaia area 

bedding dips gently south, and the formation is distinguished from the 
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underlying Waitahaia Formation by its general lack of large-scale 

deformation (section 8.7), mudstone domination, and its less indurated 

and more fossiliferous nature. 

The lower contact undulates somewhat, has an overall gentle southwards 

dip, and is unconformable upon Waitahaia Formation; this is most clearly 

seen in lower Puketoro Stream (Locality 1, Figure 3.15) where Ongley and 

Macpherson (1928) and Wellman (1959a) also concluded that the contact was 

an angular unconformity. Puketoro Stream carries much debris which 

frequently conceals the unconformity. It is believed that Steineke 

(1934) and Pick (1962a,b) studied the contact while the stream was choked 

with debris, and consequently decided that the contact was conformable. 

The Waitahaia Formation is Ngaterian in age throughout the study area 

(section 3.2 e). Karekare Formation in contact with it varies in age 

from Arowhanan (Cenomanian) at Puketoro Stream (Locality 1, Figure 3.15 ) , 

to Mangaotanean (Turonian) at Waingata Stream (Locality 2,Figure 3.15) to 

Teratan (Lower Senonian) at Mangaehu Stream (Locality 3) and Waitahaia 

River (Locality 4). A better indication of the diachroneity of material 

at the unconformity is given in Figure 3.18. 

The upper contact is apparently conformable to Whangai Formation (section 

4.4) . 

3.3 b STRATIGRAPHY AND SEDIMENTOLOGY 

The Karekare Formation is generally a siltstone or mudstone-dominated, 

alternating sequence which may be subdivided into three age-dependent 

lithofacies:-
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i) oldest basal beds; 

ii) dominant alternating lithofacies; 

iii) Mangaotane Mudstone. 

i -a) The oldest beds in the Karekare Formation in the study area 

outcrop at Puketoro Stream and Mata River (Localities 1 and 5, Figure 

3.15) . 10 m of 50 - 100 mm-thick sandstone alternating with siltstone 

in the ratio of 1 : 3 occur stratigraphically below thicker sandstone 

beds. The thinner sandstones are noncalcareous, brown-grey, normally 

graded, fine to very fine grained, moderately to well sorted (Tb_e), 

with a coarse sand to granule sized layer (Ta) at the base of some 

units. Tb and Tc divisions are dominant. 

Stratigraphically above this interval are two thick olistostrome/ 

sandstone units separated by approximetely 2 m of similar alternating 

sequence to that beneath the units. Most of each unit is made up of 

chaotic, irregularly-shaped, granule to pebble sized sandstone 

conglomerate or breccia clasts, lensing sandstone, squashed and 

contorted mudstone clasts and occasional Inoceramus and Belemnite 

shell material (V15/f80), supported by a matrix of swirling green and 

blue, noncalcareous mudstone (AU 38829). No alignment of clasts, or 

internal fabric was seen. Flame structures are rare. Basal contacts 

with mudstone are sharp but irregular. The irregularly-shaped clasts 

of sandstone and mudstone appear to have been plastically deformed 

during emplacement. Sandstone fragments are identical to sandstones 

of the underlying Waitahaia Formation. 

diagnostic. 

Mudstone clasts are less 

Full Bouma sequences are exhibited in the upper 10% - 20% of each 
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thick olistostrome/sandstone unit, with Tc being dominant and carbonaceous 

fragments in the Td division. The boundary between the chaotic material 

and massive sandstone of Ta division immediately above it, is sharp but 

irregular. At Locality 5 (Figure 3.15) the units lack the clear 2 m 

interval between them and are chaotic to such an extent that it is 

uncertain whether there are two thick units or in fact several more. 

Along strike thicknesses (~est to east) of the lower of the two 

olistostrome/sandstone units are 400 mm (~nly 40 m up the western slopes 

of Puketoro Stream), 1 m (Puketoro Stream), at least 1 m (Locality 6, 

Fi gure 3.15) and 600 mm (Locality 5). Similarly, thicknesses of the 

upper olistostrome/sandstone unit are:- 500 mm (Puketoro Stream ) , 1.5 m 

(Locality 6) and 2 m (Locality 5). Maximum thicknesses are not in the 

same location for both units. 

The next 50 m of section in Puketoro Stream comprises an alternating 

sequence of sandstone and mudstone in the ratio of 1 : 3 t o 1 : 5. 

Sandstones (AU 38830) are approximately 400 mm thick, fine grained, 

noncalcareous, brown-grey, normally graded and T or Tb e' The a-e -
basal 200 - 300 mm of some sandstones, especially the lower, is 

composed of chaotic material similar to that described above, or very 

coarse sandstone with a greenisb tinge (caused by increased chlorite 

content similar to that seen in AU 38830). Sandstone units lacking 

chaotic material are typical of the formation as described below 

(subsection ii). 

Alternating with sandstone units in t he oldest Karekare Formation are 

dark blue-grey, noncalcareous, local l y bioturbated silty mudstones 

(AU 38831). 
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i -b) Two similar conglomerate horizons (300 mm and 200 mm thick) are 

exposed in Waingata Stream, approximately 15 m above the contact with 

Waitahaia Formation (Locality 2, Figure 3.15). 

ii) The typical Karekare Formation above the basal beds is a silty 

mudstone-dominated alternating sequence. Sandstone : mudstone ratios 

of 1 : 5 to 1 : 7 are found low in the sequence in lower Puketoro 

Stream and in the Mata River. Sandstones are generally 100 - 150 mm 

thick, with a 200 mm-thick unit outcropping approximately every 15 m. 

Bundles of 20 - 50 mm-thick sandstones, in a ratio of 1 : 2 with 

mudstone, occur once or twice within the same 15 m interval (Figure 

3. 16). 

Higher beds have ratios of 1 : 10 to 1 : 15. Sandstone thickness 

varies from 20 - 150 mm, but are generally thinner than sandstones 

lower in the sequence. 

Sandstones are brown to ye l low-grey, fine to very fine grained, 

moderately to well sorted, noncalcareous, normally graded and have 

sharp bases (AU 38832). Tb_e sequences are most common with Tb 

thickest and sometimes carbonaceous (AU 38833). The Tc division may 

also be well developed, with climbing ripple and convoluted laminae 

present . Flame structures are rare. Inoceramus fragments or current-

aligned prisms (AU 38834) and carbonaceous fragments are common. Flute 

and load casts, ripple forese t beds and Inoceramus prisms show variable 

current directions for the lower Karekare Forma t ion, but in Puketoro 

St ream flow from WSW towards ENE is clearly dominant, while in t he Mata 

River section, current is westwards (Figure 3.17 a). Upper Karekare 

Formation (Figure 3.17 b) shows flow was towards the ENE. 
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Figure 3.16: Typical alternating sequence in lower Karekare Formation, 
50 m upstream from Locality 1 (Figure 3.15) in lower 

Puketoro Stream (Y15/55154090). 

E W 

Figure 3.17: Karekare Formation current flow directions for a) lower 
sequence (Puketoro Stream - black; Mata River - red) and 
b) upper sequence. 

-- fl ute cast load cast 
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Intervening massive, pelagic mudstones (AU 38835) continue to be blue

grey, noncalcareous, bioturbated, and often fossiliferous (Inoceramus) 

although barren zones are present. 200 m stratigraphically above the 

base of the formation, in Puketoro Stream, some mudstones take on a 

subtle green or purple tinge. There is usually, but not always, a 

sandstone bed between the colour changes. 30 m higher, the first truly 

green mudstone horizon appears (AU 38836). It is a dark blue-green-grey, 

noncalcareous, unfossiliferous silty mudstone which is even sandy in 

places. Green beds become more common upwards, being found in the 

pelagic intervals of most mudstones. Purple mudstone beds continue 

through this section. 350 m above the base in Puketoro Stream the first 

true red bed outcrops (AU 38837). The mudstone is red-brown, noncalcareous 

and unfossiliferous. 

stream sections. 

Red and green beds continue up the sequence in all 

iii) Blue-grey Mangaotane Mudstone constitutes the uppermost portion of 

the Karekare Formation. It is the same as the massive mudstone units 

described lower in the sequence and may have thin sandstone bands, but it 

lacks the sandstone units of the alternating sequence. The contact 

between Mangaotane Mudstone and other Karekare Formation lithologies 

stratigraphically below is gradational. Red and green horizons continue 

through this interval, with an especially thick red bed (3 m thick) 

exposed in Puketoro Stream (Locality 7, Figure 3.15) immediately beneath 

a mm-thin orange weathered gritty zone and a green-grey granule-sandstone, 

which could represent basal Whangai Formation (sect i on 4.4). 

Bioturbation is common in both pelagic and hemipelagic (Te) (AU 38838) 

mudstones throughout the sequence. Some burrows can be seen to extend 

from mudstone down through about 50 mm of Tc and Td intervals of the 



sandstone beneath. Sheet-like structures, probably Zoophycos 

traces of Chondrites, and very thin traces of ?Helminthoidia, are 

rare. 

Disseminated, framboidal pyrite tAU 38839) is widely distributed in 
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the Karekare Formation, but becomes larger and extremely common, 

sometimes in lenses, only near the upper contact with Whangai Formation. 

Various types of concretion have also formed throughout the formation. 

Most common are yellow-grey, nodular, calcareous sandstone concretions 

(AU 38840), sometimes with associated pyrite and Inoceramus fragments 

(AU 38841). Rarely, similar concretions are found in mudstone (AU 38842). 

Cone-in-cone concretions (AU 38843), occasionally with Inoceramus 

fragments (AU 38844), and brown siderite and barite concretions (AU 38845, 

showing barite formed around wood) are rare. 

3.3 c PETROGRAPHY 

Karekare Formation sandstones are quartzofeldspathic, fine to very fine 

grained, moderately to well sorted sandstones (Table 3.8). 

Monocrystalline detrital quartz grains are subangular and fresh in 

appearance. Grains with slightly undulose extinction may be common 

(AU 38830}. Detrital feldspars are rounded to subrounded and often 

very cloudy. The relatively high counts for albite may indicate 

albitisation of other feldspar grains, particularly plagioclase. Those 

plagioclase grains which are still identifiable are sodic oligoclase 

(An
ll

_12 ) . 

Lithic fragments are apparently all sedimentary and consist of subequal 
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quantities of polycrystalline quartz (probably quartzite), fine to ~ery 

fine grained sandstone (with quartz and feldspar), and rounded, often 

partly squashed, siliceous, brown mUdstones and siltstones. Accessories 

are brown biotite flakes (often altered to chlorite), thin strands of 

muscovite and amorphous, anhedral pyrite. Other accessories (Table 3.8) 

are minor, with specks of chromite (AU 38830) and ilmenite (AU 38838) 

being unusual. Epidote, titanite and calcite are only found in the 

sandstones. Glauconite is recorded in AU 38830 as small amorphous 

pellets. Barite is only seen in thin-section in AU 38847 as a dark mass 

around a carbonaceous fragment, despite it being present in concretions. 

The grains are enclosed in a matrix of silica-rich clay material, 

chlorite, some micrite and unresolvable detrital material. Laumontite 

cement, described from Urutawan-age (Lower Albian) Karekare Formation in 

the Motu Falls area (Isaac 1977 ) was not observed in the younger (section 

3.3 e) Karekare Formation of the study area. 

Table 3.8: Percentages of minerals in five samples of Karekare Formation. 
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Microprobe analysis of a red-coloured mudstone (AU 38849) showed 

approximately 25% silt-size grains of hematite, quartz, pyrite, orthoclase 

and glauconite in decreasing abundance. The other 75% is maroon to black, 

unresolvable material with major Fe and Si peaks, and a less significant 

K peak. Clearly iron (in hematite grains and hematitic mud) gives the 

material its red colouration. 

X-ray diffraction analysis (Table 3.9) shows a high percentage of quartz, 

with minor feldspar, accessories and clays. Glauconite is an important 

accessory, and hematite is also relatively conspicuous in the red 

mudstones. Calcite is more prevalent in the younger strata (AU 38850, 

38851, 38852). Zeolite peaks (heulandite and laumontite) occur in the 

Table 3.9: Percentages of minerals identified from muds belonging 
to Karekare Formation, using X-ray diffraction. 
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red and green beds and a trace of laumontite is present in lower Karekare 

mudstone sample AU38853. Clays are roughly equal in importance 

throughout, with illite perhaps slightly more prominant. Mica and 

interlayered mica and montmorillonite occur only in the red and green beds. 

Siderite in the red beds will add to the colour given by hematite. Green 

colouring in AU 38836 is possibly due, in part, to glauconite, although 

most colour probably comes from iron in a reduced state. A calcareous 

concretion (AU 38842 ) and barite concretion (AU 38845) have also been 

analysed. 

Using the classification of Folk et al. (1970) Karekare Formation sandstones 

plot as sedimentary litharenites or sedimentary feldspathic litharenites 

(Chapter 6). 

3.3 d AGE AND PALEONTOLOGY 

Inoceramus ranga t ira Wellman appears at the base of the Karekare Formation 

in Puketoro Stream and Mata River (Localities 1 and 5, Figure 3.15) as 

broken fragments, and together with a Belemnite guard (YI5/f80), within 

the chaotic lower sandstone at Locality 6 (Figure 3.15). The latter has 

been identified by G.R. Stevens (New Zealand Geological Survey, pers. 

comm., 1983) as a Dimitobelus,probably D. superstes Hector, likely to be 

of Motuan to Arowhanan age (mid Albian to Upper Cenomanian) although the 

full range is Lower Urutawan to Middle Mangaotanean (Lower Albian to 

Turonian - Raine et al. 1981) . Inoceramus rangatira, the index fossil 

for the Arowhanan Stage, continues to be found throughout the faulted 

400 m stratigraphic thickness in lower Puketoro Stream and middle Mata 

River sections (Figure 3.18). It occurs as warped and fragmented valves 

in mudstones (Figure 3.19) (samples Yl5/f78 and Yl5/f79), identified by 

• 
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Figure 3.18: Distribution of Teratan, Mangaotanean and Arowhanan Stages of the Karekare Formation. 
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I.G. Speden (New Zealand Geological Survey, pers. comm., 1983), and 

scattered chips in concretions and basal horizons of some sandstones. 

The Puketoro and Waingata Stream sections contain complete records 

(ie . lacking major faults) of the Mangaotanean Stage, after barren 

zones (consigned to the later Arowhanan) of 200 m and 150 m respectively. 

Fragments of Inoceramus bicorrugatus Marwick, the index fossil, are 

present in mudstones and rarely in sandstones of the alternating sequence, 

now more mudstone-dominated than the lower Karekare Formation. The 

I . bicorrugatus interval is 170 m in Puketoro Stream (Y15/f75, YI5/f76) 

and 140 m in Waingata Stream (YI5/f?7). The stage is faulted out of the 

Mata River section, but it is thought to reappear 2 km east of the river 

(Figure 3.18) although I. bicorrugatus was not seen here. 

The Teratan is the most widespread stage in the Karekare Formation (Figure 

3.18). The key fossil, I. opetius Wellman, follows with no apparent 

barren zone from I. bicorrugatus in 150 m of Mangaotane Mudstone in 

Puketoro Stream, stratigraphically below the thick red bed (Y15/f72) and 

in 350 m of alternating sequence (1 : 20 sandstone: mudstone) after a 

60 m barren zone, in Waingata Stream (Y16/f639, Locality 8, Figure 3.15). 

An approximately 1-km-long section of I. opetius-bearing alternating 

sequence (1 : 10 to 1 : 20) occurs along strike in the vicinity of Locality 

4 (Figure 3.15) in the Waitahaia River (YI5/f7l). Restricted sections 

occur at Localities 3, 9, and 10 (Figure 3.15) (samples YI5/f73, YI5/f74, 

Y16/f640) . 

Pick (1962a) reports I. nukeus Wellman from upper Teratan mudstone in 

Waingata Stream. He also identified I. pacificus Woods, a Piripauan , . 

(approximately Campanian) fossil roughly 25 m stratigraphically above 
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Figure 3.19: Just exposed undulating shell of Inoceramus rangatira 

at Y15j55154070 in Puketoro Stream, in mudstone of the 
lower Karekare Formation. 
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the highest I. nukeus in· Waingata Stream . _ Jhe author saw no sign of 

I. nukeus or I. pacificus in four visits to Waingata Stream. 

Thus the Karekare Formation is Arowhanan to Teratan or possibly Piripauan 

(Upper Cenomanian to Santonian) in age. Elsewhere in the Raukumara 

Peninsula Karekare Formation ranges in age from Urutawan (Lower Albian) 

to Mangaotanean (Turonian) (Speden 1978), with the older and younger limits 

becoming younger northeastwards, from the Motu Falls area (Isaac 1977) 

towards the study area. 

3.3 e THICKNESS 

Internal lithostratig raphic and biostratigraphic thicknesses of the 

Karekare Formation are all highly variable (Figure 3.20). Thickest 

sections at Puketoro Stream, Mata River and the ridge separating them, 

are approximately 700 m. 

Karekare Formation of Ngaterian to Teratan (Upper Albian to Santonian) 

age is roughly 1000 m at Mangaotane ( I .G. Speden, New Zealand Geological 

Survey, pers comm., 1982). Urutawan to Mangaotanean (Lower Albian to 

Turonian)-aged Karekare Formation is 2720 m thick at Te Whaka Stream 

(Isaac 1977). 

3.3 f PROVENANCE 

Provenance of t he Karekare Formation must explain:-

i) the apparent change from some vo\caogenic.. detritus in the under

lying Mokoiwi and Waitahaia Formations, to a quartzofeldspathic 

sediment; 

iiI derivation of lithic fragments in sandstones and conglomerates from 
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a sedimentary source with still-plastic mudstone clasts; 

iii) dominance of moderately fresh quartz grains, with subordinate cloudy, 

altered feldspars; 

iv) deposition of a mudstone-dominated sequence, when sandstones were 

dominant in the immediately preceeding Ngaterian Stage (Waitahaia 

Formati on) ; 

v) inconsistency of flow directions within the lower Karekare Formation, 

and more regular currents higher in the sequence. 

It should also include such process indicators as:-

vi) occurrence of olistostromal horizons near the base of the formation -

in the Arowhanan at Puketoro Stream and Mata River and in the barren 

zone below the first Inoceramus bicorrugatus in Waingata Stream; 

vii) presence of recognisable fragments of Inoceramus and Belemnite shells 

in the near-b.asal Arowhanan-age olistostromal horizons. 

The immediate source of upper Karekare Formation sandstones was up-

current to the WSW (Figure 3.17b). This direction was also important for 

the lower Karekare sediments in Puketoro Stream, but other directions in 

this stream and in the Mata River are too common to be regarded as anomalous. 

Still plastic mudstone clasts indicate that some of the source material 

is probably not much older than the Karekare Formation itself. Some 

recognisable fossil fragments, rather than completely disintegrated shell 

material, within the olistostromal horizons near the base of the formation 

suggest that the gravity flows, of which the conglomerates are a part, 

cannot have travelled far . Sandstone clasts closely resemble sandstones 

from the underlying Waitahaia Formation, and it is conceivable that all 

the lithologies of the Karekare Formation are in fact derived from the 

adjacent Ngaterian Waitahaia Formation. 



Derivation from Waitahaia Formation would also help to explain the 

variety of current flow directions, with gravity flows perhaps initiated 

from local highs which were only occasionally shedding material - hence 

the infrequent sandstone units, especially in the upper Karekare 

Formation. This hypothesis is developed in the next section (3.3 g). 

Volcanogenic material, feldspars and carbonaceous fragments have been 

broken down. Fresh carbon-rich detritus is speculated to be from 

vegetated highs composed of uplifted Waitahaia Formation. 

3.3 g ENVIRONMENT AND PROCESSES OF DEPOSITION 

The Karekare Formation is a thinning and fining upwards sequence. 

The olistostromal material forming the lower portion of a number of 

sandstone beds near t he base of the formation (including two units of 

more than a metre thickness) exhibits some of t he properties of Facies 

F of Mutti and Ricci Lucchi (IS78), and is well described by Facies 

F2.2 of Pickering et al. (1986). The deposits are probably examples 

of cohesive debris flows (Middleton and Hampton 1976; Rodine and 

Johnson 1976; Enos 1977; Lowe 19821 in which clasts are supported by 

the buoyancy and cohesiveness of the matrix (.in this case mudstone). 

In each olistostrome/sandstone unit the debris flow is followed closely 

by a turbidity current with condensed, full Bouma sequences. These 

units persist for no more than 30 m (true thickness) of the lowest 

Karekare Formation in Puketoro and Waingata areas (Arowhanan and 

Mangaotanean respectively). Higher in the sequence, Facies 0 flysch 

grades up into the characteristic pelagic mudstone-dominated lithology. 
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Mangaotane Mudstone in the uppermost Karekare Formation is a pelagic and 

hemipelagic deposit of Facies G (Mutti and Ricci Lucchi 1978), and a 

composite of Facies 01.2, El.2, E2.1 and G2.1 (Pickering et al. 1986). 

The large lateral extent of the upper Karekare Formation, lack of obvious 

channels, channel fill deposits or erosion features, fine to very fine 

grain size, bioturbation and abundance of concretions (especially 

calcareous concretions), indicate that this formation was deposited in 

a widespread low energy environment, perhaps an outer submarine fan 

association (Mutti and Ricci Lucchi 1978). Presence of the same 

Inoceramus species in pelagic mudstones and transported sandstones shows atoleraoce 

for both lithologies by this species . 

In sequences of Ngaterian and Raukumara age in the Motu Falls region 

(50 km southwest of the study area) siliceous foramini fera plus minor 

ca l careous elements suggest deposition t ook place in shel f envi ronments 

with poo r circulation of bottom wate r , such as within enclosed submari ne 

basins (C.P. Strong, New Zealand Geological Survey, pers. comm., 1982). 

Abundance of pyrite nodules, especial ly in upper Kareka re Formation, 

supports the proposal of an oxygen-poor environment. Poor circulation 

would explain the prominent barren zones within the sequence. 

It is important to realise that the contact between Karekare and Waitahaia 

Formations is depositional rather than tectonic . During initial field 

mapping a sheared lower contact was envisaged for the Karekare Formation, 

to ac count for t he diachroneity of mat er ia l at t he contact, as well as 

for the lack of a basal conglomerate or breccia, or worm burrows, 

indicative of an onlap situation. A sheared contact also explained 

the juxtaposition of isoclinally folded Waitahaia Formation (Chapter 8.3) 
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of Ngaterian age, against gently dipping Karekare Formation which, at 

Puketoro Stream, belongs to the Arowhanan Stage - immediately younger 

than the Ngaterian Stage (Stevens 1981). However, no sheared material, 

gouge zones or striations were found at the contact. 

The undulating nature of the contact, postulated in cross-sections 

(~ack pocket) and indirectly demonstrated by stratigraphic columns 

Figure 3.20), now seems more likely to indicate a short-lived, uneven 

erosion surface with small basins, into which Karekare Formation was 

deposited. Basins in the Waitahaia Formation erosion surface may be 

due to the complex folding or to the major N - S-trending faults of 

that formation (Chapter 8.3), which perhaps caused fault-angle 

depressions to develop. 

Initial basinal areas were the sites of thick olistostrome/sandstone 

?slump deposits (lowest Karekare Formation), before becoming the 

depocentre(s) for a mudstone-dominated facies (typical Karekare 

Formation). Detritus entered a major basin from many sides but 

dominantly from the WSW in Puketoro Stream and from the east in the Mata 

River (refer back to 3.3 f and to Figure 3.17a,b). Another basin may 

be represented by deposits in Waingata Stream (stratigraphic column 1) 

which are thicker than adjacent sequences to the east, and have 

conglomerates near the base. This possibil ity is supported in 

stratigraphic columns by Pick C1962a). "Basement" highs, from which 

some detritus was shed, are represented by Waitahaia Formation at 

Locality 11 (Figure 3.15; column 2) and Locality 12 (not shown in 

Figure 3.20 of stratigraphic columns). Highs are envisaged to have 

been gradually covered by basinal sediments, thus removing local 

detrital sources. In the study area, local highs had disappeared by 
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Teratan time, and scarse detrital input must have been from a more 

distant source. 

Red and green mudstone beds occur in many horizons in the upper parts 

of each of the Teratan, Mangaotanean and Arowhanan Stages. A similar 

situation occurs 30 km to the southwest, in Mangaotane Stream (pers. 

observ. 1982) although in this section the beds are restricted to four 

discrete 15 - 50 m-thick zones. They probably reflect variations in 

iron oxygenation in the sequence, with the red colouration from hematite 

and siderite (section 3.3 c), and the green tinge possibly due to 

altered glauconite (Pick 1962a). Variations are probably caused 

by the chemical conditions within the environment, but are 

unlikely to be volcanic in origin because the sandstones with which they 

alternate are quartzofeldspathic, not volcanogenic. 

Acid and intermediate volcanic rock fragments are found in Karekare 

Formation lithologies to the southwest (Isaac 1977), but are not present 

in the Waitahaia area. If the environmental situations are similar, the 

older Karekare Formation to the southwest may also have been deposited 

into basins from "basement" highs. It has already been mentioned that 

"basement" in that region is volcanogenic Torlesse or Mata River terrane, 

from which the Mokoiwi (section 3.1 f) and Waitahaia ('3.2 f) Formations 

may have been derived. It is therefore logical that this volcanogenic 

material is recycled into the Karekare basins as well as into the Mokoiwi 

and Waitahaia Formation continental slope conditions and submarine fan 

complexes. A further cycle of erosion and deposition is required for 

derivation of Karekare Formation in the study area from Waitahaia 

Formation, and it is unlikely that recognisable volcanogenic clasts could 

survive the additional sedimentary cycle. 
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3.4 DISCUSSION 

3.4 a ENVIRONMENT OF DEPOSITION 

Accumulated information from Mokoiwi, Waitahaia and Karekare Formations 

enables a scenario of the Clarence and Raukumara Series environment to 

be postulated for the study area. 

In Motuan times and possibly earlier (Middle Albian) deep proximal 

channel-fill deposits (now fragmented Taitai Sandstone) accumulated in 

continental slope or base of slope (submarine fan) alternating sequences 

and hemipelagic material CMokoiwi Formation). A Torlesse/Mata River 

terrane and/or volcanic source is presumed to be to the southwest, 

although use of current flow indicators is only of minimal use because 

the Mokoiwi Formation in the study area is allochthonous and the original 

position and orientation of the sheet is not known (Chapter 9.2 g, 9.4). 

During the Ngaterian Stage (Upper Albian to Lower Cenomanian) sand 

became more dominant in a system which is thought to belong to a 

submarine middle fan environment. It is possible that sedimentation 

was continuous from the Mokoiwi Formation to Waitahaia Formation, 

but a sedimentary contact is not exposed in the study area or known 

elsewhere (Chapter 9.4). Current flow in Ngaterian-age lithologies 

to the southwest was in a northeastern direction. In the east 

(including the study area) the flow swings around to a consistent northwards 

direction, bringing terrigenous material from an adjacent vegetated 

landmass. Complex folding and faulting took place (discussed in Chapter 

8.1 - 8.6) during a short hiatus in deposition (probably less than 3 Ma 

- latest Ngaterian to earliest Arowhanan). 

Arowhanan to Teratan age, mudstone-dominated Karekare Formation turbidites 
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then began to accumulate within newly formed, ?fault-controlled basins. 

Basin infilling was accompanied by covering of Waitahaia Formation 

highs (a local source of detritus) and a trend of regional thinning and 

fining upwards. 

Pyrite throughout the sequences, especially in uppermost Karekare 

Formation, formed in reducing environments. Dolomite and siderite 

in the clay fractions of the formations indicate that each formation 

may have been buried to depths of 10 - 1000 m (Curtis 1977). 

3.4 b PETROGRAPHICAL COMPARISONS 

Tables 3.10 and 3.11 compare averaged percentages of minerals present 

in each of the three formations (including Taitai Sandstone separately). 

It is noticeable that the feldspar count decreases in the Karekare 

Formation and that clays and matrix form a much larger proportion of the 

whole, with much more kaolinite and smectite present, probably derived 

in part from altered feldspar. The trends are consistent with the 

Waitahaia and Mokoiwi Formations being derived from volcanogenic 

lithologies, and the Karekare Formation in turn being derived from a 

Waitahaia Formation source. 

Analysis of the abridged QFL dfagram (Figure 3.21), comparing proportions 

of quartz, feldspars and lithics only, shows increasing quartz from 

Mokoiwi Formation to Karekare Formation. The lithic figure appears to be 

moderately steady, with the increase in quartz apparently at the expense 

of feldspar. Accessories make up a small proportion of the total mineral 

count and are relatively constant through time. 
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Table 3.10: Average percenta ges of mi nerals from Mokoi wi, Waitahaia 

an d Karekare Fo rmations. Please no t e th at percen t ages 

are only approximate, with the decima l poin t a resul t of 

division. 
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Figure 3.21: Abridged QFL diagram of positions of Karekare (K), 
Waitahaia (W) and Mokoiwi (M) Formations, including 
Taitai Sandstone (T). 
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The high percentage of albite and low percentage of plagioclase in the 

samples may be the result of the minerals having been recycled from a 

sedimentary source having undergone post-depositional feldspar albitisation 

(Boles and Coombs 1977; Kisch 1983; Walker 1984). It is known that 

feldspars from Torlesse terrane have been albitised (Staveley Parker 1978; 

MacKinnon 1983).It is believed here that albite in Mokoiwi and Waitahaia 



Formations (recycled into Karekare Formation) is derived from Torlesse 

and Mata River terranes, while the relatively uncommon oligoclase and 

andesine plagioclases probably have an igneous source. Albitisation 

does not require accompanying low grade metamorphism and zeolite 

development, and can occur at burial depths of 2500 - 2870 m at 

temperatures of 110 - 1200 C (Boles 1982). Sericitisation and break-
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down to clay minerals, in addition to albitisation, may explain the lack 

of abundant feldspar. 

3.4 c REGIONAL COMPARISONS 

Essentially the lithologies under investigation are structurally complex, 

relatively sparsely fossiliferous, alternating sequences, often dominated 

by thick sandstone of the allochthonous Mokoiwi and allochthonous and 

autochthonous Waitahaia Formations. The latter is overlain unconformably 

by a gently dipping, fossiliferous, mudstone-dominated flysch sequence 

(Karekare Formation). 

Mokoiwi Formation has been observed immediately west of the study area, 

in a region mapped as allochthonous Waitahaia Formation by Phillips (1985). 

The Waitahaia Formation may conceivably be a younger equivalent of the 

Mokoiwi Formation, and both formations may be eastward and younger 

extensions of greywackes and argillites of the main Raukumara Ranges, 

which exhibit similar structural complexities CFeary 1974; Hill 19.74; 

Speden 1975; Hoolihan 1977). 

It is acknowledged that older rocks west of the study area (Motuan in 

age) are identical sedimentologically and structurally to Torlesse 

terrane, despite being separated everywhere from the latter by a time 
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gap spanning at least 20 Ma (Sp~rli and Ballance 1985). These authors 

have constructed a terrane map in which Torlesse Supergroup is restricted 

to a region west of a line from Whakatane to western Wairarapa. East 

of this line the Ilbasement" is reclassified as Mata River terrane, which 

is thought to be an accretionary wedge approximately 100 Ma old, 

extending eastwards from a tectonic contact with Torlesse rocks, and 

draped by 100 Ma of younger sediments. 

Torl esse terrane is cons i dered b.y Sp~rl i and Ball ance (1985) to be the 

remains of an older accretionary complex added to the existing New 

Zealand area from the east, perhaps as one entity. In the context of 

the Sparli and Ballance model, Mokoiwi and Waitahaia Formations are here 

interpreted as parts of an eastward-younging sequence within the new Mata 

Ri ver terrane. They received detritus shed from older Mata River terrane 

and from Torlesse terrane, further to the west. Sediments within the 

Mata River terrane are thought to be near-shore submarine fan or delta

associated complexes (Raine et al. 19.81 1 with a probable western derivation 

(Grindley 19.60; Speden 1973; Raine et al. 198n. 

Similar suites of rocks are found in eastern Wairarapa (Moore and Speden 

1979) within the deformed Pahaoa Group (~rutawan? to Mangaotanean; Albian 

to Turonian }, including the Taipo Formation which corresponds to Taitai 

Sandstone Member of the Mokoiwi Formation. Lithological, and structural 

equivalents are exposed in Marlborough. CSpeden 19.78; Laird 19.8..1). in the 

Sawtooth Group which is Lower Cretaceous to Motuan (Aptian to Middle 

Albian) . in age. 

Unconformably overlying these highly deformed rocks in the Raukumara 

Peninsula is the relatively undeformed Karekare Formation, the oldest 

beds of which are diachron6us from Arowhanan (~pper Cenomanian) in the 
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study area to Urutawan Clower Middle Albian} 50 km to the southwest at 

Motu Falls. A similar situation exists as far south as the northeastern 

South Island: the structurally uncomplicated, mudstone-dominated, 

fossiliferous sediments of the Mangapurupuru Group (Motuan to Piripauan; 

Middle Albian to Campanian} in southern Hawkes Bay (Adams 1985} and 

eastern Wa i rarapa (Moore and Speden 19791. and Coverham Group {.Motuan 

to Mangaotanean; Middle Albian to Coniacian} in Marlborough (Speden 

1978; Laird 1981), unconformably overlie the Pahaoa Group and Sawtooth 

Group respectively. The unconformity is usually intra-Motuan and 

everywhere the overlying sediments seem to have been deposited in basins 

eroded into the older material (Montague 1981}, perhaps resembling the 

basins and channels seen at the Arowhanan to Teratan unconformity in the 

study area. 

Regional conclusions to this discussion are included in Part IV, 

Chapter 11. 
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Chapter 4 - STRATIGRAPHY, SEDIMENTOLOGY AND PETROGRAPHY 
OF MATA SERIES AND PALEOGENE ROCKS 

4.1 WHANGAI FORMATION (Lillie 1953) 

4.1 a DEFINITION AND DISTRIBUTION 

The Whangai Formation was formalised by Lillie (1953) for siliceous 

shales outcropping in southern Hawkes Bay, but similar formations 

are now known from Raukumara Peninsula to Marlborough and perhaps 

Northland also (Suggate et al. 1978; Evans 1985 - Unit 5). At 

Raukumara Peninsula it has sometimes been called Rakauroa Formation 

(Jablonski 1933; Steineke 1934; W. Moore 1961; P. Moore 1974; Isaac 

1977). The formation in Hawkes Bay was initially named Whangai 

Series by Quennell and Brown (1937) after the Whangai Range west of 

Porangahau. 

The extent of the Whangai Formation in the study area is shown in 

Figure 4.1. Best exposures occur in the autochthonous material, from 

west of Waingata Stream to Mangaehu Stream (Chapter 8.8). The 

allochthonous area (Chapter 9.5) consists of thin sheets of material 

oriented approximately parallel to slopes of the Mata River - hence the 

unusual outcrop patterns. The autochthonous Whangai lower contact is 

apparently conformable upon Karekare Formation (although this will be 

discussed in section 4.1 g), while the upper contact is tectonic (refer 

to Chapters 8.8 and 9.1). 

A detailed assessment of the Whangai Formation is being carried out by 

P.R. Moore (New Zealand Geological Survey, Lower Hutt). As his 

investigation includes the Waitahaia area it is not considered necessary 

to include such a detailed survey here . However a full structural 

account is included in Chapter 8.8. 
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4.1 b STRATIGRAPHY AND SEDIMENTOLOGY 

In the study area the Whangai Formation is composed of six distinctive 

lithologies:-

i) basal sandy horizon (Owhena Formation); 
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ii) a lower interval of siliceous mudstone typical of Whangai Formation 

elsewhere (Rakauroa Member); 

iii) upper Whangai calcareous mudstone (Upper Calcareous Member); 

iv) flinty interval with chert nodules; 

v) uppermost Whangai muddy limestone ("Waingata Limestone"); 

vi) micaceous sandstone horizons of uncertain stratigraphic position. 

Lithologies i and ii are grouped as lower Whangai, and lithologies iii 

to vi are grouped as upper Whangai in Figure 4.1. 

i) A basal sandstone of the Whangai Formation is exposed at Localities 

1 and 2 (Figure 4.1). It is likely to be Owhena Formation, described 

from 5 km to the west by Phillips (1985), and is apparently conformable 

on Karekare Formation. Grey, noncalcareous, fine grained, slightly 

glauconitic, quartzose sandstone (AU 38856), in which laminations 

appear with weathering, outcrops in a 1 m-thick horizon at Locality 1, 

near a farm track east of Waingata Stream. The sandstone cannot be 

traced along the Karekare Formation/Whangai Formation contact from 

Locality 1 to Waingata Stream but identical sandstone debris was 

observed on the western slopes of the stream, in the vicinity of the 

contact. 

At Locality 2 in middle Puketoro Stream the Mangaotane Mudstone (Karekare 

Formation) is difficult to distinguish from lower Whangai Formation. 

Basal Whangai is thought to be represented by green-grey, noncalcareous, 

coarse sandy material (AU 38857), only 20 mm thick, exposed from 
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time to time in the stream. Immediately above it is a 0.5 m-thick, 

fine grained, noncalcareous, blue-grey sandstone bed. Rare granule 

clasts within siltstone and mudstone (AU 38858) continue stratigraphically 

upwards from the basal ~ m sandstone bed, for less than 1 m. 

Similar sandstone is found in a complex shear zone at Locality 3 (Figure 

4.1) in the upper Waitahaia River . Sheared 80 - 100 mm-thick, fine 

grained, noncalcareous grey sandstone beds (AU 38859) alternate in a 

1 : 4 ratio with noncalcareous blue-grey mudstone. Disseminated pyrite 

grains are common and unidentifiable Inoceramus fragments are rare in the 

mudstone. 

Karekare Formation/Whangai Formation contacts are generally covered by 

scree. 

ii) Medium to dark blue-grey siliceous mudstone/shale, showing jarositic 

efflorescence and iron staining, has been termed Rakauroa Member (Moore 

1986). Fresh outcrop shows small-scale ripple drift laminae (AU 38860), 

and breaks with platy fracture. In Waingata Stream pyrite nodules, 

pyritised burrows and barite concretions (AU 38861) are common. Low in 

the sequence in the same locality layers of concretions, most with unusual 

spherulitic texture (AU 38862) are interbedded with the mudstone. 

Rakauroa Member is seen in Waingata and Puketoro Streams (Localities 4 

and 5 respectively - Figure 4.1). Most potential Rakauroa Member outcrop 

is covered by "upper" Whangai scree. 

iii) Pale grey, very calcareous Whangai Formation mudstone, with ripple 

drift laminae and mottling (?bioturbation), picked out by darker mudstone 

(AU 38863) is termed Upper Calcareous Member (Moore 1986). Weathered 
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material is commonly leached (AU 38864). It develops a fine fragginess 

(caused by lamination), breaks with a cubic fracture and may have orange 

iron staining and yellow jarosite (AU 38865) on weathering surfaces 

(Figure 4.2). Trace fossils resembling Chondrites (AU 38866) are common. 

The contact between Rakauroa and Upper Calcareous Members is gradational, 

with the change to a paler colour and cubic fracture occurring while the 

lithology is only slightly calcareous. Upper Calcareous Member forms 

high escarpments with prominent white coloured scree slopes, from 

Localities 6 to 7 and 8 to 9 (Figure 4.1) and a minor scarp from Locality 

10 to 11; but best exposures for study occur at Localities 12, 13 and 

14, in the Waitahaia River, Puketoro Stream and Mata River. 

iv) A siliceous lithology, full of chert nodules, is often present 

stratigraphically above iii. The contact is sharp and undulating. 

The phase may be tens of metres thick (Locality 15 - Waitahaia River) 

or completely missing (Puketoro Stream), but usually occurs in limited 

exposures north of Mangaehu Stream (approximately Locality 11), Mata 

River (Locality 16), Puketoro airstrip area (Locality 17), or as highly 

sheared and contorted examples in allochthonous sheets to the south, 

especially at Localities 18, 19 and 20. The fresh lithology is a pale 

to medium grey, laminated mudstone (AU 38867,38868) which usually has 

a white, yellow and orange weathered appearance. Dark grey chert 

nodules, up to 150 mm in diameter, are characteristic of this phase 

(AU 38869), and framboidal pyrite is common. Millimetre-thin horizons 

of glauconitic sandstone (AU 38870) are rare. 

v) The uppermost phase in the Whangai Formation in the Waitahaia area 

consists of a very calcareous marl, informally named "Waingata Limestone " 

by Pick (1962a) after Waingata Stream in the northwest of the study area. 
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Figure 4.2: Typical calcareous Upper Calcareous Member of the 
Whangai Formation at Y16/55104005 in Puketoro Stream. 

Figure 4.3: Slightly disrupted sedimentary contact between "Waingata 
Limestone" (left) and siliceous upper Whangai Formation 
near Locality 15, Waitahaia River (Y16/50553845) . 
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Well bedded, medium to dark grey (but white superficially) muddy 

limestone (AU 38871) occurs in a ratio of roughly 10 : 1 with mm-

thin, dark to pale grey, crushed limestone (AU 38872) (Figure 4.3). 

Ripple drift laminae are often visible; lenses of glauconite, sometimes 

with pyrite nodules (AU 38873) are uncommon. "Waingata Limestone" is 

frequently folded and contorted (Figure 8.34 - Chapter 8), both in 

the autochthon and the allochthon, and dark brown mudstone (described 

in section 4.3 b) is often associated with the limestone in these 

regions. In Puketoro Stream the lithology is repeated by faulting. 

The lower contact with the Upper Calcareous Member in Puketoro Stream 

and with siliceous material elsewhere, is sharp, but is often disrupted 

(Figure 4.3). "Waingata Limestone" is exposed in the vicinity of 

Localities 15, 16, 21 to 24. 

vi) Micaceous sandy phases have been observed in contorted Whangai 

Formation (AU 38874) in the allochthon, but their stratigraphic position 

or relationship with other Whangai lithologies is not known. 

Most exposures of Whangai Formation in the allochthon (isolated 

coloured areas and those areas from north of Locality 18 to Locality 20, 

Figure 4.1) are undifferentiated, although it is clear, from subtle 

colouring and the presence of chert nodules, that the siliceous upper 

Whangai phase makes up a high percentage of the material. 



4.1 c PETROGRAPHY 

Detailed mic rop robe analysis was carried out only on the basal Owhena 

Formation sands t one (Table 4. 1) . Other Whangai Format ion l i thologies 

(mudstones and muddy limestones) were st udied briefly, with only 

limited points counted per sample. 
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Owhena Formation sandstone AU 38875 is very fine grained and well sorted 

whi l e AU 38856 is fi ne grained and mo derately sorted . Quartz exis t s 

as monocrystalline detri t al, subangular to subrounded, discrete, colourless, 

fine-sand-size crystals , or as areas of brown-coloured matrix, with silt-

size grains also listed with quartz in Table 4.1 . Plagioclase grains 

(approximately An 30 - oligoclase/andesine border) are uncommon, cloudy 

and subrounded. Albite is the dominant fel dspar , being either rectangula r 

and fresh ?au t higen i c minerals or subrounded, cl oudy grains, possibly 

representing albitised ort hoclase or plagioclase. 

Tab l e 4. 1: Percen t age of minera l s in eigh t samples of Whangai Formation . 
(Methods given in Chapter 6) (300 po i nt s were counted for AU 

38875 and 38856, 100 points were counted for t he remainder) 
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Abundant lithic fragments comprise silica-rich brown mudstone or 

siltstone (70%), quartzite (20%) and chert (10%). Accessory minerals 

are minor, lacking the epidote, apatite and carbonate of older formations, 

but containing higher percentages of amorphous pyrite and rutile, 

glauconite pellets and flakes, and partially pyritised carbonaceous 

fragments. The groundmass consists of a silica-rich matrix and clay. 

Laminations in a siliceous Rakauroa Member sample (AU 38876) are caused 

by alignments of subhedral or elongated pyrite. Uncommon silt-size 

grains are quartz, glauconite, chloritised biotite, muscovite, silicified 

foraminifera tests infilled with silica-rich unresolvable material, and 

one oval apatite grain (Table 4.1). 

Gradational Rakauroa to Upper Calcareous Members of the Whangai Formation 

(AU 38877) is siltstone/mudstone with alignment of micas and opaques 

causing laminations. 

pyrite are abundant. 

Subangular, slightly cloudy quartz and framboidal 

Upper Calcareous Member (AU 38878) has a micritic 

matrix enclosing fresh quartz, foraminifera infilled by siliceous or 

calcareous material, and tiny iron-oxide crystals. Sparite occurs 

intermittently and a large (more than 0.7 mm across) nodular mass 

surrounded by sparite has been analysed to be barite. A leached 

equivalent of AU 38878 is sample AU 38879 which has a highly siliceous 

matrix in place of micrite. 

The siliceous upper Whangai Formation with chert nodules, high in the 

sequence, is dominantly composed of silica-rich fine matrix (AU 38880) 

with subordinate subangular, moderately f resh quartz, glauconite flakes, 

pyrite and mica. Muddy "Waingata Limestone" (AU 38881) is mostly 

micritic cement with relatively common sparite and foraminifera tests 

infilled by sparite and unresolvable siliceous material. Glauconite and 
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mica are less common. Plagioclase is cloudy, subrounded oligoclase. 

A len s of fine grained, moderately sorted sandstone along the edge of 

the same sample (AU 38881) contains less matri x. Subangular quartz and 

sparite are abundant. Lithic fragments (mudstone and silts t one), 

foraminifera tests infilled with sparite, glauconite fla kes and apatite 

are also common . 

X- ray diffraction analysis (Table 4.2) of samples of each facies of the 

Whangai Formation shows notable variati on in quartz and calcite in 

siliceous and calcareous phases. The chert nodule (AU 38869) contains 

the highest quartz reading . Feldspars, clay minerals and accessories 

Table 4.2: Percentages of minerals analysed from Whangai Formation 

mudstones by X-ray diffraction methods. (Methods are 
described in Chapter 6) (*tr = trace) 
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are relatively constant. 

notable accessories. 

Glauconite, jarosite and aragonite are 

Sandstones from the Whangai Formation (AU 38881, 38875, 38856) plot 

as sedimentary 1 itharenites on the QFL diagram (Chapter 6). The 

calcareous Whangai phases may be described as biomicrites (Folk 1962). 

4.1 d THICKNESS 

The basal sandstone (Owhena Formation) is approximately 1 m thick, but 

may not be present everywhere. The siliceous, Rakauroa Member and 

Upper Calcareous Member reach maximum thicknesses of 100 m and 300 m 

respectively, in Puketoro and Waingata Streams. The siliceous upper 

Whangai (with chert nodules) attains its maximum thickness in the 

vicinity of Locality 15 (Figure 4.1) but it occurs here in rotated 

faulted blocks, thus making true thickness determination impossible. 

Maximum thickness in anyone block is 30 m; although the amount of this 

phase clearly involved in the allochthonous sheets further south surely 

warrants a total thickness of substantially more than 30 m in its source 

area. The phase is not present at all in Puketoro Stream. "Waingata 

Limestone" is 10 m thick through Puketoro Catchment. Elsewhere it may 

be up to 200 m thick but it is highly distorted in its upper limits 

(Chapter 8.8) which would add to the given thickness. 

of the Whangai Formation is in the order of 600 m. 

A total thickness 

Previous workers in the area have not f ully appreciated the distinctive 

phases within the Whangai Formation, except the "Waingata Limestone", 

which was described by Pick (1962a). Their estimates of total thickness 

range from more than 350 m in the upper Waitahaia River area, to at least 
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250 m in Waingata Stream, to more than 500 m in Puketoro Stream (Jablonski 

1933; Steineke 1934; Burr 1940; Pick 1962a). In the ranges to the 

southwest the Whangai Formation is probably 300 - 400 m thick (P.R. Moore, 

New Zealand Geological Survey, pers. comm., 1982). 

4.1 e AGE AND PALEONTOLOGY 

Macrofossils are rare in the Whangai Formation. Small fish vertebrae 

and fin spines were identified from the Whangai (similar to AU 38892) 

at Locality 13 (Figure 4.1) in Puketoro Stream by P.R. Moore (pers. 

comm., 1986). Foraminiferal tests are common in thin-sections of some 

phases. Microfaunal studies were not carried out for this formation 

because previous workers ' identifications seemed adequate. 

A dinoflagellate assemblage from Owhena Formation sandstone west of the 

study area (Y16/47013807) indicated a Piripauan to Lower Haumurian 

Campanian) age (Wilson 1982). Foraminifera listed by Pick (1962b) 

indicate that the Rakauroa Member is Haumurian (Maastrichtian) in age, 

while the upper phases (calcareous and chert-bearing material, and 

"Waingata Limestone") are Teurian (Paleocene). 

Whangai Formation further southwest (from Mangaotane to Matawai) and 

in the type area in southern Hawkes Bay is also Haumurian to Teurian 

(Lillie 1953; Suggate et al. 1978). 

The progression from Rakauroa to Upper Calcareous Members is gradational 

and does not necessarily correspond to the Haumurian/Teurian (Cretaceous/ 

Tertiary) boundary. In many parts of the world (Alvarez et al. 1980, 

1984; HsU 1980; Officer and Drake 1983; Rampino and Reynolds 1983) the 
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Cretaceous/Tertiary boundary is marked by a "boundary clay", which 

contains unusually high levels of the platinum group elements (iridium 

in particular). In New Zealand the boundary clay is recognised from 

Tangaruhae Stream, southern Hawkes Bay (P.R. Moore, New Zealand Geological 

Survey, pers. comm., 1984) and from Woodside Creek, Marlborough (Alvarez 

etal.1984). 

4.1 f PROVENANCE 

Lithic fragments from the rare Whangai Formation sandstones (especially 

Owhena Formation) are dominantly siltstone and mudstone, with quartzite 

and chert subordinate. Their source may be any of the older lithologies 

described from the study area, or from Torlesse terrane to the west and 

southwest. Clay and feldspar studies by Rumeau (1965, 1966) suggest 

provenance of the Whangai Formation, and perhaps the upper Karekare 

Formation, from a landmass of acidic rocks to the east, from the Late 

Raukumara Series to the Teurian Stage. A double sided basin is 

suggested by Katz (1974) and Speden (1978). The writer has found no 

evidence of an eastern provenance, and questions the necessity to 

digress from a western source proven from older rocks. 

4.1 g ENVIRONMENT AND PROCESSES OF DEPOSITION 

The general environment of deposition is the same as that described for 

"Rakauroa Formation" (obsolete name for Whangai Formation) by Speden 

(1975) - a slow rate of deposition of sediment derived from a mature 

landscape. This environment is inferred from the provenance of muddy 

sediments, high silica content and common glauconite and pyrite. 

However, the different phases now recognised indicate that the depositional 
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environment is more complex. Facies of Pickering et al. (1986) within 

the formation include G1 and G2 and possibly E1.3 and E2.1. A lternati on 

from siliceous to calcareous phases may represent sea level fluctuations 

during deposition, which have an effect on the carbonate compensation 

depth (Berger 1974}. The environment was perhaps a basin in very 

stable conditions on the continental shelf, separated from terrestrial 

influences by some kind of barrier. However, shelf depths are too 

shallow to De influenced by chemi'cal variations at the carbonate 

compensation depth, although that depth is thought to have been at 

higher levels (ftPproximately 3.2 km depth} in the ocean at this time 

(van Andel et al. 1977). 

The absence of hard shelled macrofossils is probably indicative of 

a soft muddy sea-floor unsuitable for habitation (Speden 1975), but 

trace fossils and bioturbation have been noted. 

local reducing conditions. 

Pyrite nodules imply 

The basal Owhena Sandstone is thought to be conformable above 

Karekare Formation. However the presence of a thin basal sandstone, 

which is the only lithology in the autochthonous sequence of Piripauan 

(Campanian) age, may follow a hiatus in deposition during much of the 

Piripauan. Less than 2 km beyond the western boundary of the study area 

in the upper Waitahaia River, Steineke (1934). has demonstrated a clearly 

exposed disconformity between Karekare and Whangai Formations. In the 

Mangaotane to Matawai area, further southwest, the Tahora Sandstone at 

the base of the "Rakauroa Formation ll CWhangai Formation) - a lateral 

equivalent of the Owhena Formation (Phillips 1985) - is unconformable 
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upon the Karekare Formation with the Piripauan Stage absent at most 

localities (Speden 1975; Isaac 19771. The Tahora Sandstone has been 

interpreted as being deposited in a near-shore environment (and 

partly marginal marine), perhaps close to a rising fault block (~oore 

1978[. 



4.2 TIKIHORE FORMATION (Black 1980) 

4.2 a DEFINITION AND DISTRIBUTION 
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Black (1980) erected Tikihore Formation in the Mangatu area (approximately 

50 km NNW of Gisborne) for carbon-rich, alternating medium grained 

sandstone and mudstone. He combined the East Coast Tapuaeroa and 

Raukumara Formations (Ongley and Macpherson 1928), because of the lack 

of an unconformity between them at Mangatu. Tikihore Formation is now 

considered to be part of an allochthonous complex spanning the upper 

Mangatu and Waipaoa River catchments (Moore 1981; P;R; Moore, New Zealand 

Geological Survey, pers. comm., 1982). Carbonaceous, sandstone

dominated,alternating sequences outcropping within the allochthon in the 

Waitahaia area (Figure 4.4) are assigned to the Tikihore Formation, rather 

than to the Tapuaeroa Formation, because they closely resemble units at 

Mangatu (pers. observ. 1982) and because they lie in a similar position 

within the allochthon and along the 'tectonic strike ' , 30 km from the 

Tikihore Formation at Mangatu. The grey sandstone lithofacies, described 

from the Ihungia Catchment to the east (Kenny 1984a,b) and upper Waitahaia 

Catchment to the west (Phillips 1985) may also belong to the Tikihore 

Formation. 

The formation is confined to internally deformed allochthonous sheets 

(Chapter 9.5) between Whakoau Trig and Whakoau Stream in the southwest 

of the study area (Figure 4.4), where it is poorly exposed and often 

too weathered for analysis. 

4.2 b STRATIGRAPHY AND SEDIMENTOLOGY 

In the study area the Tikihore Formation consists of alternating 

carbonaceous sandstones and siltstones in the ratio of 2 : 1 to 10 1 



~ 
=;-.:;::;:;~-:;:7i&-

D 
~ 

1 2 etc. 

~ Ci". 
~ 

Ci"Q> 

50 

rivers and streams 

roads 

area occupied by 
Tikihore Formation 

fossil localities 

6340000'\ J'",., 
(3Q>~ 

35 

A 

2950000 

n?>'<1-

S"'~ 

o 2 km 
I E=3 E3 55 

-7==\ 
.~# '\ 

"'"", ~ 
'\ tfq1: 

'I::",~:1 
~~ -f°40 

"""~::p==""" 
/}. 11- _",-

. ~ 
PirauauTr19 ""'~ _ #:::::, 

40-J 

...... 
C> 

" 
-Po ..... 

lO 
C 
-S 
ro 

-"'" 
-"'" 

0 ..... 
VI 
c-+ 
-S ...... 
cr 
c 
c-+ ...... 
0 
::s 

0 
--t, 

-l ...... 
A ...... 
:::r-
0 
-S ro 
OJ 
0 
-s 
3 
OJ 
rt ...... 
0 
::s 
...... 
::s 

rt 
:::r-
ro 
VI 
rt 
C 
0.. 
'< 
OJ 
-s 
ro 
OJ 

• 



105 

with rare, laterally discontinuous, coarse sandstones and conglomerates. 

Sandstone units are friable, carbonaceous, noncalcareous, medium grey 

(weathering to brown), fine to medium grained, moderately to poorly 

sorted, normally graded (AU 38893), and vary from 50 - 500 mm in 

thickness. Occasional beds exceed 3 m thickness. Fine parallel 

lamination is the most common Bouma division (Tb), with massive intervals 

and ripple cross bedded laminae (T and T ) usually subordinate (AU 38894): a c 

Carbon fragments are often aligned parallel to presumed current flow. 

Pyrite nodules are rare. Intervening siltstones are dark grey, non-

calcareous, carbon-rich and rarely possess a jarositic efflorescence, 

similar to the Whangai Formation. The lithology is sometimes calcareous. 

Calcareous concretions (sometimes with cone-in-cone exterior} are common 

as Tikihore-derived float material, but their position in sandstone or 

siltstone units could not be determined. 

Coarse sandstones and conglomerates are also more common as float than in 

situ. Clasts are up to 100 mm long but average 10 - 20 mm in length. 

They are well rounded, often very weathered, matrix-supported by grey 

sandstone, and lack discernable fabric. Conglomerate constituents 

include Taitai-like sandstone, other fine grained sandstones and mudstones 

resembling Cretaceous lithologies described in Chapter 3 (AU 38895), and 

chloritised basalt clasts (AU 38896}, as well as fossil fragments (see 

section 4.2 e). 

Glauconite, documented by Black (1980) as being common, especially in 

upper Tikihore beds, was only observed at Locality 1 (Figure 4.4) 

(AU 38897). Reliable, undistorted basal planes are rare, and no sole 

markings were recorded. 
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4.2 c PETROGRAPHY 

Moderately to poorly sorted, fine to medium grained sandstones (AU 38893, 

38898, 3889S) and a siltstone (AU 38894) were examined in thin-section 

(Table 4.3). Monocrystalline detrital quartz grains are angular to 

subangular and fresh in appearance. Cloudy subangular to subrounded 

albite is the dominant feldspar, with altered, subrounded orthoclase and 

plagioclase (An 30 - oligoclase/andesine boundary) less important and 

probably partially albitised. Lithic fragments are almost as common 

as quartz . Half to 2/3 of them consist of rounded aggregates of 

subangular, cloudy quartz (quartzite), while most of the remainder are ' 

rounded, brown-coloured unresolvable siliceous material. Rounded dark 

grains with silt-size components of quartz, vaguely aligned feldspar 

and chlorite in a clay matrix are rare. 

Accessory minerals include large flakes of biotite, often partly 

chloritised, amorphous opaque grains of pyrite and rutile, and rare 

chromite and ilmenite. Long rods and tiny wisps of carbonaceous 

fragments are very common. The matrix consists of clays, with patches 

of siliceous cement, areas of albitisation or chloritisation, and darker 

lenses rich in iron. Sample AU 38899 is calcareous with a micritic 

Table 4.3: Percentages of minerals in Tikihore Formation sandstone 
samp1es AU 38893, 38898 and 38899, and siltstone AU 38894. 

100 points were counted for the first two sandstones, where 
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cement throughout and authigenic spa r ite growths along many anastomosing 

veins. The same sample contains a f ew coarse sand grains concentra t ed 

at one end of the thin-section. The grains are lithic fragments of 

siliceous mudstone, s i ltstone with ch l orite and rare carbonaceous fragmen t s, 

and sparite, al l surrounded by a fringe of ext remely fine radiating 

micritic material. Interstitial fine grained sand particles are quartz, 

albite, pyri t e, titanite and sparite in a micritic matrix. 

X-ray diffraction of mudstones from the calcareous sample AU 38899 and a 

carbon-rich sample (AU 38900) was undertaken (Table 4.4). The former 

contains 23% quartz, 22% feldspar, 45% accessories (of which 39% is 

calcite), and 10% clays; the latter contains 39% quartz, 27% f eldspar, 

13% accessories (with only 2% calcite), and 21 % clays ( ~ of which is 

ch 1 orite). 

Tikihore Formation sandstones plot as feldspathic sedi mentary li t harenites 

(refer to the QFL diagram, Chapter 6). 

volcanogenic in the west (Black 1980 ) . 

The formation becomes more 

Table 4.4: Percentages of minerals identi f ied f rom a calcareous sample 

(AU 38899) and a carbon-rich sample (AU 38900) of the 
Tikihore Formation, using X-ray diffraction. (*tr = trace ) 
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4.2 d THICKNESS 

All Tikihore Formation is involved in complexly folded and sheared 

allochthonous sheets together with Whangai Formation, and the maximum 

true thickness of undisturbed material is only about 30 m. Black 

(1980) estimates a total thickness of the whole formation as 600 m, but 

a large proportion of this is probably not present at Waitahaia (see 

section 4.2 e) . 

4.2 e AGE AND PALEONTOLOGY 

At Mangatu, Black (.1980) collected faunas (including a full range of 

Inoceramus species) consistent with Arowhanan to Haumurian Stages (Upper 

Cenomanian to Maastrichtian). However in the study area only Inoceramus 

pacificus Woods (samples Y16jf631 and Y16jf632) and ~ cf. pacificus 

(Y16jf633), identified by I.G. Speden (New Zealand Geological Survey, pers. 

comm., 1983, were found. A further five specimens (Y16jf634, Y16jf635, 

Y16jf636, Y16jf637, Y16jf 638) are indeterminate, but probably I. pacificus. 

Samples Y16/f631, 632, 633, 637 and 638 were found in float material, 

locally derived, from the area between Localities 1 and 2 (Figure 4.4). 

Samples Y16jf634, 635 and 636 are probably from the same area, but were 

recovered from float material at Locality 3. 

Inoceramus pacificus Woods is an index fossil for the Piripauan Stage 

(approximately Campanian), thus proving the Tikihore Formation in this 

area to be Piripauan in age, and therefore moderately high in the sequence . 

Large oyster fragments were observed at Locality 4 in calcareous 

concretions . 
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Pick (1962b) discovered Inoceramus pacificus from the area between sites 

now labelled Localities 1 and 4 (Figure 4.4) and also from Locality 5, 

which was judged earlier (Chapter 3.2, Figure 3.5, Locality 3) to be 

Waitahaia Formation. Pick also found I. opetius Wellman in a loose 

boulder at Locality 1, which if correct, established a Teratan age 

(Santonian) for the Tikihore Formation for in situ rocks somewhere just 

upstream from that location. 

4.2 f PROVENANCE 

The quartzite and brown siliceous mudstone microscopic lithic fragments 

are from a sedimentary source - any of the lithologies described in the 

previous chapter (Clarence and Raukumara Series) or the Torlesse and 

Mata River terranes could be possible sources. The dark grains with 

aligned feldspars are probably of volcanic origin. 

Some of the clasts within the conglomerates are sandstones with a 

slight green tinge, typical of Taitai Sandstone Member of the Mokoiwi 

Formation (section 3.1). Other sandstone and mudstone clasts are 

probably derived, like the microscopic lithic fragments, from lithologies 

of the Clarence and Raukumara Series, or older. Derivation of the 

altered basalt clasts is more obscure. Black (1980) favours Matakaoa 

Basalt, now exposed as two large allochthonous massifs in northern 

Raukumara Peninsula, as the source; but petrological similarities have 

yet to be proven. 

As Tikihore Formation is allochthonous (Chapter 9.5) and at present 

lacks an obvious source area, it is difficult to ascertain from where 

the volcanic detritus was derived. 



110 

4.2 9 ENVIRONMENT AND PROCESSES OF DEPOSITION" · 

Characteristics of the Tikihore Formation at Waitahaia are consistent 

with the features described by Black (1980) - laterally discontinuous 

conglomerates, parallel and ripple laminations, abundant carbonaceous 

fragments and the varieties of macrofauna. He also found - "abraded 

samples of belemnites, corals and comminuted plant fragments with some 

larger stems (150 - 200 mm in diameter)" - (Black 1980 : 300). From 

this evidence he deduced that the depositional environment was a shallow, 

nearshore, high energy environment, subject to current sorting. 

Conglomerates at Mangatu are restricted to the upper Tikihore Formation 

and considered by Black (1980) to represent shallowing from Late 

Piripauan time. 

Generally the Tikihore Formation contains sediments belonging to the 

Facies C flysch model of Mutti and Ricci Lucchi (1978), and C2.1/C2.2 

Facies of Pickering et ale (1986). Conglomerates may belong to Facies 

A (Mutti and Ricci Lucchi 1978) for coarse grained sediments, or to 

Facies F chaotic material, but more complete exposures would have to be 

found in order to characterise the deposits further. 

The facies probably belong to a submarine fan association (Mutti and 

Ricci Lucchi 1978), as envisaged for the ?laterally equivalent Raukumara 

and Tapuaeroa Formations elsewhere (I.G. Speden, New Zealand Geological 

Su rvey, pers . comm., 1982) . 
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4.3 MANGATU GROUP (Wellman 1959b, after Henderson and Ongley 1916) 

Mangatu IISeries" was used by Henderson and Ongley (1916, 1920) and Ongley 

and Macpherson (1928) for clay shales, greensands, calcareous mudstone, 

and chalky limestone of the Mangatu Survey District and their presumed 

equivalents elsewhere. Wellman (1959b) described the assemblage and 

changed its rank to Mangatu Group. Black (1980) relegated the group 

to formation status in the Mangatu District, but this was questioned 

by Moore (1981 : 301). For the purpose of this study, the group status 

of Mangatu is retained. 

Seven lithofacies are recognised:-

a) grey siltstone (Mangatu siltstone lithofaciesl; 

b) dark brown to black siltstone (Wheturau siltstone lithofacies); 

c) dark green glauconitic sandstone (Te Waka greensand lithofacies); 

d) smectite mudstone (llbentonite ll ); 

e) muddy limestone (Whakoau limestone lithofacies); 

f) calcareous sandstones (Opossom Creek sandstone lithofacies), with 

correlative brown sandstone and breccia; 

g) pale green glauconitic sandstone (Hauturu greensand lithofacies). 

Large spherical concretions are decribed with the smectite clay because 

they are always associated with this material along fault planes and 

crush zones. However it is unlikely that they formed within Mangatu 

Group lithologies. 

Kenny (1984a) placed the Whangai and Weber Formations in the Mangatu Group 

in the Ihungia Catchment. Weber Formation (Lillie 1953} ,equivalent 

to the Tarndale marl lithofacies of Black (1980), was not recognised from 

the study area, and the Whangai Formation has been described separately 

in section 4.1. The mappable lithofacies within the Whangai will soon 
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be formalised as members, thus rcquiring the Whangai Formation to be 

redefined (P.R. Moore, New Zealand Geological Survey, pers. comm., 1986). 

It is also proposed to remove the Whangai Formation from the Mangatu 

Group. 

4.3 a MANGATU SILTSTONE LITHOFACIES (informal, after Black 1980.) 

The Mangatu siltstone lithofacies has been named after the Mangatu Survey 

District by Black (1980) for well-bedded calcareous siltstone and fine 

sandstone. It is equivalent to the Mangatu shale of Ongley and 

Macpherson (1928) and is a lateral correlative of the Whangai/Rakauroa 

Formations (Black 1980). 

Sheared and weathered Mangatu siltstone is poorly exposed (Figure 4.5). 

The siltstone, and rare interbedded very fine sandstones, are pale to 

medium grey (AU 38901), sometimes mottled (?bioturbation), with common 

jarosite coatings (AU 38902) and occasional iron staining. The fresh 

rock smells strongly of sulphur. It is not calcareous (unlike the 

equivalent at Mangatu), probably because of leaching of calcite . It 

corresponds approximately to Facies 01.2 of Pickering et al. (1986). 

A poorly sorted, very fine grained sandstone (AU 38901) was thin-sectioned. 

An electron-microprobe count of 100 points gave 28% subrounded, mono

crystalline quartz, 3% cloudy brown albite (possibly an albitised 

feldspar), 10% small euhedral pyrite, 3% glauconite, 5% carbonaceous 

fragments, 9% lithic fragments (round aggregates of subrounded quartz 

grains - quartzite) and 42% dark siliceous clay matrix. 

Results of X-ray diffraction of mud from Mangatu siltstone (AU 38903) 
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Table 4.5: Percentages of minerals identified f rom the Mangatu siltstone 

lithofacies, using X-ray diffraction. (*tr = trace) 
AU 38903 = siltstone; AU 38904 = jarosite 
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and from the jarosite coating (AU 38904) are shown in Table 4.5. 

Notice the very high count of illite/montmorillonite interlayered 

clays for the sample of jarositic coating . Mangatu lithofacies 

lies on the quartz litharenite/feldspathic quartz litharenite boundary 

on the QFL diagram (Chapter 6). 

,Mangatu siltstone reaches a maximum thickness of 10 m, at Locality 

1 (F i g u re 4 . 5 ) . Total thickness at Mangatu is estimated to be 500 -

600 m (P.R. Moore, New Zealand Geological Survey, pers. comm., 1982). 

Foraminifera indicate a probable age of Haumurian to Teurian 

(Maastrichtian to Paleocene) (C.P. Strong, in Black 1980), and suggest 

deposition without transport in a mid to outer shelf environment. 

4.3 b WHETURAU SILTSTONE LITHOFACIES (informal, after Black 1980) 

The Wheturau siltstone was named by Black (1980) after Wheturau 

Trig in the upper Waipaoa River catchment, for poorly exposed chocolate-



115 

brown to black, massive siltstone. It has been described as chocolate 

shale lOngley and Macpherson 1928) and sulphur mudstone (Wellman 1959a), 

and is probably equivalent to the Waipawa Black Shale of Finlay and 

Marwick (1947) in southern Hawkes Bay. The dark siltstone is restricted 

to poor exposures in the west of the study area (Figure 4.5) and is 

always associated with highly folded Tikihore or upper Whangai (especially 

"Waingata Limestone") lithologies, both in the autochthon and the 

allochthon. Its stratigraphic position is unclear from the study area 

because of subsequent folding and shearing (Chapters 8.8 and 9.5), but it 

is known to conformably overlie Whangai Formation in Mangahonga Stream 

(a northern tributary of the Tapuaeroa River, 20 km north of the study 

area) (pers. observ., 1984) and in southern Hawkes Bay (Lillie 1953). 

It conformably overlies Mangatu siltstone and is in turn overlain by 

Tarndale marl lithofacies of Black (1980) (pers. observ., 1982) in Te 

Weraroa Stream at Mangatu. 

Wheturau lithofacies is a very dark brown to black, massive, noncalcareous 

siltstone (AU 38905). It is often termed "black shale" (Tourtelot 1979) 

and as such, probably belongs in Facies E2.2 of Pickering et al. (1986). 

Occasionally it is concealed by a jarositic coating or iron stained 

orange-b_rown. Newly exposed samples smell sulphurous. Mi croscope 

analysis of thin-section AU 38906 revealed silt and less frequent sand-

size grains in a dark brown, siliceous matrix. The grains are subangular 

to subrounded quartz (38%1, subrounded cloudy albite (10%) and plagioclase 

(An 15 - oligoclase; 2%1. muscovite wisps (7%), subhedral pyrite (25%), 

amorphous free sulphur (15%1 and flakes of glauconite (3%). Darker 

lenses of unresolvable material are rich in sulphur, but contain no iron. 

X-ray diffraction analyses of Wheturau siltstone (AU 38907 and 38906) are 

shown in Table 4.6. Averaged constituents are 67% quartz, 8% feldspar, 
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Table 4.6: Percentages of minerals i dentifi ed from Wheturau siltstone, 
using X- ray diffraction methods. (*tr = trace) 
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AU 38906 71 4 4 1 t r 2 1 t r t r 3 tr 2 2 2 

12.5% accessory minerals and 12.5% clays. It is interesting to note 

the low count for free sulphur in the X-ray diffraction analysis, when 

sulphur is so conspicuous in thin-section. 

Wheturau siltstone has a maximum thickness of only 3 m at Waitahaia 

(Locality 2, Figure 4.5), but it is approximately 20 m thick in the 

Mangatu area (pers. observ., 1982). No sign of microfauna was seen 

in thin-section but scattered tubes of Terebellina (Webby 1968) are 

reasonably common macrofossils (AU 38906), and indicate anaerobic 

conditions. The age of Wheturau lithofacies is therefore uncertain; 

it is estimated to be Teurian (Paleocene) from its stratigraphic position 

above youngest Whangai Formation or Mangatu siltstone lithofacies. 

4.3 c TE WAKA GREENSAND LITHOFACIES (informal, after Black 1980) 

Te Waka lithofacies ha s been named by Black (1980) after Te Waka Stream 

in the upper Mangatu Catchment, for fine to medium grained, massive, 

dark coloured greensand with occasional carbon-rich siltstone lenses. 

Material resembling Te Waka lithofacies is exposed in the study area; it 
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underlies Mangatu siltstone lithofacies (4.3 a) in almost every instance 

with a sheared contact. 

The greensand is massive dark blue-green, calcareous, coarse to medium 

grained and poorly to moderately sorted (AU 38908), with streaks of red-

brown clay (AU 38909) and veins of calcite. Carbonaceous fragments are 

common, and may be as large as twig size (AU 38910 ) . A thin-section 

of the greensand was point counted (Table 4.7). Gl auconite pellets 

constitute approximately 50% of the thin-sections. They are rounded or 

oval in shape and may be as single grains or occasionally in aggregates 

of three to five pellets. Glauconite makes up a grain-supported 

framework which sometimes incl udes det r ital subangular, medium grained, 

Table 4.7: Percentage of minerals in sample AU 38908 of Te Waka 

greensand lithofacies. 150 points were coun t ed. 

(see Chapter 6 for methods ) 
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Table 4. 8: Percentage of minerals identified from Te Waka greensand, 

using X-ray diffraction methods. (*tr = trace) 
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iron-stained or colourless quartz grains. Interstices are filled 

with fine grained quartz and secondary minerals - opaques, chlorite 

and red to black hematitic clays. A clay sample (AU 38909) was 

analysed using X-ray diffraction techniques (Table 4.8). The high 

calcite count (micrite cement) reflects the calcareous nature of Te 

Waka greensand. The glauconite and hematite counts are surprisingly 

low for this lithology. 

As with the Mangatu and Wheturau lithofacies, Te Waka greensand is 

bounded by shears and is at most 3 m thick. The greensand is also 

fault-bounded in the Mangatu District, but attains a thickness of at 

least 20 m (pers. observ . , 1982). A microfaunal sample collected 

by Black (1980) at Mangatu has given a Teurian age, suggesting that 

although it now outcrops beneath Mangatu siltstone, it is in fact 

younger. Also, because of the consistent association of Mangatu 

siltstone and Te Waka greensand, the contact between the two may once 

have been sedimentary. 

Greensands have been documented from the base of the Mangatu siltstone 

(Black 1980) and glauconite-rich coarse sandstones were found as float 

debris in the Ihungia Catchment (Kenny 1980). No examples of these 

lithologies were observed in the study area. 

4.3 d SMECTITE MUDSTONE LITHOFACIES (Fergusson 1985) 

Until a detailed analys i s of smectite mudstones throughout the East 

Coast Deformed Belt (Sp5rli 1980) was undertaken by Fergusson (1985), 

this lithology was described as "bentonite". By definition, bentonites 

are commonly regarded as originating from in situ submarine alteration 
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of volcanic ash or tuff (Grim and GOven 1978), but recently this 

derivation has been disputed for the lithology in the East Coast region 

(Kenny 1980; Pettinga 1980; Fergusson 1985 ) . Pettinga (1980) concluded 

that the "bentonitic mudstones" are merely montmorillonite-rich clay 

introduced to the environment by normal turbidite and hemipelagic 

sedimentation. Fergusson (1985) argued that East Coast "bentonites" 

should be termed "smec tite mudstones". 

Smectite mudstones in the study area are only exposed along shear zones, 

where they have been squeezed through planes of weakness from inferred 

deposits beneath. Like true bentonites, the material swells when wet 

and shrinks when dry, displaying a typical cobweb-type jointing pattern 

( Fig u re 4. 6 ) . It is a pale cream-grey colour (AU 38911), but is 

discoloured by weathering inclusions of lithologies incorporated into 

the smectite during movement along the shear zones (Kenny 1980). Most 

common discolouration is a red mudstone (AU 38912) which often accompanies 

the smectite mudstone (Figure 4.6). A thin-section of swelling smectite 

was not attempted but X-ray diffraction analyses are shown in Table 4.9. 

The sheared mudstone and red mudstone have significantly less smectite 

Table 4.9: Percentages of minerals identified from smectite mudstone 
(AU 38911) , shea red smectite (AU 38913 ) and red mudstone 

(AU 38912), ' using ' X-ray diffraction 'methods . ( *tr' = trace) 
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Figure 4.6: Smectite mudstone, with red discolouration, from a wide 

shear zone at Locality 4 (Figure 4.5). 

Figure 4.7 : Wet, puggy smectite mudstone at Locality 5 (Figure 4.5) 
with large spherical concretions on the left of the 

photograph. 
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clay than the unsheared mudstone. The red colour may be caused by 

hematite and perhaps siderite and biotite . According to Fergusson 

(.1985) the smectite (swelling clay) mineralogy ranges from montmorillonite 

to mixed interlayers of about 50% montmorillonite (Mg-rich smectite) and 

50% beidellite (Al-rich smectite). She also believes that the red 

mudstones, which are :' rich in biotite in her' sam~les, ' and show. a rare 

volcanic input, are the closest lithology that the East Coast Deformed 

Belt has to true primary bentonite. 

Thickness estimates are meaningless for this lithology. It is Dannevirke 

to Bortonian (Paleocene to Mid Eocene) in age (Suggate et al. 1978) and 

probably belongs to the Wanstead Formation (Lillie 1953) described from 

southern Hawkes Bay. 

Large spherical concretions with medium to dark brown outer skin, are 

often associated with smectite mudstone (Figure 4.7). They were described 

from the Ihungia Catchment by Kenny (1980), but have not been found in 

situ in either area. Pick (in Vella 1959) described similar concretions 

in place in interbedded sandstone and mudstone sequences of the mid

Haumurian Stage (Middle Maastrichtian). An Inoceramid was tentatively 

identified by I.G. Speden (New Zealand Geological Survey, as Inoceramus 

hakarius-fyfei species group (in Kenny 1980), signifying the Ngaterian 

Stage (Upper Albian to Lower Cenmanian). 

The concretions are medium grey internally, with calcite growths in 

voids, but they lack concentric, radial or septarian patterns. Thin

section analysis by Kenny (1980) revealed an altered, fine grained, 

moderately sorted sandstone with pervasive micritic cement (probably 

indicative of carbonate metasomatism). Corroded, subangular quartz is 
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dominant, with subordinate sausseritised plagioclase and orthoclase, and 

lithic fragments (sedimentary and volcanic). Accessory minerals are 

biotite, muscovite, epidote, sparite, pumpellyite and chlorite. 

The association between the concretions and the smectite mudstones is not 

sedimentary. Since both lithologies are only found along faults or 

down-slope from the fault trace, their association may simply be that 

they are concentrated by fault action - smectite mudstone providing a 

lubricant and the concretions acting as ball-bearings. 

4.3 e WHAKOAU LIMESTONE LITHOFACIES (new lithofacies) 

The lithofacies is named after Whakoau Trig (Y16/51103668, Locality 1, 

Figure 4.8). It is contained in two shear-bounded allochthonous sheets, 

in the west of the study area. The higher sheet makes up Whakoau Trig 

and also a small area 2 km to the east (Locality 2, Figure 4.8). The 

majority of the lithofacies is contained in the lower sheet (Figure 

4. 8). It is the most extensive lithofacies in the Mangatu Group, in 

the study area. 

Whakoau lithofacies is a pale yellow-grey, marly limestone (AU 38914) 

with frequent sandier phases (AU 38915). A spaced flagginess of 20 -

30 mm which has developed along clay seams, probably equates with 

original bedding. Calcite veins are very common, and disseminated 

glauconite is sometimes visible. Zoophycos occurs (Figure 4.9), but 

was never observed in situ. 

Petrographically t he two limestone sheets are similar. Thin-sections 

(AU 38916, 38917, 38918 - upper sheet; AU 38919, 38920 - lower sheet), 
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Table 4.10: Percentages of minerals point counted from a sandy phase 

(AU 38915) of the Whakoau limestone lithofacies. 100 

points were counted. (For methods see Chapter 6) 
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Table 4.11: Percentages of minerals identified from Whakoau limestone 

using X-ray diffraction methods. Sample AU 38916 is from 

the upper sheet; AU 38921 is from the lower sheet. 
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show dominantly foraminifera (exclusively planktic) and micritic cement. 

Subordinate components are detrital, subrounded quartz, oligoclase and 

orthoclase, titanium-rich biotite, wisps of muscovite and authigenic 

euhedral pyrite, iron oxides (some of which have abundant titanium, 

indicating ilmenite or Ti-magnetite), glauconite, apatite and veins of 

sparry calcite. A sandy phase of the 1 imestone (AU 38915) CTable 4.10) 

is a very fine to fine grained, poorly sorted sandstone with abundant 

planktic foraminifera and rare echinoid fragments. Glauconite is more 

common than in the limestones. Subrounded, cloudy quartz and feldspar 
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(oligoclase and orthoclase), iron oxides, and sparry calcite are again 

present in micritic cement. X-ray diffraction analyses (described in 

Chapter 6) show calcite as dominant (51%) (Table 4.11). Fluorite is 

an unusual mineral in the study area. Clays are relatively uncommon 

compared with previously described lithologies. 

Typical Whakoau limestone lithofacies is a glauconitic biomicrite (Folk 

1962) but more arenaceous biomicrite phases are common. Macrofossils 

were not observed in Whakoau limestone. Extraction of the planktic 

foraminifera is difficult and was not attempted. Previous workers 

report Whaingaroan to Duntroonian ages (Lower to mid Upper Oligocene), 

determined on the existence of Catapsydrax aff. angipora (Vella 1959; 

Pick 1962a,b; G.H. Scott, New Zealand Geological Survey, pers. comm., 

1985). 

The upper limestone sheet attains a maximum estimated thickness of 130 m 

at Whakoau Trig (Locality 1, Figure 4.8) while the lower sheet seems to 

have a regular maximum thickness of 60 - 70 m. 

Similar limestone of equivalent age has been documented by Vella (1959) 

from approximately 2.5 km west of the study area and from locations 

13 km north, and 8 km northwest, of the township of Ruatoria. 

The Whakoau lithofacies resembles argillaceous Mahurangi Limestone 

(Whaingaroan to Duntroonian) , and overlying calcareous Wainui Siltstone 

(Waitakian) of Northland (Waterhouse 1966) to some extent. The 

Mahurangi Limestone is of the same age and has similar sedimentological 

and petrological characteristics to the Whakoau limestone, while the 

Wainui Siltstone is younger and contains volcanic detritus (Waterhouse 
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r Figure 4.9: Zoophycos trace fossil on a fallen block of Whakoau 

limestone. Hammer handle for scale. 

1966; F.J. Brook, New Zealand Geological Survey, pers. comm., 1985), not 

observed in Whakoau limestone. 

Whakoau lithofacies is thought to be a lateral equivalent of the Weber 

Formation (Lillie 1953) which was identified in allochthonous sheets in 

the Ihungia Catchment to the east of the study area (Kenny 1980, 1984a,b) 

(Locality 3, Figure 4.8). Melange material at Locali ty 4 (Figure 4.8) 

contains very calcareous, pale grey 'floaters ' of a lithology which 

could be Weber Formation. 
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4.3 f OPOSSUM CREEK SANDSTONE LITHOFACIES (new lithofacies) 

Allochthonous sheets of very calcareous sandstone with associated 

siltstone are found in the centre and west of the study area (Figure 

4.8). They have been grouped into one lithofacies, named after 

Opossum Creek which flows through the largest exposure of calcareous 

sandstone (Localities 5 to 6, Figure 4.8). 

The most common lithology is a yellow-grey, very calcareous, fine to 

very fine grained, moderately sorted, massive, internally featureless 

sandstone (Facies Sl .1 of Pickering et al. 1986) (AU 38922), found 

mostly in the more northern exposures. Very calcareous, grey to 

brown-grey siltstone beds (AU 38923), 200 - 500 mm thick, are 

sometimes interspersed with the sandstone, in sandstone: siltstone 

ratios from 2 : 1 in thinner-bedded sequences (for example Locality 7, 

Figure 4.8) to 10 : 1 (for example Locality 8). 

beds are sharp and planar. 

Contacts between 

Sandstones (Table 4.12) are dominated by micritic matrix which may 

contain small amounts of silica and iron. Detrital grains of quartz 

and feldspar (plagioclase grains are An 30 - oligoclase/andesine boundary) 

are cloudy and subrounded. 60% of the quartz grains are angular to 

subangular, fresh minerals. Lithic fragments are rounded grains of 

calcareous brown mudstone (100% of lithics in samples AU 38926 and 38922; 

25% of AU 38924), very fine grained sandstone partly replaced by 

carbonate (75% of AU 38925; 50% of 38924), and polycrystalline quartz 

(chert and quartz ite - 25% of AU 38925 and 38924) . Unusual accessory 

minerals are rare chromite, ilmenite and elongated, fibrous grains which 

resemble enstatite on electron microprobe data. Fragments of foraminifera 

tests (especially planktic) , i nfilled by micrite and some quartz, are 
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Table 4.12: Percentage of minerals in four sandstone samples of Opossum 

Creek lithofacies. 300 points have been counted from 

samples 38924 and 38922, and 100 points for 38925 and 38926. 

(see Chapter 6 for methods) 
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Table 4.13: Percentages of minerals identified from Opossum Creek 
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sandstone lithofacies, using X-ray diffraction. Samples 

AU 38927 and 38928 are from massive sandstones between 
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present in all but sample AU 38922. 

X-ray diffraction analysis of two sandstones (AU 38927 and 38928 - Table 

4.13) shows variation in percentages of quartz, feldspars and calcite, 

although accessory minerals and clays are more consistent. The sandstones 
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plot at the quartz-rich end of the sedimentary lithic feldsarenite to 

sedimentary litharenite fields (Chapter 6). 

In the west of the study area the lithofacies becomes dominantly silty. 

Fresh siltstone is pale brown-grey and calcareous (AU 38929), but is 

very prone to weathering and calcium leaching. An increase in quartz, 

glauconite, smectite and illite, compared with previous sandstone 

lithologies of the Opossum Creek lithofacies, is also notable. 

Around Locality 10 (Figure 4.8) a lithology closely resembling the mid

Cretaceous Taitai Sandstone Member of the Mokoiwi Formation (section 3.1) 

occurs. Around the Taitai-like sandstone, especially in a westerly 

direction, a breccia of Taitai material fines outwards to a grit, sandstone 

and finally the siltstone seen at Locality 9. The breccia contains 

angular Taitai-like sandstone clasts (AU 38930) up to tens of metres across, 

with smaller angular to subrounded clasts (centimetres across) of calcareous 

and siliceous Whangai Formation material (AU 38931), dark igneous pebbles 

(AU 38932 and 38933), fragments of Inoceramus and Belemnite in Karekare-

like mudstone, and oyster fragments up to 120 mm across, set in fine 

grained, noncalcareous brown sandstone. Clasts are sometimes aligned. 

Thin-sections of the breccia (AU 38934 and 38935) show lithic fragments 

of green-brown, iron-stained, fine grained sandstone (resembling Taitai 

Sandstone}, polycrystalline quartz and siliceous brown siltstone and mudstone 

(possibly from Whangai Formation) and calcareous pale brown mudstone 

(probably locally derived Landon-age material). They are supported by 

medium to fine grained, poorly sorted sandy matrix, constituents of which 

are listed in Table 4.14. 



Table 4.14: Percentages of sand grains and lithic fragments in two 

breccia samples. 50 and 100 point counts were made of 

AU 38934 and 38935 respectively. Subrounded, cloudy 
plagioclase varies from An 20 to An 35 . Biotite and 
interstitial matrix is partly chloritised. 
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AU 38934 18 8 12 4 2 6 2 4 10 34 

AU 38935 17 10 11 3 1 3 4 2 5 5 39 

At Locality 11 (Figure 4.8) the breccia has fined to a coarse grained, 

noncalcareous sandstone (AU 38936) with a silty matri x. From the 

distinctive greenish tinge of the sandstone, it is clear that Taitai-
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like sandstone makes up a large proportion of the grains. It is thought 

that the influence of noncalcareous Taitai-like sandstone extends into 

the siltstone at Locality 9 which, apart from its noncalcareous nature, 

is otherwise identical to calcareous siltstones described earl ,ier in the 

Opossum Creek lithofacies. From field relationships it appears that 

the breccia, coarse sandstone and siltstone lithologies are derived from 

the erosion of Taitai Sandstone. Karekare and Whangai Formation 

lithologies, igneous clasts and Landon-age calcareous mudstones were 

also introduced to the breccia during later Landon times. 

A brown, very calcareous, fine to medium grained, moderately to poorly 

sorted, massi ve sandstone (AU 38937) is sheared between the upper and 

lower Whakoau limestone lithofacies on the western slope of Whakoau 

(Locality 12, Figure 4.8). Thin-section study (Table 4.15) shows 75% 
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Table 4.15: Percentages of minerals counted in sample AU 38937 of 

brown sandstone assigned to the Opossum Creek lithofacies. 
300 points were counted. 
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AU 38937 21.3 9.7 1.7 8.3 0.3 3.0 .·1..7 1.0 12·.3 8;0 3~3 2.3 . 16.7 10,,3 

of the quartz to be subangular authigenic grains; the remainder, together 

with feldspar, are cloudy, rounded detrital grains. Round lithic fragments 

are calcareous brown mudstone (60%), brown siltstone (30%) and quartz-rich 

sandstone (10%). The brown appearance of the lithology is caused by brown 

lithics and common red-brown biotite, and is darkened further by glauconite 

and pyrite grains. The minerals are contained in a pale coloured micritic 

matrix . The brown sandstone is a sedimentary lithic feldsarenite on the 

QFL diagram (refer to Chapter 6). X-ray diffraction analysis (AU 38938), 

included in Table 4.13, shows a high proportion of alkali feldspar and 

calcite compared to other sandstones in the lithofacies. 

This lithology has also been recognised as weathered erosional remnants 

lying with sheared contacts upon the lower Whakoau limestone sheet, at 

isolated localities almost 2 km southeast of Whakoau Trig (Figure 4.8). 

The thickes t allochthonous sheet of Opossum Creek lithof acies is approximately 

150 m thick in the vicinity of Opossum Creek itself (around Localities 5, 

6 and 7, Figure 4.8). The Taitai-like sandstone sheet is also relatively 

thick at approximately 90 m (Locality 10). Other exposures are typically 
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only thin slivers. 

No macrofossils were observed in the Opossum Creek lithofacies. Micro-

fossils, almost exclusively fragmented planktic foraminifera, are common 

in thin-section. Vella (1959) and Pick (1962b) established a Waitakian 

(uppermost Oligocene) age for sandstones and siltstones from Opossum 

Creek lithofacies, which places them stratigraphically above Whakoau 

limestone lithofacies. A Waitakian to Otaian age has been established 

by H. Morgans (New Zealand Geological Survey, pers. comm., 1985) for 

sample Y16/f249 (Y16/55953900 - Locality 8, Figure 4.8) collected by 

Pick. 

4.3 g HAUTURU GREENSAND LITHOFACIES (new lithofacies) 

Hauturu greensand lithofacies is found in the vicinity of Hauturu Stream 

in the far west of the study area (Figure 4.8). It is confined to one 

30 m-thick allochthonous sheet clearly underlying Whakoau limestone 

lithofacies, and a tiny sliver caught in a crush zone 300 m to the 

southeast. The lithofacies consists of massive to poorly bedded or 

vaguely laminated, fine grained, well sorted, calcareous greensand 

(AU 38939) . Its medium olive green colour distinguishes it from the 

much darker blue-green Te Waka greensand lithofacies. Green-grey 

mudstone lenses are uncommon. "Ironstone nodules" (AU 38940) occur in 

the greensand around Locality 13 (Figure 4.8). 

Thin-sections (Table 4.16) reveal high proportions of subangular quartz 

and glauconite flakes in a partly micritic, partly siliceous and iron-

rich matrix. Subrounded, cloudy feldspars are completely masked by 

brown, iron-rich material in AU 38939. A thin-section t hrough an 
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"iron nodule" (AU 38940) indicated that similar mineral proportions are 

present, although iron oxides and rutile are added. The nodular 

appearance is therefore probably only a weathering feature. 

X-ray diffraction (Table 4.17) of Hauturu greensand (AU 38942) shows a 

predominance of quartz, feldspar and calcite, with subordinate glauconite. 

Accessory and clay minerals are very minor. 

Hauturu greensand has been compared to Te Waka greensand (section 4.3 c) 

by proportioning the quartz, glauconite and total calcite contents of 

each sample (Figure 4.10). Neglecting the anomalously low calcite 

figure for Te Waka greensand in thin-section, the obvious difference 

Table 4.16: Percentages of minerals in AU 38939 and 38941 of Hauturu 
greensand 1 i thofaci es . AU 38940 is an "i ron nodule" 
within the greensand. 300 poi nts were counted for the 
fi rst two examples, and 100 points for AU 38940. 
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Table 4.17: Percentages of minerals identified from the Hauturu 

1 ithofaci es using X-ray diffraction. (*tr = trace) 
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Figure 4.10: Diagram showing proportions of quartz, glauconite and 

total calcite in thin-sections and X-ray diffraction 
samples of Te Waka and Hauturu greensand lithofacies. 

Note that the calcareous nature of the Te Waka 
lithofacies was only apparent in the X-ray diffraction 
analysis, but not in thin-section analysis, hence the 

very low calcite reading for the latter in this diagram. 

QUARTZ 

GLAUCONITE 

Hauturu lithofacies 

a thin-sections 
• X-ray diffraction 

Te Waka lithofacies 

o thin-section 
• X-ray diffraction 

CALCITE 

between the two lithofacies is that Te Waka greensand has approximately 

1.5 times as much glauconite per sample as Hauturu greensand, at the 

expense of quartz. 

diffractograms. 

The feature is not as pronounced in X-ray 

Greensand described from Hauturu S~eam by Pick (1962b) is considered here 

to be Hauturu lithofacies. It has been given a Waitakian (uppermost 

Oligocene) age based on foraminifera by Pick. The microfauna has been 

re-examined by G.H. Scott (New Zealand Geological Survey, pers. comm., 
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1985) and assessed as being of Waitakian to Otaian age (uppermost 

Oligocene to lowermost Miocene), most likely Waitakian. 

Hauturu lithofacies is similar to the greensand lithofacies described 

from the Ihungia Catchment to the east (Locality 14, Figure 4.8) 

(Kenny 1984a,b) . However the latter has been given a Whaingaroan 

to Duntroonian (Lower Oligocene to mid Upper Oligocene) age by Pick 

(1962b). 
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4.4 DISCUSSION 

4.4 a ENVIRONMENT OF DEPOSITION 

Following flysch sedimentation in the Clarence and Raukumara Series, 

there is a general fining upwards during latest Cretaceous and Paleocene 

times. Hemipelagic siliceous or calcareous shales (Whangai Formation 

and Mangatu lithofacies) with rare black shale and glauconitic sandstone 

(Wheturau and Te Waka lithofacies) are replaced by smectite-rich 

mudstone ("bentonite") through until Mi ddl e Eocene. 

The dominantly noncalcareous pre-Oligocene lithologies are replaced in 

the Oligocene by highly calcareous lithologies, after an apparent hiatus 

in the Late Eocene. Limestone accumulation in the form of pelagic 

carbonate muds (Whakoau lithofacies) persisted for most of the Oligocene, 

possibly in isolated basins on the continental margin, protected by 

barriers from terrestrial influences. Highly calcareous seclimentation, 

represented by Opossum Creek sandstone and Hauturu greensand lithofacies, 

continued into the Late Oligocene. 

Original stratigraphic relationships are no longer preserved in the 

allochthon. Slow deposition of very fine grained material in isolated, 

tectonically stable, sediment-starved basins is indicated by lithological 

and micropaleontological evidence. Other allochthonous sheets contain 

an abundance of terrigenous detritus (Tikihore Formation). It is 

envisaged that the Tikihore Formation is a lateral equivalent of the 

upper Karekare and lower Whangai Formations (Figure 4.11), deposited in 

a more proximal position to an eroding, vegetated landmass. Mangatu 

siltstone is possibly only a local equivalent of Whangai Formation, but 

its relationship with the Tikihore Formation is not known. 
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Figure 4.11: Simplified representation of pre-allochthonous stratigraphic 
relationships of Upper Cretaceous and Paleogene lithologies. 
Relative areal extent of each lithology is not intended 
to be represented by the spaces assigned in the diagram. 

Hg = Hauturu greensand, OCs = Opossum Creek sandstone, 
Ws = Wheturau (black) siltstone, TWg = Te Waka greensand. 
New Zealand stage symbols are after Stevens (1981). 

Po 
20 Ma 

Lw H OCs 

Lwh/Ld Whakoau 1 imestone 

Ak/Ar ? 40 Ma 

Dw/Ab smectite mudstone 

Dt Whangai Mangatu 60 Ma 
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Rt/Mp Karekare 80 Ma 

Formation 

Ra/Rm 
~------------------------------~ 

Cn 
100 Ma 

Although sandy lenses were observed in the limestone, terrigenous detritus 

only became dominant during the last 3 Ma of the Oligocene, in the 

calcareous sandstones and siltstones of the Opossum Creek lithofacies, 

and in the Hauturu greensand lithofacies to a lesser extent. Breeci a 

(in the Opossum Creek lithofacies) represents material shed from a Taitai-

like sandstone block protruding during the Late Oligocene. Brown 

sandstone (also assigned to the Opossum Creek lithofacies) contains 
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abundant glauconite and may be a local equivalent of the Hauturu 

greensand or a link between the paler Opossum Creek sandstone, now found 

at Opossum Creek (Localities 5, 6 and 7, Figure 4.8), and the greensand. 

4.4 b PETROGRAPHICAL COMPARISONS 

Older lithologies (uppermost Cretaceous to Eocene) tend to be siliceous, 

while Oligocene lithologies are highly calcareous. This trend is . 

evident in Table 4.18 and to a lesser degree in Table 4.19 by the amount 

of silica versus calcium in the matrix. Exceptions, which tend to 

distort the averaged percentages, are calcareous phases of the Whangai 

Formation, uncommon calcareous Tikihore lithologies and noncalcareous 

Taitai-like breccias and grits of the Oligocene Opossum Creek lithofacies. 

Pyrite is an important constituent for Wheturau (black) and Mangatu 

sil tstones. 

A simplified QFL diagram (Figure 4.12) shows relative proportions of 

quartz, feldspar and lithics for those lithologies containing rock 

fragments. A comparison of these points with the simplified equivalent 

diagram for Cretaceous lithologies (Figure 3.21, section 3.4 b) 

indicates an increase in quartz and decrease in feldspar from Cretaceous 

to Lower Tertiary lithologies. Lithic fragments are rather minor 

components or are lacking all together in these lithologies. In order 

to compare them more adequately and not to be constrained by the 

availability of arenaceous samples to be fitted into a QFL diagram, the 

averaged minerals of Table 4.18 have been placed in a modified 

triangular diagram (Figure 4.13). Most of the IIremainderll of minerals 

are calcium-rich (sparite, micrite or fossil fragments ) and/or glauconite 

pellets. The diagram clearly shows the variation in siliceous and 
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Figure 4.12: Simplified QFL diagram of lithologies in the Whangai and 
Tikihore Formations and Mangatu Group which contain 

1 ithi c fragments. 0 = Owhena Formati on, W = sandstone 
lens in "Waingata Limestone", T = Tikihore Formation, 

M = sandstone from Mangatu siltstone, OC = Opossum Creek 
sandstone and brown calcareous sandstone. 

QUARTZ 

FELDSPAR LITH I CS 

calcareous lithologies while the detrital accessories (including feldspar) 

remain at roughly similar values. 

Table 4.18 does not indicate variations in the nature of the lithic 

fragments. The majority of lithics, in lithologies containing those 

f ragments, are of sedimentary origin, probably derived from local 

Cretaceous rocks exposed at the source(sl of the allochthonous sheets 

(Part III, Chapter 9.10). Volcanic lithics occur in Tikihore Formation 
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Figure 4.13: Triangular diagram showing proportions of total quartz 

(monocrystalline quartz and siliceous matrix), detrital 
accessories (feldspar, biotite, muscovite, epidote and 
apatite) and the remainder of minerals (mostly lithic and 
fossil fragments and authigenic minerals). 
H = Hauturu greensand, OC = Opossum Creek sandstone, 
L 

W 

C 

S 

0 

= 

= 

= 

= 

= 

Whakoau limestone, TW = Te Waka greensand, 
Wheturau siltstone, M = Mangatu siltstone, 
calcareous phases of the Whangai Formation, 
siliceous phases of the Whangai Formation, 
Owhena Formation, T = Tikihore Formation. 

(A younging trend is not able to be demonstrated.) 
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and in the breccia of Taitai-like sandstone in the Opossum Creek 

lithofacies. The origin of the altered basalt fragments in the 

Tikihore Formation is uncertain. 
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Table 4.18: Average percentages of minerals fron} Whangai and Tikihore Formations and the Mangatu 

Group. (*tr = trace) 
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Table 4.19: Average percentages of muds in Whangai and Tikihore Formations and the Mangatu Group, analysed using 

X-ray diffraction methods (*tr = trace). Remember (Table 3.10) that precision is not as great as 

the decimal point appears to suggest, but is simply the result of division during averaging of results. 
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Mangatu siltstone 52.0 4.0 5.5 9.5 1.5 2.5 1.0 0.5 - 1.0 - - 1.5 3.5 0.5 5.5 tr 0.5 - 0.5 0.5 1.5 1.0 2.0 2.5 9.5 2.5 0.5 tr 

ca l careous phases 56.2 10 . 5 2.8 13.3 13.0 2.0 tr tr - 0.5 - - 1.0 2.3 0.5 1.0 0.3 0.5 - 1.2 - 1.8 1.0 0.8 1.5 1.2 1.2 0.7 tr of \·Jhangai Fonnation 

s ili ceous phases 68.5 4.5 5.8 10.3 1.1 1.8 tr tr - tr - tr 1.13.1 tr 2.1 0.4 0. 4 - 1.6 0.6 1.3 1.1 1.0 1.3 1.6 1.5 0.4 0.4 of Whanga i Fonna t ion 

Tikihore Formation 31.0 10.5 14.0 24.5 20.5 0.5 tr 1.0 "1.5 2.5 tr 1.5 0.5 1.0 - 3.0 1.0 2.5 1.5 2.0 1.5 1.0 2.0 1.0 tr ~ 

~ 
w 
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It is suggested that the sources which supplied volcanogenic detritus 

to the Mokoiwi and Waitahaia Formations, continued to supply it to 

the younger proximal offshore basin(s} (Tikihore Formation), while 

more distal environments (Karekare quartzofeldspathic flysch and 

Whangai hemipelagic mud) were cut off from the material. 

The breccia of older lithologies (especially Taitai-like sandstone) 

within the Oligocene Opossum Creek lithofacies contains rare dark 

volcanic clasts and lithic fragments (section 4.3 f). These igneous 

constituents may be derived from local volcanic activity at the 

unknown source of the allochthonous sheet (refer to Part III, Chapter 

9.10) or from volcanic clasts from the Taitai-like sandstone itself, 

as found elsewhere (section 3.1). 

4.4 c REGIONAL COMPARISONS 

Youngest cretaceous and Paleogene rocks in the study area are very 

similar. to sediments of the same age from Raukumara Peninsula to 

Marlborough and in Northland (Suggate et al. 1978). Whangai 

Formation was first described from southern Hawkes Bay (Quennell and 

Brown 1937; Lillie 1953) but can be extended north to the "Rakauroa 

Formation" (Jablonski 1933) and Whangai lithologies of Raukumara, 

and south into eastern Wairarapa (Moore 1980). Equivalent lithologies 

are represented in Marlborough by the Haumurian (Maastrichtian) 

Wool shed, Mirza and Butt Formations and older strata of the Mead Hill 

Flint, and by the remainder of the Mead Hill Flint and oldest Amuri 

Limestone in the Teurian (Paleocene). The Mead Hill Flint is probably 

a similar lithology to siliceous upper Whangai with chert nodules of 

roughly the same age, mapped in the study area. Whangai-like facies 
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extend to the Ngatuturi Claystone of Northland (Hay 1960; Evans 1985). 

The Teurian aged Waipawa Formation of Wairarapa (Johnston 1975), a 

dark brown to black siltstone, known as Waipawa Black Shale in southern 

Hawkes Bay is equivalent to the Wheturau lithofacies. Other local 

Mangatu Group siltstone, mudstone, sandstone, marl, limestone and 

greensand lithofacies in the study area are paralleled by many local 

facies changes along the East Coast Deformed Belt (Spdrli 1980). 

Stoneley (1968) describes variable Paleogene calcareous and/or 

glauconitic sandstones and siltstones from the Maungahaumia area 30 km 

SSW of the study area. In the same region Mazengarb's (1982) Mangatawa 

Formation of Waipawan? to Porangan age (Early to Middle Eocene) non

calcareous greensands and glauconttic mudstones from outer bathyal to 

to abyssal depths (based on poor microfauna) probably equates with the 

Te Waka greensand lithofacies. Likewise his Oligocene Poupouha Formation 

continental slope greensands may be similar to the Hauturu greensand 

1 i thofaci es. 

Further south similar Waitakian (latest Oligocene) calcareous greensands 

are exposed on Whangara Island at the southern end of Whangara Beach 

(20 km NNE of Gisborne) where they overlie Whaingaroan to Duntroonian 

(Oligocene) "streaky mudstone" (Ridd 1964) probably belonging to the 

Weber Formation (D. Francis, New Zealand Geological Survey, pers. comm., 

1983; pers. observ. 1984). 

In southern Hawkes Bay "bentonites", mudstones and glauconitic sandstones 

are grouped together in the Lower Tertiary Wanstead Formation (Lillie 

1953). Restricted shelf basins of the Lower Tertiary are represented 

in eastern Wairarapa by glauconitic fine sandstones of the Huatokitoki 
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Formation (Moore 1980). In Marlborough the Wanstead Formation-type 

sediments of southern Hawkes Bay are represented by the Amuri Limestone 

and Benmore Bentonitic shale followed by an apparent break in sedimentation 

during the Late Eocene, at the same time a hiatus was recorded in the 

study area. Oligocene sediments of Marlborough - mudstones, chalky 

limestones and glauconitic sandstones of the Kekerengu Formation (Suggate 

et al. 1978) - are consistent with Oligocene deposits in the eastern North 

Island. 

Northland also contains local facies changes during the Paleogene, 

including dark shales, sandstones, greensands, limestones (Mangakahia 

Group, Waiomia Group, Opahi Group, Te Kuiti Group - Hay 1960; Suggate et 

al. 1978). 

Thus Mata Series and Paleogene lithologies of the study area conform to 

a pattern observed throughout the East Coast Deformed Belt - siliceous 

mudstones of latest Cretaceous and Paleocene age, with local black shales 

and greensands, followed by Eocene smectite mudstone ("bentonite ll
) and 

Oligocene marls and calcareous sandstones and greensands. The evidence 

conforms to a New Zealand-wide transgression over this period which 

leaves very limited emergent land area during the Oligocene (Suggate et 

al. 1978). As a consequence, siliceous terrigenous detritus eroding 

from diminishing Torlesse-type terrane during the Early Tertiary, makes 

way for highly calcareous material, deficient in terrigenous detritus. 



Chapter 5 - IHUNGIA FORMATION 
(Lillie 1953, after McKay 1887) 
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The Ihungia Formation was researched closely, within the adjacent Ihungia 

Catchment, in a former study (Kenny 1980, 1984a). The dominant mudstone 

and flysch phases, documented in that study, continue into the Waitahaia 

area. Descriptions which follow are based partly on that study and 

partly on current work, and include new features only recognised in the 

Wa itaha i a a rea. 

5.1 DEFINITION AND DISTRIBUTION 

The "Ihungia beds" were named after the Ihungia River (immediately east 

of the present study area) by McKay (1887), to include massive sandy 

mudstones and sandstones with conglomerate beds outcropping in 

Makahikatoa Stream (Y16/672359 to Y16/683336), a tributary of the Ihungia 

Ri ver. Later the lithologies were divided into Ihungia Formation, 

containing flysch deposits, and Tutamoe Formation for massive mudstones 

and conglomerates (Ongley and Macpherson 1928; Burr 1940; Vella 1959; 

O'Byrne 1965; Laing 1972). However as flysch phases are interspersed 

randomly within the mudstone the formations were impractical and in time 

came to represent time-stratigraphic zones instead, with Ihungia 

Formation chosen for Otaian to Clifdenian strata (Early Miocene) and 

Tutamoe Formation for Lillburnian and Waiauan, and locally Tongaporutuan, 

beds (Middle and Late Miocene)(Laing 1972). As the two formations are 

essentially the same lithology, the name Tutamoe Formation was discarded 

(Kenny 1980) while the Ihungia Formation was retained, in the form 

originally described by McKay. 
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Black (1980) altered the name to Te Arai Formation for the Mangatu area 

on the grounds that separate Ihungia and Tutamoe Formations could not 

be distinguished. Nevertheless the name Ihungia Formation is retained 

for this study because it satisfies McKay's original definition, and 

because the beds are continuous from the Waitahaia region into the 

adjacent upper Ihungia Valley type area. 

Miocene rocks may be combined into a "Tolaga Bay Group" (C. Mazengarb, 

New Zealand Geological Survey, pers. comm., 1986) in the future. 

The formation comprises massive, very fine grained sandy mudstones and 

sandstones, with subordinate but widespread conglomerate and associated 

coarse sandstones, and local breccia and limestone facies. It covers 

the majority of the southern half of the study area (Figure 5.1). 

Upper and lower contacts are discussed in Part I I , Chapt er 9.12 and 

9.13. Briefly, t he Ihungia Formation rests with sheared lower contact 

upon Mangatu Group lithologies. The upper contact, with more 

sandstone-dominat ed lithologies is not present in t his area. 

5.2 BIOSTRATIGRAPHY 

Lithostratigraphic mapping alone is insufficient to record adequately 

the detailed stratigraphy of the formation, because lithofacies often 

cannot be traced between adjacent subcatchments. Also bedding, where 

visible , is often not consistent from one outcrop to the next, because 

of folding and faulting or recent small-scale slumping. Therefore a 

biostratigraphic map (map, back pocket) has been constructed, based on 

foraminifera in mudstones. 
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Standard procedures were used to extract and study the foraminifera. 

Analysis of the microfaunas was undertaken by F.J. Brook (New Zealand 

Geological Survey,Otara) in 1983/1984. His identifications enabled a 

subdivision of lithologies into stages (Otaian to Waiauan - Lower 

Miocene to lowest Upper Miocene) and substages in many examples (Lower, 

Middle and Upper Altonian; Lower and Upper Lillburnian). The sub

divisions were determined primarily on the foraminifera species listed 

in Table 5.1 and included in Appendix 2c. 

A biostratigraphic stage map (back pocket) was then compiled using the 

i nformati on, together with i dentifi cati ons by Pi ck (1962b) whi ch were 

revised by G.H. Scott (New Zealand Geological Survey, Lower Hutt) in 

1984/1985 (included in Appendix 2c). Positions of sampled localities, 

Pick's sample localities and the age determination have been added to 

the map. Boundaries between the zones have been drawn as precisely as 

possible, using available bedding orientation, and a best fit method, 

but constraining the boundaries accurately was impossible at this level 

of analysis. Therefore the map should be envisaged as giving only 

rough indication of the extent of the zones. The biostratigraphic map 

is drawn at the same scale as the lithostratigraphic map (back pocket) . 

5.3 DOMINANT IHUNGIA FORMATION LITHOFACIES 

The Ihungia Formation is typically mudstone-dominated flysch (Figure 5.2). 

Sandstone mudstone ratios, which vary from approximately 1 5 to 1 : 20 1 

have been added to the lithostratigraphic map (back pocket). There 

appears to be a tendency for high er ratios (1 : 5 to 1 : 10) within older 

sequences (Otaian to perhaps lowest Lillburnian), and lower ratios 

(1 : 10 to 1 : 20) within younger sequences (iillburnian and Waiauan). 
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At a ratio of 1 : 20 sandstone units often do not outcrop in small 

exposures and at these locations the formation appears to be simply 

massive mudstone. 

i) The predominant lithology is massive, grey to blue-grey, slightly 

to moderately calcareous, very fine grained sandy mudstone (AU 38943)., 

with variable amounts of carbonaceous material (AU 38944). Occasionally 

the mudstone has fine parallel laminations of darker, carbon-rich sandy 

mudstone (AU 38945). 

Isolated, small, unidentified, thin-shelled bivalves, as well as 

Gastropoda indet. ,?Thyasiridae indet., Nuculanidae indet. and Terebellina-

like tubes are sparsely disseminated throughout the mudstone. Sometimes 

comminuted shell fragments, together with granule-sized mudstone clasts 

(AU 38946), are concentrated in normally graded horizons approximately 

20 mm thick. These horizons are most common in the Lower and Middle 

Altonian and Upper Lillburnian Stages. Typical macrofossils and large 

m i c ro f 0 s s il s (i den t if i e d by F. J. B ro 0 k, 1984, and 1 i s ted i n full i n 

Appendix 2b), generally from turbidites, are Flabellidae, Dendrophyllia 

basal attachments, celleporiform, membraniporiform, reteporiform and 

vinculariform bryozoan colonies, Nuculidae, Saccella, Nuculanidae, Neilo, 

Cucullaea, Limopsis, Chlamys, Eucrassatella ampla (Zittel), Veneridae, 

Dentalium solidum Hutton, Laevidentalium, Zeacolpus _cf. fyfei ~1arwick, 

Turritellidae, Miliolina, Quingueloculina, Amphistegina and Lenticulina. 

Ihungia mudstones analysed using X-ray diffraction methods (Table 5.2) 

show no demonstrable changes between eastern and western localities and 

from Otaian to Waiauan Stages. 



Figure 5.2: Mudstone-dominated Ihungia Formation at Locality 2 

(Figure 5.1). 

5E NW 

Yellow-white, randomly distributed dolomite concretions (Kenny 1980, 

1984a,b)(AU 38955) of various shapes and sizes (from 10 mm to over 1 m 

across) are ubiquitous within the Ihungia Formation. Internally the 

concretions are very finely crystalline, grey to dark brown, with 

calcite growth in voids (Kenny 1980). X-ray diffraction was used to 

test earlier findings that dolomite makes up the bulk of these 

concretions (Kenny 1980). The concretion sampled (AU 38956) is 
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composed of 51% dolomite (Table 5.3); however, mudstone in contact with 

a concretion (AU 38957) only had a slight increase in dolomitic content 

compared with the X-rayed mudstone of Table 5.2. The concretion also 

had a slightly higher calcite percentage than the mudstones, had 

correspondingly less quartz and plagioclase, and lacked many of the 
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Table 5.2: Percentages of minerals in Ihungia Formation mudstone 

using X-ray diffraction techniques. (*tr = trace) 
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clays and accessory minerals present in t he mudstone. 

These dolomite concretions are distinct from the pale yellow Paramoudra 

trace fossil concretions described by Mazengarb and Francis (1985) from 

Table 5.3 : Percentages of minerals in a dolomite concretion (AU 38956) 

and immediately surrounding Ihungia mudstone (AU 38957), 
using X-ray diffraction. (*tr = trace) 
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Miocene and Pliocene mudstones of the Gisborne District. Paramoudra 

are long tubular concretions almost always oriented nearly perpendicular to 

bedding and contain a central tube which is preferentially eroded. 

These were not recognised from the study area. 
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ii). Sandstones are subordinate in the Ihungia Formation but occur in all 

stream sections. The most common are massive or fine-parallel-laminated, 

fine grained, well sorted, blue-grey to brown-grey sandstones (AU 38958) 

approximately 50 - 200 mm thick. Medium to fine grained, less well 

sorted sandstones containing massive, parallel laminated and occasionally 

convoluted laminations and micro-crossbedding, are also found, 

especially in thicker beds, grading upwards into mudstone. Coarse 

grained basal horizons may be present in sandstone units with shell 

fragments (AU 38959 and 38960). The sandstones tend to be thicker and 

coarser grained where the sandstone to mudstone ratios are highest 

(1 : 2 to 1 : 5), and may be only 2 - 3 mm thick and fine to very fine 

grained where ratios are very low Cl 20). They are generally 

slightly to noncalcareous. Carbonaceous fragments and fragi 1 e, bi val ves 

are uncommon, and concentrated lenses of broken shells are rare. 

Fossils, identified by F.J. Brook, include Flabellidae, vinculariform 

bryozoa, Nuculidae, Saccella, Arcidae, wood bored by Teredinidae, 

Veneridae, Turritellidae and Lenticulina (see Appendix 2b for full 

deta il s ). 

Thicker sandstone phases are exposed at Localities 3 to 7 (Figure 5.1). 

Each 0.4 - 1.5 m-thick unit is separated by mm-thin Ihungia mudstone in 

sandstone to mudstone ratios of 10 : 1 to 20 : 1. The sandstone is 

medium to fine grained, moderately sorted, usually slightly calcareous 

and carbon-rich (AU 38961) and massive and parallel-laminated horizons 

grading upwards into mudstone. Large miliolids were identified from 
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sample Yl6 / f623 . These thicker sandstones are consisten tl y Earl y 

or Middle Altonian in age (dated by adjacent foraminifera-rich mudstones), 

with the Middle Altonian examples oft en packed with Turritellidae, 

randomly oriented in three dimensions (Y16/f625). No other macrofossils 

were observed . 

Electron microprobe analysis of samples AU 38962 and 38963 revea l ed a 

predominance of fresh t o cloudy subangular t o subrounded, monocrystalline 

quartz , in very fine grained, moderate ly to well sorted sandstone 

(Table 5. 4) . Two separate populations of plagioclases are present -

sodic ol igoc l ase (An 15 _ 20) and calcic andesine (An40 _ 45) - amongst 

t he slightl y cloudy, subrounded feldspars. Rounded lithic f ragments 

comprise si li ceous brown mudstone and rare ve ry f ine grained sandstone . 

Heavy minerals and chloritised biotite are sparsely distributed through 

the samples . The 20 - 25% fine matrix is in pl aces micri tic or chlori tised. 

X-ray diffraction analyses (Table 5.5 ) of t hree sandstones (one each from 

Waiauan/Lil l burnian, Cl ifdenian and Lower Altonian / Upper Otaian strata) 

Table 5.4: Percen t ages of mi nera l s in two sampl es of Ihungi a Formation 

AU 38962 

AU 38963 

very fi ne to f ine grained sandstones. 
of each sample . 

<II <II 

<IJ "' ..., 
<IJ <II <IJ o C 
<II '" <IJ .... <IJ<IJ 

'" ~ 
..., <IJ <IJ U E 2 <IJ <IJ "0 .... C '" ~ ~ 

u 
0 C '" N 0 .... > .... '" ~ ..., 0 0 0 ..., >< E u o .. Co 

l- .e: ~ 
..., U "0 "S: 0 0 ::l .<:l .... 0 

'" .... '" 0 <II I .... '- '" I-
~ ::l I- 0. ::l a. ,., <IJ '" .e: ~ '" cr 0 ..0 E <IJ a. u... I- U ~ U U 

32 3 5 2 3 2 2 3 

27 3 5 3 4 2 4 2 

100 counts were made 

'" .. 
<IJ .... 
"~ '" 

<IJ <IJ c .... <II ..., .... "~ <II >< U 
"~ E <IJ 

Co .. '- '" ..... .e: 

'" u .. .... .... 
a. 0 '" " ~ 

<II E ..... E ~ 

6 4 2 21 12 

5 5 4 25 10 



157 

Table 5.5: Percentages of minerals in Waiauan/Lillburnian (AU 38964), 
Clifdenian (AU 38965) and Lower Altonian/Upper Otaian 
(AU 38966) sandstones of the Ihungia Formation, using X-ray 
diffraction. (.*tr = trace) 

aJ 
+-l .,.. 
e 

aJ 0 
~ r--.,.. 

s- aJ e '''' ~ ~ 0 s-
o. .,.. r-- 0 
V) e r-- E 

"0 aJ aJ 0 +-l V) 

r-- V) aJ ~ r-- s- e s-
aJ ~ aJ +-l .,.. aJ r-- 0 o aJ 
4- r-- ~ aJ aJ .,.. aJ r- ~ aJ O'l.,.. E E>, 

u aJ .,.. ~ ~ e +-l ::J .,.. +-l e s- +-l ,~ 
N .,.. 0 ~ e .,.. aJ 0 '''' u e .,.. .,.. 0 e aJr-
~ r-- .,.. 0 E s- ~ u s- .,.. .,.. ~ r-E 0 ~s-
s- ~ O'l u en 0 aJ .,.. ::J 0 C r- U r- ~ E .,.. aJ 
~ ~ ~ r-- ~ "0 s- ~ 0 aJ aJ e I r-- ~ 
::J r-- r-- ~ s- o .,.. >, r- ..c: aJ ~ E 3 0 ~ r-- e 
cr ~ 0. U ~ "0 V) 0. O'l U > ~ V) V) E u .,.. .,... 

AU 38964 43 7 18 10 2 tr* 1 1 3 1 1 1 1 3 5 1 

AU 38965 58 6 12 5 2 tr 1 1 2 2 1 2 2 2 2 1 

AU 38966 26 9 16 21 3 tr 2 2 2 1 2 tr 4 11 1 

showed similar mineral proportions to Ihungia Formation mudstones, 

although calcium is in some places more prominent. 

iii) Dark grey-brown, coarse to fine grained, poorly sorted, noncalcareous 

sandstones (AU 38967, Figure 5.3) were also mapped within the Lower 

Altonian sequence (Localities 4, 9 and 10, Figure 5.1). A similar 

variety of dark sandstone was mapped as flysch lithofacies of the 

Mangatu Group in the eastern Ihungia Catchment (Kenny 1980, 1984a). 

Identification of palynological samples gave a probable Early Eocene 

age, but subsequent foraminiferal sample identification requested by 

C.Mazengarb;·(New Zealand Geological Survey, pers. comm., 1983) from 

G.H. Scott (Geological Survey) proved ~ it · to be of Miocene age, and it 

aJ 
+-l .,.. 
r--.,.. 

2 

2 

1 
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Figure 5.3: Dark sandstone exposed in a tributary of upper Puketoro 
Stream, Locality 9 (Figure 5.1). 

Figure 5.4: Float boulders illustrating grain sizes of shell material 
observed in sandstone at Locality 11 (Figure 5.1). 
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was thus assigned to the Ihungia Formation (Kenny 1984b). Its 

stratigraphic position places this sandstone in the Lower Altonian 

in the Ihungia Catchment. An associated brown sandstone lithofacies, 

originally also given an Early Eocene age, also belongs in this 

sequence. Microscope study of a fine grained sandstone (AU 38966) 

reveals typical Ihungia Formation sandstone mineralogy (Table 5.6). 

However, rounded clasts of siliceous pale brown mudstone are more 

plentiful, and are in fact clearly visible in coarser grained hand 

specimens of this lithology. 

Table 5.6: Percentages of minerals in 100 counts of dark sandstone 

in Ihungia Forma ti on. 

V1 V1 ttl 
Q) ::l+J ~ 

Q) V1 Q) o I:: Q) 
V1 ttl Q) ~ Q) Q) 4-
m r- ~ .,... U E Q) .,... V1 
r- U Q) .,... e ttl en ~ Q) Q) I::+J V1 

N U 0 ~ > Q) Q) 0 e m .,... ~ ~ . ,... V1 >< U 
~ 0 .,... .,... 0 +J ,.... U o ~ ~ .,... .,... E Q) .,.... .,... 
~ .c en ~ U .,.... .,... ::l .04- 0 ~ ~ ttI+J ~ .c 
ttl ~ ttl 0 V1 ~ ~ ttl ~ ttl U ~ ~ ~ 
::l ~ ,.... ::l >. ::l ,.... ttl .c a. .,... 0 ttl .,... 
e; 0 a. .0 E a. ~ en u u V1 E: 4- E: ,.... 

AU 38966 35 2 5 3 1 3 1 3 1 2 3 2 2 18 19 

iv) In the gorge eroded by the Whakoau Stream, at Locality 11 (Figure 

5.1), sandstone more than 60 m thick is exposed. It is predominantly 

massive, brown-grey, fine grained, and well sorted (AU 38968), but it 

contains numerous cm-thick lenses of shell fragments and noncalcareous 

mudstone clasts. The shell material (Figure 5.4) grades upwards from 
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larger fragments (AU 38969) to laminated comminuted shelly material 

(AU 38970). Further west, but still within the gorge, 1 - 1.5 m-thick 

sandstones, separated by 100 - 200 mm-thick Ihungia mudstone, occur 

stratigraphically beneath the thick sandstone. Material at Locality 11 

has been dated by Pick (1962b) as Otaianj"Hutchinsonian" (Y16/f7826, 

N80/826, F12947). It is therefore probably very low in the Ihungia 

Formation, and is shown as Otaian in the biostratigraphic map (back 

pocket) . 

v} Tuffs have been recorded from the Ihungia Formation to the south of 

the study area (Francis and Mazengarb 1983; Gosson 1983,1984), A very 

weathered, pale grey, 200 mm-thick lithology, poorly exposed in middle 

Altonian strata at Locality 12 (Figure 5.1), is the only possible tuff 

bed observed in the study area. 

5.4 CONGLOMERATE LITHOFACIES ("Ihungia Igneous Conglomerate" after 

McKay 1887) 

Two horizons of conglomerate have been mapped in the Ihungia Formation. 

Both contain randomly oriented, cl ast- or matrix-supported, well rounded, 

very hard, dense, polished cobbles and pebbles (and rarely boulders). 

The clasts are andesite, basalt, diorite, dolerite, gabbro, spilite, 

keratophy~e, granophyre, trachyte, teschenite, gneiss, amphibolite and 

chert; greywacke and sandstone constituents are more angular (Adams 1910; 

Ongley and Macpherson 1928; Faber 1965; Kingma 1965; Laing 1972; Kenny 

1980). The two conglomerates are not clearly distinguishable but dating 

of the enclosing Ihungia mudstone gives a basis for separation into 

Lower Altonian and Clifdenian horizons. 
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The older of the two conglomerates (Early Altonian) was first described 

from the Ihungia Catchment by McKay (1887). It;s apparently the more 

widespr.ead of the two, and is recorded from Localities 2 and 13 to 24 

(Figure 5.1), as well as from the upper Waitahaia Catchment (Phillips 

1985) and upper Wa;paoa Catchment tBlack 1980 - described from tbe 

Altonian strata of his Te Arai Formation). The horizon is composed of 

up to four beds of conglomerate, each less than 1 m thick, although the 

lowest bed may reacn 2 m in thickness. Each bed is normally graded, 

with cobbles dominant for the lower two thirds of the bed, supported by 

pebbles and granules and a matrix of igneous-derived dark sandstone 

(AU 38971, Figure 5.5). The upper portion of each bed fines rapidly to 

0.3 - 1 m of the dark sandstone (AU 389721 (which is identical to the 

lithology described in section 5.3 iii), and is separated from the next 

bed by Ihungia mudstone varying in th.ickness from a few mm to 1 m. The 

upper contact is gradational into the mudstone, the lower contact is sharp 

but irregular upon the mudstone. Calcite often coats pebbles or voids 

between pebbles. Constituents are poorly sorted. Lamination and long 

axis imbrication are rare and current alignment, indicating possible flow 

from WNW to ESE, is only recorded from Locality 14 (Figure 5. 1). Shell 

fragments within the conglomerate were collected at Localities 14 and 15 

and identified by F. J. Brook (pers. comm., 1984) as Dendrophyllia hold

fasts, Ostreidae, Dentalium solidum Hutton, Zeacolpus cf. fyfei Marwick 

and Comitas cf. fusiformis (Hutton). 

present. 

Carbonaceous fragments are also 

The younger Clifdenian conglomerate outcrops at Localities 25 to 28 CFigure 

5.1}. The dominant clasts are of more uniform size and smaller (averaging 

50 mm 10ng1 than the dominant clasts of the older conglomerate, although 

they are also randomly oriented and lack imbrication or lamination. The 



.163 

conglomerate may be clast- (Figure 5.6) or matrix-supported; the matrix 

is a dark, fine to medium grained sandstone (AU 38973). The 

conglomerate is 3 m thick and is normally graded only in the upper 500 mm. 

Gradation upwards to sandstone was not visible in the limited exposures. 

Macrofossils were collected from a locality rich in shell fragments 

(Locality 25, Figure 5.1) and identified by F.J. Brook as Nuculidae, 

Saccella, Neilo, Veneridae, Bivalvia, ?Turbinidae and wood (samples 

Y16/f442 to Y16/f444). Conglomerate of this age has not been recorded 

from the Ihungia Catchment (.Kenny 1980) or upper Waitahaia Catchment 

(Phill ips 1985) but a - "pebbly grit containing abundant gastropods 

with redeposited igneous pebbles and some angular concretionary sandstone 

fragments is common in the upper part of the ETe Arai] formation" (Black 

1980, p304) in the upper Waipaoa Catchment. 

Thin-sections of granule-size conglomerates of Lower Altonian (AU 38974, 

38975) and Clifdenian (AU 38973) age reveal rounded to subrounded clasts 

of brown siltstone/mudstone, medium to fine grained sandstone (probably 

greywacke) and fine grained basic igneous rocks, partially or wholly 

serpentinised. Although detailed studies were not carried out on this 

material, it was clear that the wide range of igneous and metamorphic 

lithologies documented for the coarser conglomerates did not exist in 

these samples. Most clasts are rimmed by radiating sparry calcite and 

are supported by a partly chloritised, siliceous or calcareous, poorly 

sorted sandy matrix. Sand grains comprise a high proportion of 

subrounded, slightly cloudy plagioclase (An 40 - andesine) and - 47 
uncommon subrounded, cloudy orthoclase, albite, fresher quartz, sparite 

(and veins of sparite), serpentine, opaque sulphides including pyrite, 

and very rare epidote, apatite, rutile, hornblende, augite, iron oxide 

and ilmenite. 
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Figure 5.5: Dark sandstone supporting sparsely distributed conglomerate 

pebbles of the lower conglomerate . Note the larger, black 
igneous boulder on the far right of the photograph. 
Locality 18 (Figure 5.1). 

Figure 5.6: Clast-supported pebbles and cobbles in fallen blocks of the 
upper conglomerate, at Locality 26 (Figure 5.1). 
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5.5 BRECCIA LITHOFACIES 

Newly formed forestry roads stretching south from the Takapau-Waitahaia 

Road, in the middle of the study area, have exposed a breccia never 

before documented for the Ihungia Formation. Boulders, up to 2 m 

across, of a white to pale grey, siliceous lithology, cover much of 

the slopes south of the road, from Locality 29 (Figure 5.1) in the 

northwest to Locality 30 in the southeast. It is also found in the 

vicinity of Locality 31 and at Localities 32, 33 and 34, suggesting a 

wide distribution. 

The breccia exceeds 5 m thickness and is composed of Whangai Formation 

lithologies. White to pale grey, jarosite-coated, siliceous upper 

Whangai clasts (see section 4.1 b iv) are predominant (AU 38976). 

Very angular, fresh clasts of this lithology average 100 - 150 mm 

across, although pebbles 20 - 50 mm across are another common range. 

Boulders have been measured up to 2 m across, but an enormous boulder, 

partly concealed by vegetation, exceeds 20 m in length and is 5-m wide 

(Locality 29, Figure 5.1). Chert nodules, originally enclosed by the 

siliceous upper Whangai phase (AU 38977), white Upper Calcareous 

Member (section 4.1 b iii), grey siliceous Rakauroa Member (section 

4.1 b ii), black Wheturau siltstone (section 4.3 b) and brown concretions 

(AU 38978) are uncommon constituents of the breccia. 

The clasts are typically sparsely distributed in a matrix of coarse to 

fine grained, poorly sorted, noncalcareous, rusty coloured sandstone, 

rich in sand size Whangai grains (AU 38979, 38980, 38981). Most clast~ 

are randomly oriented, but the larger constituents of siliceous upper Whangai 

in particular are broken before deposition along planar surfaces, parallel 

with internal laminations and probably parallel with original bedding. 
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The majority of these blocks lie within the breccia with their flat 

surfaces parallel or subparallel to local Ihungia bedding (Figure 5.7). 

Occasionally 300 mm-thick lenses of more concentrated clasts, smaller 

than average, but still matrix-supported, extend for 7 - 10 m parallel 

to bedding. The breccia grades upwards into the rusty sandstone and 

then Ihungia mudstone. The lower contact is sharp but very irregular. 

Enclosing mudstone is Middle Altonian age (dated using foraminifera). 

Rare macrofossils, collected from the breccia at Locality 35 (Figure 

5.1) were identified by F.J. Brook (pers. comm., 1984) as Flabellidae, 

Eucrassatella ampla (Zittel) with a Dendrophyllia basal attachment on 

the beak, Bivalvia, Zeacolpus cf. fyfei Marwick and Gastropoda. 

Fragments of Turritellidae were observed but not collected. 

5.6 LIMESTONE LITHOFACIES 

Two limestone lithofacies are present in the Ihungia Formation, one 

surrounded by Lower Altonian strata (Kouetumarae lithofacies of Kenny 

1980), the other enclosed in mudstone of the lowest Waiauan sequence 

(Bexhaven lithofacies - new name, C. Mazengarb, New Zealand Geological 

Survey, pers. comm., 1986). 

The older, more extensive Kouetumarae limestone lithofacies forms a 

resistent cap, up to 100 m thick, on the ridge separating the study area 

from the Ihungia Catchment, in the region between Localities 36 and 37 

(Figure 5.1; see also lithostratigraphic maps, back pocket). It also 

makes up a small mound at Locality 38. The lithology, described by 

Kenny ('1980, 1984a,b) for the portion found in the western Ihungia 

Catchment, is a pale to medium grey, laminated, sometimes cross-bedded, 

bryozoan, bioclastic limestone (AU 38982) that weathers to yellow-brown. 
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Figure 5.7: Siliceous upper Whangai clast i n a matrix of rusty 
coloured fine sandstone . The clast is more than 1 m 
wide and is parallel to bedding. Note also the dark 
chert nodul es . Approximately Local ity 36. 

Figure 5. 8: Gradational contact (partly obscured by vegetation) 
between limestone (above) and shell-rich Ihungia 
mudstone (below), at Locality 36 (Figure 5.1) . 
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A flagginess has developed along mm-thick clay seams 100 - 200 mm apart. 

Fine grained, well sorted sandy lenses, roughly 30 mm thick, and 

extending metres to tens of metres along bedding, are generally rare, but 

more common in the northern exposures (ENE of Locality 36, Figure 5.1). 

Although the macrofossils Chlamys (Mesopeplum) costatostriata (Marshall), 

Pododesmus incisurus (Hutton), Serripecten hutchinsoni (Hutton), Notosaria 

antipoda (Thomson) and large oyster fragments (indet.) have been recorded 

from the limestone (Kenny 1980, 1984a), none were obtained from the 

present study area. Stratigraphically lower beds (Locality 36) consist 

of limestone as described above but with many mm-thick lenses of grey 

sandy mudstone mixed with comminuted shells (AU 38983; Figure 5.8). 

Intact specimens identified by F.J. Brook (pers. comm., 1984) include 

vinculariform bryozoans, Pectinidae and Amphistegina (AU 38983 also). 

The lower contact, best exposed at this locality, is gradational down 

to shelly Ihungia mudstone, containing Limopsis retifera Marwick, Chlamys, 

Parvamussium, Pareora and Lenticulina (V16/ f503), before being faulted 

out. The upper contact, where seen, is gradational into typical Ihungia 

mudstone withi n verti cal i nterva 1 of 15 - 20 m (Kenny 1984a). 

In thin-section the rock (AU 38982) is a poorly sorted, micrite-cemented 

bryozoan limestone. Uncommon identifiable growth forms include 

celleporiform, hemescharan, vinculariiform, probable cellariiform and 

adeoniform (R.F. Whitten, University of Auckland, pers. comm., 1986). 

Echinoderm fragments, ca l careous algae and ?Anomiidae or ?Ostreidae were 

also observed in thin-section (AU 38982). Less than 5% of the rock 

consists of angular to subangular quartz, glauconite pellets, sparite, 

foraminifera, bivalve and barnacle fragments, rare altered glass shards 

and spherical bodies with acicular overgrowths which resemble calcispheres. 



Foraminifera in thin-section include Amphistegina and other Rotaliidae 

(?Cibicidoides), globigerinids and globorotalids, which are infilled 

with fine sparry calcite. 

Electron-probe microanalysis and X-ray diffraction studies were not 

attempted. A previous X-ray diffraction of a clay-rich sample 

171 

(AU 31977 - Kenny 1984b) revealed approximately 2% quartz, 15% feldspar 

(mostly plagioclase), 10% calcite, and at least 50% interlatered 

chlorite, montmorillonite and illite clays). 

The Sexhaven limestone lithofacies occurs as an isolated collection 

of boulders beside the Mata Road, at Locality 39 (Figure 5.1). Ongley 

and Macpherson (1928) referred to it as "Modiolus Limestone". The 

yellow-grey bioclastic limestone is packed with Modiolus shell 

fragments (AU 38984). It is apparently contained within lowest 

Waiauan strata (biostratigraphic map, back pocket) of the Ihungia 

Formation. 

5.7 AGE AND PALEONTOLOGY 

The Ihungia Fonnation is poor in macrofossils, but contains suffici'ent 

microfauna for age detenninations, establishment of biostratigraphic 

boundaries (section 5.2) and paleo-ecological reconstruction. Micro-

faunal samples contain abundant foraminifera (Appendix 2c) with rare 

bryozoan, ostracod and molluscan fragments, otoliths and echinoid 

spines (Appendix 2b, and underlined). 

Table 5.1 (~ection 5.2) lists the principal foraminifera used to 

detennine biostratigraphic zones (biostratigraphic map, back pocket). 
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The formation in the study area ranges in age from Late Otaian to 

Waiauan (Burdigalian to Early Tortonian). A similar age range was 

found to the east (Kenny 1980). 

Some foraminifera appear to have limited environmental tolerances and 

are particularly useful for the determination of depth, substrate, 

temperature, illumination, salinity and oxygenation. Water depth 

can be inferred, to some extent, by the relative proportions of the 

suborders Textulariina, Miliolina and Rotaliina. Abundant Rotaliina 

with low numbers of Textulariina indicate that tbe formation is 

unlikely to have accumulated at lower bathyal or abyssal depths 

(Boltovskoy and Wright 1976) or in marshes or hyposaline lagoons 

(Murray 1973). Limited numbers of Miliolina rule out inner shelf 

sedimentation (Boltovskoy and Wright 1976). 

Deposition in the upper bathyal zone (200 - 1000 m depth) is implied 

by common Cyclammina, Haeuslerella, Textularia, Pyrgo, Quingueloculina, 

Sigmoilopsis, Allomorphina, Amphicoryna, Anomalinoides, Bulimina, 

Cibicides, Cibicidoides, Globocassidulina, Gyroidina, Hoeglundina, 

Lenticulina, Pseudonodosaria, Saracenaria, Sphaeroidina, and Uvigerina 

CBoltovskoy and Wright 1976; Hayward and Buzas 1979). Many samples 

include shelf-restricted taxa(Amphistegina, Bolivinella, Cyclogyra, 

Miliolinella), which were probably introduced by sediment gravity 

flows CPhleger 1960). Laticarinina, Melonis, Osangularia and 

Stilostomella are deeper genera which may have been included in cooler 

water upwelling from greater depths (Bock 1982). Depth ranges of 

selected benthic foraminiferal genera are listed in Table 5.7. 

The percentage of planktic foraminifera in a. sample has been used as a 



Table 5.7: Recent depth distribution of some benthic foraminiferal genera as an indication of possible 

distributions in the Ihungia Formation (modified after Boltovskoy and Wright 1976; Brook 1983). 

Those genera with wide depth ranges are marked by dots, while those with more limited ranges 
are emphasised by crosses. 
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crude depth indicator (Boltovskoy and Wright 1976; Hayward and Buzas 

1979) . In this study depth indications are based on benthic 

foraminifera - planktic foraminifera were not picked exhaustively 

for quantitative analysis. The abundance of planktic foraminifera 

in most samples suggests normal marine conditions persisted throughout 

deposition of the Ihungia Formation (Boltovs~oy and Wright 1976). 

Planktic populations and Amphistegina, Bolivinella and Heterostegina 

indicate that seawater at shelf depths was probably warmer than is 

measured around northern New Zealand today (Heath 1973; Boltovskoy and 

Wri ght 1976). Sal inity was generally normal marine (30 - 40%. - Murray 

1973; Boltovskoy and Wright 1976). Only one sample (Y16/f341) has 

a fauna of low diversity and predominance of small, thin-shelled 

specimens of Bolivina and Buliminidae which indicate low dissolved O2 

levels in bottom waters (Phleger and Soutar 1973; Boltovskoy and Wright 

1976) . Therefore almost the entire water column must have been well 

oxygenated. 

Macrofossils (listed in Appendi x 2b) are rare and poorly preserved. 

Tiny, fragile bivalves are most common but unidentifiable. The richest 

faunas accompany the igneous conglomerate units, or sandstones at 

approximately equivalent horizons, and are therefore probably reworked. 

Closely packed, disorganised accumulations of Turritellids are commonly 

associated with Middle Altonian strata. 

The occurrence of the bathyal-restricted bivalve genera Parvamussium 

and Pectunul i na (Powell 1979) in the mudstone supports the depth of 

deposition determined for the Ihungia Formation by foraminifera. 

However the presence of algal rhodoliths ("Lithothamnion") and the 

hermatypic scleractinian coral Leptastrea bottae (~ilne, Edwards and 



Haime) in conglomerate support redeposition from shelf depths of less 

than 100 m (Bosellini and Ginsburg 1971). Similarly the thick-shelled 

bivalve Eucrassatella ampla (Zittel), robust holdfasts of the 

scleractinian coral Dendrophyllia, and encrusting membraniporiform 

bryozoa are probably also redeposited shelf taxa (Crabb 1971; Hayward 

1977; Powell 1979). 

The hermatypic coral Leptastrea bottae (Milne, Edwards and Haime) 

(Figure 5.9) is of considerable interest. It is enclosed within 

Lower Altonian conglomerate and is clearly transported with that 

depos it. This species has been recorded previously as Leptastrea 

cf. transversa Klunzinger (Squires 1958; Wakefield 1976; Hayward 

Figure 5.9: Leptastrea bottae (Milne, Edwards and Haime) in sample 

Y16/f389 from Locality 14 (Figure 5.1). 
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1977). It is documented from Middle Otaian to Middle Altonian conglomerates 

in the Auckland, north Kaipara, Hokianga and Parengarenga areas, where it 

is associated with other hermatypic coral taxa. 

The only other known hermatypic, scleractinian corals south of Auckland 

are found at East Cape (Suggate et al. 1978). Here (Omuruiti Point, 

eastern Hicks Bay, Z14/783874) Montastrea occurs in basal Miocene basin 

sediments overlying Matakaoa Volcanics (Z14/f9587A, AU 8017). 

The Ihungia Formation Leptastrea, although reworked, thus appears to be 

the southernmost reef coral in the New Zealand Miocene interval of 

subtropical to tropical conditions. 

Another unusual discovery is the shark vertebrae (Phylum Chondrichthyes, 

sample Y16/f620) identified by J.A. Grant-Mackie (University of Auckland, 

pers. comm., 1982). 

The Kouetumarae limestone lithofacies ;s characterised by shallow warm 

water assemblages (Kenny 1980; F.J. Brook, New Zealand Geological Survey, 

pers. comm., 1983/1984 - foraminifera; R.F. Whitten, University of 

Auckland, pers. comm., 1986 - bryozoa). Water depths are envisaged to 

have been mid-shelf at most, with sufficient water movement to remove 

mud and other detritus from the environment. The bryozoan fauna (mostly 

celleporiform, membraniporiform and vinculariform) differs from descriptions 

of bryozoan l imestones from the Waitamata Group (Crabb 1971) and recent 

populations in the Hauraki Gulf (Whitten 1979) according to Whitten (pers. 

comm., 1986). Foraminifera are Amphistegina madagascariensis d'Orbigny, 

Cribrorotalia ornatissima Karrer, Glabratellina sigali Seiglie and 

Bermudez, Melonis simplex (Karrer) and Uvigerina sp. (Y16/f353, Appendix 2c) 
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which give an imprecise age range of Waitakian to Waiauan (Late Oligocene 

to early Late Miocene). An Altonian age was obtained by Kenny l1980) 

for the limestone, but as the lithology lies stratigraphically beneath 

Lower Altonian Ihungia mudstones, it was assigned to the Lowermost 

Altonian (Kenny 1980, 1984a). 

Inconsistencies in the apparent limestone depositional environment with 

that of surrounding mudstone are discussed in section 5.10. 

5.8 THICKNESS 

Thicknesses of local phases within the Ihungia Formation have been 

included with their descriptions. Maximum thickness of the formation, 

estimated from cross-sections (back pocket), is approximately 1800 -

1900 m. This compares with previous estimates of 1300 - 1700 m 

(Ongley and Macpherson 19281, 1300 - 1500 m (Macpherson 1930 ) , at least 

500 m (Burr 1940), 3300 m (Vella 1959), 2700 m (Kingma 1965), 1600 m 

(Kenny 1980) and 250 m for lower Ihungia Formation str ata (Otaian to 

Altonian ) to the west (Phillips 1985). 

Stratigraphic columns (Figure 5.10) illustrate stages as well as 

lithostratigraphic features (5.1 c - 5.1 f). The zones are based 

entirely on the tentative boundaries separating foraminifera-derived 

biostratigraphic zones, and are therefore only very approximate. 

Estimates of stage thicknesses, with the equivalent thickness from the 

Ihungia Catchment (Kenny 1980) in brackets, are:-

Waiauan - more than 1000 m - ) 

Upper Lillburnian - 240 m - ) 

Lower Lillburnian 200 m (200 m) 



Figure 5.10: Simplified stratigraphic columns for the study area and Ihungia Catchment to show thickness 

variations and positions of lithofacies other than the dominant mudstone-dominated flysch, 

I 
I 

in the Ihungia Fonnation. Note that thicknesses of each stage and substage are based on 

biost ratigraphy tentatively determined using foraminiferal studies. Stream names in this 
figure have been added 
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Cl ifdeni an 180 m (130 m) 

Uppe r Alton ian 200 m (350 m} 

Middle Altonian) - 200 m (AOO m) 

Lower Altonian 200 m (500 m) 

Upper Otaian - more than 75 m (20 - 30 m). 

There is considerable lateral variation in thickness (Figure 5.10) . 

Areas where the stages are thickest probably represent shallow basins 

or perhaps parts of one basin, receiving more sediment than surrounding 

regions . Conglomerate, breccia and thick sandstone lithofacies tend 

to be concentrated in the postulated basins. Thin strata may have been 

in a position high on the side of a basin, where deposition rates were 

relatively low. Similar situations have been recorded in Miocene 

(Pettinga 1982) and Recent (Lewis 1980; Lewis and Bennett 1985) sediments 

in subduction/accretion-related basins on the east coast. 

5.9 PROVENANCE 

Poorly developed clast imbrication at Locality 14 (figure 5.1) indicates 

a WNW to ESE flow direction. A northeastern source is also suggested 

by Kenny (1984a) for the formation in the Ihungia Catchment. 

Provenance of some of the Ihungia Formation should be recognisable from 

the Lower A1.tonian and Clifdenian conglomerate lithofacies (section 5.4) 

and the Middle Altonian breccia lithofacies (~.5). The brecci a is 

composed of Whangai Formation material, especially siliceous uppe r Whangai 

with chert nodules. The large size and angular shape of many of the 

clasts demonstrate that the breccia is of local derivation. Clearly the 

source of the breGcia is Whangai Formation, exposed near the Ihungia 



Formation depocentre during the Middle Altonian. Lack of similar 

clasts in older and younger Miocene sediments suggests that Whangai 

Formation was exposed by a Middle Altonian tectonic event. 
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Provenance of the two conglomerate lithofacies is uncertain. The 

conglomerate is presently distributed from Ihungia (east of the study 

area - Kenny 1980) to the Mangatu (Black 1980) and Maungahaumia (Stoneley 

1968) areas, 40 km to the southwest. The conglomerates examined contain 

sedimentary and igneous clasts, although a greater variety of igneous, 

and metamorphic, clasts are documented in the literature (referred to 

earlier). 

Detailed investigation of the conglomerate lithofacies is not attempted 

in this study. Analysis of the clasts and a thorough regional appraisal 

of lithologies should give a precise source for these rocks. Black 

(1980) lists the Matakaoa Volcanics at East Cape as a possible source; 

Kenny (1980, 1984b) prefers a Torlesse terrane, and possibly Matakaoa, 

provenance . Northwest Nelson, Taupo Volcanic Zone and Antarctica have 

been sources suggested to the writer in the past. 

Sandstone units of the Ihungia Formation contain abundant fresh and 

cloudy quartz grains, and common siliceous mudstone lithjc fragments. 

A local Whangai Formation source has been demonstrated for the Middle 

Altonian breccia lithofacies. It is probab1e that Whangai lithologies 

account for the siliceous lithic material and the cloudy quartz grains 

in the Ihungia Formation : Fresh quartz is probably from contemporary 

volcanic activity in the Coromandel are, as inferred for rocks of 

equivalent age elsewhere (Pettinga 1980; Blom 1982). 



182 

Two populations of plagioclase are evident. Calcic andesine is most 

common in the sandy matrix of the largely igneous conglomerates, and 

is therefore assumed to be from the volcanic source. Sodic oligoclase 

may be derived from Karekare Formation sandstones (Chapter 3.3 c). No 

albite from a Torlesse/Mata River, Mokoiwi or Waitahaia source was 

recognised. Fauna from a shallow shelf environment, and carbonaceous 

material from a vegetated landmass are sometimes plentiful in the 

formation. 

Thus Karekare and Whangai Formations were possi&le sources of Ihungia 

detritus, with occasional incorporation of shell and carbonaceous material. 

A tectonic event uplifted a scarp of Whangai Formation near the Ihungia 

depocentre during the Middle Altonian. Influxes of unusual crystalline 

lithologies from uncertajR source(sl occurred during Lower Altonian 

and Clifdenian times. 

5.10 ENVIRONMENT AND PROCESSES OF DEPOSITION 

Foraminifera (section 5. 7) indicate that deposition of the hemipelagic 

mudstones of the Ihungia Formation occurred in upper bathyal to perhaps 

outer neritic depths in which normal marine sali"nities, well oxygenated 

&ottom waters and warmer surface waters than at present, prevailed. 

Some macro- and microfaunas are clearly reworked from a mid- to inner 

shelf environment. 

The formation generally co rre sponds to the Facies 0 (occasionally C1 and 

G flysch models of Mutti and Ricci Lucchi (1978); Facies C2.3 and G2.1 

respectively of Pickering et al. (19136). Sandstones are predominantly 

turbidites with incomplete Bouma sequences. Both thinning/fining and 



thickening/coarsening upwards sequences have been recorded, although a 

gross thinning and fining upwards pattern is also apparent. 
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Lower Altonian and Clifdenian conglomerate lithofacies (Facies A of 

Mutti and Ricci Lucchi 1978) are considered to be cohesive debris/grain 

flows (Middleton and Hampton 1976; Rodine and Johnson 1976; Enos 1977; 

Lowe 1982). These mass flows typically IIfreeze ll (simultaneous grain 

deposition) with reduction of the driving mechanism. However evidence 

of traction is occasionally displayed in the form of small scale cross-

bedding low in the units. Debris flows and grain flows are normally 

channelised, but the large lateral extent of the units (especially the 

stratigraphically lower group) in the Ihungia Formation favours a more 

widespread deposition. Thick, dark coloured turbidite sandstones 

(section 5.3 iii), common within Lower Altonian strata, are thought to 

be lateral and distal equivalents of the lower conglomerate lithofacies. 

In the Middle Altonian environment, blocks of Whangai Formation 

apparently fell from an adjacent scarp on to hemipelagic Ihungia mudstone, 

often coming to rest with large bedding-parallel broken surfaces along 

the deposition surface. Sporadic falls formed a breccia of sparsely 

disseminated Whangai Formation clasts. The IIflm'lll mechanism is envisaged 

to be rockfall or very proximal debris flow. 

The shallow warm water limestone of the lowest Altonian (Kouetumarae 

lithofacies) seems to be an enigma, with evidence from bryozoan growth 

forms apparently contradicting evidence from other depth indicators in 

the Ihungia Formation. Laterally the limestone passes into typical 

upper bathyal mudstone with no evidence for a hiatus in sedimentation; 

upper and lower boundaries are also gradational. There is no evidence 
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of confining faults consistent with uplift or horizontal emplacement. 

The Kouetumarae limestone is predominantly bryozoan (5.7). Bryozoa are 

now recognised as being major components of patch reefs and biohermal 

banks (Cuffey 1977). Small shallow bryozoan reefs have been reported 

from the Bahamas (Cuffey et al. 1977) and Tasman Bay and the Marlborough 

Sounds, New Zealand (Bradstock and Gordon 1983}, but the Ihungia bryozoan 

growth forms do not support such a shallow origin. 

Periodic traction current or mass flow processes, during accumulation of 

the limestone (5.6) are indicated by the alternation of 100 - 200 mm

thick shell material with mm-thin clay seams, and also by the presence of 

uncommon sandy lenses. This implies that the limestone is a 10cal 

accumulation of reworked shallow water material (mainly bryozoa) 

introduced into an upper bathyal environment by mass flows or traction 

currents. A possible analogy is documented by Nelson et al. (1982) and 

Nelson and Hancock (1984) for the Three Kings area, northern New Zealand. 

Pure skeletal carbonates with a large bryozoan component, accumulating 

on the Three Kings Plateau in water less than 500 m deep, also occur as 

redeposited skeletal sands and gravels in adjacent basins at depths of 

1500 - 3000 m. Storm-assisted grain dispersals from an offshore 

carbonate bank are displaced by prevailing currents and redeposited in 

a deep marginal basin via local channel systems (Nelson et al .1982, p726, 

Fi gure 10). 

Diagenesis 

Dolomite concretions are randomly distributed and ubiquitous throughout 

the fomation, but are less common in youngest strata (Lillburnian and 

Waiauan agel. There exists a considerable range of opinion regarding 
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the mechanism(s) of dolomitisation (Zenger and Dunham 1980). However 

no hypotheses of dolomite formation in Zenger et al. (1980) or Zenger 

and Mazzullo (1982), nor the models proposed by McHargue and Price (1982) 

adequately describe similar dolomite concretions within the upper slope 

calcareous mudstones. Popular models involve supratidal to subtidal 

deposits in hypersaline settings, with freshwater/seawater mixing - a 

type of environment entirely foreign to the Ihungia Formation. It is 

conceivable that dolomite concretion formation in the mudstone is a burial 

diagenetic phenomenon involving replacement of calcium carbonate by 

f M 2+ . ree g 10ns:-
2+ . 2+ 2CaC03 + Mg = CaMg(C03}2 + Ca (Carpenter 1980) 

However burial tends to produce widespread massive dolomitisation (Mattes 

and Mountjoy 1980). Dolomitic concretions have been documented in 

recent sediments in west Scotland (Brown and Farrow 1978), but these have 

been formed syngenetically around crustacean burrows - a feature not 

displayed in the Ihungia Formation. Kennedy and Klinger (1972) have 

reported on intraformational concretions, which are not of burrow origin, 

from soutbern Africa. 

5.11 DISCUSSION 

Ihungia Formation is considered to be allochthonous in the study area 

and beyond (Chapter 9.11 - 9.15}. At its source its depositional 

environment may have resembled t hat of the Upper Miocene Makara Basin 

of southern Hawkes Bay, and many other small, structurally controlled 

basins along the East Coast Deformed Belt Cvan der Lingen and Pettinga 

1980; Spdrli 1980; Pettinga 1982). The Makara Basin is interpreted 

by van der Lingen and Pettinga (1980) to be approximately 30 x 20 km 

in size, originating on the upper slope of the Hikurangi subduction 
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trench. It contains flysch sediments ponded between thrust ridges 

(structural highs of deformed Upper Cretaceous to Lower Tertiary 

strata), formed by imbricate thrust faulting and deformation of the 

leading edge of the upper plate. 

The Ihungia Formation is now removed from its source. Proofs of its 

possible small basin setting (~lder bounding lithologies, onlap 

situations, etc.) are either buried by higher Ihungia strata, eroded 

away, or remain at the undiscovered source. The Whangai-derived 

breccia may have originated from an adjacent thrust ridge of Whangai 

Formation, activated in the Middle Altonian. The two conglomerate 

lithofacies may have had a similar derivation, although crystalline 

constituents probably had a more exotic source. Shallower water 

macro- and microfaunas, occasionally introduced into Ihungia sediments 

by sediment gravity flows, may have originated from communities ltving 

on submerged structural highs. The highs may also have provided a 

control to the lateral thickness variations measured within the formation 

(Figure 5. 10). The organisation of sediment input is not clear from 

the distribution of more concentrated (higher sandstone : mudstone ratiol 

flysch sequences. 

Karekare and Whangai Formation provenance for the Ihungia Formation has 

been discussed (section 5.9}. It follows that structural highs, 

composed of these two, and perhaps other formations, bounded a proto

Ihungia basin during the Miocene . The development of subduction/accretion 

processes in the source area of the Ihungia Formation at approximately 

the Oligocene/Miocene boundary would account for the distinct change in 

style of sedimentation from Paleogene smectite mudstones ("bentonite"), 

limestones and greensands of the Mangatu Group to Neogene flysch sequences 
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(commencing with Ihungia Formation), as documented elsewhere in the East 

Coast Deformed Belt (Webb 1979; Pettinga 1982). 

The lateral equivalent of the Ihungia Formation, the Te Ara ri Formation, 

was deposited rapidly in a middle shelf situation (Black 1980). It is 

therefore more proximal to a landmass than the Ihungia Formation, placing 

that landmass somewhere to the west. Suggate et al. (1978) have drawn 

generallised Otaian (Early Miocene) and Waiauan (Late Miocene) coastlines, 

and from these the writer has deduced an average Miocene coastline 

approximately 35 km to the west of the study area. 

5.12 YELLOW-BROWN SANDSTONE AT PIRAUAU TRIG 

The southern boundary of the study area has been arbitrarily placed along 

the Mata Road. However a limited number of features have been 

investigated south of the road in order to achieve a better understanding 

of stratigraphic and structural trends crossing that boundary. At 

Pirauau Trig, less than 500 m south of the Mata Road, in the vicinity of 

Locality 1 (Figure 5.1), weathered sandstone is exposed in small, isolated 

outcrops. The yellow-brown, fine grained, well sorted, slightly 

calcareous sandstone 1<I.ith rare, mm-thin shell-rich lenses does not closely 

resemble any of the sandstones described from the Ihungia Formation 

(section 5.1). However it is believed to be conformable upon Ihungia 

Formation (C. Mazengarb, New Zealand Geological Survey, pers. comm., 1986). 

Geological Survey workers have established a Waiauan age for material 

just below sandstone at Pirauau Trig (Y16/f237, Y16/5673211 and also a 

Waiauan age from the sandstone itself (Y16/f519 and 519A, Y16/57103226). 

The latter sample has been described by A.G. Beu (New Zealand Geological 

Survey, Lower Hutt, 1984) as an inner shelf., shallow, unusually warm 
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water assemblage, resembling the Upper Tongaporutuan sequence at Te 

Araroa, East Cape. 

Pick (1962a) and Laing (1972) both mapped the sandstone cap at Pirauau 

as Tokomaru Sandstone. However true Tokomaru Sandstone (Ongley and 

Macpherson 1928) is Kapitian to Opoitian (Early Pliocene) in age. 

Thus the sandstone at Pirauau is considered to be a sandy phase of the 

youngest Ihungia For.mation. 

An erosion-resistent ridge of sandstone, similar in appearance to 

Pirauau Trig, but abundant in macrofossils, bas been studied by C. 

Mazengarb (New Zealand Geological Survey, pers. comm . , 1983) at Pukeraki 

Trig, south of the study area, at Y16/52963043, and found to be 

Tongaporutuan in age. A terrace deposit at Locality 40 (Figure 5.1), 

containing pebbles of fine grained brown sandstone, often packed with 

bivalves, may be derived from Pukeraki Trig or similar material further 

south. 



Chapter 6 - PETROGRAPHICAL TECHNIQUES 

6.1 INITIAL PROCEDURES 

Representative thin-sections (dominantly sandstones, rarely mudstones 

or conglomerates) were studied in detail, prior to electron microprobe 

analysis. Approximate compositions of twinned plagioclases were 

determined using the Michel-Levy statistical method (Heinrich 1965, p 

360). Point counting (Carver 1971) was not required for this study, 

pending experimental point counting techniques with the electron 

microprobe. 
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Mudstones and a few sandstone samples were powdered for X-ray diffraction 

analysis. 

6.2 ELECTRON MICROPROBE 

Further thin-section analysis was carried out on a JXA-SA Electron Probe 

Microanalyser (electron microprobe), with operating conditions of IS kV 

and 1 x 10-9A beam current. A Link Systems 860 Series 2 energy 

dispersive analyser was used to display the information as a spectrum, 

acquired from each analysis over a 50 second period. 

o 
Polished uncovered thin-sections were covered by a 200 - 250 A-thick 

carbon coating using an Edwards 306 vacuum coater. 

The energy dispersive analyser displays a semi-quantitative spectrum of 

the mineral under the beam. Peaks on the spectrum correspond to the 

K, Land M electron orbital shells, represented by sorresponding 

coloured lines superimposed on the screen. Most of the minerals 
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encountered contain predominantly lighter elements (seldom beyond iron), 

for which the K lines are principally used for identification. L lines 

first appear with iron. In elements heavier than argon the Kline 

splits into 0< and ~ lines with o::always greater. Both lines must be 

present, in the correct proportions, to signify the presence of the 

element. 

Spectra of minerals identified in this manner are displayed in Figure 6.1. 

Earlier determinations of plagioclase species (oligoclase and andesine) 

were confirmed by the spectra. 

Point counting on the microprobe gave results which are tabled in tbe 

relevant sections of Chapters 3, 4 and 5, and are compiled in full in 

Table 6.1. 300 points, at 200 ~m intervals, were counted for most 

samples, fewer in poorly preserved thin-sections. 

The sample was then washed, re-examined under the petrological microscope 

using the knowledge obtained from the microprobe analysis, and covered. 

6.3 QUARTZ-FELDSPAR-LITHIC FRAGMENTS DIAGRAM 

Quartz-feldspar-lithic fragments (~FLl diagrams (Figure 6.2 and others) 

follow Folk et al. (1970). 

re-calculated to 100%. 

For these diagrams the QFL components are 

The quartz apex applies to monocrystalline quartz only (unlike Folk et 

al. 1970), and polycrystalline quartz grains (quartzite and chert) have 

been assigned to the lithic fragments apex, following Moore (1978b) and 

Kenny (1984b). 
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Figure 6.1: Typical spec tra of mine ra ls identified by electron probe microanalys i ~ Parameters: 2K FS: B, 10 EV/CHAN, LIVE TiME = 50 SECS, SPECTRUM LE NGTH = 1024 CHAN 
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(Figure 6.1 con t inued ) 
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(Figure 6.1 continued ) 
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(F igure 6.1 continued) 
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Figu re 6.2 : Compi l ation of QFL data f rom Chapters 3, 4 an d 5. 

1 Ihungia sandstone (AU 38962) 
2 (AU 38963) 
3 dark sandstone (AU 38967) 
4 brown sandstone (Oposs um Creek lithofacies) (AU 38937) 

5 Opossum Creek sandstone lithofacies (AU 38924) 
6 (AU 38922 ) 
7 (AU 38925) 

8 (AU 38926) 

9 sandstone from Han9atu siltstone l itho facie s (AU 38901) 

10 Tikihore sandstone (AU 38893) 
11 (AU 38898) 
12 (ca lcareous) (AU 38899) 

13 sandstone lens in "Waingata Li mestone" (AU 38881) 

14 Owhena sandstone (AU 38875) 
15 (AU 38856 ) 
)6 Karekare sandstone (Teratan) (AU 38846) 
"l7 siltstone ( ) (AU 38838) 

18 sandstone (Arowhanan) (AU 38847) 
19 sandy mudstone ( ) (AU 38848) 

20 

21 

sandstone near base (AU 38830) 

sandstone from Matawai/Motu area 

(after Isaac 1977) 
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22 Waitahaia sandstone (AU 38812) 

23 (AU 38820) 
24 (AU 38821) 

25 (AU 38822 ) 

26 ~1okoiwi sandstone (AU 38803) 

27 (AU 38804) 

28 (AU 38805) 

29 (AU 38806) 
30 (AU 38792) 

31 Taitai Sandstone (AU 38808) 
32 (in Landon-age 

breccia) (AU 38809) 

33 sandstone matrix of Taita i 

conglomerate (AU 38810) 
34 (AU 38799) 

35 Lower Cretaceous from Waioe ka River 
Healy et al. 1964 IN Dickinson (1971 ) 

36 
37 
38 
39 

40 
41 

average. of points in QFL diagram of 

Urewera Greywacke (Jeary 1979) 

average of points in QFL diagram of 

Torlesse terrane, Kaimanawa Ranges 

(Beetham and Watters 1985 ) 

42 average Torlesse (MacKinnon 1983) 
43 average Torlesse (MacKinnon 1980) 
44 average Torlesse (Dickinson 1971) 

45 average sandstone from Arthur ' s Pass 

(Cave 1982) 
46 average carbonate-cemented sandstone 

from Arthur's Pass (Ca ve 1982) 

L itha renite 
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Table 6.1: Composite of all percentages from point count analyses . (*tr trace) 
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6.4 X-RAY DIFFRACTION 

Unoriented, oriented, glycerol-treated and heat-treated samples 

of powdered mudstones (and a few sandstonesl were examined by standard 

X-ray diffraction techniques, using a Philips X-ray diffraction unit 

fitted with a graphite monochromator and using Cu K ct X-radiation. 

Unoriented samples were analysed from 2 9 to 65 8. Table 6.2 contains 

a list of peak values (8) used to determine minerals present in the 

samples. Identification of clays is unsatisfactory in unoriented 

samples alone - it is necessary to consider peak developments, movements 

or collapses which occur with further treatment of the samples. Oriented, 

glycerol-treated and heat-treated samples were analysed from 2 8 to 22 8 

and from 58 8 to 65 8, the ranges in which clay peaks are dominant and 

most easily interpreted. 

clay minerals. 

Table 6.3 was used as a supplement to determine 

A semi-quantitative assessment of mineral percentages in each sample 

(Table 6.4) was achieved by estimating the area under the various peaks 

representing each mineral, and dividing by the total peak area. Crystal 

orientation-dependent broadening of peaks and superposition of peaks from 

different minerals are two rare problems encountered in the estimation 

of peak areas. Parts of Table 6.4 have been included in relevant 

chapters. 

6.5 SIMPLE PETROGRAPHIC TRENDS 

The QFL diagram (Figure 6.2) shows a clear affinity of oldest litbologies 

in the study area CMokoiwi and Waitahaia Formations} with Torlesse terrane 

and Lower Cretaceous material. This strengthens the belief that the 
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Table 6.2: Values (in 8) of peaks representing each mineral recorded 
from powdered rocks by X-ray diffraction, based largely on 

qua rtz 

Pei-Yuan Chen (1977). Values underlined by a dashed 
line should be moderately important peaks; those underlined 
by a solid line should be dominant peaks. 

alkali feldspar 13.60 15.10 21.00 23.60 25.50 26.B5-27.79 £7~0~ £7~2~ 29.50 30.50-30.BO 
44.50 47.50 4B.50 49.20 52 .30 53.10 

plagioclase 

heulandite 

laumontite 

analcite 

ca 1 cite 

aragonite 

dolomite 

gypsum 

epidote 

siderite 

fl uori te 

magnetite 

hematite 

pyri te 

gl auconite 

sulphur 

jarosite 

bari te 

chlorites 

venni cul; te 

kao 1 i nite 

smectite 

21.98-22.05 22.70-22.93 23.54-23 .72 27.B2-27.92 27.95-2B.15 £B~3~-£B~5I 
29.34-30.10 31.20-31.62 33.70-33. B6 35.00-35.B8 

09.99 11.34 £2~6~ lO~l~ 

~9~31 12~8£ 21.35 25.35 29.47 

15.79 25.97 30.50 ------

23.10 29.45 31.60 39.50 43.07 57.30 ----- ---
26.30 £7~4~ l3~3~ 36.20 3B.00 3B.50 43 . 20 ±6~0~ 48.60 50.30 52.40 53.00 

31.00 41.20 ~0~7~ 

11.70 20.80 29.18 31.16 33.43 

22.11 30.B3 33.30 33.43 34.53 ---------
30.50 32.07 38.29 42.43 52.79 

±7 ~O~ 55.80 

1B.19 30 .08 35.4B 43.07 52.54 

33.30 35.77 41.02 45.59 54.20 

2B.60 33.05 37.15 40.B5 55.35 

08.00 19 ~3~ 20. 50 £4~5~ £6 ~7Q. £B.:.,B~ 34 .70 1.1 ~6~ 39.70 41. BO 45 . 50 55.30 

13.30 23.10 23.BO 25.90 27.10 27.80 

14.95 15. 50 17.40 24.30 2B.70 29.00 30.10 31.25 35.30 39.40 45 .90 50.00 --- --- --
50.20 

19.85 20 .45 £2.:.,B~ 23.50 25.80 £6~9~ £B~7~ ll~5~ l3~0~ 40 .BO ±2~5~ 

05.18-06.31 12.46 14.20 1B.:.,8~ 25.10 31.72 

05. 09-05.22 12.39 14 .00-15.00 19.29 24 . B7 31.38 

12.37 20.35 24.B7 35.05 38.45 -- --
03.50-04 . 50 19.80 ------

swell ing 
montmorillonite 02.89 05 . 09 12 .00 1B.10 24.31 

~~~tmorillonite 05 .73-05. 31 05.B9 17.70 19.:..7£ £9.:.,SI 35.94 

~~~ ~~~~illonite 07.12 -07.20 OB.BO 17~91 19.B5 £B~B~ 
illite OB .B4 .!.7LBl19.00 26.60 l4.:.,4~-l5~0± 45.00 

mica/ 06 .95 17.42 19.72 27.61 
montmorillonite --
biotite OB.75 17.73 25.52 33.69 l5~61 

halloysite OB.84-09.02 19.99 £6.:.,7Q. 35.05 
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formations are derived from older lithologies to the west of the study 

area, or share a similar derivation with those lithologies. A 

compositional maturity trend is apparent, from the QFL diagram, for 

younger lithologies, with an increase in quartz at the expense of 

feldspar. It is thought that most of the younger lithologies are 

derived from Middle Cretaceous or Torlesse material (sections 3.3 f, 

4.1 f, 4.2 f). 

Other petrographic characteristics are obvious - high levels of calcite 

in calcareous lithologies and glauconite in greensands, dolomite in 

dolomite concretions, smectite in "bentonite", chlorite and illite in 

altered Waitahaia Formation. Remaining percentages of minerals in the 

X-ray diffraction table (Table 6.4) are moderately stable, with quartz 

and feldspar comprising the only large proportions. Mineral percentages 

from the microprobe point counting analysis are much more inconsistent, 

variations in carbonate and/or lithic content having a substantial 

effect on quartz and feldspar percentages. Pyrite and carbonaceous 

fragments are important constituents of most lithologies, indicating 

reducing conditions after deposition and constant proximity of a 

landmass(es). 



Table 6.3: Alteration of peak shape, size or position (in 8) in clay 
minerals when oriented or treated with glycerol or heat 

(500
o

C). (from laboratory notes by P. Black and T. Sameshima 

ORIENTED 
SAMP LE TREATED WITH GLYCEROL 

University of Auckland) 
HEATED TO 5000C MI NERAL 

3 .0 

) 

r egularl y interstratified 
chlorite/montmorillonite 
or ch10rite/venniculite 

8<expan dS t o 2.7 - 2 . 8 8~may disappear or give 3.65 8 peak 

expands but gives may give irrational sequence or may 
, t' 1 h" ' t 't f k --------'- randomly s tratified lrra lon a sequence. ~ s ow lncrease l n ln enS l y 0 pea ------------r chlorite /montmorillonite 
Peaks may be broad. at 6.3 - 7.3 8 

5.8 8 ___ shift to 5.2 8 ----~) dest roye d --------------...... , smectite 

6 . 3 8 

6.3 -

8.7 8 

~increa se in intensity 
no change ______ - 060 peak near 60 8 ,ch10ri te 

- 060 peak near 61. 85 8-----3>dioctahedral chlorite 

no change or ~co 1la pses to 8.8 8,060 peak near 60 8~vennicu1ite 

slight i nc rea se ~col lapses to 7 8, 060 peak near 61.85 8--7dioctahedral venniculite 

co~la pses to 8.8 8 060 peak near 60 8 

expands to 5.128 At 17 . 78 - gives 5 8 peak with glycerol_montmorillonite < wlth wea k peak 

no change, 
sequence 

- gives 6 8 peak with glycero1_vermicu1 He 

co llapses t o 8 . 8 8 , 060 pea k near 61.85 8 ...... montl1lorill onite 

rationa1~Collapses t o 8.8 8, 

~no change or slight 
peak in tens i ty 

060 ea k nea r 60 8 ~ r egu 1 a r 1y , inters tra ti fi ed 
p venlllcullte 

060 k 60 8 regular ly inters tratifi ed 
pea near - chlorite/mica 

collapses to 8 8 8 060 peak near 60 8~randomly i nterstratif i ed 

no change or 
sequence 

i r ratio llal < . , vermicu1 i te 

randomly lnterst r at ified 
no ch ange or sl ight pe ak collapse ') cll10ri te/mica 

'\

expan?s to higher ,-----+)collapses to 8.88 -060 peak near 61.85 8-+interst r~tifi~d mica/ 
spac 1 ng ' J montmon 11 on 1 te 

- 060 pea k near 60 8 interstratified trioctahedral 
~ mica/rliontlllori 110ni t e 

no change --------?-)s light collapse, 060 peak nea r 61.85 8-;..in te rstratifi ed di octahedra1 
vennicu1ite/mi ca 

060 k 61 85 8--+11ica • muscovite, variou s 

060 peak be tween 61 

Peak ve ry \~eak. 

8 . 8 ~ 
pea near. po1Ylllorphs 

(

ymme trica1, no change~no cha nge and 61.85 8, 17.5 8 - g1aucon ite or ce 1adonite 

8 060 peak near 60 8~biotite, vario us polymorphs 

12.5 

interstratified mica/ 
as ymmet r ical or slight no change or slight 060 peak variab1 e--- montmor i llonite or mic a/ 
shift either \'lay ~ peak sharpe ni ng vennicu1ite 

illite (al so at 17.8 8) 

increase in spacing __ ..... f~1·2rs,5t collapses to 

< 
----,. e at 4000C 060 peak near 52.3 8 ~hal10ysite 

8 

o r 110 cha nge then des troyed 

- 060 peak nea r 62.3 8 ~dis()rdered kaolinite 

< no cha nge at 4000C - 060 peak near 60 8~ch10rite 
then destroyed 

- 060 peak near 61.85 8_ dioctah edra l chlorite 
no change 

peak at l 2 8 }venniculite or kaol inite 
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PART III S T R U C T U R E 

Chapter 7 - INTRODUCTION TO PART III 

Detailed mapping of the study area followed on from a geological study 

of the Ihungia Catchment (Kenny 1980, 1984). That earlier study 

identified three SSE-dipping decollement sheets, postulated to have 

been emplaced from an unknown source or sources somewhere to the 

northwest. A vertical, E - W-trending fault now separates the lowest 

sheets from Middle Cretaceous lithologies which are assumed to 

represent basement. At depth the lowest sheet is thought to rest, 

with sheared contact, on this basement. 

The concept of stacked decollement sheets was new to this area, 

although Stoneley (1968) had recognised similar structures in the 

Maungahaumia district, about 40 km southwest of Ihungia, and Speden 

and Moore (New Zealand Geological Survey, pers. comm., 1982) have 

mapped a series of decollement sheets north of the Tapuaeroa River. 

In the preceeding twenty years workers had explained the complex 

structural patterns in the Ihungia Valley in various ways. Vella 

(1959), Pick (1962a,b} and Kingma (1965) used an array of cross

cutting vertical faults. Laing (1972) dismissed the use of numerous 

faults by his predecessors as being a fashion of their time. He 

believed the anomalous structural patterns to be merely the result of 

large-scale topographic relief and consequently saw no need to use 

faults in his mapping. 

203 

Geological investigations by these writers also included the area under 

consideration in this study, to the west of Ihungia Catchment. It 
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became apparent at an early stage of mapping for the present project that 

structural patterns did not conform to the ideas of the previous workers 

any more than they had done at Ihungia. It appeared that the same 

general pattern of decollement sheets resting on implied basement, 

continued westwards from the Ihungia Catchment, through the study area 

and beyond. Part III has been divided into domains according to 

fundamental structural differences. 

in the chapters which follow . 

These divisions will be justified 

The autochthon/allochthon boundary, which passes through the study area, 

divides Raukumara Peninsula into two regions of roughly equal area 

( Fig u re 7. 1 ) . 

The chapters are arranged such that th.e approximate tectonic order (lowest 

to highest) is maintained. In each chapter an effort has been made to 

describe features in chronological order wherever possible, according to 

cross-cutting structural relationsbips recognised in the field and in 

subsequent analysis of maps and aerial photographs. Absolute ages for 

d~collement(s) cannot be satisfactorily constrained because of the absence 

of unconformable onlaps. 

Brief descriptions of the domains are included at this stage to give a 

simple overview of structural relationships. Five domains are recognised 

- autochthonous "basement" * and "cover" domains, and three allochthonous 

domains - the areal extent of each is shown in Figure 7.2 . The concepts 

of autochthonous and allochthonous domains or lithologies are used 

throughout the remaining chapters. For the purposes of this study, an 

* assumed regional basement 
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Fi gure 7.1: Approximate pos iti on of the autochthon/allochthon boundary 

in Raukumara Peninsula (modified from Kingma 1965; 

Stoneley 1968; Suggate et al. 1978}. 
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"autochthon" is defined according to Bates and Jackson (1980) as - "a body 

of rocks that remains at its site of origin, where it is rooted to its 

basement". Similarly an "allochthon" is defined as - "a mass of rock 

that has been moved from its place of origin by tectonic processes" (Bates 

and Jackson 1980). 

The "basement" domain (section 8.1 - 8.6) is entirely steeply-dipping, 

almost isoclinally folded Waitahaia Formation (sandstone-dominated 

alternating sequence) of Clarence (latest Albian to Cenomanian) age; 

the Waingakia fold system of Pick l1962b). It is considered to be an 

eastern extension of the terranes found in the Raukumara Ranges. 

Resting unconformably upon the "basement" is the "cover" domain (section 

8.7 - 8.9) of mudstone-dominated Karekare Formation CRaukumara Series, 

Turonian to Santonian) and siliceous and calcareous shales of Whangai 

Formation (Haumurian to Teurian, Maastrichtian to Paleocene). The 

lowest domain of allochthonous material (section 9.1 - 9.4; Mokoiwi/ 

Waitahaia Formation domain) rests with a highly sheared contact on 

autochthonous "coverll, or IIbasement" near Ihungia Catchment in the east. 

Several smaller sheets and slivers of Upper Cretaceous to Oligocene 

lithologies are mixed together and enclosed in a sheared melange matrix 

(section 9.S - 9.10 - Mangatu Group domain). The uppermost domain 

(section 9.11 - 9.15) contains exclusively Miocene, mudstone-dominated 

Ihungia Formation in the area under considerat i on. Further south, 

younger, more sandstone-dominated lithologies (~. Mazengarb, New Zealand 

Geological Survey, pers. comm . , 1984) may also belong to this domain. 

Structures which cross-cut the domains are discussed in Chapter 10. 

Throughout these chapters emphasis will be placed on determination of 
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Figure 7.2: Areal extent of the five structural domains recognised in 
the Waitah.ai.a area. 
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stress fields (Figure 7.3). In many instances simplified lower hemisphere 

equal area stereonets will accompany the text. The complete stereonets 

from which they are derived, are arranged in Appendix 3. 

Figure 7.3: IIForces and composite of structures that can result from 

wrenching deformation combined schematically with strain 
ellipse. Depicts right-lateral movements; view in reverse 
for left-lateral II - Harding (1974, p1291). Principal 
stresses (compression and extension) are determined from 
the orientation of strain e1lipses derived from individual 
structures. It would be advantageous in the understanding 

of following chapters to visualise the diagram as a cross
section as well as its present map view. 
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