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Chapter 10 - POST-EMPLACEMENT STRUCTURES 

The autochthonous and allochthonous domains are cut by large-scale, 

post-emplacement structural features. 

10.1 FOLDING 

The Tutamoe Syncline (Pick 1962b) is a gentle undulation trending 

approximately 0600 with vertical axial plane and gently southwest-
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plunging fold axis (Figure 10.1). Its northeastern extension swings 

noticeably in trend and is offset by later faults. The form of the 

syncline is partially disguised by the pre-existing gentle-to-open folds 

in the area now occupied by its northwestern and southeastern limbs 

(section 9.11 a). 

A gentle anticline, parallel in orientation to Tutamoe Syncline, has 

been mapped in the southeast of the study area (Locality 1, Figure 10.1). 

It is apparently truncated in the Ihungia Catchment by the Waihua and 

Waipapa Faults (Kenny 1980). 

In the vicinity of Whakoau Trig allochthonous Whakoau limestone is gently 

folded into an ENE - WSW-trending anticline (Locality 2) (mentioned 

briefly in section 9.7) and a syncline 0.5 km to the north (Locality 3). 

At Locality 4 and ENE - WSW-trending syncline gently folds the basal 

shear plane of the Ihungia Formation, and at Locality 5 a similarly 

trending anticline has affected Ihungia Formation. At Locality 6 the 

allochthonous block of Opossum Creek sandstone lithofacies dips gently 

north (section 9.6) - an uncharacteristic orientation when compared to 

surrounding sheets. This apparent discrepancy is solved if a syncline, 
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inferred from cross-section studies (back pocket), and of the same form 

and orientation as those folds described above, is placed in the melange . 

material, immediately north of the Opossum Creek sandstone block. 

The folds at Localities 2 to 6 may be remnants of a single anticline 

and syncline, truncated by the Whareone, Bexhaven and Kaikomako Faults 

(new names). They are parallel with the Tutamoe Syncline and anticline 

to the soutbeast. The folds may be part of a fold system in the 

Gisborne area, which affects Pliocene sediments (Stoneley 1962; Ridd 

1964; Kingma 1965), and were therefore formed in Late Pliocene to . 

Pleistocene times. 

If the folds are not part of the fold system to the south, they may be 

the results of ramping* or culmination** processes during the final 

stages of emplacement of some or all of the allochthonous sheets. 

However there is no evidence in the region to support this suggestion. 

* Ramps are thrusts which cut up stratigraphic section, in the 
direction of transport, between 'flats ' (horizontal thrust 
segments usually parallel to bedding) in a stepped thrust 
plane (Price and McClay .19.81; Butler 1982a}. 

** Culminations are typically monoclines (which collectively 

may form anticlines or domes) resulting from movement of a 

thrust sheet over an uneven surface. The sheet itself 
becomes passively folded in accordance with the undermass 
(Dahlstrom 1970; Butler 1982a}. 
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10.2 FAULTING 

Numerous megascopic faults cross the Ihungia Formation domain, and many 

of them also cut some of the older domains (refer to lithostratigraphic 

maps in the back pocket). Most of the fault separations shown on the 

maps (U/ o or 1# ) are based wholly or in part on apparent offsets of 

biostratigraphic horizons, which are themselves only approximate (see 

Chapter 5.1 b). Mapped truncations of one fault by another are based 

on biostratigraphic and lithost ratigraphic evidence . 

Well-defined faults offsetting two or more marker horizons (faults, 

veins, marker beds) are described in Table 10.1. Separations are 

deduced using a technique from Ragan (1973, p136-7) where two or more 

marker horizons are visualised together, and thei'r common slip calculated. 

The results are approximate because dip measurements of the fault planes 

are only estimated. 

Less well defined faults, which only offset inherently unreliable 

biostratigraphic zones and/ or one marker horizon, are listed in Table 

10.2. Localities of both types of fault lwell defined and less well 

definedL are shown in Figure 10.2. 

Megascopic faults in the study area form a complex, seemingly random, 

cross-cutting network of block faults and splays. In order to unravel 

some meaningful pattern, the cross-cutting relationships lsome genuine, 

some extrapolated using offsets of unreliable biostratigraphic zones) 

were studied, and logical groupings of faults established. The results 

of this investigation are displayed in Figure 10.3. 

The youngest faults (drawn as thick black lines on the map, Figure 10.3) 

occur in the western half of the region and include all the large-scale 



Table 10.1 : Slip directions of sections of faults which were measured according to the method described by 

Ragan (1973, p 136-7), with local topography also included in the analyses . 

(* locality numbers shown in Figure 10.2) 

F It ILocation of measured I orientati~nJ Marker horizons and their 
au ~~lt sect~ of faul orientations 

- -

more westerly of two j 1 0250/V two intersections of Mangatu siltstone 
Hauturu Fault (new name basal thrust plane with topography 
splinters 0150/100E 

Local 
topography 

WNW-ESE
trending 
ridge 

Sense of 
movement 

down to 
east 

Slip 
direction 

15 m algng 
025°/85° 

mo re easterly of two 
Hauturu Fault spl ingers .. . · o2~O/; · I~ii~h~ ~~-~it ~ ~~~~~~i~~~~~f~~~~ ~~i t i~~l ~~~~~~~~ -I :~~~ to -· 6~5~ / ~~gn; 

0500/100SE 

2 

no r thern Bremner Fault 
(new name) 

3 
to 
4 

southern Bremner Fault I 5 

northern Whareone Fault I 6 

middle Whareone Fault 7 
western splinter to 

8 

1350/V 
._. __ . .... _"'_ .. ____ . 1-.------.--- ----- 1-------- ---. 

ave rage of separations of basal thrust 
planes of upper and lower Whakoau 
limestone sheets, Uppe r Cretaceous/ 
Paleogene sheet and Ihungia Formation 
sheet . Limestone basal planes dip SOSE; 
other basal planes dip 1SoSE 

---- - --_ ... -. 

genera lly 
a SE
facing 
slope of 
10° 
gradient 

down to 
east/ 
dextra 1 

approx. 
200 m along 
135°/50° 

1--------

1300/V Isandstone co re of s6n cline at Pi rauau 
Trig ; NW limb = 050 /200SE 

ENE-WSW
trending 
ridge 

dextral 40 - 50 m 
along 
130%0° SE limb = 0450/200NW 

. - L;50/V1~·~~~·~-f~-;~ity between waita~~-i ~ - F~ ~~a;i~~ --a-l ~;;-··---·--··;i n ~str~'l approx . . 
and Kareka re Formation 070°/25°5 Waitahaia 60 m along 
Karekare/Whangai Formation contact River 355°/20° 

070°/20°5 
autochthon/allochthon boundary 

07So/4SoS 
---- .-- ..... .------.- ---_. -- . -- .. ---- ... ._--- -

1500/V basal shear plane of lower Whakoau SE-facing sinistral 40 m along 
limestone sheet 0600/050NW slope with /down to 330°/40° 
basal shear plane of Whangai material average east to 

1500/1505E gradient 330°/30° 
basal shea r plane of Ihungia Formation of 10° 

1500/150SE 

w 
co 
U1 



(Table 10.1 continued) 

Slip directions from striations on the eastern side of the hill within 50 m of the highest point of the fault trace, 
topographically (section 9.7 b ii), show strong sinistral strike-slip movement (refer to Figure 9.43). 

1----- --. . -- .-- . - - ----. -- - ... - - ---- - . --------. - --------- --.-- ,,-------.-----_.-__________ _ 

middle Whareone Fault I 9 
eastern splinter to 

10 
1------- .- -- -

southern Whareone 
Fault 

1-- ----

middle Kaikomako Fault 
(new name) 

II 

12 

1500/V las for Whareone Fault, western splinter I ditto 

.- ----_._-_.,---- -_._-- _. -_. ---_ ... _--_ .. - -----

1400 /85 0 W sandstone core of 
Trig 

syncline at Pirauau ENE-WSW-
NW limb = 0500/200SE trending 
SE limb = 0450 /200 NW ridge 

sinistral 1120 m along 
330°/15° 

sinistral 180 m algng 
330°/15 

-----.--------- --- ---- ----- ------- ----- ---------------.---- --1-- --------·1----

1750/V lautochthon/allochthon boundary 
0850 /400S 

Opossum Fault 1100/8005 

north
facing 
slope of 
10° 
gradient 

down to 
east/ 
sin is t ra 1 

30 m along 
355°/60° 

northern 
slope of 
Waitahaia 
Ri ver 

~---- - -- ---- -·- --· -·----------------1--- . - ------1 --~ 
fault crossing mouth 13 0100/700 E Karekare/Whangai Formation contact 
of Waingata Stream to 0300 /300SE 

sinistral 1100 m along 
005%5° 

14 autochthon/allochthon boundary 
0500/400SE 

~.------.--- -- . - - ------- --- ----1----1----------1- ------------------------ I _____ ~-______________ _ 

Opossum Fault (new 
name) 

15 
to 
16 

averagelbaSal plane of Opossum 
o Os blocks 

100 /80 basal plane of Ihungia 

Creek sandstone 
1000 /100N 

Formation 
100° /15°5 

western Idextral 
fault trace 
traversed 
steep hillS~ 
eastern 
trace crosses 
river terraces 

llOO m 
along 
280%5° 

w 
co 
0) 
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Table 10.2: Apparent senses of movement of faults where either one or no marker horizons are offset. Separations 

are extrapolated using offsets of unreliable biostratigraphic zones and/or a single marker horizon. 

Amounts of displacement have not been estimated because they are based on unreliable data. (*locality 

numbers are shown in Figure 10.2) 

Faul t Location of 
fault section 

southern Hauturu Fault (new name) I 17* 

northern Hauturu Fault 

more northerly of two NW - SE-trending 
fault south of Apiti Trig 

more southerly of two NW - SE-trending 
fault south of Apiti Trig 

small E - W-trending fault south of 
Apiti Trig 

more northerly of two E - W-trending 
faults north of Apiti Trig 

more southerly of two E - W-trending 
faults north of Apiti Trig 

fault immediately west of Whakoau Trig 

Whakoau Fault (new name) 

18 

19 

20 

21 

22 

23 

24 

25 

Orientation Orientation of marker horizon or .~-
of fault biostratigraphic zones (local bedding) 

OOOo/V 

I 
170° /V 

I 
1140° /700NE 

I 
i 1400 /800NE 
I 
I 

090°/60°5 

0850/800N 

0900 /700S 

1500/850 W 

biostratigraphic zones 
local bedding 0500/300SE 

lower Whakoau limestone basal plane 
090°/10°5 

melange is brought against Ihungia 
Forma ti on 

melange is brought against Ihungia 
Formation 

melange is brought against Ihungia 
Formation 

Ihungia Formation is brought against 
Paleogene lithologies 

Ihungia Formation is brought against 
Paleogene lithologies 

Upper Whakoau limestone basal shear 
plane 070°/10°5 

Sense of 
movement 

sinistral/ 
(down to east) 

down to east 

normal 

reverse 

reverse 

reverse 

reverse 

normal 

110° /70°5 basal shear plane of Ihungia Formation I dextral 
sheet 070° /l50SE 

w 
ex> 
ex> 



(Table 10.2 continued) 

fault between Hauturu and Whakoau 
Faults 

Huiarua Fault (new name) 

northwestern spl i nter of Bremner Fault 

southern splin t er of Bremner Fault 

northern Bexhaven Fault (new name) 

middle Bexhaven Fault 

southern Bexhaven Fault 

southern Kaikomako Fault 

Puketoro Fault (new name) 

northern splinter of Puketoro Fault 

southernmost of E - W-trending faults 
north of Puketoro Fault 

next fault north of the above 

next fault north 

26 11300 /850 W I basal shear plane of Ihungia Formation I sinistral 
sheet 070o/l50SE 

27 

28 

29 

30 

31 
to 
32 

33 

34 

35 

36 

37 

approx. 
0400 /700 SE 

1200 /800W 

1500 /V 

1600 /850 W 

1550 /850W 

apgrox. 
160 /850 W 

1500 /V 

0850/850 S 

0850 /700S 

0800 /300 S 

biostratigraphic zones 
local bedding unreliable 

basal shear plane of Ihungia Formation 
sheet 0700/l50SE 

biostratigraphic zones 
local bedding approx. 0700/300S 

basal shear plane of Ihungia Fonnation 
sheet approx. horizontal 

biostratigraphic zones 
local bedding approx. 0500/350SE 

biostratigraphic zones 
local bedding variable 

biostratigraphic zones 
loca~ bedding approx. 0500 /200SE 

"Waingata Limestone" approx. 0900 /350 S 

"Waingata Limestone" approx. 0850/350 S 

Karekare and Whangai Formations 
approx. 0900/250S 

38 10800 /300 S Karekare Formation 

39 10750 /350 S Karekare Formation 

0900 /300 S 

1200/400 S 

reverse 

sinistral 

sinistral 

dextral 

dextral 

dextral 

down to east 
/sinistral 

reverse 

reverse 

norma 1 

nonnal 

norma 1 

w 
co 
1..0 



(Table 10.2 continued) 

40 0500 /V down to south 
41 0500 /V down to north 

NE - SW-trending faults between 42 0450 /V biostratigraphic zones down to north 
Bremner and Bexhaven Faults 43 045° /V local bedding variable down to north 

44 0500 /V down to north 
45 0500 /V down to south 

46 1000 /V down to SW 
WNW - ESE-trending faults between 47 1200 /V biostratigraphic zones down to SW 
Bremner and Bexhaven Faults 48 arcuate/V local bedding variable down to SW 

49 arcuate/V down to east 

50 approx. down to north 
l300 /V 

51 0650 /V down to north 
faults between Bexhaven arid 52 approx. biostratigraphic zones down to NE 
Ka i komako Fau lts l300 /V local bedding variable 

53 1000 /V down to south 
54 a rcuate/V down to north 

/dextral 

Te Para Fault (new name) 55 a rcua te biostratigraphic zones reverse 
/600 NE local bedding variable 

Mangaehu Fault (new name) 56 I agprox. juxtaposes Karekare and Whangai nonnal 
100 /800 S Format ion s, local bedding variable 

faults north of Mangaehu Fault 57 075 0 /V offsets isoclinally folded Waitahaia sinistral 
58 0650 /V down to north 
59 0600 /V Formation material down to north 

Makara Fault (new name) 60 1600 /V basal shear plane of Ihungia Formation sinistral/ 
sheet 080° /100 S (down to west) 

w 
\D 
0 



(Table 10.2 continued) 

possible southern extensions of Makara 

fault along Mata Ri ver in the vicinity 
of Opossum Creek and Mangaehu Stream 
mouths 

more westerly of two faults crossing 
lower Mangaehu and Makara Streams 

more easterly of two faults crossing 
lower Mangaehu and Makara Streams 

two faults crossing Waimata 
Catchment 

NNW - SSE-t rending fault through 
Pouturu Homestead 

possible splinte r of Makara Fault 

NW - SE-trending fault east of Makara 
Fault 

western segment of Kouetumarae No 2 
Fault (Kenny 1980) 

western segment of Kouetumarae No 1 
Fault (Kenny 1980) 

61 
to 
65 

66 

67 

68 

691 
70J 

71 

72 

73 

74 
to 
75 
76 
to 
77 

appb'0x. 
160 /V 

arcuate/V 

0000/700W 

0200/800E 

1050/7005 

apPb'0x. 
155 /V 

app rox. 
0200/800E 

115° /800 S 

apPb'0x. 
080 /V 

approx. 
0800/V 

biostratigraphic zones 
local bedding variable 

juxtaposes Ihungia Formation and 
Mokoiwi Formation sheets against 
Opossum Creek block and melange 

juxtaposes Mokoiwi Formation against 
an allochthonous block of Whangai 
Formation 

basal plane of Mokoiwi Formation sheet 

biostratigraphic zones 
local bedding approx. 1200/350 S 

Opossum Fault, 1000/V 
biostratigraphic zones 

bedding variable 

Opossum Fault, 1000/V 
biostratigraphic zones 

local bedding approx. 0300/250SE 

biostratigraphic zones 
local bedding variable 

biostratigraphic zones 
local bedding variable 

biostratigraphic zones 
local bedding variable 

sinistral/ 
(down to west) 

down to north 

normal 

normal/sinistral 

reverse/dextral 

down to east 

reverse 

norma 1 

sinistral/ 
(down to north) 

sinistral/ 
(down to north) 

W 
\0 
~ 



(Table 10.2 continued) 

western segment of Kouetumarae No 3 78 apP6°x. 
Fault (Kenny 1980) 060 /V 

southern splinter of the above 79 approx. 
0500/V 

WNW - ESE-trending fault between 80 1200 /V 
Kouetumarae No 1 and No 3 Faults 

three WNW - ESE-trending faults in 81 1000 /V 
lower Mangahoui Stream 82 I 100° /V 

83 I 1000/V 

Mangahou1 Fault (new name) 84 I a8 prox . 
I 080 /800 S 

western segment of Ihungia Fault 85 10300 /800 W 
(Kenny 1980) I 

I 

N - S-trending fault in upper 86 11700/850W 
Mangahoui Catchment 

two NW - SE-trending faults in upper 
I ~~ J I 1100 /V Mangahoui Catchment 

biostratigraphic zones 
local bedding variable 

biostratigraphic zones 
local bedding variable 

biostratigraphic zones 
local bedding variable 

biostratigraphic zones 
local bedding approx. 1400 /200SW 

biostratigraphic zones 
local bedding variable 

biostratigraphic zones 

biostratigraphic zones 0 ° 
local bedding approx. 020 /20 W 

biostratigraphic zones 
local bedding variable 

reverse 

down to no rt h 

down to SW 

down to south 
down to north 
down to north 

i reverse 

norma 1/ dext ra 1 

I reverse 

I ~down to NE 
down to SW 

W 
\.0 
N 
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NNW - SSE-trending faults, some of which are thought to extend northwards 

to Waingakia Stream. Strike-slip movements and apparent separations, 

especially sinistral, are dominant along this group of faults. 

The next oldest group of faults (thin black lines, Figure 10.3) includes 

the major splays of the Ihungia Catchment, some of which extend into the 

study area. Dip-slip movements are dominant although a strike-slip 

component is common on a number of faults. Strike-slip is sinistral in 

the study area and western Ihungia Catchment, dextral in the southeast 

of Ihungia Catchment. 

Faults coloured green preceded the large-scale faults described above. 

Although segmented now, these faults may once have been major NNW - SSE

trending features; those still recognised as such are the Ototo Fault 

(eastern boundary of the Ihungia Catchment - Kenny 1980) and the Makara 

Fault (Localities 60 and 61, and possibly also 62 to 65, Figure 10.2). 

Also, Hauturu Fault (Localities 17 and 18) may once have been joined to 

the fault which crosses t he mouth of Waingata Stream (Localities 13 and 

14). 

Faults drawn in red represent an earlier regime where steep faults 

trending WNW - ESE to WSW - ENE were dominant. They probably represent 

several stress regimes, but with the amount of disruption they have 

since undergone, it is difficult to differentiate them. One fault 

allotted to the oldest category, the Te Pora Fault (labelled 52 in Table 

10.21 does not conform to the orientation or characteristics of other 

faults in the region. It is strongly arcuate and dips more gently 

(60oNEl than any other feature except the shear planes separating each 

allochthonous domain. This fault possibly represents a type of reverse 
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listric fault, formed as the Ihungia Formation allochthonous sheet came 

to rest. If this is true, then the fault should become more shallow at 

depth and join the basal thrust plane asymptotic~lly (Figure - l0 :4). 

Figure 10.4 : Model of a simplified form of reverse listric fault 
joining the basal Ihungia Formation thrust plane 

asymptotically (simplified and modified from Price 1977). 

(scale in kilometres} 

N 

position of erosion 
surface in the 
study area 

~ reverse 1 i stri c 
fault 

(scale in kilometres) 

s 

basal thrust 
plane 
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10.3 DISCUSSION OF POST-EMPLACEMENT FAULTING AND FOLDING 

ENE - WSW-trending megascopic folds (section 10.1) are cut by almost all 

megascopic faults in the region. The folds are therefore older than 

these faults. Only the Te Pora Fault (Locality 52) may predate the 

megascopic folds. The oldest faults, oriented approximately WNW - ESE 

to WSW - ENE, could possibly be associated with the megascopic folds, 

because some of their fault planes are approximately parallel to fold 

axial planes. Any parallel trends may however be merely coincidental. 

The northern sections of the Ihungia and Ototo Faults were also active 

at this approximate time. There is a suggestion (Kenny 1980) that the 

Ototo Fault and northern Ihungia Fault splinters were once the same 

fault, possibly already in existence before emplacement of some or all 

of the allochthonous sheets. It was envisaged that movement along the 

northern Ototo Fault halted, following displacement by the Mangarakeke 

Fault. The northern Ihungia Fault then propogated southward along a 

new fracture, which is now recognised to be the younger, middle and 

southern sections of the Ibungia Fault and its associated splays. 

The younger splays and NNW - SSE-trending faults represent a return to 

the tectonic trends observed in the Cretaceous autochthonous basement 

(section 8.3). The formation of the splay faults has occurred on the 

southern sections of the Ihungia Fault in the vicinity of the western 

middle Ihungia Valley and westwards into the eastern study area, and 

also involves faults in southeastern Ihungia Catchment. Splays occar 

on a smaller scale with the Hauturu Fault splinters (Localities 1, 2 

and 17, Figure 10.2). Notice that in these examples the sp1inters/ 

splays do not develop until essentially within the relatively soft 

Ihungia Formation. The existence of these splays is difficult to 



397 

explain because other large faults in the region do not show these 

features . The NNW - SSE-trending faults passing through the west of 

the study area (Bremner, Whareone, Bexhaven and Kaikomako Faults) do not 

splay in the same manner, although their traces are somewhat "braided" 

in appearance. 

The dominant NNW - SSE trends cannot be followed outside the study area. 

To the north structural trends are E - W to ESE - WNW (Suggate et al. 

1978; Sp~rli 1980); to the south faulting trends are NNE - SSW, parallel 

to the major structural trends of the eastern North Island (Suggate et 

al. 1978; Sp~rli 1980; Mazengarb 1983). The study area is possibly 

positioned on a regional structural curve, linking these two trends 

(Figure 10.5 a). Another possibility is that the older, E - W trends 

recognised in the study area are related to the E - W trends of the East 

Cape region. The younger NNW - SSE-trending faults may be a slight 

curvature of the dominantly transcurrent eastern North Island NNE - SSW 

trends (Suggate et al. 1978) (Figure 10.5 b). 



Figure 10.5: Principal faults of the eastern North Island active 

during the Kaikoura Orogeny, with the approximate 

position of the study area indicated (modified from 
Suggate et al. 1978). 

a) E - W trends and NNE - SSW trends treated as being 

parts of the same faulting regime. 

a) 

b) NNE - SSW trends envisaged as cross-cutting the 
E - W trends, as they are seen to do, in a slightly 
different orientation, in the study area. 

STUDY AREA 

b) 

Wellingto 

a 100 km 
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PART IV - CON C L U S ION S 

Chapter 11 - DISCUSSION OF THE MIDDLE CRETACEOUS 

399 

The unconformity which separates Waitahaia Formation from Karekare 

Formation in the Waitahaia region represents a major tectonic event at 

approximately the Clarence-Raukumara Series boundary (Middle Cenomanian 

- 92 Ma). The significance of the event is discussed in terms of 

rifting and subduction/accretion models. Sedimentological and 

pre-emplacement structural evidence from the Mokoiwi Formation is used 

in this discussion, despite its present allochthonous situation. 

11.1 SUMMARY OF THE MIDDLE CRETACEOUS GEOLOGY IN THE STUDY AREA 

Sediments (Mokoiwi and Waitahaia Formations) of Motuan and 

Ngaterian age (Middle Albian to Lower Cenomanian), from a source to the 

southwest, accumulated in a submarine f an environment on a ?northeast

facing paleoslope (neglecting subsequent clockwise rotation of the eas t ern 

North Island - Walcott 1978a, b, 1984 ) . During a hiatus in deposition 

lasting less than 3 million years these rocks were complexly deformed. 

Dominant structures, formed at this time, are faults down-throwing to the 

east and tight-to-isoclinal folds. Axial planes and fault planes are 

both N - S-trending and nearly vertical. Above the unconformity, 

Arowhanan to Teratan-age (Upper Cenomanian to Lower Santonian) mudstone

dominated turbidites (Xarekare Formation), derived from Waitahaia 

Formation and perhaps older material, were deposited in subsiding, fault

controlled basins. 
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11.2 MODELS FOR DEVELOPMENT OF N - S-TRENDING STRUCTURES 

In section 8.3·, possibilities were introduced for the Waitahaia Formation 

being part of a regional anticline to the east, or an accretionary prism 

complex related to a subduction zone, also in the east. N - S-trending 

fault planes and fold axial planes generally dip steeply west. There is 

a subtle lessening of the angle of dip eastward before the whole sequence 

is faulted out . Both the regional anticline and subduction zone 

hypotheses would be consistent with this decrease in dip. As no material 

of appropriate age or lithology has survived to the east, or far to the 

north or south, it is necessary to derive answers to the hypotheses from 

lithologies towards the Raukumara Ranges in the west. 

An eastern anticlinal structure may not be an isolated fold, but may 

instead be one of a series of folds, in the regional sense (Figure 11.1 a). 

A west-dipping subduction system to the east would produce accretionary 

prism characteristics extending westwards (Figure 11.1 b). ImmediatelY 

west of the study area, in the upper Waitahaia Catchment, tectonism 

continues in the same style as that seen in the Waitahaia - Mata River 

area (pers. observ. 1982). At increasing distances southwestward from 

Waitahaia, the Mangaotane, Motu Falls, Matawai and Koranga regions portray 

deformations in basement rocks which resemble faulting and folding in the 

Waitahaia Formation (pers . observ., 1982; Speden 1975; Isaac 1977; Moore 

1978) . Thus the accretionary prism model is favoured to explain events 

of the Middle Cretaceous, in which sediments are 

accreted to a western plate (Figure 8.22 b). 

The mesoscopic reverse faults and the tight pattern of folding, with 

axial planes approximately parallel to the faults, within the Waitahaia 

Formation, comply with the basic model of subduction and accretion built 
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Figure 11:1 a: Diagram showing reverse faulting and minor folding on the 

limbs of regional anticlines and synclines, with respect 
to the Waitahaia Formation. 

tens of kilometres 
I I 

w E 

Fi§ure 11.1 b: Diagram illustrating faulting and folding in an accretionary 

wedge of a subduction zone as it may have occurred in the 
Waitahaia Formation. 

tens of kilometres 
I I 

W E 

STUDY AREA 

up by Scholl and Marlow (1974), Seely et al. (1974), Karig and Sharman 

(1975), Moore and Karig (1976), Moore (1978), Karig et al. (1978, 1981), 

Seely (1979), Leggett (1982), Moore et al. (982) and Davis et al. (1983) 

and based on the classical Nias Island, Sunda Arc and many other loca~ities ) 
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including modern subduction zones. However, the melange zones and 

pelagic sediments associated with subduction models are not exposed in 

the study area and may have been subducted. 

Howe 11 (1980) pos tul ated that "exoti c" terranes ~ were accreted on to the 

New Zealand segment of Gondwanaland in tbe Mesozoic. The last exotic 

terrane to be accreted was that of the "Torlesse greywacke", which was 

brought towards Gondwanaland from the east by a westward-dipping 

subduction zone propagating under the New Zealand area. 

completed by Middle Cretaceous time. 

Accretion was 

Sp~rli and Ballance (1985) suggest that after a break of approximately 

20 Ma, for which no sediments have yet been recorded, another period of 

subduction and accretion commenced (Mata River terrane l . 

Regional Timing 

It is known that the Waitabaia Formation sediments affected by deformation 

are Ngaterian, and that the deformation must post-date deposition. In 

fact very little time is available for deformation to have occurred. The 

Ngateri an "basement" is separated by a regi ona 1 unconformity from over

lying, much less severely deformed, Karekare Formation, which is of 

Arowhanan to Teratan age in this district. The Ngaterian and Arowhanan 

are consecutive stages in the Cretaceous time scale, and most of each 

stage is believed to be present; hence there were only a few million years 

for major earth movements to have taken place . 

This short unconformity time span is not unique in the Cretaceous geological 

record in New Zealand. In eastern Wairarapa and Marlborough intra-Motuan 
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unconformities separate similarly contrasting structural histories 

(Johnston 1975, 1980; Prebble 1976; Moore and Speden 1979; Laird 1981; 

Ritchie 1986). Another intra-Motuan event occurs in the Oponae area in 

the Waioeka Gorge, Raukumara Peninsula (Isaac 1972), where highly 

deformed Torlesse-type basement, up to Motuan in age, is unconformably 

overlain by open-folded sandy lithologies at the Motuan base of the 

widespread and diachronous Karekare Formation. A similarly short, but 

eventful time period~ is represented in the Koranga area (south of the 

Waioeka Gorge) by an unconformity separating Urutawan age Te Wera 

Formation sandstones from complexly deformed, poorly fossiliferous 

Urewera Group "basement" which is definitely as young as uppermost 

Jurassic and possibly as young as Urutawan age (Moore 19781. Additional 

information and good regional coverage of the widespread unconformity is 

given by Laird (1981). 

Returning to the Waitahaia - Mata River area, the unconformity separating 

Waitahaia Formation from Karekare Formation occurred in latest Ngaterian 

to earliest Arowhanan times and could Oe the youngest example of an 

unconformity between "basement" and "cover" yet found. 

The lowest Karekare Formation "cover" sediments have accumulated in 

basins developed in the deformed Waitahaia Formation "basement". Two 

models for basin development and subsequent infilling are discussed 

below. 
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11.3 EXTENSION MODEL FOR BASIN DEVELOPMENT AND INFILLING 

This model assumes that the major Waitahaia Formation N - S-trending, 

near-vertical faults, which down-throw material to the east, are steep 

normal faults, formed in an extensional (rifting) regime. Vertical 

displacement forms a fault angle depression in a manner similar to the 

model presented by Surlyk (1975, 1978) for East Greenland (Figure 

11.2 A) . Moore and Speden lI97~, 1984) also utilise Surlyk1s model for 

explaining the Pahaoa Group/Mangapurupuru Group relationship in eastern 

Wairarapa (Figure 11.2 Band C). The corresponding Waitahaia Formation/ 

Karekare Formation situation is illustrated in Figure 11.2 0 and E. 

The rifting model implies large-scale faulting, uplift to the west, 

rapidly subsiding basin, upslope erosion and supply of detritus by 

sediment gravity flows, and a tectonic event forming an unconformity. 

These points all comply with evidence in t he study area. However the 

model also assumes a number of features which cannot be applied to the 

region. 

1) Both deformed (below the unconformity) and relatively undeformed 

(above the unconformity) sediments are depicted as having accumulated 

in a fault angle depression formed in pre-existing rocks. In reality 

the depression has formed in tbe deformed Waitahaia Formation, and the 

basinal deposits are undeformed Karekare sediments alone. Therefore:-

a ) the widespread tectonic event is represented by the interface 

between deformed pre-bas in sediments CWaitaha i a Formati on) and 

undeformed basin sediments (Karekare Formation) (Figure 11.3), rather 

than by a relatively minor unconformity within basin sediments 

( Fig u re 11. 2 E); 

bl the revised situation CIa above t enables derivation of Karekare 

Formati on from Wa itaha i a Formati on as envi saged i'n Chapter 3.3, ra th.er 
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Figure 11.2: Extension (rifting) model. 

A - (facing page) Model proposed by Surlyk (1975, 1978) for East 
Greenland. 

8 and C - (facing page) Suggested model for the deposition of Pahaoa 
Group (8) and Mangapurupuru Group (C) (reproduced from Moore and 
Speden 1979, 1984). 

o and E - Possible environment of deposition of Waitahaia Formation 
(0] and Karekare Formation (E) following Surlyk's model. 
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Figure 11 . 3: Relationship between Waitahaia Formation and Karekare 
Formation using a modified version of Surlyk's (1975, 
1978) model . Note that an outer submarine fan environ

ment is envisaged for the Ka rekare Formation, rather than 
the shallower submarine fan delta environment modelled 
by Surlyk, and by Moore and Speden (1979, 1984). 

Karekare Formation 

submarine 
talus brecci a 

fan delta 
submarine fan- delta conglomerate 

submarine fa n-delta sandstone 

Formation 

than from the basement illustrated in Figure 11.2 D and E. 

2a) Although coarse grained deposits, in the form of locally-derived 

olistostromal material, are found in the basin (Karekare) sediments, 

they are not as extensive laterally or vertically as modelled. 

b) There is no evidence that turbidites are thicker or coarser on one 

side of t he ba sin t han t he othe r. 

c) Basin sediments are not necessarily derived exclusively f rom the 

major fault scarp as depicted . The Karekare Formation depocen t res 

are more likely to be enclosed basins ~eceiving detritus from many 

directions (section 3.3 b ii, Figure 3.18). 
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3) No contemporary (Late Ngaterian / Early Arowhanan) volcanics associated 

with rifting (ie alkaline suite) are recorded from the vicinity CSpeden, 

in Stevens and Speden 1978; Suggate et al. 1978). 

4) The fault forming the western margin of the basin is normal in the 

model. Many of the "major N - S-trending faults in the Waitahaia 

Formation are thought to be reverse, thus implying a compressional 

regime. 

For these reasons the extension model is discarded. 
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11.4 COMPRESSION MODEL FOR BASIN DEVELOPMENT AND INFILLING 

The possibility that regional folding had produced the steep reverse 

faulting and isoclinal folding within the Waitahaia Formation was dismissed 

earlier (section 11.2), in favour of a subduction/accretion model. 

Compressional forces operating during sUbduction act upon the material 

accreted to the over-riding plate, producing highly deformed strata 

(Karig and Sharman 1975; Moore and Karig 1976; Karig et al. 1981; 

Silver et al. 1985; and many others) . Depressions, separated by high-

standing pressure ridges, are formed on the surface of the accretionary 

prism (Figure 11.4). If Waitahaia Formation is accepted as accreted 

material, then Karekare Formation may be postulated to be the supra

prism basin deposits (Figure 11.5). 

The following points are favourable for this scenario:-

1) complex deformation within presumed accreted sediments (Waitahaia 

Formation); 

2) steep reverse faults oriented approximately paral l el to the subducting 

plate and trending perpendicular to the predicted subduction direction; 

3) basin sediments (Karekare Formation) resting unconformably upon the 

accreted sediments; 

4) evidence of several small basins (section 3.3 e and 3.3 g), a factor 

which is inherent in the accretionary prism model but unnecessary in 

a rifting scenario; 

5) provenance of basin sediments from local Waitahaia Formation structural 

highs on both the hinterland and trench side of the basins; 

6) slight buckling of basin sediments (section 8.7) in response to 

continued compressi·ve forces within the accretionary wedge. 

The lack of certain subduction/accretion-related features should be 
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• 

Figure 11.4: Tracings of seismic profiles from the present continental 

shelf and slope off eastern North Island (NZ) showing 
accretionary wedge deformation, with structural highs 
separating depressions which are partially or totally 
infilled with basin sediments (reproduced from Lewis, 
1980, Figure 5, pIll). 
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Figure 11.5: Profile 72-124 from Figure 11.4, with Waitahaia and 
Karekare Formations superimposed in their postulated 
positions. 
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noted: -

1) no abyssal plain pelagic deposits scraped off the subducting plate; 

2) no melange of material created by tectonic mixing of oceanic plate 

sediments with clastic continental slope sediments; 
outcropping 

3) no subduction-related calc-alkaline volcanism~ in the hinterland area 

(with east to west subduction, the hinterland must be tens to hundreds 

of kilometres further west). 

Only tbe most superficial level of the prism, without m~lange or pelagic 

deposits, is exposed at Waitahaia. Deeper levels, with melange and chert, 

are exposed further west (Hill 1974; Hoolihan 1977; Feary 1979). 

Evidence of calc-alkaline volcanism (now somewhere in the central North 

Island) is presumed to be covered by younger sediments, or eroded away. 

Relative topography of the Waitahaia Formation surface between structural 

highs and depressions is judged to have been small (perhaps equivalent 

to profile 72-176, Figure 11. 4) because of the lack of conglomerates, 

and the high proportion of mudstone within the Karekare Formation. 

Mudstone becomes more dominant up the sequence in response to regional 

subsidence and to the burial of the highs wbich provided the coarser 

detritus. 
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11.5 REGIONAL COMPARISONS 

Middle Cretaceous sediments from East Cape to Marlborough (Suggate et al. 

1978) are lateral equivalents of the Waitahaia and Karekare Formations, 

and can be represented by the subduction/accretion model. Mokoiwi 

Formation and Mata River terrane CRaukumara Peninsula), Pahaoa Group 

(southern Hawkes Bay/Wairarapa) and Sawtooth Group (Marlborough) correspond 

to the highly deformed, accreted sediments represented by Waitahaia 

Formation. Relatively less deformed Te Wera and Koranga Formations 

(mid-Raukumara Peninsula), Springhill, Glenburn and Gentle Annie Formations 

(southern Hawkes Bay/Wairarapa) and Burnt Creek, Split Rock, Ouse, Wharfe, 

Swale, Gridiron (and other) Formations (Marlborough) formed in equivalent, 

although often sandier, environments to the Karekare Formation. These 

sediments contain common interdigitating lenses of conglomerate which are 

largely absent from the Karekare Formation itself, but which are expected 

in a basin environment. 

Waitahaia and Karekare Formations and t heir southern equivalents may be 

compared by illustrating them collectively in the immediate vicinity of 

a single, supra-accretionary prism basin (Figure 11.6). Supporting 

evidence for the subduction/accretion model is contributed by these 

other regions. Steep faults are described from all regions, but not 

all are interpreted as reverse in sense (Moore and Speden 1979, 1984; 

Laird and Lewis 1984). Melange and pelagic sediments are recorded 

from Mata River terrane (Hill 1974; Hoolihan 1977; Feary 19791 and 

deformed sediments at Cape Palliser (Suggate et al. 1978). Red Island 

Volcanics and associated pink limestones of southern Hawkes Bay CPettinga 

1980, 1982; Sp~rli and Ballance in press) may represent material scraped 

off the Pacific plate. Subduction- related volcanism is reported from 

Marlborough by Ritchie (1986) and may be represented by Mt Somers 

Volcanics. (Adams and Oliver 1919). 
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Figure 11.6: Relative positions of lithostratigraphic units, from 

East Cape to Marlborough, in the vicinity of one of a 
number of supra-accretionary pri sm basins. The interface 
between basin and pre-basin sediments is seen as a regional 
unconformity. Note that not all units would occur in one 

basin. 
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11.6 DIACHRONISM OF DEFORMED COVER/CONTACT 

An interesting aspect concerning the associations of the units illustrated 

in Figure 11.6 is the respective ages of sediments immediately above and 

below the regional unconformity. In the study area "basement" Waitahaia 

Formation is Ngaterian in age (section 3.2 e). Oldest basin sediments 

(Karekare Formation), unconformably overlying Waitahaia Formation, are 

of early Arowhanan age in the Puketoro Stream area and latest Arowhanan 

age in the Waingata Stream area (section 3.3, Figure 3.18 and 3.20). 

Karekare Formation covering interbasin highs is of Teratan age. The 

unconformity equates with the Ngaterian/Arowhanan boundary approximately. 

Less than 10 km to the west, Waitabaia Formation is considered to be 

Urutawan to Early Ngaterian, and is overlain unconformably by Karekare 

Formation of Late Ngaterian to Teratan age (Phillips 1985). Therefore 

here the unconformity is probably Middle Ngaterian in age. The 

equivalent unconformity between highly deformed and relatively undeformed 

strata in the Mangaotane and Matawai areas (central Raukumara Peninsula ) , 

eastern Wairarapa and Marlborough represents an intra-Motuan tectonic 

event (.Johnston 1975; Prebble 1976; Speden, in Stevens and Speden 1978; 

Moore and Speden 1979, 1984; Lai rd 1981; Rai ne et a 1. 1981). In 

central Raukumara an intra-Urutawan unconformity at Motu Falls and a 

Korangan to Urutawan unconformity at Koranga (Speden 1975; Isaac 1977; 

Moore 1978a) are similar in character. 

In the Raukumara Peninsula there is thus evidence for eastwards younging 

of the deformed-sediment/ cover-basi n unconformity (Fi gure 11.7). 

Continued investigations further south may yield similar diachroneity. 

A cartoon (Figure 11.8) has been constructed to display a simplified 
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Cretaceous geological history of the middle Raukumara Peninsula, to 

demonstrate the apparent diachroneity in the area, using the subduction/ 

accretion model. 

Figure 11.7: Simplified stratigraphic columns comparing the age of 
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the unconfonni ty separating "basement" and oldest "cover" 

sediments in Raukumara Peninsula, from Koranga in the 
southwest to Puketoro Stream in the northeast (study area). 

Distance between sections is indicated. 
KF = Karekare Formation, b = "basement", U = unconformity 
(data compiled from Speden 1975, 1978; Isaac 1977; Moore 
1978a; Phillips 1985). 

SW NE 

Koranga 

25 km 

KF 

U 

Motu Fall s 

50 km 

KF 

b 

Te Wera Formation 
Formation 

upper 
Waitaha i a 

River 

KF 

U 

9 km 

U 

-U----

b 

Puketoro 
Stream 

KF 

b 

U 



416 

Figure 11.8: Cartoon of the proposed Cretaceous geological history of the 

Raukumara Peninsula region, showing response of sediment to 
subduction from the east. 

A - Urutawan (Early Albian): Accretion and deformation of sediments in 
the trench. Accumulation of sediments derived from the continental 
shelf and from local structural highs. Eroding landmass to the 
west supplies detritus to the more proximal basins. 
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(Figure 11.8 continued) 
C - Arowhanan (Late Cenomanian): Termination of subduction at approximately 

this time. Gradual subsidence of the whole region. Burial of the 
basement by fining-upwards sequence. 
becoming negligible. 
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11.7 PROVENANCE OF MIDDLE CRETACEOUS SEDIMENTS 

Sedimentary evidence demonstrates provenance of Mokoiwi and Waitahaia 

Formations is from the west or southwest (section 3.4 a). Deposition 

was in submarine fan, or possibly continental slope, environments. 

Sediments within the Mata River terrane to the west (Sp~rli and Ballance 

1985) are thought to be near-shore submarine fan or delta-associated 

complexes (Raine et al. 1981 L with a probable western derivation 

(Grindley 1960; Speden 1973; Raine et al. 198H. The sediments young 

eastwards. 

Tectonic evidence suggests t hat successively eastward-younging 

imbricated packets of Cretaceous clastic trench sediments (Mata River 

t errane, including Mokoiwi and Waitahaia Formations) are accreted on to 

the eastern margin of the sedimenta ny wedge associated with westward-

directed subduction (5ection 11.6 }. In this hypothesis continental 

margin sediments are trapped in supra-prism basins (eg. Karekare 

Formation t . 

There seems to be a Mscrepancy between the sedimentary and tectonic 

evidence, in that at any given time clastic sediments are trapped in 

supra-prism basins elongated parallel to the sTope bot may also apparently 

bypass the basins to accumulate in more extensive, more sandstone

dominated, base-of-slope (?trench ) submarine fan deposi t s. Three 

possible explanations emerge :-

1) accreted "basement" is derived from the east, upon the incoming 

subducting plate; 

2) shore-parallel transport has introduced sandstone-dominated material 

along the trench; 

3) large canyons funnel clastic sediments past the accretion and basin 

r 
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system to the base-of-slope (?trench) area. 

Eastern derivation is ruled out because al the sediments contain 

terrigenous clastic detritus, but no landmass is described from the east 

at this time, b). pelagic material is rare and not recorded from the study 

area, and c) current flow directions are southwest towards northeast. 

Along-shore transport is not likely because the sediments are described 

as thick, sandstone-rich submarine fan deposits, not contourites or like 

sediments. 

The third explanation complies most favourably with the evidence. 

Clastic shelf sediments could have been channelled via submarine canyons 

to the actively accreting zone along tbe trench, thus bypassing the 

continental slope/accretionary prism region (Figure 11.9). Taitai 

Sandstone Member of the Mokoiwi Formation (section 3.1 g) may represent 

these canyon deposits. In the inter-canyon areas small basins on the 

accretionary prism accumulate detritus from local structural highs, and 

from the continental shelf to a lesser extent. 

Figure 11.9: Addition of provenance information to the cartoon of 
Cretaceous geological history (Figure 11.8). 
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11.8 NEOGENE SUBDUCTION 

Miocene to Recent subduction along the Hikurangi Trough (Lewis 1980, 1985; 

Pettinga and Lewis 1985) provides an excellent analogue to the proposed 

Middle Cretaceous subduction/accretion model. Onland Miocene sediments 

(eg. Makara Flysch of southern Hawkes Bay - van der Lingen and Pettinga 

1980; Pettinga 1982) and present continental shelf and slope sediments 

(lewis and Bennett 1985; Pettinga and Lewis 1985) have accumulated in 

thrust-controlled basins elongated perpendicular to the present 

subduction direction, formed on higbly deformed accreted material. 

Ihungia Formation is now allochthonous and its source has not been 

discovered. It is postulated (section 5.1 kl that its depositional 

environment was equivalent to the Makara Basin, which accumulated in 

a structurally controlled basin originating on the landward slopes of 

the Hikurangi Trough. 
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Chapter 12 - DISCUSSION OF ALLOCHTHONOUS DOMAINS 

A few decades ago it was common practice to resolve abnormal juxtapositions 

of lithologies by the use of near-vertical faults; but more recently, with 

our increased understanding of plate tectonics, many problems can be 

solved by horizontal movements (Hsa 1979). This change of ideas can be 

seen in the various interpretations of the geology in the Waitahaia-Ihungia 

region. All workers prior to Kenny (.1980) used vertical faults to 

separate lithological domains. Kenny (1980, 1984) interpreted the 

domains as southeast-dipping allochthonous sheets resting on autochthonous 

sediments (section 8.1 - 8.6). 

Use of the term 'allochthon ' implies that these sheets of material have 

moved from their site of deposition. Movement of one body of rock over 

another involves the process of thrusting (Butler 1982a). 

Thrusting has been described from many well-exposed orogenic belts 

around the world, including classical examples from the Alpine thrust 

system (van Bemmelen 1966; Debelmas and Kerckhove 1973; Lemoine 1978; 

Hstl 1979), the Moine thrust system of northwestern Scotland (Butler 

1982b; Boyer and Elliott 1982), the Scandinavian Caledonides (Nicholson 

1974), the American Cordillera (Armstrong and Oriel 1965; Bally et al. 

1966; Dahlstrom 1970; Price and Mountjoy 1970; Price 1973; Roberts and 

Crittenden 1973; Scholten 1973; Royse et al. 1975; Cooper 1981; Boyer and 

Elliott 1982) and the Appalachians (Milici 1975; Harris and Milici 1977). 

Thrusting has also been described near the study area, at Mangatawa, by 

Stoneley (1968) and Mazengarb (1982). 
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The Waitahaia-Ihungia area differs from the above examples in having fewer 

good exposures and easily mappable layered sequences. 

12.1 APPLICATION OF GEOMETRICAL MODELS OF THRUSTS 

Cross-sections of the study area (back pocket) are based, by necessity, 

solely on surface geological data. This is contrary to the warning by 

Cooper (1981) that cross-sections, on which criteria for thrusting 

mechanisms are to be based, should not be determined from surface data 

alone, but should be augmented by geophysical or borehole data. In the 

absence of such independent controls, the drawing of cross-sections is 

likely to be influenced by pre-conceived ideas on thrust sheet geometry 

and emplacement mechanisms. In an attempt to avoid such problems, the 

cross-section compilations here make extensive use of geological changes 

vertically, within the available topographic relief, and are not projected 

to great depths. 

Figure 12.1 demonstrates that the allochthonous sheets are parallel . 

Figure 12.1: Simplified cross-section through Whakoau and Pirauau Trigs, 

showing a folded possible imbricate system of allochthonous 
sheets. t2x vertical exaggeration) 

Whakoau Pirauau 
Waitahai a Tr; g Tri g NW t Mata SE River River '\ t m 

1000 

soo 

0 

autochthonous 
basement and 

cover domains 
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It is difficult to determine emplacement mechanisms, especially since 

erosion has removed the connection to the source area. The allochthonous 

sheets could have been emplaced by gravity gliding (van Bemmelen 1966; 

Cooper 1981) or gravitational spreading (Bucher 1956; Dahlstrom 1970; 

Gretner 1972; Price 1973; Scholten 1973; Price and McClay 19B1; Butler 

1982a) . Gravity gliding (Figure 12.2) requires the following 

characteristic geometries (~ooper 1981, p226):-

1) listric basal thrust surfaces cut up-section at the trailing edge; 

2) truncation (as a result of 1) of the internal stratigraphy of individual 

thrust sbeets by the basal t hrust at the trailing edge; 

3) the potential amount of relative displacement between thrust sheets 

can greatly exceed t be section length of individual thrust sheet s; 

4) there is not necessarily any lateral st ratigraphic continuity between 

successive thrust shee t s; 

5) transport paths of thrust sheets may cross; 

6) the thrust sheet composed of the st ructurally highest rocks usually 

moves first and has the potential t o move the f urthest. 

Figure 12.2: Diagramatic interpretation of gravity gliding (after 
Cooper 1981). ~ cover 

+ + -+ + basement 

thrust 
surface 

~+,+,. " ,+~',>;~ 
. + + + + + + + + + + + + + + + ~ + + + + + + 

T + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + 
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Figure 12.3: Diagramatic interpretation of initiation of graviational 

spreading (after Cooper 1981). 

~ cover 

+ + + + basement 
!! thrust 

-'--"'---'--.... surf ace 

+ + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + 

Gravitational spreading (Figure 12.3} demonstrates the following geometric 

and stratigraphic properties (Cooper 1981, p 228):-

1) basal thrust surfaces are listric and always cut up-section in the 

direction of transport (ie. the leading edge); 

2) at the trailing edge of each individual thrust sheet the internal 

stratigraphy is truncated by the overlying sheet and not by the basal 

thrust surface; 

3) the amount of relative displacement between thrust sheets rarely exceeds 

the cross-strike length of the underlying thrust sheet; 

4) there is lateral stratigraphic continuity between successive thrust 

sheets; 

5) transport paths never cross; 

6) the basal thrust sheet at the foreland is the last to move. 

In applying the geometries of gravity gliding and gravitational spreading 

to the study area, it is unclear from present juxtapositions whether 

internal stratigraphies of each sheet are truncated by the leading or 
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trailing edges. or even both (geometries 1 and 2 in each case}. For 

the geometries 3, 4 and 5 of each, it is judged that:-

i) the amount of relative displacement between adjacent thrust sheets 

i i ) 

iii).. 

greatly exceeds the section lengt~ of individual sheets; 

lateral strati graphi c continuity between successive sheets is not 

present; 

transport paths of the thrust sheets. may have crossed:-

- this is diffi cult to judge because relative pos iti ons of the 

sheets before emplacement cannot be postulated without a surviving 

source area, 

diverticulation is thought to have occurred on a smaller scale, 

within the Mangatu Group domain (sections 9.5 c, 9.8). 

This data (geometries 3, 4 and 5) favours gravity gliding over gravitational 

spreading, because no metamorphosed or deformed material, applicable 

to the latter, was seen in the region. 

The 1 ast geometry (numbered 6) for both mechani sms is not really 

acceptable for the study area - the structurally highest sheet did not 

move first, although it may have moved furthest (gravity gliding); nor 

was the b.asal thr(Jst sheet nearest the foreland last to move (gravitational 

spreading}. Also, older thrusts are not envisaged to have been 

transported piggy-back on newly-formed thrusts, in the manner documented 

for gravitati ona 1 spreadi ng (.Dahl strom 1970: Gretner 1972; Butl er 1982a). 

It has been argued in section 9.15 that the Ihungia Formation domain 

may bave been transported piggy-back upon the Mangatu Group domain. 

However, this was likened to the examples of the Po Basin (Italy} and 

the Ebro Basin (Spain) where the transported material was deposited into 

basins in the transporting medium to become 'piggy-back basins' (Ori and 

Fri end 1984}. This use of the term 'piggy-back ' . was not intended to 
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represent piggy-back processes associated with gravitational spreading. 

Thus it is apparent that gravity gliding and gravitational spreading are 

not totally acceptable mechanisms for the emplacement of the allochthonous 

domains in the Waitahaia-Ihungia area. The sheets may, instead, 

represent a configuration which is analagous to the toppling over of a 

pile of books or a stack of cards, where simple shear is involved. 

This effect is not true thrusting tie. low-angle reverse faulting) and 

it is not related to a compressional regime usually associated with 

thrusting. It is therefore advisable to investigate low-angle extensional 

tectonics as a possible emplacement mechanism in the study area. 
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12.2 LOW-ANGLE EXTENSIONAL TECTONICS 

The configur.ation of the allochthonous units in the study area resembles 

that of low-angle normal fault blocks more closely than that of thrust 

nappes. Regional subhorizontal tectonostratigraphy (although internally 

deformed - section 9.11} dictates that faulting resembled a spread pile 

of cards (van Bemmelen 1966 ; Figure 12.4) rather than the normal planar 

faulting described by Wernicke and Burcbfiel l1982; Figure 12.5). Yet 

generation of extensional listric faults, similar to that illustrated in 

Figure 12.5 a, at the time of initiation of movement of the Mokoiwi and 

Waitahaia Formation domains may explain the large assumed rotation of 

their respective pre-emplacement tectonic fabrics (section 9.4). 

Figure 12.4: A form of extensional faulting analagous to a fallen pile 
of books. Note bedding differs in orientation after 
faulting compared to Figure 12.5 a, band c, and is not 
necessarily repeated from block to block. 

Figure 12.5 : Forms of extensional faulting (after Wernicke and 

a 

Burchfiell9.82) . a = imbricate listric normal faults; 
b = planar normal faults; c = listric fault bounding a 
group of planar block faults. 

b 

c 
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Therefore it is conceivable that two contrasting mechanisms of low-angle 

extensional gravity gliding may be present. The Mokoiwi and Waitabaia 

Formation domains seem to be best suited to movement along listric normal 

faul ts. A second phase of gravity gliding may have transported material 

by way of normal planar faults (stack of ca rds) (Figure 12.6). 

Figure 12.6: Simplified diagrams of possible emplacement mechanisms. 

Stage 1: Motuan (Cm - oldest) and Ngaterian lCn} lithologies slide 

NW 

southeastwards along a listric normal fault. During movement 
the sheet passes over Upper Cretaceous and Lower Tertiary 

autochthonous cover domain, incorporating some of the domain 
as lubricant, and deforming higher layers of the remainder. 

Note propagation of the fault along bedding of the cover 

1 istric normal 
fault 

autochthonous 
'basement ' 

autochthonous 
Icoverl 

SE 

domain. Facing 
di rections for 
isoclinal folds in 
the Motuan are towards 
the NNE - NE (section 
9.2 g). Facing 

directions in 
allochthonous Ngaterian 
isoclinal folds is 
variable, but many 

kilometres or 
""<~----- tens of km. ------':>~ 

are north-to-NE
facing. 

Stage 2: Some Ngaterian material slides over older material (using 
assumptions, outlined in section 9.4, about the present sheared 

contact between the 

NW 

, 

" 

'autochthonous cover l 

SE 

--

Motuan (Mokoiwi Formation) 
and Ngaterian (Waitahaia 
Formation) sheets. 
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(Fi ure 12.6 continued) 

Stage 3: The early allochthon is 'smoothed' by 'erosion'~ . probably ' in 

NW 

--

a submarine environment The situation 
found in -the study area is enclosed by the dashed lines. 

SE 
Younger strata are not 
illustrated in stages 
1 - 3, but they are 
envisaged to exist in a 
source areats) to the 
northwest of the diagrams. 

autochthon 

Stage 4: Instability at the source area causes Upper Cretaceous and 
Tertiary strata to topple over like a pile of books and are 
emplaced southeastwards along a series of low-angle planar 

NW 

normal faults. Small-scale diverticulation occurs within the 
sheets of the Mangatu Group during movement. Muddy sediments 
(including "bentonite") of the Mangatu Group become decollemen 

Ihungia Formation domain 
Mangatu Group 

autochthon ..... _____ ..J 

SE 
horizons. Note that the 
Ihungia Formation domain 
may still be transported 
I pi ggy:..back I (Ori and 

Friend 1984) in this 
model. 



430 

12.3 DISCUSSION OF THE ALLOCHTHON 

In orogenic regions, rapid facies changes complicate interpretation of 

displacements (Kehle 1970). Facies cbanges are common in the study area, 

and complications also arise in this region from the processes of erosion 

by the removal of leading and trailing edge material, and by the lack of 

a recognisable source. Nevertheless details of displacements are 

attempted for the allochthonous sheets in order to compare them to 

overseas examples. 

12.3 a TIMING OF EVENTS 

The prospect of two separate allochthonous movements was discussed in 

section 9.10 and supported by proposed mechanisms of emplacement by 

extensional gravity gliding (12.2)_. The first episode involved the 

Mokoiwi and Waitahaia sheets, whicb were either emplaced together, or 

separately,or together for only part of the distance. The third 

suggestion is favoured (9.4, 12.2}. The second episode emplaced Mangatu 

Group and Ihungia Formation lithologies, with the Ihungia Formation sheet 

either riding piggy-bacK, or sliding separately, on the Mangatu Group 

sheet. 

The sliding of the Mokoiwi/Waitahaia Formation domain over Upper Cretaceous 

and Lower Tertiary age lithologies is thought to have buckled the upper 

layers of these autochthonous cover sediments (8.9). The uppermost cover 

material has been incorporated into the decollement of the basal thrust 

plane. The youngest material involved in the basal decollement is Eocene 

smectite clay ("bentonites" - Lillie 1953; Kenny 1980; Pettinga 1982; 

Fergusson 1985). The age of this material establishes the oldest 

possible time for emplacement as post-Eocene. Lithologies in the area 

of Oligocene to Middle Miocene age - Whakoau limestone lithofacies, 
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Hauturu greensand lithofacies and Ihungia Formation - show no signs of 

internal disruptions that could be attributed to this gravity sliding. 

However a change in sedimentation characteristics (sections 4.3 and 5.1, 

Part II) occurred at about the Oligocene/Miocene boundary. This may 

have been accompanied by local or regional unconformities (now apparently 

eliminated by thrusting), and could indicate large-scale disruptions 

taking place at this time. Therefore the first possible time (but not 

necessarily the only time) for emplacement of the Mokoiwi and Waitahaia 

Formation sheets to occur is approximately Late Waitakian (latest Chattian) 

to Middle Otaian (Aquitanian). 

On a global scale a major reorganisation of plate boundaries occurred 

between the formation of anomalies 7 and 6 (approximately 21 Ma) in the 

southeastern Pacific Ocean affecting in particular the Pacific, Indian and 

Antarctic plates (Molnar et al. 1975; Weissel et al 1977; Walcott 1978a). 

Uncertainties in relati ve plate motions, described by Stock and Molnar 

(1982), necessitated recomputation of spreading centres, which had the 

effect of increasing the time ranges availabl e for plate reorganisation 

to a range of anomaly 13 to 6 (35.6 to 19.5 Ma). 

The major disruption was gradual (~ver several million years) rather 

than abrupt, and caused a major shift in the pole of rotation of the 

Pacific plate and an increase in the spreadi ng rate (~olnar et al. 1975). 

The effect in the eastern New Zealand region was a change from a tensional 

regime to a regime of compression with a certain proportion of dextral 

transcurrent displacement (Molnar et al. 1975; Ballance 1976; Weisse l et 

al . 1977; SpHrli 1980}. This tectonic setting - the beginning of the 

'Kaikoura Orogenyl (Suggate et al. 19781 - is thought to have initiated 

the southward propagation of the developing Indian-Pacific plate boundary 
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(Le Pichon 1968) through the New Zealand continental mass and favoured 

development of westward-directed subduction of the Pacific plate along 

this boundary in the North Island (Molnar et al. 1975; Walcott 1978a; 

Ballance and Sptlrli 1979). 

Reassessment by Stock and Molnar (1982) shows that slow sUbduction of 

the Pacific plate may have begun earlier, between anomalies 18 and .6 

(about 43 and 19.5 Ma), prior to the onset of arc volcanism at 24 to 

20 Ma. However Walcott (1984) restricts the time of initiation of 

subduction under the North Island to the beginning of the Neogene. He 

believes that East Cape itself was structurally part of the Kermadec arc 

until 5 Ma, when back-arc spreading of the Havre Trough, caused by 

splitting of the Kermadec and Colville arcs, rotated East Cape clockwise 

to its present position. 

Relative convergence of lithospheric plates is often expressed in orogenic 

periods of buoyant crustal upwel l ing (Dewey and Bird 1970). A change 

in plate motion of the scale described above will therefore enhance the 

potential for gravitational instability at this time. It is conceivable 

that the shift of the pole of rotation of the Pacific plate at about 

35.6 to 19.5 Ma (~nomalies 13 to 6) (Stock and Molnar 1982) caused uplift 

and/or instability in the source area of the Mokoiwi and Waitahaia 

Formations (eastern North Island). It may have been sufficient to 

initiate southeast-directed gravity gliding and to alter the style of 

sedimentation in the area. Gravitational instability to the north 

of the study area - in the Tapuaeroa River region - is also tentatively 

placed at the time of the change in plate motion (D. Gibson, University 

of Auckland, pers. comm., 1985). In southern Hawkes Bay a marked 

decrease in sedimentation and coeval deformation of older basin sediments, 

is reported (Pettinga 1980, 1982). 
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35.6 to 19.5 Ma equates with lowest Whaingaroan Stage to the Otaian/ 

Altonian boundary of the New Zealand geological time scale (Stevens 1981) 

(middle Early Oligocene to middle Early Miocene). Lithologies in the 

Waitahaia/lhungia area deposited during this time range are Opossum Creek, 

Whakoau and Hauturu lithofacies, and the oldest strata of the Ihungia 

Formation (sections 4.3 and 5.1, Part II). 

Another time of possible instability in the East Cape region is indicated 

by the breccia composed of Whangai Formation fragments, enclosed by Ihungia 

Formation sediments of Middle Altonian age (late Early Miocene). The 

mobility of Whangai Formation terrane at this time firstly may be caused 

by a locally exposed escarpment of these lithologies near or within a basin 

of accumulating Ihungia Formation material. 

Secondly it may also indicate gravitational movement of the Whangai Formation 

together with other lithologies of the Mangatu Group domain. In this 

latter situation the basin in which Ihungia Formation was being deposited 

is envisaged to have received a minor influx of exotic fragments as the 

decollement of Mangatu Group material slid by. The situation also implies 

separate allochthonous movements of the Mangatu Group and Ihungia Formati,on 

sheets. However this hypothesis fails to explain the restriction of 

Mangatu Group lithologies to just upper Whangai material within the breccia. 

It is also considered unusual for the fragments to have retained their 

brecciated appearance and often large size during release from the moving 

sheet, transportation to the basin, and incorporation into the Ihungia 

Formation. For these two reasons tl\is hypothesis is rejected in favour 

of the local Whangai escarpment hypothesis. 

There is no upper time limit to the gravity slides, owing to a lack of 
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identified autochthonous strata capping allochthonous domains in the 

region (section 9.13). The Ihungia Formation domain must have been 

emplaced after consolidation of its youngest (Waiauan - Early Tortonian) 

strata. The other allochthonous domains may have been emplaced at tbis 

time or at earlier times as discussed above. In order to limit 

emplacement timing within the latest Cenozoic it is necessary to 

investigate the region to the southeast of the study area. 

A sheet of allochthonous Whangai Formation rests on Lower Altonian age 

(Upper Burdigalian) lower Ihungia Formation at Puketiti (Kenny 1980, 

1984a). As no associated disruption at this time has been found 

elsewhere in the Ihungia Formation it is likely that the Whangai Formation 

sheet once overlay younger Ihungia material as well. Therefore this 

decollement is considered to be of Tongaporutuan age or younger. In 

addition, rocks of Tongaporutuan age overthrust the Whangai Formation 

sheet just south of Puketiti (C. Mazengarb, New Zealand Geological Survey, 

pers. comm., 1985). Further south a major unconformity is preserved, 

where Tongaporutuan-age , rocks overlie a melange of Lower Tertiary 

material. Disturbed, locally overturned, Ihungia Formation is nearby 

(Mazengarb, pers. comm., 19.85t. Mazengarb predicts possible overthrusting 

of the Whanga i Formati on and Lower Terti ary 1 itho 1 ogi es sometime withi.n 

the Tongaporutuan. 

Thus a constraint is applied to timing of Ihungia Formation emplacement, 

as it underlies the allochthonous material in the Puketiti region. It 

must post-date Waiauan time (larly Tortonian - youngest Ihungia Formation}. 

and it should pre-date or accompany the tectono-stratigraphically bigher 

allochthonous sheets, thought to have been emplaced during the Tongaporutuan 

Stage (Middle Tortonianl. Continued investigations in this region sbould 

yield more precise dates, from which timing of Tongaporutuan events can 
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be further constrained. 

On a larger scale, since about 10 Ma (Early Tongaporutuan) oblique-slip, 

involving increasing compression, has prevailed across the Indian-Pacific 

plate boundary along the Alpine Fault (Norris and Carter 1980; Spdrli 

1980). Sometime between 8 and 3 Ma the spreading centre of the Pacific 

plate, at the East Pacific Rise 'jumped ' west (Molnar et al. 1976). If 

this Ijumpl occurred in the earlier period of that range in New Zealand 

(8 - 5 Ma) then it would equate with the later half of the Tongaporutuan 

Stage. It may follow that instability causing southeast-directed gravity 

gliding in the East Cape region was triggered by increasing compression 

at approximately 10 Ma or by the event between 8 and 3 Ma. 

No evidence has been found for emplacement of allochthonous material in the 

study area later than the dates presented above. Possible timing of 

decollement events in the Waitahaia/Ihungia area are listed in Table 12.1. 

Combinations 1, 2 and 4 are rejected because it is considered essential 

Table 12.1: Possible timing of emplacements of allochthonous sheets . 

option 

1 

2 
3 

4 

5 

6 

Post-Tongaporutuan possibilities are excluded because of 
lack of evidence. 

Early Otaian Middle Altonian Tongaporutuan 

MW*/M* -
MW M 
MW -
- MW / M 
- MW 
- - MW 

* MW = Mokoiwi/Waitahaia Formation domain 
M = Mangatu Group domain 

I = Ihungia Formation domain 

I* 
I 

M / I 
I 

M / I 

/ M / I 
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for the Ihungia Formation domain to bave had some close association, 

during transportation, with the Mangatu Group domain (5ectfon 9.151. 

Elimination of combinations 2, 4 and 5 is necessary because gravity 

gliding during Middle Altonian times is unlikely (this sectionl. Option 

6 is not favoured, as emplacement of the Mokoiwf/Waitabaia Fdrmation 

domain, as one or two sheets, was different in character to emplacement 

of the Mangatu Group or Ihungia Formation domains Csection 12.3 ~ . A 1 so, 

it has Ileen suggested (section 8.9 ~ that movement of t he Mokoiwi/ Waitahaia 

Formation sheetCsl over autochthonous cover sediments caused deformation 

in tbe upper layers of the latter - a deformation which can be identified 

in similar material now found in allochthonous sheets tectonostratigraphically 

higher than the Mokoiwi/Waitahaia Formation domain. It woul d be 

preferable to have a reasonable gap between these major emplacement events 

rather than attempting to squeeze them into some portion of the 

Tongaporutuan Stage (option 6). For this reason the third combination 

in Table 12.1 is favoured, although tbe si xth combination remains a 

possible alternative. 

Comparison of option 3 with other areas of East Cape and with other 

selected regions is shown in Table 12.2. The two obvious periods of 

activity coincide reasonably closely with the two major Cenozoic pulses 

descri bed by Spijrl i (1980) for the who 1 e of New Zealand. One pulse 

occurred in the Late Oligocene, the other in the Late Miocene. 

12.3 b SPEEDS OF EMPLACEMENT 

Kehle (1970) has devised an equation for determining the velocity of a 

thrust sheet in relation to its controlling factors:

u = ) p g si n 8 / ~ 1 { t ( 2d + t )} 
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where u = velocity (mm/yr) 

density of the material -3 p = (Mg m ) 

g = gravitational constant (ms-2) 

8 = angle of dip of bedding (Xo) 

~ = viscosity of the d~collement zone (10-x m.y . -b.) 

t = thickness of the decollement zone (X m) 

d = depth of burial to tbe top of the d~collement zone (X m). 
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Examples of mean velocities (remembering that actual movement was probably 

episodic) from various parts of the world are:-

- European Alps average 2.5 mm/yr (HsO 1969b} 

- post-Miocene rate 2.1 mm/yr II 

Helvetic crustal shortening 2.7 mm/yr II 

Glarus thrust 2 - 100 mm/yr II 

- Prealpine nappes of the Chablais and the Prealpes Romandes 

1000 mm/yr CLemoine 1973) 

- Plastiques, Rigides and Br~che nappes had minimum velocity 

10 - 100 mm/yr (Lemoine 1973) 

- McConnell thrust, northwest of Calgary 5 mm/yr (Elliott 1975) 

- Idaho-Wyoming thrust 1 mm/yr (Royse et al. 1975). 

Trial estimations of velocities of allochthonous sheets in the Waitahaia/ 

Ihungia area use the following variables:

- gravitational constant (~) = 9.806 ms~2 

- angle of dip of bedding (8) : Since decollement angles are more critical 
than internal, deformed bedding, the mean decollement angle is determined 
by removing post-emplacement folding (~hapter 10), and an angle of 
approximately SaSSE is obtained. It is known that submarine sliding may 

be achieved on a slope of 10 or less (Lewis 1971, 1980; Field and Hall 
1982; Prior, Coleman and Bornhold 1982). 

viscosity (~) of the decollement zone is estimated by taking into account 

the d~collement composition of highly sheared mudstone lincluding 
smectite clays) with detached slivers and blocks of sandstones and 
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limestones, and by comparing this situation with viscosities given by 
-2 Kehle (1970). Here p = 10 m.y.-b. Consider also:-

1 bar = 100 kilonewtons x m- 2 

= 0.1 Mg x gravitational constant x m- 2 

therefore ~ = 10-2 m.y. x 0.1 Mg x 9.806 ms-2 x ms-2 
, 

- density (p), thickness (t) and depth of burial Cd) alter with each 
situation. Densities were obtained from Whiteford and Lumb (1975a, bl. 

Most rates of emplacement in the study area, evaluated from Kehle's (1970) 

equation are several orders of magnitude higher than average velocities of 

examples given from Europe and North America. The rapid rates of movement 

may well be correct - there is no evidence to prove or disprove the results 

and insufficient input data to constrain the results. 

An aspect of the equation which could substantially alter the velocity by 

perhaps on order of magnitude is the second bracketed portion . 

\t ( 2d + t) } . 
The figure obtained agrees with Keh le ' s own ideas that movement of material 

is spread across 'weak' zones. However if movement took place along 

discrete shear planes within the weak horizon, as suggested by van Bemmelen 

(1966), then the second part of Kehle's equation could be altered from 

decollement thickness (t). to a thickness estimate of total discrete shear 

planes within the horizon (tIL. 

Another factor concerning decollement thickness is that formation of fault 

gouge and brecciated material develops from both the upper and lower 

plates with continued movement on the decollement zone (Kehle 1970). 

Therefore initially the decollements were thin shears, but they became 

progressively thick~r with movement-related tectonic brecciation. 

Thickness measurements for the velocity equation can only be taken from 
/ 

the most developed states of the decollement exposed at this time. The 
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rate of cataclastic attrition from above and below the horizon cannot be 

estimated. Therefore maximum decollement thicknesses, or .shear thicknesses 

within the decollements, are used, but a measure of the average thickness 

of each would have been preferable. 

The variable which is most difficult to ascertain is that of viscosity. 

After careful study of known viscosities (Kehle 1970), viscosity for 

decollements in the Waitahaia/lhungia area was estimated to be 10-2 m.y.-b. 

An alteration in the order of magnitude of this variable changes the final 

result by that same order of magnitude. Thus, if viscosity had been 

judged to be 10-5 m.y.-b. (similar to that for the Gulf Coast gumbo shales 

- Kehle 1970), then velocity of the Mokoiwi Formation, for example, would 

have been 11 mm/yr, rather than the original estimate of 11 m/yr. 

Nevertheless it would be inappropriate to alter the viscosity figure of 
-2 10 m.y.-b. at this stage, merely because velocities were found to be 

higher than known examples. Velocity results can be altered, however, 

using the modified t hickness of the decollement zone (t'), estimated here 

to be about 10% of the total zone. The modified Kehle equation is now:-

U I = ~ P g si n 9 / ~) {t I ( 2d + t)}. 
Velocities, using the modified equation are:-

U I (Mokoiwi = 
Formati on 

sheet) 

U I CWaitahaia 
Formation 
sheet) 

u I (Mokoiwi + 
Waitaha i a) 

u ' (Mangatu 
Group, 

treated as 
one entity) 

1 m/yr 

= 26 mm/,tr 

= 1.3 m/yr 

= 2 m/,tr 

(where p = 2.52 Mg m- 3 8 = 50; ~ 

t = 50 m; t ' = 5 m; d = 400 m) 

-2 
= 10 my.-b,,; 

-3 0 -2 (where p = 2.52 Mg m ; 8 = 5 ; ~ = 10 m:y.-b.; 

t = 5 m; t ' = 500 mm; d = 100 m) 

(t ' = 5 m) 

(where p = 2.1 Mg m-3 8 = 50; p = 10-2my-b~ 

t = 15 m; t ' = 15 m*; d = 300 m) 

* Ct' = t because discrete shears throughout 
the Mangatu Group are considered here anyway) 
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u' = (Ihungia 
Formation 

sheet) 

441 mm/yr 

u' (Ihungia "piggy- = 8 m/yr 

(where p = 2.2 Mg m- 3; 8 = 50; ~ = 

t = 5 m; t' = 1 m; d = 1000 m) 

(where p = 2.1 Mg m- 3; 8 = 50; 

-2 10 my.-b.; 

back" on Mangatu) ~ = 10-2m.y.-b.; t = 15 m; t' = 15 m* 

d = 1300 m) 

* (t' = t because discrete shears throughout 
the Mangatu Group are considered 
he re anyway) 

These modified values are still higher than European and North American 

examples, probably because viscosity is incorrect at 10-2 m.y.-b. The 

Northland Allochthon, confined to movement for about 5 million years by 

surrounding sediments, is also thought to be fast compared with overseas 

examples (X.B. SpHrli, University of Auckland, pers. comm., 1985). 

After estimation of transport velocities, a ratio of approximate distances 

travelled to assessed velocities will give an estimate of the time taken 

for emplacement. 

12.3 c DURATION AND DISTANCE OF ALLOCHTHONOUS MOVEMENTS 

Time taken for each emplacement may be estimated using the equation 

t = d / v 

where t = time, d = most 1 ikely distance travelled by each sheet and 

v = velocity of each sheet, estimated in the previous section. Note 

that data, which is highly speculative in that section, must affect the 

results in this section. 

A source of autochthonous Mokoiwi Formati on (Motuan age) is predi cted 

(section 9.2 g) to be NW to NNW of the Waitahaia/Ihungia region in the 



442 

Raukumara Ranges beyond the area occupied by a belt of Ngaterian-age 

autochthonous Waitahaia Formation (Suggate et al. 1978). Actual distance 

to tbis region connot be measured until detailed mapping is carried out 

in the ranges; however distances, measured parallel to the emplacement 

direction, could be approximately 7 - 20 km. Using a possible velocity 

of 1 m/yr for the Mokoiwi Formation sheet (12.3 a), then:

tmin = 7 km / 1 m yr- 1 

= 7000 years 

t max = 20 km / 1 m yr-1 

= 20000 years. 

The allochthonous sheet of Waitahaia Formation has also been emplaced 

from the NW - NNW (section 9.3 f). In tbis direction an autochthonous 

source is likely to be immediateiy closer t o the study area than the 

source of the allochthonous Mokoiwi Formation. Autochthonous Waitahaia 

Formation also extends to the nortbern section of the study area itself, 

only 2 - 2.5 km north of the equivalent allochthonous material. 

Velocity for the Waitahaia Formation sheet was estimated to be 26 mm/yr; 

therefore: -

t . = 2 km / 26 mm yr-1 
ml n 

= 77000 years 

t max = 10 km / 26 mm yr -1 

= 380000 ,tears. 

If the Mokoiwi and Waitahaia Formation sbeets were emplaced together for 

some or most part of the distance, tben time taken could be approximately:-

t . = 10 km / 1.3 -1 
mln m yr 

= 770.0 ,tears 

t 20 km / 1.3 -1 = m yr max 

= 15000 ,tears. 
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Displacements of the higher allochthonous sheets are much more vague, 

because many of their autochthonous equivalents have been removed by 

erosion. Elements of the Whangai Formation are found in autochthonous 

cover sediments in the study area. They a re also found nea rer the : 

Mangaotane and Matawai areas (Isaac 1977; pers. observ., 1982), 20 -

30 km to the west, and were possibly also present near source areas for 

other Mangatu Group lithologies now only found in tbe allochthon. 

Emplacement directions determined from the Mangatu Group (sections 9.5 c, 

9. 7 b, 9.9 b) are towards the SE - SSE, but displacements could be only 

a few kilometres or more than 40 km. For these extremes, and using the 

velocity estimated for Mangatu Group emplacement of 2 m/yr, possible 

durations could be:-
-1 = 3 km / 2 m yr 

= 1500 years 

t max = 40 km / 2 m yr- 1 

= 20000 years. 

The Ihungia Formation sheet emplacement poses tbe same problem. If it 

was carried piggy-back upon the Mangatu Group sheet then emplacement could 

have taken:-

tmin = 3 km / 8 m yr-1 

= 375 i:ears 

t = 40 km / 8 m yr- 1 
max 

= 5000 i:ea rs . 

If it slid by itself then emplacement duration may have been:
-1 tmin = 3 km / 441 mm yr 

t max 

= 6800 i:ears 

-1 = 40 km / 441 mm yr 

= 91000 years . 
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Comparison of duration, and to a lesser extent, displacement, with the 

European and North American examples is rather unsatisfactory. According 

to Gretner (1972) emplacement of a major thrust sheet takes on the order 

of a million years and displaces material many tens of kilometres. 

Perhaps the sheets in the Waitahaia/lhungia area were emplaced Imany tens 

of kilometres ' , but even using very dubious variables to establish 

ve10cities it is clear that these velocities, no matter how approximate, 

are orders of magnitude higber than velocities elsewhere, and produce 

emplacement times of very small duration. However, it is probably 

admissible to speculate that the duration of each emplacement was 

substantially less than 1 million years. 
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Chapter 13 SUM MAR Y 

A summary of the geology in the Waitahaia-Ihungia area takes the form of 

a geological history flow diagram. Evidence from the adjacent area is added 

where necessary. Four major episodes are covered - Middle Cretaceous 

accretion in a convergent margin, Late Cretaceous to Paleogene deposition 

in a subsiding passive margin, concurrent gravity sliding, and renewed 

convergence in the Neogene. All dates are very approximate. 

AUTOCHTHON/STUDY AREA: 

110 - <95 Ma (Clarence Series; Late Aptian to Early Cenomanian): 

Sandstone-dominated sediments of southwestern provenance are channelled 
down submarine canyons into fan environments along a subduction-related 
trench (Waitahaia Formation of the Mata River terrane). 
Meanwhile, to the west of the study area, on the continental shelf and 
slope, basins formed between accretion-related thrust ridges are 

ponding mudstone-dominated flysch and local sandstone facies (oldest 
! Karekare Formation and related lithologies ) . 

<95 - >92 Ma (Clarence-Raukumara Series boundary; mid Cenomanian): 
Waitahaia Formation is affected by subduction-related compression and 

deformed into subduction-parallel f soclinal folds and fragmented by 
associated reverse faults. It is accreted to similarly deformed 
imbricated packets of older material on the landward side of the trench. 

Thrust ridges develop by continued movement on some or all of the 
reverse faults, and produce basins like those older ones mentioned from 

I higher on the continental slope. 

\1/ 
>92 - 90 Ma (Arowhanan Stage; Late Cenomanian): 
Mudstone-dominated flysch (Karekare Formation) accumulates in the 

basins formed in deformed Waitahaia Formation. Gradual burial of 

"basement" highs starves the basins of detritus and produces a fining 
upwards sequence. Subduction in the adjacent trench region terminates 
but residual compression in the accretionary prism causes slight 
buckling of basin sediments. 
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(AUTOCHTHON/STUDY AREA CONTINUED) ~ 
90 - 85 Ma (Mangaotanean and Teratan Stages; Turonian to Early 

Santonian): 
Deposition is almost exclusively mudstone (younger Karekare Formation, 

including Mangaotane Mudstone). Extensive contemporary sediments to 
the west record a gradual increase in the depth of deposition (Speden 
1975) . 

Subsidence of the region is probably caused by the cessation of 

subduction and/or by precursor extensional forces which may have 
heralded the opening of the Tasman Sea (Weissel et al. 1977) and/or 

thermal relaxation (P.F. Ballance, University of Auckland, pers. comm., 
1986. 

By this time eastern New Zealand has become a subsiding passive margin 
underlain by deformed accreted material unconformably overlain by 
relatively undeformed basin sediments, both of which young eastwards. 

\/ 
85 - ?50 Ma (~ata and Dannevirke Series; Late Santonian to ?Early 

Eocene) : 

A small influx of sand (Owhena Formation - very thin in the study area, 
but thickening westward ) separates t he Karekare Formation from the 
widespread Whangai Formation. The latter consists of a variety of 
siliceous and calcareous lithofacies deposited at a slow rate, and 

derived from a mature landscape. Residual compression is still 
apparent. Continued subsidence is probably related to the separation 

of New Zealand from Australia in Piripauan (.Campanian) time (Weissel 
etal.1977). 

A thin horizon of "black shale" CWheturau lithofacies/Walpawa Black 
Shale) marks the end of the Whangai Formation. The fining upwards 
sequence continues in the autochthon with accumulation of an unknown 
thickness of smectite mUdstones ("bentonite"). Evidence of deposition 

of younger autochthonous sediments in the study area has been removed 
(?scraped off) with the emplacement of several allochthonous sheets. 

25 Ma (01igocene-~1iocene boundary): 
Initiation of Neogene to Recent subduction (van der Lingen and Pettinga 
1980; Pettinga 1982). 
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NORTHWEST OF THE STUDY AREA: 

110 - <95 Ha (Clarence Series; Late Aptian to Early Cenomanian): 

Sandstone-dominated flysch sequences (Mokoiwi and Waitahaia Formations) 

are lateral equivalents of contemporary sediments, described from the 
autochthon, in both sedimentology and structure. 

88 - 24 Ma (Teratan to Waitakian; Senonian to Oligocene): 
Subsiding passive margin fining upwards sequence of facies:-
- proximal, carbon-rich, sandstone-dominated, submarine fan deposits 

(Tikihore Formation; 88 - 65 Mal; 
- distal, hemipelagic, siltstone-dominated Mangatu siltstone lithofacies 

and Whangai Formation Cas described for the autochthon) (75 - 53 Ma); 

- dark brown to black Wheturau siltstone and blue-green Te Waka 
greensand lithofacies ( (65?- ) 57 - 53 Mal; 

- smectite mudstone ("bentonite"). (>53 - 43 MaL 
- apparent hiatus from 43 - 37 Ma; 
- marly 1 imes tone with 1 oca 1 sandy phases CWhakoau 1 imestone 1 ithofaci es; 

37 - 27 Ma); 
- calcareous sandstone and sil t stone (Opossum Creek lithofacies} and 

olive Hauturu greensand lithofacies (27 - 24 Ma}. 



26 - 23 Ma (Late Waitakian to Middle 
Otaian; latest Chattian to Aquitanian): 
Mokoiwi and Waitahaia rocks slide 
southeastwards along a lis t ric normal 
fault. The sheet slides over 
autochtbonous "cover" sediments, 
incorporating some of the smectite 
mudstones which act as lubricants ) , 
and deforming higher layers of tbe 
remainder. Before coming to rest in 
the study area; some of the moving 
Waitahaia Formation slid further 

than the rest of the sheet, 
forming two sheets 

separated by a 
thin shear. 

f M 
P L A 

C f M 
f N r 

11 - 6 Ma maximum possible range 
(Tongaporutuan; Late Miocene}: 

Emplacement of passive margin l i t ho
facies (Mangatu Group domain) south
eastwards along a series of low-angle 
planar normal faul t s (analagous to 
the toppling of a pile of books ) . 
Muddy sediments and smectite clay 

become decollement 
E M hori zons. 

P L 
ACE M 

E N T 
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(AUTOCHTHON/STUDY AREA CONTINUED) 

26 - 23 Ma (Late Waitakian 

to Early Otaian): 
Allochthonous Mokoiwi and 
Waitahaia Formations come to 
rest in two sheets, with 
internal strata and structures 
rotated during movement. 

11 - 6 Ma (T6hgaporutuan): 
Many small, shear-bounded 
sheets (Mangatu Group domain) 
resting on Mokoiwi and 
Waitahaia Formation sheets. 
Lithologies show repetition 
and diverticulation. 
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(NORTHWEST OF THE STUDY AREA CONTINUED) 

(24 - >12 Ma (Otaian to Waiauan; Miocene): 
Calcareous, fining upwards, mudstone-dominanted Ihungia Formation, 

thought to have been deposited in a basin(s) setting, with 
provenance of the material from Karekare and Whangai Formation 
high-standing thrust ridges (using the Makara Basin analogy - van 
der Lingen and Pettinga 1980) . 

Shallow water faunas are occasionally introduced into the formation 
by sediment gravity flows from their growth positions of structural 
highs . 
Igneous/sedimentary conglomerates are introduced in the Lower 

Altonian and Clifdenian from an unknown source. 
The strata are affected by gentle megascopic folds and small-scale 
faults. 

-



-
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11 - 6 Ma maximum possible range 
(Tongaporutuan; Late Miocene): (AUTOCHTHON/STUDY AREA CONTINUED) 
Emplacement of Ihungia Formation 
domain southeastwards. The 
domain is probably transported 
"piggy-back" (Ori and Friend 
1984) upon the Mangatu Group 

domain. 

<11 Ma (Tongaporutuan): 
Widespread allochthonous 
domain composed of Ihungia 
Formation strata in the 
study a rea. 

« 11 Ma CTongaporutuan): 
Sandstone-dominated lithologies south 
of the study area may form autochthonous 
cap rock or they may be allochthonous 
with the Ihungia Format ion. 

< 11 - ? (Tongaporutuan to Quaternary): 
Post-emplacement megascopic ENE - WSW-t rending 
gentle folding, followed by la rge-scale faulting. 

Ash falls from the Taupo region. 

A 11 uvi a 1 depos its. 



The "Blue Slip", northern Ihungia Catchment. 

mature pine trees around the head wall. 

Notice the 
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APPENDIX 1 

Descriptions of sample lithologies referenced in the text. 

HS hand specimen, TS thin-section, XRD X-ray diffraction powdered sample. 

AU Petrology Metric Grid Sample 

Number Reference Type 

38791 Y16/509384 HS 

38792 Y16/501366 HS 
TS 

38793 Y16/505377 HS 

38794 Y16/54583910 HS 

38795 Y16/51603875 HS 

38796 Y16/518387 HS 

38797 Y16/514388 HS 

38798 Y16/514388 HS 

38799 Y16/537392 HS 
TS 

38800 Y16/537392 HS 

38801 Y16/517390 HS 

38802 

38803 

38804 

Yl6/537392 

Y 16/52603925 

Yl6/59104D15 

HS 

TS 
XRD 

TS 

Brief Lithologic Description 

Mokoiwi Formation siltstone : hard, dark blue-grey to charcoal coloured, noncalcareous siltstone. 

Mokoiwi Formation sandstone : hard, medium grey to yellow-grey, noncalcareous, very fine grained, well sorted 
sedimentary lithic feldsarenite. 

Mokoiwi Fonnation concretion: sandstone concretion with disseminated pyrite. 

Taitai Sandstone Member: grey-green, medium grained, poorly sorted, noncal careous sandstone with disseminated 
pyrite. 

Taitai Sandstone Member: o liv~ green-grey, fine grained, poorly sorted, noncalcareous sandstone. 

Taitai Sandstone Member: olive green -grey, fine grained, poorly sorted, noncal careous sandstone. 

Taitai Sandstone Member silts tone: lens of yellow-brown, noncalcareous siltstone. 

Taitai Sandstone Member : grey-brown, very fine grained, well sorted , noncalcareous sandstone with dark parallel 
carbon - r i ch l aminations. 

Ta itai Sands tone Member conglomera te cons t ituen t: well rounded, hard, medi um grey, fi ne gra i ned, modera te ly 
sorted, noncalcareous sandstone cobble. 

Taitai Sandstone Member cong lomerate constituent: well rounded, hard, grey, fine grained, moderately sorted, 
noncal car-eous sandstone cobb le . 

Taitai Sandstone Member conglomerate constituent: well rounded, dark grey, medium grained, moderately sorted, 
noncalcareous sandstone cobble. 

Taitai Sandstone Member conglomel"ate constituent: well rounded, dark grey greywacke cobble. 

Mokoiwi Formation sandstone: fine grained, moderately sorted, noncalcareous, grey-brown sedimentary lithic 
fe 1 dsareni te. 

Mokoiwi Fonnation sandstone : fine grained, moderately sorted, noncalcareous, brown-grey sedimentary lithic 
feldsareni teo 

~ 
(J1 

N 



38805 Yl6 /530385 TS 

38806 Y16/509384 TS 

38807 Yl6/537392 XRO 

38808 Yl6/537392 TS 

38809 Yl6/508343 TS 
XRO 

38810 Yl6/537392 HS 

38811 Yl6/517390 HS 

388 12 Yl5/53054100 HS 
TS 

38813 Yl5/60954085 HS 
XRO 

38814 Yl5/558431 HS 

38815 Y15/573433 HS 
XRO 

38816 Yl6/509371 HS 

38817 VI5/592437 HS 
XRO 

38818 Yl 5/59149 7 HS 

38819 Yl5/563432 HS 
XRO 

38820 Yl5/53054100 TS 

38821 Y15/591407 TS 

38822 Y15/555422 TS 

(Appendix 1 continued ) 

Mokoiwi FOmlation sandstone: very fine grained, well sorted, noncalcareous, brown -grey feldsarenite . 

Moko iwi FOmlation sandstone : very fine grained, well sorted, noncal careous, brown-grey sedimentary lithic 
feld saren ite . 

Mokohli FOmlation mudstone: blue -grey, noncalcareous mudstone . 

Tai tai Sandstone Member : green-grey , nonca l careous , fine grained, poorly sor ted fe ldspathic sed/vol carenite . 

Taitai Sandstone Member : green -grey, nonca l careous, fine grained, poorly sorted sedimentary/volcanic lithic 
feldsarenite. 

Taitai Sandstone Member cong lomerate constituent : cobble composed of poorly sorted, granule-size grains of 
sedimentary and vol cani c origin. 

Taitai Sandstone Member conglomerate cons tituent : cong lomera te composed of poorly sorted, granul e-s ize grains 
o f sedimentary and vol canic origin. 

Waitahaia Fonnation sandstone : massive, f ine grained, moderately sorted, nonca l careou s , grey sedimentary lithic 
felds areni t eo 

Wa itaha i a FO mla tion muds tone: grey, nonca l careous muds tone. 

Waitahai a Fonnation carbonaceous sandstone: carbon-rich parallel l aminations in sandstone. 

Waitahaia FOmlation concretions: disc-shaped , calcareous concretion. 

Waitahaia FOmla tion fo ss iliferous concretion: Inoce ramu s f ragments in calcareous concretion. 

Wai tahaia Fonnation concretion : rounded, mediulII brown, calcareous concretion . 

Waitahaia Formation sandstone: massive, fine grained, moderately sorted, nonca lca reous, grey sandstone with 
di sseminated py ri te. 

Waitahaia Fonnation ch l oriti sed horizon : ch l oritic, gt'een-grey , nonca lcareous mudstone. 

Waitahaia Fonnation sandstone : fine gra ined , moderately so rted , nonca lcareous, yellow-brown-g rey sedimentary 
lithic feldsarenite. 

I 
Waitahaia FOmlation sandstone: fine gra ined, lIIode ra tely so r ted, nonca lcareous, yellow-brown-grey sedimentary 

lithic feldsarenite. 

Waitahaia FOmlation sandstone: fine grai ned , moderately sorted, nonca lcareous, ye llow-brown-grey sedimentary 
lithi c feldsarenite. 
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(Append i x 1 con tinued) 

Waitahaia Fonnation sandstone: very fine grained, well sorted, noncalcareous, brown-grey sandstone. 

Wa itahaia Fonnation sands tone: very fine grained, well sorted, noncalcareous, brown-grey sandstone. 

Waitahaia Fonnation mudstone: blue-grey, noncalcareous mudstone. 

Waitahaia Fonnat ion mudstone: blue-grey, non ca lcareous mudstone. 

Waitahaia Fonnation cl ay shear: Clay shear material extracted from massive Waitahaia Fonnation sandstone. 

Waitahaia Format ion concretion: Calcareous concretion. 

Karekare Fonnation olistostrome: various ly co lou red, noncalcareous matrix mudstone of olistostrome unit. 

Karekare Fonnation sandstone: fine gr ained, ~Iell sorted, noncalcareous, yellow-grey sandstone with aligned 
Inoceralilus prisms. 

Karekare Fonnation mudstone: medium blue - grey, non ca l careous , bioturbated silty mudstone. 

Karekare Fo rmat ion sands tone : grey, fine grained, moderately sorted, noncalcareous sandstone. 

Karekare Fonnation sandstone: grey, fine grained, moderately sorted, noncalcareous sandstone with parallel 
l aminations of carbonaceous fragments. 

Karekare Fonnation sandstone: current-aligned Inoceramus prisms in sandstone. 

Karekare Fonnati on mud s tone: mas s ive, blue-grey, nonca lcareous, pelagic mUdstone. 

Karekare Fonnation green mudstone: blue-green - grey, non ca lcareous, silty mudstone horizon (within typical blue
grey mUd s tone). 

Karekare Fonnat i on red mudstone : red-brOl·m, noncalcareous mud s tone (within typi ca l blue-grey mudstone). 

Karekare Fonnati on Mangaotane Mudstone: hemipelagic, blue - grey, noncalcareous siltstone. 

Kar,ekare Fonnation mudstone : blue-grey, noncalcareous mudstone with disselilinated pyrite . 

Karekare Fonnation concretion : grey, calcareous sandstone concretion. 

Karekare Fom~tion concretion: grey, calcareous sandstone concreti6n with disseminated pyrite and Inoceramus 
fragments. 

Karekare Fonnation concret ion : ye llow-grey, calcareous concretion. 

Karekare Formation con c retion: cone-in-cone calcareous concretion. 
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(Appendix 1 continued) 

Kar'ekare Formation conc retion: cone-in-cone calcareous concretion with Inoceramus fragillents. 

Karekare Formation conc retion : bari te concretion formed around wood. 

Karekare Formation sandstone : pa rallel-laminated, grey, fine grained, moderately sorted, noncalcareous 
sedimentary Ii thareni te o 

Karekare Formation sandstone: parallel - laminated, grey, fine grained, moderately sorted, noncalcareous 
sedimentary feldspathic litharenite. 

Karekare Formation mudstone: blue-grey, noncalcareous sandy mudstone. 

Karekare Formation red mudstone : red - brown, noncalcareous mudstone. 

Karekare Formation mudstone: blue-grey , noncal careous mudstone. 

Karekare Formation mudstone : blue-grey, noncalcareous mudstone. 

Karekare Formation lIlud s tone : blue-grey, noncalcareous mudstone. 

Karekare Fornmtion mud s tone: blue -grey, noncalcareous mudstone . 

Karekare Fonnation red mudstone : red-brown, noncalcareous mudstone. 

Ka rekare Fo nna t ion red muds tone : red-brown, nonca I careous muds tone . 

Owhena Formation sandstone: grey, noncalcareous, fine grained, moderately sorted sedimentary litharenite. 

Whangai Fonnation basal material : green-grey, noncalcareous material with altered mudstone clasts. 

Whangai Formation basal matel'ial: sparsely disseminated granule clasts within noncalcareous sil tstone/mudstone . 

Owhena Fornmtion sandstone: grey, noncalcareous, fine grained, moderately sorted sandstone. 

Rakauroa Member, Whangai Formation: blue-grey, siliceous mudstone/shale . 

Rakauroa Member , Whangai Fonnation, concretion: barite concretion. 

Rakauroa Member , Whangai Fornlation, concretion: concretion with spherulitic surface texture . 

Upper Calcareous Member, Whangia Fonnation, mudstone : pale grey, very calcareous mudstone with laminations and 
mo ttl i ng enhanced by da rke r muds tone. 

Upper' Calca reous Member, Whangai Formation, mudstone : pale grey, leached mudstone with iron staining in fractures 

Upper Ca I careous Meillbe r, Whanga i Fonna ti on, muds tone: pale grey, ca I careous muds tone wi th surface jarosite 
efflorescence. 

Upper Calcareous Member, Whangai Fonnation, mudstone: pale grey, slightly calcareous mudstone with Chondrites. 
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(Appendix 1 continued) 

sil iceous "upper" Whang ai Formation mudstone: medium grey sil iceous mudstone. 

sili ceous "upper" Wh anga i Fonlla tion mudstone : medium grey siliceou s mudstone. 

siliceous "upper" Wh angai Fonnation chert nodule: dark grey che rt nodule . 

siliceous "upper" Wh angai greensand: thin horizon of glauconitic sandstone. 

"Waingata Lime s tone": medium grey muddy limestone with pyrite and lenses of darker material. 

"Wa i nga ta Limes tone": da rk grey crus hed 1 imes tone. 

"Waingata Lime stone" glauconite: lens of glauconite and disseminated pyrite. 

"Wai ngata Li mestone" sandstone: cream and orange coloured, fine grained, moderately sorted micaceous sandstone. 

Dwhena Formation sandstone: grey, noncalcareous, ve ry fin e grai ned, well sorted sedimentary lltharenite. 

Rakauroa Member , Whang ai Fonnation: l am inated grey, nonca l careous mudstone. 

grada tional Rakauroa Melliber to Upper Ca l careoous Member , Whanga i Fonnation: laminated, blue-grey, noncalcareo us 
siltstone/Illudstone. 

Upper Ca lcareo us Member , Whanga i Fonnation: calcareous grey siltstone/mudstone. 

Upper Calcareous Member , Whangai Forilla tion: l eached grey silts tone/muds tone. 

siliceous "upper" Whangai Fonnation: medium grey, siliceous mudstone. 

"Waingata Limestone ": muddy, medium grey limes tone and lens of fine grained, moderately sorted sedimentary 
litharenite . 

"Waingata Limes tone" : med ium grey muddy li mes tone. 

"Waingata Li mestone ": meOium grey muddy 1 imestone. 

siliceous "upper" Whangai Fonnation: medium grey, siliceous mudstone. 

sili ceous "upper" Whangai Fonna ti on: medium grey, sili ceous mudstone. 

Upper Cal ca reous Member , I~hangai Formation: pa le grey, ve ry calcareous mudstone. 

Uppe r Calcareous Hernber, Whangai Fonnation: pa le grey, very calcareous mudstone. 

Rakauroa Member , Whanga i Fonnatioll: siliceous mudstone/shale. 

Rakauroa Member, Whanga i Formation: s ili ceo us mudstone/shale. 
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(Appendix 1 continued) 

Rakauroa Member, Whangai Fonnation: siliceous lIludstone/shale . 

Owhena Formation muds tone: brown, nonca 1 careous muds tone . 

Upper Calcareous Member , Whangai Fonnation : calcareous pale grey mudstone containing fish vertebrae. 

Tikihore Formation sands t one: parallel-laminated, friable, carbonaceous, noncalcareous, medium grey, fine 
grained, moderately sorted feldspathic sedimentary litharenite . 

Tikihore Fonnation sandstone: laminations in carbonaceous, noncalcareous, medium grey siltstone. 

Tikihore Fonnation cong lomerate: clast of Middle Cretaceous age. 

Tikihore Fonnation conglomerate: rounded chlori tised clast. 

Tikiho re Formation sandstone: glauconite-rich, noncalcareous, pale grey, fine grained, moderately sorted 
sandstone. 

Tikihore Fonnation sandstone: grey, fine gr·a ined, moderately sorted, slightly calcareous feldspathic sedimentary 
1 itha ren ite. 

Tikihore Formation sandstone: grey, calcareous, very fine grained, moderately sorted feldspathic sedimentary 
litharenite . 

Tikihore Formation sandstone: mediulll grey, carbonaceous, noncalcareous, fine grained, moderately sorted 
sandstone. 

Mangatu siltstone lithofacies: pale grey, non ca l careous, very fine grained, poorly sorted quartz litharenite/ 
feldspathic quartz litharen ite . 

Mangatu siltstone lithofacies: yellow jarosite coating on pale grey, noncalcareous siltstone. 

Mangatu siltstone lithofacies: pale grey, noncalcareous siltstone . 

Mangatu siltstone lithofacies : yellow jarosite coating. 

Wheturau siltstone lithofacies: dark brown, noncalcareous siltstone . 

Wheturau siltstone lithofacies: dark brown, noncalcareous siltstone. 

Whetur~u siltstone lithofacies: dark brown, noncalcareous siltstone. 

Te Waka greensand lithofacies: dark blue-green, noncalcareous, coarse grained, moderately sorted, very 
glauconite -r ich sandstone. 

Te Waka greensand lithofacies: dark blue-green, noncal careous, coarse grained, moderately sorted, very 
glauconite-rich sandstone with red-brown clay lenses and quartz veins. 
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(Appendi x 1 continued) 

Te Waka greensand lithofac ies: wood fragment within weathered dark olive green, noncalcareous, coarse grained, 
moderately sorted, very glauconi te-rich sandstone . 

smectite mudstone lithofac ies: pale grey "bentonitic" material. 

smecti te mudstone lithofacies: red discolouration in "bentonitic" material. 

smectite mudstone lithofaci es: pale grey "bentonitic" material. 

Whakoau limestone lithofacies: pale yellow-gloey marly limestone. 

Wh a koau limestone lithofa cies: pale yellow- grey, fine grained, glauconitic, ve~ fine to fine grained, poorly 
sorted, calcareous sandy phase. 

Whakoau limestone lithofacies : pa le yellOl·/- grey marly limestone. 

Wahkoau limestone lithofac ies: pale ye llow- grey marly limestone. 

Whakoau li mestone lithofacies : pale yellow-grey marly limestone. 

Whakoau limestone lithofaci es: pale ye llow-grey marly limestone. 

Whakoau limestone lithofacies: pale yellow- grey marly limestone. 

Whakoau limestone lithofacies: pale ye llow-grey marly limestone . 

Opo ssum Creek sandstone lithofac ies: ye llow-grey, very cal careous, fine grained, moderately sorted feldspathic 
sedimenta ry I itha renite. 

Opossum Creek sands tone I itho fa c i es: br own-g rey, very calcareous silts tone phase. 

Opossum Creek sandstone lithofac ies: yellow- grey, very ca lcareous, very fin e grained, moderately sorted 
feldspathic sedimentary I itharenite. 

Opossum Creek sandstone lithofac i es : yellow-grey, very calcareous, very fine grained, poorly ·sorted 
feldspathic sedimentafy litharenite. 

Opossum Creek sands t one lithofac i es: yellow-grey, very calcareous, very fine grained, moderately sorted 
feldsp a thic sedimentary litharenite. 

Opossum Creek sands tone lithofacies: pale grey, calcareous, very fine grained sandstone/siltstone. 

Opossum Creek sands tone lithofacie s : pale grey, calcareous, very fine grained sandstone/siltstone. 
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(Appendix 1 continued) 

Opossum Creek sandstone lithofacies: pale grey, calcareous siltstone phase. 

Opossum Creek sandstone lithofacies : Taitai-like sandstone clast in breccia phase. 

Opossum Creek sandstone lithofacies : siliceous Whangai Formation clasts in bl'eccia phase. 

Opossum Creek sandstone lithofacies: igneous pebble in breccia phase. 

Opossum Creek sandstone lithofacies: igneous pebble in breccia phase. 

Opossum Creek sandstone lithofacies: breccia phase. 

Opossum Creek sandstone lithofacies: breccia phase. 

Opossum Creek sandstone lithofacies: medium grained, poorly sorted, noncalcareous sandstone. 

Opossum Creek sandstone lithofacies: brown, very calcareous, fine grained, poorly sorted sedimentary lithic 
feldsarenite. 

Opossum Creek sandstone lithofacies: brown-grey, calcareous sandy mudstone phase. 

Hauturu greensand lithofacies: olive green, frine grained, well sorted, calcareous glauconitic sandstone . 

Hauturu greensand lithofacies : ironstone nodule in greensand. 

Hauturu greensand lithofd c ies : olive green, fine grained, well sorted , calcareous, glauconitic sandstone. 

Hauturu greensand lithofacies: olive green, fine grained, well sorted, calcareous, glauconitic sandstone . 

Ihungia Fonnation mudstone : grey, calcareous, sandy mudstone. 

Ihungia Formation mudstone: grey, carbon-rich, calcareous sandy mudstone. 

Ihungia Fonnation mudstone: parallel-laminated, grey, calcareous, sandy mudstone. 

Ihungi a Fonna tion mudstone: conlni nuted shells inca 1 careous sandy mudstone. 

Ihungi a Fonna t ion muds tone: grey, calcareous sandy muds tone . 

Ihu~gia Fonnation mudstone: grey, slightly calcareous sandy mudstone. 

Ihungia Fonnation mudstone: grey, calcareous sandy mudstone. 

Ihungia Fonnation mudstone: grey, slightly calcareous sandy mudstone. 

Ihungia Fonnation mudstone : grey, slightly calcareous sandy mudstone . 
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(Appendix 1 continued) 

Ihungia Formation mudstone: grey, calcareous sandy mudstone. 

Ihungia Fonnation mudstone: grey, calcareous sandy mudstone. 

Ihung i a Fonna tion muds tone: grey, ca 1 careous sandy muds tone. 

Ihungia Formation concretion: yellow-grey, calcareous dolomite concretion. 

Ihungia Formation concretion: yellow-grey, calcareous dolomite concretion. 

Ihungia Formation mudstone: grey, calcareous mudstone adjacent to a dolomite concr'etion. 

Ihungia Formation sandstone: parallel - laminated, yellow-9rey , fine grained, well sorted, slightly calcareous. 

Ihungia Formation sandstone: fine grained, moderately sorted, calcareous, shelly, grey-brown, basal sandstone. 

Ihungia Fonnation sandstone: grey-brown, fine grained, moderately sorted, slightly calcareous sandstone with 
granule size basal sandstone. 

Ihungia Formation sandstone: slightly calcareous , carbon-rich, medium grey, fine to medium grained, moderately 
sorted sandstone. 

Ihungia Formation sandstone: very fine grained, well sorted, grey, sl ightly calcareous feldspathic sedimentary 
litharenite, 

Ihungia Fonnation sandstone: very fine grained, well sorted, grey, slightly calcareous feldspathic sedimentary 
1 i thareni te. 

Ihungia Fonnation sandstone: grey, fine grained, well sorted, calcareous sandstone. 

Ihungia Fonnation sandstone: grey, fine grained, well sorted, calcareous sandstone. 

Ihungia Fonnation sandstone: grey, s lightly calcareous, fine grained, well sorted sandstone. 

Ihungia Fonnation sandstone: dark grey-brO\~n, fine grained, poorly sorted, noncalcareous feldspathic sedimentary 
1 i thareni te, 

Ihungja Fonnation sandstone: grey, fine grained, well sorted, calcareous sandstone, 

Ihungi a Fonna t i on sands tone: she 11 fragmen ts in the above sands tone. 

Ihungia Fonnation sandstone: parallel-laminated, pale brown-grey, fine grained, moderately sorted, slighUy 
calcareous sandstone with comminuted shell material. 

Ihungia Fonnation conglomerate: dar'k, coarse grained, noncal careous, sandy matrix of igneous- and sedimentary
derived conglomerate (Lowe r Altoni an age). 

Ihungia Formation sandstone: weathered equivalent of the above. 
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(Appendix 1 continued) 

Dark, fine to medium 9rained matrix of igneous- and sediment-derived conglomerate (Clifdenian age) . 

Ihungia Formation conglomerate : granul e conglomerate of Lower Altonian age . 

Ihungia Formation conglomerate : granule conglomerate of Lower Altonian age . 

lhungia Formation brecc1a lithofacies : pale grey, jarosite-coated, siliceous "upper" Whangai clast from a 
breccia within lhungia Formation. 

lhungia Formation brec cia: chert nodule derived from sil iceous "upper" Whangai Formation. 

lhungia Fonnation breccia : concretion derived from sil iceous "upper" Whangai Formation . 

lhungia Formation breccia: orange-brown, medium grained, poorly sorted, noncalcareous sandy matrix of breccia. 

lhungia Formation brecc ia: orange-brown, medium grained, poorly sorted, noncalcareous sandy matrix of breccia. 

lhungia Fonnation breccia: orange-brown, medium grained, poorly sorted, noncalcareous sandy matrix of breccia. 

lhungia Formation Kouetumarae limestone lithofacies : medium grey, laminated, bioclastic, bryozoa n limestone. 

Ihungia Formation Kouetumarae limestone lithofacies : grey mudstone material with comminuted shells. 

Ihungia Formation 3exhaven limes tone lithofacies : yellow-grey Modiolus limestone, weathered. 
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APPENDIX 2a 

ere taceous Macro fJuna 

Fossil Record AU Metric Grid 

File Number Numbers Reference Fauna Age Li tho logy 

Yl6/f631 10613 Inoceramus pacificus Woods Piripauan Tikihore Formation 

Yl6/ f632 10614 
fl oa t from 

Yl6/ f633 10615 
bet\~een 

Inoceramus cf. £acificus 

Yl6/ f634 10616 Inoceramus sp. indet. ( ?pacificus) 
Yl6/525354 

Y16/ f635 10617 
and 

Yl6/ f636 10618 
Y16/520341 

Yl6/ f637 10619 

Y16/f638 10620 

Yl6/ f639 10621 Yl6/50003935 Inoceramus opetius Wellman Teratan Karekare Fonnation 

Y15/fll 10622 Y15/524404 

Yl5/f72 10623 Yl5/55214022 

Yl5/f73 10624 Yl5/55414038 

Yl5/f74 10625 Yl5/56114002 

Yl5/ f640 10660 Yl5/~85406 

Y15/ f75 10626 Yl5/55244030 Inoceramus bi corru!jatus Marwick 11angaotanean Karekare Fonnation 

Yl5/ f76 10627 Y15/55264040 

Yl5/ f77 10628 Y15/49703967 

-'=" en 
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Y15/f7B 

Y 15/ f79 

Y15/fBO 

Y16/f64 1 

Yl6/ flB5 

10629 

10630 

10631 

10632 

10633 

Y15/552407 

Yl5/55154075 

Yl5/55254125 

Yl6/50903712 

Yl6/49B53714 

(Appendi x 2a continued) 

Inocer'amus rangati ra Wellman Arowhanan 

Dimitobelus ?superstes Hector Motuan - Arowhanan 

Inoceramus hakarius - fyfei species group Ngaterian 

Inoceramus warakius Wellman Motuan 

Inoceramus sp . indet. (?warakius) 

Karekare Formation 

Karekare Formation 

Waitahaia Formation 

Mokoiwi Fonnation 
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APPENDIX 2b 

Miocene Macrofauna 

Fauna 
i 

Fossil Record File Numbers (Y16/ f ·· ·) 

Iwwwwww wwwwww 
1 ~~~~~~ 1 ~g:~~~;:;!· 

Phylum COELENTERATA I I 
Leptastrea bottae (Milne, Edwards and i 

Notocyathus euconicus Squires 

Flabellium indet . 

Dendrophyllia sp. 

Phylum BRYOZOA 

adeoni form 

cellariiform 

ce 11 eporiform 

hemes cha ran 

membran i pori fonn 

reteporifonn 

vinculariform 

bryozoa indet. 

Haime) 

Class BIVALVIA, Phylum MOLLUSCA 
Nuculidae indet. 
Sacce 11 a bell u 1 a (Adams 1 
Saccella ap. 

Nuculanidae indet. 
Neilo sp. 

Cucullaea sp. 

Arc i dae i nde t. 
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Limo~sis retife ra Marwi ck 
I 

Limo~sis sp . I 
I I Pectunculina sp . ~ I I 

Modiolus sp . 
! 

I 
Ostreidae indet . 

I 
Chlamys sp. x 
Parvamussium sp. 

Pectinidae indet . 

Thyas i r idae indet. x 
Eucrassatell a am~la (Zittel) 

--' - - --- -"- --- --"- -- -- -- ~ -.-- .-.--- -' _ . 
Pleuromer i s sp. x 
Tellinidae indet. x 
Vener idae indet. x ~ 
Bivalvi a indet. x x x 

Class SCAPHOPODA, Phylum MOLLUSCA 

Dentalium so l idum Hutton 

Dental ium sp . x 
Laevidentali um sp . x ~ 
Cadulus ~ros~e rus Marwick x 

--
Class GASTROPODA, Phylum MOLLUSCA 

?Turbinidae in de t . x 
Li otell a sp. 

~ 
Zeaco 1 ~us cf. fyfei Marwi ck 

Turritel li dae indet. x x 
Pareora sp . * ~ ~ 
Na t i ci dae i ndet. I -
Gemmu l a sp . 

I 

I 
I 

I 

I 
I 
I 

-..OJI.OONW ' \cWcn '-JOO 

+=- ~ -'=" , +=- O\O\O"\~I ~~Rj~R:j~ 0\ O'l 0\ en en 
NNNNW 
O\-.J (X) \.0 0 

I 
\0 O ........ NW-&::aoc..n 

x 

x 

x 
x x 

x x 

x 

x 

x x x x 

- - - -

x x 

x x x x 

x x 

x 

x x x x 

x 1 x 

~ x x 

x x 
x 

+:0 
CT\ 
~ 



Comi tas cf. fu s i fonn i s (Hutton) 

Tr iphori dae inde t . 

Chemni tzia sp. x 
Pyramide ll idae indet . x x ~ 

I ?C yl ichnani a sp. 
I Ri ng i cu l a sp. 

Limacina sp. I 
Pteropoda inde t. I x 

I Gastro poda inde t . I x 

I 

I 
Phy l um ANNELI DA 

i 
Terebellina sp. x x 
Serpuli dae inde t . x 

Cl ass OSTRACODA, Phylum CRUSTACEA 
uni de nti f i ed spp. 

Phylum ECHI NODERMATA I 

Inde t . (spi ne s/ spat angoi ds ) !. 
Inde t. (tes t fragme nts ) x 

Cl ass OSTEKTHY ES . Phylulll PISCES 

Indet. (oto l iths ) ~ ~ ~ 
I ndet. ( tee th) 

Cl ass CHONDR ICHTH YES , Phyl um PISCES 

Inde t . (vertebrae ) I 

Phylum RHODOPHYTA 

"Lithothamni on" (r hodoliths ) x 
Inde t . (f ragment of ca l careou s algae x 

(A ppend ix 2b continued) 
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SUEElement to AEEendix 2b 

Fossil Record AU Number Metric Grid 
File Number * including some Reference 

(Y16jf· .. ) 
entries from 

(Y16j··.· .. ) Mi crofassil Fil e 

* 337 1378 (micro) 61853619 

338 10634 61803657 

353 10639 61453967 

356 10640 61363766 

357 1405 (micro) 61233775 

358 1406 (mi era) 61003766 

359 1407 emi era 1 61253715 

366 1414 emi era) 60813818 

367 1415 (mi era). 61323787 

372 1420 emi era) 58903892 

373 1421 emi cra t 59453886 

375 1423 emi era) 61343917 

376 1429 (micra) 56653687 

378 1431 emi ero). 56983651 

383 1437 (.micro). 58523628 

385 1439 emi era). 54603815 

389. 10694 53953755 
(special number H11611 

40B 1466 emi era 1 54323517 

411 10649- 54703518 

417 1475 emi era). 5569.3384 

422 10650 55713566 

425 1483 (mi era 1 57353249 

438 1496 (lTl i e ro ) 58013294 

442 10652 51393216 
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(Appendix 2b Supplement continued) 

(Y16/f··· ) (AU) (n6) 

443 10653 51353236 

444 10654 51643216 

449 1507 (mi cro) 59623681 

450 1508 (mi cro) 59753630 

451 10655 59963605 

453 1511 emi cro) 60823581 

457 10656 61333598 

458 1516 (micro) 60993630 

459 1517 (micro) 60833102 

460 1518 (micro) 61883133 

462 1520 (micro) 61643203 

463 1521 emi cro) 61253210 

469 1527 emi cro) 61603433 

503 10644 60543984 

616 10635 56203795 

617 10636 56153798 

618 10637 56163795 

619 10638 56183794 

620 10641 61003765 -

621 10642 613379 

622 10643 606399 

623 10645 57273785 

624 10646 57703805 

625 10647 57303605 

626 10648 53803745 

627 10651 573325 

628 10657 609363 

629 10658 558332 

630 10659 565371 
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APPENDIX 2c 

Forami nifera present in samples of Ihungia Formation (* 335 = Y16/f335) 

* Orlier FORAMIN I FERIDA 
.~ ~ ~ ~~~ ~~~ ~~~~ ~ ~ ~~:a ~ ~ ~ ~~~~ ~~ ~ ~~ ~ ~ ~ ~ ~ ~~~ ~;:;~~ ~ ~ ~ ~E;fi~ ~~ ~ ~ ~ ~ ~ ~ ~~ ~~ ~ ~ ~ ~ E ~ ~ ~ ~ ~ ~i~~ ~ ~ ~ ~ ~ ~;:;;; ;~;;;;;;; ~ ~ ~ E ~ ~FS ~ ~ ~ ~ ~~ 5 ~ ~~ ~ ~Mvvv_~ ___ ~_ ~~~ >.I'>~~~~~~\D~~\O~~\O\D\O ___ ~ ;00\0 _N""" Ion"::' _coQ\~ _NM'III'" \,I1\D_ m o.O - .N I""I _>.r>\O_m CI'\ 0- N M 

~_~_. ___ ~~ ________ ~~_~~_~_~v _______ _ 
~uoorder TEXTUlARllNA 

Jurmodiscus archimedis (Stache) 

L.ll, 
Arenodosillria antipodt (Suche) 

tve larrmi ne sp. 
baudryinl: conveu (Karrer) 

~ 
Haeusl erella cf. morgan; (Chapman) 

H. Dukeuriensis. Parr 

L!£., 
Karrerielh bradyi (Cushroan) 

1( , cus~ni Finlay 

LlL 
~rtinotiella sp . 

Siohotextularh awamoanl! Finlay 

.s. concan (Ka rrer) 

S. hay; Tappan 

S. kreuzbera1 Fin lay 

s. , p o 

lextular\a awarooan~ 11o mibrodt. 

T. m; 0 2 1!!: ! Fin)ay 

~. 

Suborder JIIlLIOUNA 

CvcloQvrc 1nvolv .. ns {Rl!!:uss) 

~ 
Jo\assili ni! seClins (d 'Orbiyny) 

Miliolinel ll: subro t.unde (honugu) 

~ Iff. ~ Veil! 

~ 
Pyroo anomth (Schlumberver) 

P. Oeoress! ( d'Orb lpny) 

P. elon~ate (d'Ornipny) 

F. mu rr1l.yn ii t~chwage ri 

~. 

Qu1n9u~iocu1int: bicamis (Walker and J acoos) 

c. buch1anll ~ ' Orbigny 

O. hta lerquem 

O. schroekinQeri Kerrer 

Q. semi nuh (linnaeus) 

O. s i no l t"t.on i C.repi n 

O • • p. 

x • 

x 

x x x XXT" A X ;x X ~ X:Xxx xxxx x x 

x x 

x x x x x x x Ix x x x x x x X I .. x x x xx XX xxx!XXXXXJ,X XXX 

x x x x :r. x x x x x 

x x 

x x x x x 

x x x XXXXXI Xl 

x ;x ;x x 

x x x X x 'x x x 

x x 

x x x x x x 



Siomollinll tenuis (C.ijzek) 

S . victoriensis c.ushman 

~ 
S'O!r.oi)opsis cf. ~ homibrook 

S. sch',umberoerii (osu 

Spirolocul1nll cf. ~nou1au (usnma" 

S . dlS~ l erquell 

S, novol!1andlce c.ushman end lodd 

Tri locuH nll tri cari nau d'Orbig"y 

1 . trioonuh (lama rc k.) 

!.:2e: 

- . 
Suborder ROTALlllIA .. 
Ahbamine tenuimarainatl. (Chapman . Parr and Collins) 

All0m0rtlhina cu~nsts Pail'ler and Bennuoez 

~~ (usNMan and lodd 

1i.iiiOh\coryriifiirsut~ · ra'OrDigny) 

1.. . cf . neoulose (!shizaki) 

1.. . scalaris (Batsch) 

AmEhllnOlTlOrJ:!hina H. 

Amohisteoine madaocl!>ceriiensis d'Or bigny 

Anomalinoi des a lazanens;s (Nuttall) 

I. . fasCiatus {Stache) 

J.... . macraolabra (Finlay) 

J.. . DinQU10iclbr~ {Finiay} 

~. 

A.stacolus SD. 

Astr'ononion park 1 Hornibrook 

" . stelhoe"", Id'Or bigny ) 

~agoin~ bmolc (Finlay) 

Bohvlnfl ,cerost t.usnmar. 

B. elau (Se9uenza ) 

B. arU kacfeyoen ---
!: cf. ~yri chi Reuss 

E. reticulata Hantken 

B. sil vesti na t.ushman 

L.!E..: 
Bolivinel1! ruaose Howr 

Buliminz outJuit Stache 

.!..:.....gnu Finlay 

~ C: 'Orbi~ny 

h..!E.. 
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Caneris laevinf'htu~ Horn1brook. 

Cassidullna laev'g!t~ d ' orbigny 

C.eratobul imi na Ist1 hIIT'd Fi nlay 

Chilostomel h cvciostPma kzehak. 

C. czizecki Reuss 

C. ovoioea Reuss 

Ul!" 
Chllostomelioide s ovi1.c..m.i.} (Sherborn and Cnaoman ) 

£!'!.r~!~090n1um vert'cale (Stache) 

Cibicide s 1huno;~ Finlay 

Lme~i.ecris rinia), 

~2!:~~ Oorreen 

Lll, 

Ci bi c;oo~~s brevoral;s (C!rter) 

L~empe~.!~ "'e1lA 
L.ll., 
Criprorotali" omathsima ~rrer 

~n~Unl salUl! Reuss 

O. soirostriohu (wstwnan) 

- O. -SUbst:"loau ($uche) 

Discern,!. balcombt"nsh Cnarxrolln. Parr and Coll ins 

Dyoc1bicides sp. 
~hf!n~!"'9ini o~M1e~ nnlay 

e;.1p.hJ~i~...!-.91bsoni ka.vward 

L.!!~ tusnman 

(...:....~eudo;nflltum c.usrwnan 

Eoistominelli cas sio:.Jhnoicies hOM1iorcoi::: 

!..:..J.E~ horn1brook 

lD2~~~~· 
E. ... olvocassidulina orltnulis (c.ushman) 

Fis~:~~!....EI_~ Walker and &oys 

F" !p." 
i..!!!..!~nkOln! senreiM:rsiant (C.:: .i zek) 

Glab ratellina s1 0a1 1 ~eiglif and 8ennuo~z 

Globobulllftina OaeiflC! c.ust.man 

Globoceuiduline aratt (Flnlay} 

L~!:,~9'obou (Brady) 

&uttulinl sp. 

Gvro ; dint dan ... ; l1~nsi s Howe and Wa llaee 

C. zeiandiCl Finlay 

!i.!nzaw~btrtMlotl ( ' uri:"gny 

!:!!!~~~~;I:!a boM1l"enensis van der Vle r k. 

HoeolunJlin. eleoans (d'Oroig"y) 

~~!1~~~t lIioindex Finlay 

k.ar~!"ia Noril (Flnhy) 

lao~~~ R~uss 

~ri.U (d "Drbigny ) 

L. !2, 

472 

(Appendix 2c continued) 

~~~~~~;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~o~~~~g~~~~~~~~~~~~~~~~~~~8o~8~~~~~~~=~=:~~~~~~~~~~~~~~~~~~~~~~~~~~~;~=;~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ r~~~~~~~MMMMrMMMM MM MMMM~MMMMMnMnnnn nrMM~ n ~~~~~MM~MMnMnMnMMMMrMMMnnMMMM __ ~ __________ ~ ___________ ~ ________ w ___ ~ ___ ________ ~ ___________ ~ ________ __ _ 

x X 

x x It xl It It x X X x x x x 

x x 

x x , , , x x x x .It X x x x x 
x x x x x x 

x x x ok x xIx x x xix x , x x x x 

x x 
x x 'Ix' :r. J( lI. X X x X x x x x xx J(xxxxxlx x x , x x x x 

·x- " x 

x x x x 

x , 

x x x Ix x x x x x x x x x x x x , x x 

x x x x x x x 

, x 

J J. ;r ;r X J( X x l X Ix x x x ;r x x x , xxlxxx xx , x x x Ix x x x x xxxx/xxx ;xxx XXlxXXX xxxxx x x x xxxxxx lxxxx x x x xxx xx xxxx 

x x x x x x x x x xx x xxxx x x x x x 

x x II xl ,. x x x x x x 
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(Appendix 2c continued) 

l!nnarckine sp. 1
~~==~~;~=~===~:~~~:~~=~:=~;=~:=~=::~=~~~~8gGB~~ =~~g~~~~~g~~~i~=~:~=~~~giB 8 gGB~~=~ = ~ =~ ~ ~ = ~~2~==~~=~~~g~~~~~~ =~=e;=::==;~~~~~~~~=~=:~==~:~~=::~=~~ ~~~~~~~~~~~l~~~~~~~~~~~~rMM~~M~~MMM~r~MnM_~ _ - -MMrMMMM:MM M MM~MMMM M ~MM MM--r~ __________ ~ ________ ___ ~ ____ _____ __ ~------ - ---~-- - -- --- ----~----------

Laticarinin! altocamerau (Heron-Aii en ~n~ E.arland) 

L. o!uoerHa Parker linG Jones 

lenticulina m!nT1IilliC!er~ (Karrer) 

L. oereorinc (Sch .... aper) 

l . planula G.!Illoway Clnd Hemin .... ay 

~. 

l ,"au); "! !'Iel1anoides (Kreuzoerg) 

l. st! . 

IXX xx xx 

I'iarc1Ilul in~ sp. 

Me10nis simolex (Karrer) 

~ 
tjeocono rbu1 in~ sp 

t~o Closari~ hochstetteri Sch .... ager 

N. noioserlce SchwAger 

H. lonoiscau d'Ortngny 

L21ruh d ' Orbigoy 

Llli. 
fiotorot.alia sp. 

Oolinl. 01000sa (Montagu ) 

O. hlsoid, (Reuss) 

Oridorsalis umbonatus (K~USS) 

Osanoularis culter (Parker anG Jones) 

F-l'rarouli.e mllck.av i (Karrer) 

F-a'loninl trifonr.i s F-arr 

PileoHm so. 

lli'1C!rbulin"'lh phni: (Heron- Allen and t.~rl and) 

L.1!JlIndice Finley 

Phnul i r.e sp. 

Plectofrondicuhri~ oerrl Finley 

P. turoide Horn1brool 

P. wheinclIroice (Stache) 

eSfuoonodosarii: ap:er~ (Suche) 

P. s'f'l111letrice {Suche) 

~ulleni~ D!U..lQi~s ((!'Orbigny) 

p, Qui noueloba (Reuss) 

~. 

Rectooolivine maor-iel1a Finlay 

Rectoo 1 andul; nCi sp. 

Reusellt spinuloslI (Reuss) 

Seractnaria sp 

Semivul'lulinll cap1Utll Stache 

S'phoninll C!t.:str"ll lis (ushman 

SiDnOUV\Ofrinll oroboscoi~~lI (SChwager) 

L St! . 

.sphberoidin,; bulioides d'Orbl9ny 

x 

x x 

x x x ~xx xxx 1. X X xix x x x ). x x )t x x )t x x x x x x x x 

Xx 

x x 

"Ix x )( ):)( x x x :a: x • x • x x x x x 

x x x x xxxxxxlox xxx x X x x Ix x x X .l xix x x x X l X X X X x xix l .It .x .It l X .It X X X TX xxxxxxxxx 

x x x x x x x x x 

x xix x x x x x x x X X X 

I x 

I 
I 

x x x I 
i x I x 

i X 

Ix x x 

I x x x 

I 

L 

x x I • l x x x • 

x I x 

I x I 
! I 

xx xx ; xx.xxxx rx 

x x 

<Ix x x x 

xx xl xx I x 

)(xX x xlxxxx xx xx , 
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SDhll~roidinelh. ct '. disjuncu (Finlay ) 

Soirillini!: so. 

Stilostomelh iSntil1el- (Cushman) 

S. l~Didula (Scn~1Iger) 

S. oomulioera (Sttene) 

~==~=~;==:=:~=:~~:::=~=~~~~=~:~I:~:~=~~~~8gG~;~~~~O~~~~~-~~~I~~~=~~=~~~gaIB8g~~;~~£=~~~~:=~~~~==~c~=~~g~~~~==-~=~;==:==;=~~~:::==~~~~~=~:~I:~=~=~l MMMMMMMMMMM~ ' MMMMMMMMMM~MMMMM:MMMMMlMMMMM _____ MlMM~MMMMM~MMMMMMMMMMMMM- ______ : ______ r __________ l ___________ '-----------l-----------l-----------

x x I J: X I I I x x x I x x x I x I x X .l x xl x 1 x X 1.1 X .I X X .I 

I x xl x x x X 1 X 

S. subsDinoSi!: (Cushman) 

S . v~meuilil (d'vrbi9ny) 

l r1ferl na bra dv; Cusnman 

Uvi~erina SP. 1. X X X X X X x xl x x ). x x x x x x X x xl x x x x x x x X x xl x x x x x 
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Supplement to Appendix 2c 

Foss i 1 Record Metric Grid 

Fil e Number AU Number Reference 

(Yl6/f.·.) (Yl6/ .. ···· ) 

335 1376 62583598 

336 1377 62533608 

337 1378 61853619 

338 1379 61803657 

339 1381 60553700 

340 1382 59883712 

341 1383 59603785 

342 1386 55863839 

343 1387 56193795 

344 1388 56503800 

345 1389 57453725 

346 1390 53903774 

347 1393 58333687 

348 1394 57743735 

349 1396 55303355 

350 l397 55303355 

351 1398 56583302 

352 1399 57603265 

353 1400 61453967 

354 1401 56013862 

355 1403 61443747 

356 1404 61363766 

357 1405 61233775 

358 1406 61003766 

359 1407 61253715 

360 1408 60653720 

361 1409 60703755 

362 1410 60633776 

363 1411 60203815 

364 1412 60253810 

365 1413 60243830 

366 1414 60813818 
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(Appendix 2c supplement continued) 

367 1415 61323787 
368 1416 60253910 
369 1417 60553880 
370 1418 60873867 
371 1419 59503905 
372 1420 58903892 
373 1421 59453886 
374 1422 59673874 
375 1423 61343917 
503 1424 60543984 
504 1425 60453956 
505 1426 57153770 
506 1427 57273785 
507 1428 57703805 
376 1429 56653687 
377 1430 57053666 
378 1431 56983651 
379 1432 56853637 

380 1433 57213630 

381 1434 57303605 

382 1436 57983598 

383 1437 58523628 

384 1438 55603875 

385 1439 54603815 

386 1440 54703795 

387 1441 54803735 

388 1442 54303735 

389 1443 53953755 

390 1445 56253720 

391 1446 56223702 

392 1448 56133630 

393 1450 55803685 

394 1451 55453695 

395 1452 55253720 

396 1453 55353770 

397 1454 55453780 

398 1455 54453673 

399 1456 53803426 

400 1457 52713372 
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(Appendix 2c supplement continued) 
401 1458 51953405 

402 1460 52003369 

403 1461 51653365 

404 1462 51423392 

405 1463 51253399 

406 1464 53473458 

407 1465 53853510 

408 1466 54323517 

409 1467 54433536 

410 1468 54643525 

411 1469 54703518 

412 1470 54653500 

413 1471 54553502 

414 1472 53853456 

415 1473 55433376 

416 1474 55553386 

417 1475 55693384 

418 1476 56423315 

419 1477 56573331 

420 1478 56713400 

421 1479 55393590 

422 1480 55813566 
423 1481 55843550 
424 1482 56543283 

425 1483 57353249 
426 1484 58033232 
427 1485 59163190 

428 1486 59953095 

429 1487 60553036 
430 1488 61513054 
431 1489 62083171 
432 1490 62293391 

433 1491 62353476 

434 1492 59073455 
435 1493 59443450 

436 1494 58723366 
437 1495 58303325 
438 1496 58013294 
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(Appendix 2c supplement continued) 

439 1497 57773272 
440 1498 49753208 
441 1499 49633226 
442 1500 51393216 
443 1501 . 51353236 
444 1502 51643216 
445 1503 52223182 
446 5104 53553328 
447 1505 54193389 
448 1506 53853410 
449 1507 59623681 
450 1508 59753630 
451 1509 59963605 
452 1510 60243597 
453 1511 60823581 
454 1512 61433517 
455 1513 61303563 

456 1514 61343577 
457 1515 61333598 

458 1516 60993630 
459 1517 60833102 

460 1518 61883133 

461 1519 61753182 
462 1520 61643203 

463 1521 61253210 

464 1522 61343227 

465 1523 61043245 

466 1524 60653216 

467 1525 62373286 

468 1526 61953330 
469 1527 61603433 

470 1528 61343415 

471 1529 61723400 

472 1530 61943381 

473 1531 54683890 
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(Appendix 2c supplement continued) 
Location of samples from Pick (1962b) with reassessed 
ages by G.H. Scott (New Zealand Geological Survey). 

Fossi 1 Record Reassessed Metric Gri d 
Fil e Number Ages Reference 
(Y16/f .... ) (abbreviations after (Y16/ ...... ) 

Stevens 1981) 
7637 Sl 549338 
7638 Sl 553335 

7640 uSl-1Sw 562328 
7641 uSl-Sw 567326 

7642 uSl-Sw 571325 

7643 uSl-Sw 578325 
7644 Sl 587320 
7645 Sl 595319 
7646 Sl 600313 
7647 Sl 602305 
7716 Sl 625358 
7717 Sw 623339 
7718 Sl 622311 
7719 Sl 612325 
7720 Sc-S1 610357 
7721 Sl 598362 
7722 (m-u}Pl 598366 
7723 P1-S 588358 
7724 Sc 583359 
7725 S 581358 
7726 Sc 583351 
7727 Sc 582343 
7728 P1 548T62 
7741 P1 532342 
7745 P1 546387 
7757 Pl-Sc 585379 
7758 (1 ) P 1 583382 
7763 Po 596393 
7764 (m-u) Pl 600392 
7765 (m-u)Pl 603389 
7840 Sc 599372 
7841 P1 612368 
8336 uP1 532344 
8338 uPl 532343 
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(Appendix 2c supplement continued) 
8346 uuPl 536341 
8347 ?5c(uPl?-5c) 537341 
8350 ?Pl 538341 
8351 Pl-5c 539341 
8363 5c 539336 
8375 (u)5c-(lSl?) 543329 
8773 (1 ) S 1 621317 
8774 5c 618324 
8775 51 613325 
8776 51 615344 
8777 (u)Sc 609358 
8778 Pl 620360 
8779 Sc 603359 
8780 Pl 598363 
8781 5w 583322 
8782 51 593323 
8785 Sw 595346 

8786 5w 594355 

8787 uPl 614376 

8788 P1 607377 
8789 m-uPl 599377 
8790 Pl 571377 
8791 Pl 577380 

8792 Pl 579380 

8793 Pl 581374 

8794 Cu) Sl-(( 1) Sw?) 577332 

8795 5w 581338 

8796 51 569344 
8797 (.u?) 51 568336 
8798 51 563334 

8799 51 556338 

8800 5c 552343 

8801 ?5 547350 

8802 51 597349 

8805 P1 542374 

8806 Po-Pl 557369 

8807 P1 561369 

8808 Pl 56237) 

8816 uSl-15w 562328 
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APPENDIX 3 Detailed stereonets 
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Appendix 3 . 1: Principal stress axes of clastic dikes 

and boudins related to the Waitahaia Formation bedding 

in vlh i ch they a re found. 
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Appendix 3.2 a: Group 1 early structures in autochthonous 

Waitahaia Formation. 
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Appendix 3.2 b: Rotated group 3 early faults in 

autochthonous Waitahaia Formation. 
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Appendix 3.3: Faults and chlorite gouge zones in the 

major phase of deformation in the Waitahaia Formation. 
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AP = pole to axial plane 
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(top in direction of arrow) 

IJ.~= pole to megascopic fault with movemen t direction 
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Appendix 3.4 a: Tight - to - isocl i nal folding in Waitahaia 

Formation along the Mata River. 
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Appendi x 3.4 c: Tight-to-isoclinal folding in Waitahaia 

Formation along Waingata Stream. 
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Appendix 3.4 b: Tight-to-isoclinal folding in Waitahaia 

Formation along the Waitahaia River. 
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Appendix 3.5 : Vertical undulating beds in Waitahaia Formation . 
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Appendix 3.6 a : Event X of late phase structures 

in Waitahaia Format ion 
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Appendix 3.6 b: Event A of late phase structures 

in Waitahaia Formation 
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Appendix 3.6 d: Event C of late phase structures 

in Waitahaia Formation 
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Appendix 3.6 c: Event B of late phase structures 

in Waitahaia Formation 
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Appendix 3 .6 e: Event D of late phase structures 
in Waitahaia Formation 

N 

3300. ~ u- ~0300 

D v',. 

.~~ 
300' / ' 

D 

• • u tA ~ 

nrnO x \. 0600 

• 
I 

~'r\\ J 
X 

~,j~ 
:x 

j' 90u I 

x J, ~ 

I-E 
x 

x I 
I 

lJ 
/ / [nO 

~~O\ 
b 

j/Ou 

". ~ /u '.;1 

/- 1200 2400 '< 

'" u ... '" .. ' ~1500 2l00~ -"-D ~1500 2100~D 
~() . - -
~ <u 

S S 



w 

~ndix 3.7 a: Phase 1 structures in the "Zone 

of Disruption" 
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Appendix 3.7 b: Phase 2 structures in the "Zone 

of Disruption" 
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Appendix 3.7 d: Phase 4 structures in the "Zone 

of Disruption" 
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Appendix 3.7 c : Phase 3 structures in the "Zone 
of Disruption" 
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Appendi x 3.7 e: Phase 5 structures in the "Zone 

of Disruption" 
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Appendix 3,8 a: Folds of the younger phase in the 

"Zone of Disruption" on the WESTERN side of the 
Mata River, 
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Appendix 3.8 b ~ Folds of the younger phase in the 

"Zone of Disruption" on the EASTERN side of the 
Mata River. 
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Appendix 3.11: Faults and 
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Appendix 3. 10: Undulations wi thin Karekare Formation 
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Appendi x 3.1 3 a: Faul t ing in Whangai Formati on, 

Wa itaha i a Ri ver 
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Appendix 3. 12 : Undulat ions within Whangai Formation 
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Appendi x 3.13 b: Faulting in Whan gai Formation, 

Mata River 
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Bppendi x 3. 14 a: Foldin g and cleavage in Wh angai Formation 
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Appendix 3.14 b: Folding and cleavage in Whangai Formation 
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Appendix · 3.1S: Slip directions from striations and 

lozenges in the autochthon/allochthon boundary zone 

along the Waitahaia River 
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Appendix 3.16 a: Slip directions from striations 
representing movement along the autochthon/allochthon 
boundary, Kaikomako Stream 
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Appendix 3.16 b: Slip directions from later striations 
(cutting those in Appendix 3.16 a) 
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Appendix 3.18 a: Folds i n the Mokoiwi Format i on at 

Y16/501368 (Locality 1, Fi gu re 9.5) 
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Y16/657419 (Locality 2, Figure 9.5) 
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Appendix 3. 19 a: Faults, quartz veins and boudins 
in Mokoiwi Formation at Y16/501368 (Local ity 1, 
Figure 9.5) I 
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Appendix 3.19 b: Faults and quartz veins in Mokoiwi 
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Appendix 3.20: Later faulting in Mokoiwi Formation 
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Appendi x 3. 21: Early folds in all ochthonous 

Wa i tahaia Forma tion 
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Appendix 3.23 b: Striations associated with 

emplacement to Waitahaia Formation 
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Appendix 3.25: Faulting in Upper Cretaceous - Paleocene 
lithologies 
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0300 Appendix 3.24 a: Bedding and folds in Upper Cretaceous 

- Paleocene lithologies at Y16/523339 (Locality 6, 
Figure 9.21) 
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N Appendix 3.26: Faulting in allochthonous upper Whangai 
Formation 
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Ap pend i x 3. 27 : 6edding 21d fold s in Opossum Creek 

sandstone lithofacies 
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Appe ndix 3.28 : Faults in Opossum Creek sandstone 

lithofacies at Opossum Creek 
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Append ix 3, 29 a : Pha ses 1 - 5 of faulting in 

Opossum Creek sandstone along t he Mata River 
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Appendi x 3, 29 b: Phases 6 and 7 of faulting in 
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Appendix 3030 a: Bedding (= 51 cleavage) in Whakoau 

limestone lithofacies:-
Kaikomako Catchment (/) 
Puketoro Homestead area (/) 
hill immediately west of Puketoro 

Homestead (t/ ) 
- Owetea area ( ,(' ) 
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Appendix 3030 b: Bedding (= 51 cleavage) in Whakoau 
limestone lithofacies:-
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Appendix 3030 c: Bedding (= 51 cleavage) in Whakoau 

limestone lithofacies:-
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Appendi x 3 . 31: S2 cleavages in Whakoau limestone 
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Appendix 3.34: Faults in brown sandstone sliver 
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Appendix 3.35: Structures in Hauturu greensand 
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Appendi x 3. 37 a: Striat ions in melange ma t ri x i n 
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