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ABSTRACT 

The structure and l ithology 9f a sequence of Me sozoic greywackes compr is-

ing the Torlesse terrane within the southern Ruahine Range has been mapped . 

At a scale of 1 : 2 5 000 the sequence wa s subdivided into informal l i thozones 

with one or more lithozones constituting a higher order l ithostratigraphic 

unit here referred to as a Li thotype . Each of  three recognised Lithotype s 

occupies a consistent stratigraphic po sition throughout a 4 0  kID long mapped 

area . From east to west the three Lithotypes are : ( 1 )  the Tamaki Lithotype ; 

( 2 )  the Wharite Lithotype ; and ( 3 )  the Western Lithotype . The eas ternmost 

Tamaki Li thotype and the we sternmost western Lithotype consist of a rela­

tively undeformed flysch-type sequence of d istal turbid ites . The centra lly 

located Wharite Lithotype structurally underlies the Tamaki Lithotype but 

overl ies the we stern Li thotype . It  compri ses a complex sequence of pre­

dominantly flysch-type sedimentary rocks , together with lithological ly 

d iverse , argillite-dominated , c last-bear ing debris flow deposit s ; large 

sheet- l ike bodies of  massive vol canics ( and as soc iated cherts)  that have 

been emplaced by gravitational s l idin g ;  and intact pil low l ava accumulation s 

and hor izons of  red and green argillite of  syndeposi tional origin . 

Ma j or and trace element analyses of volcanic li thologies indicate that most 

samples were erupted in a mid-ocean r idge or intraplate setting . None 

appear to have been der ived from an i sland arc setting . 

The bulk of the clastic sediments consist of  reworked materials  derived by 

the erosion o f  a mixed volcano-plutonic source and redepos ited in a distal 

deep-water submarine fan environment . Blocks of  allochthonous fossi l i ferous 

shal low-water l i thologies indicate that the source terrane , in part , com­

prised rocks o f  Late Triassic age . Autochthonous fo ssils  ind icate that 

sedimentation continued unti l at least Late Jurassic time . 

Part of  the stratigraphic sequence was severely de formed along a low angle 

thrust zone in Early Cretaceous time at the onset of  the Rangitata Orogeny . 

An early phase of  duc tile de formation resul ted in plastically and perman­

ently de formed rocks . Ductile de formation is  restricted to strata compr is­

ing the Wharite Lithotype which , with its allochthonous debr i s , i n  part , 

constitutes an oli stostrome that has undergone tectonic deformation and 

hence also constitutes a me lange . Thus it may be regarded as a tectonised 

olistostrome . Ductile de formation was succeeded by the development of 

shear fractures during s,ubsequent phases o f  brittl e de formation that 

affected strata compr ising a l l  t hree Lithotypes . Brittle deformation 
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occurred i n  con j unction with episodes o f  faul ting and folding dur ing the 

second orogeny - the Kaikoura Orogeny in Pl iocene to Recent times . 

Active faults that were initiated dur ing the early phase of ductile de form­

ation continued to be sites of active fault displacement throughout 

Quaternary and Holocene time . Late Quaternary tec tonic features along the se 

major ac tive faults have been mapped . Minimum rates of vertical fault d i s­

placements s ince Ohakean time approximate 1 mm/yr in this area . 

Several phases of folding were recogni sed , inc luding : ( 1 )  an early phase of 

syndepositional , highly asymmetric folds with we l l  developed ax ial plane 

cleavage ; and ( 2 )  three post-lithi fication phases of fo lding - e . g. 

(a)  steeply plunging isoc l i nal folds ; ( b )  subhori zonta l ,  open asymmetric 

folds ; and ( c )  steeply plunging open folds . 

Contac ts between the three Li thotypes are not thought to be ma j or tectonic 

breaks but are instead of primary depositional origin and have become sites 

of subsequent fault movemen t  in Quaternary t ime . The three Lithotype s may 

there fore represent a near complete eastward dipping , westward younging 

overturned stratigraphic sequence . They are not faul t-bound terrane s .  

Metamorphism to prehni te pumpel lyite grade , folding and rotation of the 

strata to its presen t  steep atti tude predates Late Cretaceous sedimentation . 

The westward rotation and imbrication of thrust sheets that are internally 

wes tward younging but form part of a regionally eastward younging success ion 

of thrust sheets was the result of underthrusting at a convergent plate 

margin . 

The relationship between structural and l i thological character istics of the 

Torlesse bedrock and the magnitude of val ley slope eros ion in the southern 

Ruahine Range is inve st igated . Compari son of aerial photographs spanning a 

28 year per iod between 1946 and 1974  ind icate that erosion has increased by 

91 % .  The greatest proportion o f  this eroded area occurs on the steeper 

north- and west-facing s lopes . Saturation of co l luvium during ma jor 

storm events is  the pr ime trigger ing mechanism for the ma jor ity of shal low 

translational s lope movements . Debri s  s l ides and debris avalanches pre­

dominate and result from fai lure at less  than 1m depth at the colluvium­

bedrock contact . Rock s l ides are few in number and are struc turally con­

trolled , fai l ing along bedding plane surfaces at greater than 1m depth . 

Rock fal l s  and rock topples are least numerous and only involve small 

quantities o f  material . .  
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An erosion rate of 1 2 1Sm
3
/ha/yr for the southern Ruahine Range i s  of the 

same order of magni tude as other New Zeal and and overseas studies and 

al though cons idered to be severe it i s  not unduly excessive . 

Much of the forest deteriorat ion in this area i s  due to the opening of the 

canopy by the success ive removal of large tracts of forest vegetation 

through mas s  movement processes dur ing epi sodes of increased rainfal l .  

Large-scale rotational and translationa l ma ss movement features inc luding 

rock slumps , earth slumps , earth s l ides and r idge-top features ( involving 

bedrock only) , have been documented from 1 0 9  local ities . A relationship 

between the inc idence of rocK slumps and ma j or fault brecc ia zones has been 

estab l i s hed in thi s  area . The ma j or i ty of large-scale mass movement 

features fai led in pre-his toric time but two failed in hi storic t ime . The 

consequences o f  future mas s  movements upon lowland areas ad j acent to the 

base of the Range i s  di scussed . 

A map showing the relative stabil ity o f  s lopes and the predominant forms of 

s lope movement mo st l ikely to occur under the present se ismic , c l imatic , 

phys iographic and human conditions i s  presented . 
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1 . 0  BACKGROUND 

C H A P  T E R 1 

INTRODUCTION 

1 .  

within the last decade a number of organ isat ion s have expressed concern 

that rates of ero s ion have markedly increased in the southern Ruahine 

Range , North I sland , New Zealand . Dur ing this time the observed increase 

in eros ion within the Range has l ed to aggradation of stream channel s  

drai ning the Range with a consequent increased flood r i sk in ad j acent 

lowland areas . 

Streams draining the eastern flank of the southern Ruahine Range f low 

into the upper reaches of the Manawatu River . The Manawatu River then 

passes from the east to the we s t  s ide of the Range through the Manawatu 

Gorge . At the western end of the Gorge , near the township of Ashhur st , 

the Manawatu River i s  j o ined by the Pohangina River , tributaries o f  which 

drain the we stern flank o f  the Range . 

Fluvial transportation o f  bedload by the combined flow of the se r iver s 

has , in the pas t ,  buil t  up much of the f lood plain upon which Palmer s ton 

North City is situated . Within historic times thi s  flood plain has 

been subj ected to river flooding ( Cowie & Osborn , 1 977) . Thus the 

current eros ion probl em , if l e ft unchecked , could lead to an increased 

r i sk of flood ing aro und Palmers ton North City and the lower reaches of 

the Manawatu River . The seriousness of the increased eros ion in the 

southern Ruahine Range became widely pub l i c i sed in the 1 970s when the 

chairman of the Soil Conservation and River s Control Council declared 

that the preservat ion of the Ruahine Range was far more important than 

saving Lake Manapouri ( Pool e , 1 973 ) . 

Two local bodies immediately concerned with the problem were the 

Manawatu Catchment Board and the New Zealand Forest Service . Government 

funding al located for works on eros ion-re lated problems was rece ived by 

the Manawatu Catchment Board in 1974 .  By 1 976 the problem was con­

s idered to be serious enough to warrant a three -year inve st igat ive pro­

gramme . Thi s  invo lved : ( 1 )  the col lection and proc e s s ing of hydro­

logical data , measuring.flood flows and observing flood flow responses 

( Martin , 1 978 ) ; ( 2 )  an investigat ion of the origin , nature , amount and 
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movement o f  s tored sediments in stream channe l s  draining the south­

eas tern side of the Range ( Mosley , 197 7 ); and ( 3 )  an inve stigat ion into 

the hydraul i c  behaviour of the se streams with the aim of assessing long 

term management needs and propos ing viable work schemes ( Brougham , 197 7 ) . 

In addit ion the Board invited Dr S A Schumm ( Pro fessor of Geology , 

Colorado State University , USA) to give an appraisal of conc lusions pre­

sented by Mosley (197 7 )  concerning the state of the eros ion in the 

southern Ruahine Range ( Schumm , 1977) . S tatus quo and ma intenance works 

were carried out by the Board dur ing this period of inve stigat ive work . 

Expenditure dur ing the years 1 9 7 5 - 8 1  by the Manawatu Catchment Board i s  

pre sented in Appendix Ia . 

Corrective measures by the Board to ame l iorate the r i sk of flooding 

downstream of the Range front have included the creat ion of gravel re­

serves to temporar ily s tore and regulate the flow of detritus from the 

Range . 

Simul taneousl y ,  the New Zealand Fore st Service stepped up a r evegeta­

t ion programme within the Range which involved the hand planting and 

direct seeding of pines and aer ial sowing of herbaceous plants .  The 

cost of thi s  programme peaked dur ing the 1 9 7 7 - 7 8  financ ial year (Appendix 

I I a ) . I n  con j unction with the revegetat ion programme , the cull ing of 

deer from helicopters began and po i soning of opossums was conducted on 

a large scale in ali attempt to l es sen the destruct ive e ffec ts of thes e  

browsing anima l s  upon the vege tation cover. 

with the comp l e t ion of its investigative programme , the Manawatu 

Catchment Board ' s  aim dur ing the five-year period 1980- 8 5  is to : 

(1) maintain dra inage channe l s  by tree plant ing , extract metal from 

s tream channel s ,  r ea l i gn channe l s  and repair bank ero sion; and ( 2 )  con­

t i nue to moni tor movement of stream bedload . Many of the proposed work 

schemes outl ined in Blakely (1978) for streams draining the southeastern 

Ruahine Range have been approved by the Board , some of which will be 

impl emented dur ing thi s per iod . Government funding for thi s per iod ha s 

been approved and the yearly amounts al located as a subsidy are shown 

in Appendix lb . 

The New Zealand Fore s t  Service continues its efforts to stabi l i se eroded 

slopes princ ipa l ly by aerial sowing , s ince hand plant ing on a large 

scale i s  too expens ive . Throughout thi s campai gn to stabil i se eroded 

s lope s , the problem areas have been c l early defined as occurr ing on the 

southeastern f l ank of the Range . Thi s  become s particul arly evident when 
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comparing the cost o f  revegetating eroded slope s  on the western fl ank 

of the Range with the cost of revegetating the eastern flank (Append ix 

I I a ) . Predicted rate s of expend iture on the se activi ties by the Forest 

Service over the next few year s i s  given by Appendix lIb . 

The reasons for these increased erosion rate s are not wel l  understood . 

Avenues o f  re search to date have sugge s ted cause s  that invo lve only the 

surficial geology and soi l s  of the Range . The se are c entred on the 

e ffects of intense rainstorms , the i n fluence of browsing anima l s , strong 

wind s , fires , and drought on the vegetation cover which , if depleted , 

causes s lope i n s tabi l i ty. In the majori ty of case s , a prime factor has 

been advanced as be ing the reason for the increased erosion rather than 

several factors operat in g  s imul taneously. However , it i s  c l ear that 

many , if not a l l , of the factors mentioned by previous workers have in­

fluenced the increased erosion rates to some extent. The degree to 

which each compounds the problem vari e s  cons iderably being l argel y  

dependent upon the location o f  the erosion s ite. Only by spe c i f i c  in­

ves t i ga tion of each ero s ion site i nvolving slope movement c an factors 

and processes c au s in g  s lope movemen t  be understood. 

With the aid o f  a grant from the National Water and Soil Con servation 

Organisation ( NWASCO ) , this study was initiated to understand more ful ly 

the problem o f  increased erosion rates in the southern Ruahine Range . 

Attention was initially d i rected towards the geological s tructure and 

phy s iographical aspe cts of the southern Ruahine Range as i t  is in these 

f i e lds that l ea s t  i nformat ion is ava i l able .  As the l i tho logical make-up 

and s tructures wi thin the bedrock had not previously been mapped in this 

area , research was d i rected towards determining if relationships existed 

between bedrock structures and l i thologies and the types of slope movement 

observed today on val ley s lope s  within the Range. It was antic ipated that 

the i n formation obtai ned from thi s work would enable the identification of 

s i te s  which are prone to future eros ion and for which some protect ive 

measures might be po s s ib l e  be fore l arger scale movements occur. 

1 . 1  OUTLINE OF STUDY 

Thi s  study comprises two pr inc ipal parts .  The first part concerns a 

deta i l ed 1 : 2 5  000 geological survey of the study area , which depic t s : 

(1 ) bedrock mappi ng of l ithotype s ; ( 2 )  determination of age , super ­

pos i t ion , mode of depo s i t ion and provenance of sed iments ; ( 3 )  petro-



graphic examination o f  l i thologic constituents ;  ( 4 )  mapping of ma j or 

fault zone s , splay and cross faults ; and ( 5 )  an interpretation of the 

structure , de formation and tectonic setting of the southern Ruahine 

Range . 

The second part di scusses ero sion in the s tudy area and inc lud e s : 

( 1 )  c l a s s i f ication o f  slope movement type s ; ( 2 )  factors of geologic , 

phys iographic , c l imatic , se ismic and human origin that influence slope 

4 .  

s tabi l i ty ;  ( 3 )  a chronological account o f  episodes o f  upper Quaternary 

slope movement and subsequent fluvial aggradat ion ; ( 4 )  a comparat ive 

study of hi stor ical changes in extent and location of sites of ac tive 

s lope movement spanning a 28 year period ; and finally ( 5 )  an inter­

pretative eval uat ion of areas of potential slope movement . 

1.2 LOCATI ON OF S TUDY AREA 

The Ruahine and Tararua Range s form part of an extensive ser i e s  of axial 

ranges stretching the l ength of the North I sland between Wel l ington and 

Eas t  Cape , a d i stance of 5 1 0  km ( Fig. 1.1 ) .  The area del ineated for 

thi s s tudy comprises that part of the southern Ruahine Range extending 

southwards from where the Pohangina River i s  inc i s ed within a natural 

gorge , cut at r i ght angle s  to the long axis of the Range at Lat. 4 0
0 

02 ' 

3 0 ' S ,  to immedi ately south o f  the Manawatu Gorge to inc lude part of the 

northern t ip of the Tararua Range at Lat. 4 0
0 

2 1 ' S  ( F i g. 1.2 ) .  Thi s  

area l i es between longitude s  1 7 50 4 5E to 1 7 6
0 

06E . 

The study area i s  largely wi thin the boundar i e s  of the Ruahine State 

Forest Park . The Range i s  widest at i t s  northern end where it i s  

approximately 1 3  km acro s s  and tapers southward to barely 7 . 5  km across 

where the Ruahine and Tararua Range s approach each other at the Manawatu 

Gorge. The eastern boundary of the study area has been def ined to 

par a l l e l  Top Grass and Pinfold Roads and the we s tern boundary has been 

drawn a long the left bank of the pohangina River . The eastern and 

western boundaries have thus been del ineated beyond the state forest 

boundary to include several impor tant geological f ind ings within 

Quaternary aged depo s i ts that flank the Range. The total length of the 

s tudy area is approximately 4 0  km and encompasses an area of approx i­

mately 510 km2 o f  which 212 km2 i s  fore s ted . 

1 . 3  SELECTION OF S TUDY AREA 

Selection of the s tudy area was based on the fol lowing fac tor s , l is ted 
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in order o f  importance :  

( 1 )  At the commencement o f  this s tudy , the Manawatu Catchment Board 

was inves tigating eros ion and sedimentation problems a s soc iated 

with rivers draining the southea s tern part of the Ruahine Range . 

Thi s work , together with re search conducted by two government 

agencies , the Soi l  and Water Divis ion of the Min i s try of Works and 

Development and the New zeal and Fore s t  Service , provided consider­

able background information whic h  was rel evant and helpful to 

further research inve s t i gation s .  

( 2 )  Several use ful geologica l  inve s t i gations have involved mapping of 

the greywacke bedrock in areas to the north ( Spor l i  & Bel l , 1 97 6 ; 

Munday , 1 9 7 7 ) and in the extreme south ( Zute l i j a , 1 9 7 4 )  of the 

s tudy area . In addition the ses have detailed the Late Cenozoic 

sediment s  in and around the Manawatu Gorge - Saddl e  Road region 

( Piyasin , 1 966 ; Grammer , 1 97 1 ) and a long the margins of the study 

area ( Ower , 1 943 ; Carter , 1 963 ) .  

( 3 )  The northern and southern boundar ie s were selected where two 

natural ly formed gorges traver se the Range , thereby providing a l ­

mo st complete cross-sections of the bedrock strata compri s ing the 

Range . At the southern extremity , the s tructure an d l ithology of 

the Manawatu Gorge had been investigated by Zute l i j a  ( 1 97 4 )  so 

some pre l iminary information was ava i l able at the commencement of 

thi s s tudy . 

( 4 )  A ne twork of secondary roads bounding the Range ( Fig. 1 . 2 ) and 

tracks prepared by the New Zealand Forest Service within the Range 

al low ready acce s s  to much of the study area . One dry-weather 

access road penetrate s to the crest of the Range , at De l aware Ridge . *  

1.4 FI ELDWORK PROCEDURES 

Fieldwork was carried out between 1 9 7 6  and 1 982 , mainly dur ing the 

summer months . The heavily bush c l ad slope s of the Range reveal few 

geological outcrops . Much of the struc tura l  and l i thological information 

has been obtained from exposure s along r iver cour ses al though outcrop 

exposure i s  seldom continuous throughout the l ength of mos t  s tream 

channel s. Some s tream c hannel s  have very few exposures due to dense vege­

tation cover or exc e s sive accumulations of stream detritus , particularly 

in upper catchment reache s . Recently formed eros ion scars have provided 

* Not an approved Nat i onal Geographic Board name 
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useful insights into the s tructure o f  bedrock l ithologie s . Ridge-top 

exposur e s  are few and are generall y  inacc e s s ible on account of the dense 

fores t  cover . Mos t  useful information , away from river courses , has been 

gleaned in foothill areas in the vic inity of Mangatera Stream and access 

roads to Wharite and Takapari trigonometrical stations ( F ig. 1 . 2 ) .  

As a resul t  o f  the intricate drainage network , many streams are not 

named . with the nece s s i ty to refer to numerous locations within the 

f ield area wi thout ambiguity , a number of informal name s have been used 

by the author which are not approved by the New Zealand Geographic Board 

and thus do not occur on any New Zealand Land s and Survey maps. Where 

pos sibl e ,  subdivis ion of named streams was accompl ished with the use of 

pre fixes , for exampl e  East Tamaki and North Oruakeretaki. Spec i f ic 

loca l i t i e s  are re ferred to us ing grid re ferenc e s  based on the 1 : 2 5 0 0 0  

metric map s e r i e s  ( NZMS 2 7 0 ) . The fol lowing N ZMS 2 7 0  sheet numbers 

cover the s tudy area : T2 3B , T2 3C , T2 3 D ,  T24A , T2 4B , U23A and U 2 3 C .  

The s tudy area i s  al so covered by NZMS 1 ba sed on the national thousand­

yard grid of the 1 : 6 3 3 6 0  topographical map serie s , sheets N144 (Feilding ) , 

N145 ( Dannevirke ) and N149 ( Palmerston North ) .  The only geological map 

of the area i s  at 1 : 2 5 00 0 0  scale ( Kingma , 1 96 2 ) .  

At the commencement of field mapping , there exi sted a number of stereo 

aerial photograph series each of which o fferred only partial coverage 

of the study area. The earl iest known series were photographed between 

1 946 and 1 9 5 0  ( SN 2 3 0  and SN 181 ) at a scale of 1 : 1 3600 Further series 

were photographed in 1 968 ( SN 4143 ) and 1 974 ( SN 3 7 2 1 )  but aga in each 

only cove rs part of the study area required to be mapped .  

Rec ent stereo aer i al photograph coverage o f  the forested port ion of the 

study area became ava i l able in 1 9 7 7 -78 with completion of SN 5 1 63 at a 

scale o f  1 : 1 00 0 0  and SN 5 02 6  at a scale of 1 : 5 0 0 0 0. The mos t  suitable 

means o f  rec ording field observations involved the use of tracing paper 

overlays upon photographic contac t  print s . Information from the se over­

lays was then trans ferred onto work sheets. Fortunately , the completion 

of NZMS 2 7 0  work sheets coinc ided with the e nd of the fieldwork pro­

gramme and were used to compile the f inal base map . 

Al l rock sampl e s , thin-sections and fos s i l  spec imens are he ld at the 

Department o f  Soil Sc ience , Mas sey Univer s ity , Palmerston Nor th. The 

l abel l ing of rock spe c imens and their corre spond ing thin-sect ions i s  

explained i n  Appendix IVa. Radiocarbon dates and fo ssil spec imens 

c o l lec ted from the study area are l isted in Appendix Vb. 
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1 . 5  PHY S IOGRAPHY 

The physiography of the study area is c losely re lated to the strati­

graphic and tecton ic hi story of the Ruahine and Tararua Range s .  Adkin 

(1 9 3 0 ) , in di scus sing de format ion of the Tararua Range , commented " the 

Tararua segment is regarded a s  a large up fold . . plunging 

northward and corrugated by a compl eted pattern of secondary 

f l exure s , longitudinal and transver se . At its northern end - near 

the Manawatu Gorge - the secondary longitudina l s  are reduced to one (as 

a resul t of converging and by plunging beneath the level of the ad j acent 

lowland s ) , there giving the mountain axi s  the appearance of a s imple 

arch" (p 2 8 ) . This ' arch ' structure extends nor thward s into the southern 

Ruahine Range wher e it was interpreted by Li l l i e  (1 9 5 3 )  as a " s impl e 

antic l inal fl exure with southward plunge " . The north-pl unging Tararua 

Range and south-plunging Ruahine Range are separated by a physiographic 

depre s s i on re ferred to as the ' Manawatu Saddle ' *  across which the 

Manawatu Gorge is incised . Both Ranges are f lanked by en-echelon faults 

along their steep eastern l imb ,  giving the flexure a marked asymmetry 

which i s  sugge s t ive of a high , out s tand ing , t i l ted bedrock block , having 

a s teep eastward- fac ing scarp and a longer back slope towards the west . 

Contouring that section o f  the ax ial range between wel l ington and Hawke s 

Bay c learly ind icates " a  maj or anti c l ine marked by two e longated domes 

The southern domes represent the Rimutaka and Tararua Ranges and 

the northern dome the Ruahine Range " .  Fur thermore , " There i s  l ittl e 

doubt that the struc ture shown by the contour s i s  geologi cally s igni f i ­

cant , and they must represent a deformed sur face that had con s iderably 

l e s s  re lief than the pre sent range s have . "  (Wel lman , 1 948 ) . This de­

formed surface which has been carved into greywacke bedrock of Tr ia s s ic-

,Juras s ic age has been re ferred to as a peneplain ( sensu s tri cto ) . It 

may al ternatively be a sur face of mari ne eros ion . Kingma (l 9 5 7a )  

considered the sur face to represent planation in Pareora time over the 

whole ' North I sl and Geantic l ine ' with pl anation of the Ruahine block 

occurring again in waito taran time . I t  i s  this relict eros ion sur face 

that i s  now prominent at approximatel y  1 0 0 0  - l l OOm a l ti tude along 

the Delaware Ridge , and at the Manawatu Gorge - Saddle Road area 

where it is exposed at the northern end of the Tararua 

southern end of the Ruahine Range . Wi thin the Manawatu 

Range and 

Saddle a 

wel l -def ined erosion surface i s  overlain by foss i l i ferous mar ine sed iments 

of Waitotaran , Nukumaruan and Castlec l i f f i an age . No res idual depo s i t s  

* Not a n  approved National Geographic Board name 



of Cretaceous - Tert iary s trata ar e known to occur upon the Del aware 

Ridge al though occas ional outl iers of Wai totaran-aged l ime stone upon 

an even,unbroken broad plateau-like surface at Le ssongs Monument 

(l0 9 5m altitude ) and el sewhere in the northern Ruahine Range is proo f 

of an epi sode o f  Late Tertiary marine planation. However ,  it is not 

c l ear i f  the southern Ruahine Range was submerged in Pareora time s . 

1 0 .  

There i s  only one known location within the study area at which mar ine 

sediments of Late Tertiary age occur , wel l  within the confines of the 

Range and far removed from sediments of the same age f l anking the Range . 

The outcrop occurs in a tr ibutary of Centre Stream (T2 3/6 5 2 2 2 2 )  at an 

alti tude o f  7 0 0m and cons i s t s  of a basal conglomerate overlain by l ime­

s tone and sand (Moore , 1 97 5 ) . The fo s s i l  content of the limestone 

indicates an Early Nukumaruan age (T2 3/f 7 5 2 9 ) .  The conglomerate suggests 

that part o f  the southern Ruahine Range was above sea level and erod ing 

prior to Early Nukumaruan t imes. 

To the south o f  the study area near the Pahiatua Track (Fig . 1 . 2 )  the 

peneplain reaches an axial culmination at Tarakamuku trig . (544m ) , before 

descend ing gradually northwards for the next 8 kID to the Manawatu Gorge . 

Thi s broad , smooth , north-sloping sur face can be traced further north­

wards beyund the Manawatu Gorge with no sag at the Gorge itself. The 

lowest part in the curve o f  thi s  surface is 3 . 5  kID north of the Gorge 

where it is 1 5 3m above sea level. Marine sediments conceal this sur­

face through much of the Nana\<jCltu Saddle area. S t i l l  further northwards 

the peneplain r i s e s  s teeply aga in, and is pre served up to the summit of 

Whar ite (92 Om)  where it is seen to " pas s  into the air , a lthough 

summit concordance at a few points along the Range may ind icate its 

former extent " (Li l l i e , 1 9 5 3 ) . The southern part o f  the Ruahine Range 

between Wharite (920m)  and Maharahara (l 0 9 5m )  portrays a ,rugged saw­

toothed crest , severely eroded with sharp peaks and low sadd l e s . When 

viewed from ei ther the wes t  or the east the silhouette of this section 

of the Range exhibits a general northward increase in a l titude which 

is re flected in the he ights of trigonometr ical stations from Wharite 

(92 Om) , two unnamed s tat ions (968m and 1 0 1 3m) , Ross (l 054m) , unnamed 

(l 0 2 1m ) , Matanginui (l074m)  and Maharahara (l095m ) . It is thought that 

the crest of this section of the Range �as been d i s sected to a greater 

extent thereby l argely destroying evidence of the former peneplain. A 

d i stinctly di fferen t axial pro f i l e  extends northward s from Mangapuaka 

Stream to the northern boundary of the s tudy area . This pro f i l e  is near 

pl anar with l ittle r e l i e f , and is gently incl ined towards the south and 

we st . Thi s  area referred to as ' De l aware Ridge ' extends over several 
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hundred hectares and compr i s e s  several leve l s , sugge st ive of marine 

planation . The trigonometrical stations Maharahara and Matanginui are 

considered to be the southernmo st remnants of this section of the pene­

plain whi ch increases in a l t i tude and width towards the north from 1 00 5m 

al ti tude at the north bank o f  Mangapuaka S tream to 1066m a l titude at the 

northern edge of the study area . Thi s  leve l of planation is the most 

extens ive , above whi c h  i so l ated higher leve l s  of planation r i se to 

approximately l 1 58m a l t i tude . Three such " highs " are separated by two 

low saddl e s  that cross the Range at an altitude of 1 0 0Om .  The southern­

most saddle separates headwater reache s of a tributary of we st Tamaki 

River to the east from the headwaters of a tributary of Makawakawa 

stream to the west , at T2 3/666l74 . The northernmost saddle separates 

the headwaters of a tr ibutary of we st Tamaki River from Centre Creek , 

a tr ibutary of Pohangina River , at T2 3/694 2 08 .  

The phys iograph i c  boundary between the steep mountain range and adj acent 

piedmont areas corre sponds to the boundary between semi-consol idated 

sediment s  o f  Wanganui Series age to the east and west , with greywacke 

bedrock l ithologies ( see Chapter 2 )  of Tri a s s ic-Jura s s ic age compr i s ing 

the southern Ruahine Range . Closer i nspection of the piedmont areas 

shows that they con s i st of mul tiple s ur fac e s , l argely o f  depo s itional 

ori gin , repre senting aggradational f l oodplain remnants depo s i ted during 

cool c l imate episodes of the Late Quaternar y .  

Streams draining the Range general l y  flow perpendi cular t o  i t s  axi s .  

However, stream a l i gnment a long NE-SW trend ing fault l ines i s  con spicu­

ous in thi s area . Tho se streams draining the eastern flank of the 

Range are short and steep whi l s t  those draining the western fl ank 

have longer channe l s  with more gentle profil es . Thi s  reflects the 

asymme tric cross- sectional pro f i l e  of the Range . A weak radial drainage 

pattern has formed upon penepla ined bedrock sur faces at the southern 

end of the Ruahine Range and the northern end of the Tararu� Range . 

Stream di ssection here i s  minima l . Interfluve areas are broad and 

smooth in r e l ie f . Local l y , the radial pattern has been modif ied by 

faul ting . 

Val l eys with in the Range are deep , narrow and steep- s ided a s  a result 

of rapid inci s ion by r ivers . In a detailed study of the Raparapawai 

Catchment , for exampl e ,  Stephens (197 5 )  e s t imated the mean slope-angl e 

to be 2 7
0 

wi th maximum � l ope angl es o f  4 0
0 

to 5 0
0

, excl ud ing vertical 

bluffs which are common . Val ley- in-va l ley forms are a feature found 
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within the princ ipal drainage catchment s . Characteri stical ly , the se 

comprise i nner val l ey s  c l o se to the water cour s e , with slopes of 3 0-40
0

, 

within older valleys with slopes o f  2 0 - 2 5
0

. These features c l early 

indicate a re j uvenated phase of dissection in a youthful , un stable 

landscape . Although rainfa l l  i s  s uf f i c ient to maintain apprec iable 

perennial flow in the mountain streams many of the smal ler s treams are 

ephemeral ,  drying up during the summer months . Where thi ck accumulations 

of bedload are characteristic some l arger streams become ephemeral 

wi thin the Range front due to percolation into the unconsol idated gravel . 

Beyond the eastern mountain front , val ley depths decrease and valley 

widths i ncrease markedly . Here , s treams spread large quantities of 

al luvial grave l , sand and silt over weakly consol idated Pl io-Ple i s tocene 

and Quaternary s edimen t s . Some streams drain ing the eastern 

front are inc i sed to 1m or 2m below the general leve l of the ad j acent 

ground surface but many have aggraded so vigorously that they leave the 

mountain front at a higher l evel than the surround ing farmland , where­

upon they deposit their bedload in the form of an al luvial fan . Excel­

l ent examples o f  the s e  fans may be seen where Mangapuaka , Otamarahu and 

Mangapukakakahu Streams emerge from the Range . Streams draining the 

eastern front o f  the Range eventually flow into the Manawatu River which 

drains southward para l l e l  to the southern Ruahine Range be fore flowing 

wes tward across the southernmost tip o f  the Ruahine Range , through the 

Manawatu Gorge . Streams draining the we stern front of the Range carry 

l e s s  bedload and upon emergence from the Range are inc i sed to depths in 

excess o f  1 5 0m within Pl io-Pl ei stocene and Quaternary sediment s .  Stream 

channe l s  are o ften confined wi thin narrow , steep-wal led canyons extend ing 

from the we stern flank of the Range to the pohangina River . The Pohangina 

River drains southward paral lel to the western front of the Range to j o in 

the Manawatu River, at the western end of the Manawatu Gorge, c lose to 

the town ship of Ashhur st ( F i g . 1 . 2 ) . 

1 . 6  PREVIOUS GEOLOGI CAL RESEARCH 

Many of the e arly geological expedi t ions to the southern Ruahine Range 

were concerned with the search for mineral depo s i t s  and much interest 

revolved around the Maharahara copper mine s .  Reports were prepared by 

Hector ( 1890 , 1892 and 1894 ) and McKay ( 1888a , 1894 and 1 9 01 ) , Hector ' s  

( 18 9 0 )  report being accompanied by a plan and sections of the mine 

workings and lode . Thomson ( 1 914)  on v i s i t ing the Maharahara d i strict 

considered the prospec ts for copper unpromi s ing . Since then , unfavour­

able reports on the copper mine s were made by Morgan ( 19 2 0 )  and Ongley 
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& Wi l l iamson ( 1 9 3 1b )  and a comprehens ive account of their pro specting 

hi story was prepared by Lil l ie ( 1 9 5 3 ) . At infrequent i nterva l s  gold 

and s i lver are reputed to have been found in the greywackes of the 

Range . Howeve� , not one of the claims has been veri fied . Park ( 1887 ) 

and Thomson ( 1 914 ) vis ited " ree fs" in the Pohangina River Val ley , only 

to find they were not of quartz but of a whi t i sh-grey l ime stone of good 

qual i ty .  

Numerous studi e s  have dea l t  with a spe c t s  o f  the struc ture , strati­

graphy and deformation o f  Tertiary-Quaternary sediments immediately 

adj acent to the eastern and we stern flank s of the southern Ruahine 

Range , incl uding the Manawatu Gorge - Saddle Road area . McKay ( 18 7 7 ) 

was the f irst to mention the presence of calcareous sands , conglomerate s 

and l ime stones forming a "very incomplet e "  sect ion overlying the grey­

wackes at the eastern end of the Manawatu Gorge . Park ( 1887 ) examined 

"alternations of arenaceous and calcareous strata belonging to the Te 

Aute serie s ( Upper Miocene ) " . Their rela tion to the older greywacke 

bedrock and mode of occurrence at the upper end of the Manawatu Gorge 

are i l lustrated by h im in a c ross-section (p 3 4 ) . Hil l  ( 189 3 )  drew 

attention to fos s i l i ferous blue c l ays and conglomerates in the vicinity 

o f  Whar i te , which he found up to a l t i tudes o f  3 6 0m  above sea l evel lying 

in unconformabl e  contact with the greywackes. 

Two o f  the ear l i e st and most comprehens ive accounts of the Cenozoic 

stratigraphy around the mar gins o f  the study area were undertaken by 

the Superior Oil Company ( Ower , 1 94 3 ;  Feldmeyer et a l . ,  194 3 ) .  S ince 

then Te Punga ( 1 9 5 2 ) , Lil l ie ( 1 95 3 )  and Kingma ( 1 957a , 1 9 5 7b , 1 958b and 

1 9 5 9 )  together with theses by Rich ( 1 9 5 9 ) , P iyasin ( 1 966 ) , Grammer ( 1 97 1 )  

and Carter ( 1 963 ) have a l l  contributed valuabl e information conc erning 

the s trat i graphic relati onships of beds within the Wanganui Ser ies and 

the ir r e l ationship to the underlying greywacke bedroc k  in this r egion . 

McKay , Park and Thomson provi ded the f i r s t , i f  somewhat sketchy , l itho­

logical de script ion s o f  the greywacke bedrock in the s tudy area . Park 

(1887) , in a di scuss ion of the bedrock of the Manawatu Gorge , de scribed 

" red s i l iceous s l a ty sha l e s " and " re d  cherty j aspers " that occur as 

l arge irregular mas ses w i thin a uni t  that is highly sheared . Over­

lying this uni t  and to the east of i t , he recognised compact ,  grey 

s i l iceous sandstone s  a lternating with thin dark s i l iceous shales .  

McKay ( 1888b , 1888c ) a l so noted the se two distinct l i thological 

uni ts within the Manawatu Gorge (p 91 ) . Thomson ( 19 1 4 ) commented " The 
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core o f  the Ruahine Mountains and i t s  northerly and southerly continu­

ations is formed of the central group of greywackes and argi l l ites with 

redd i sh j a spers , which appear at numerous points between Wel l ington and 

Norsewood , and may be c learly seen in the Manawatu Gorge " . The Superior 

Oi l Company report ( Ower , 1 943 ) cons idered that due to the prevalence 

of j o int ing and frac tur i ng the greywackes could only be mapped as a 

" structureless ma s s " . Li l l ie ( 1 9 5 3 ) provided an up to date sununary of 

the stratigraphy and structure of the greywackes as they were und erstood 

at that t ime , with particular attention be ing focussed upon the compl ex­

ities surround ing the Maharahara copper depo sit s . On the 1 : 2 5 0000 

Geological Map of New Zeal and serie s ,  Sheet 1 1  ( Dannevirke ) Kingma ( 1 962 ) 

divide s the l ithologies of the Ruahine Range into two groups , the 

Wakarara Greywacke Group to the east and the Ruahine Greywacke Group to 

the we st . Mapping of l ithologi e s  in the Ruahine Range in more recent 

times has involved detai led re search studies of relatively sma l l  area s .  

Zute l i j a  ( 1 974)  inve stigated i n  deta i l  the struc tures and l i thologies 

of the greywacke s in the Manawatu Gorge . Sporl i  & Bel l  ( 1 97 6 )  concen­

trated the ir e ffor ts i n  the Tukituki River - Moorcock ' s  S tream area to 

the northeast of the area invest igated in this present study and Munday 

( 1 9 7 7 ) mapped an area in the headwaters of Oroua River , to the north­

we st of the pre sent s tudy area . 

Very few Me sozoic fos s i l s  have been found in the southern Ruahine Range 

dur ing these surveys . Triassic fos s i l s  were first recorded from the 

Oroua River by Mi lne & Campbel l  ( 19 6 9 ) which led Munday ( 1 97 7 )  to work 

in the same area . He re located the previous find s  and estab l i shed 

several addi tiona l fos s i l  local iti es . Upper Jura s s ic spores and macro­

fo s s i l s  have been found in the Wakarara Range ( to the northeast of the 

study are a )  which is thought to be part of the same structural and 

l ithological terrane ( Kingma , 1 962 ) compr is ing the southern Ruahine 

Range . Te Punga ( 1 97 8 ) has recently recorded the find ing of a belemnite 

of Upper Jurassic age in the northern Ruahine Range . 

Prior to Kingma ' s  ( 1 95 7b )  work , few geologists had d iscussed the tec­

ton ic setting of the Ruahine Range as being other than an axial structure 

of the North I s l and ( Macpher son , 1 946 ; Li l l i e , 1 9 5 0 ; Wel lman , 1 9 5 6 ) . 

Kingma ( 1 95 7b )  envi saged a ' North I s l and Geanticl ine ' ,  the axi s  of which 

lies fur ther to the west of the Ruahine Range and corre spond s with a 

belt o f  sub-schists that crop out in the western part of the Ka imanawa 

Range . The se schi sts were cons idered by him to form the core o f  the 

' North I sland Geanticl ine ' .  " Taking the above points into account , the 
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setting o f  the Ruahine - Rimutaka Range . . . i s  apparently situated on 

the eastern fl ank of the Geant icline" ( Kingma, 1 957b ) . From his work, 

Kingma suggested that the Ruahine - Rimutaka Range is a hor st, bounded to 

the east and west by ma j or faul ts on which both vertical movement and 

dextral transcurrent mov�ment has occurred . 

Many o f  the ear l i er workers made ment ion and rea li sed the s i gnificance 

of the maj or faul t l ine between We l l i ngton and Hawkes Bay along the 

eastern margin of the Rimutaka - Tararua - Ruahine Ranges . Ower ( 1 943 ) ,  

Cotton ( 1 9 5 6 ) , Kingma ( 1 9 5 7b ) , Lensen ( 1 958)  and Heine ( 1 962 ) have a l l  

s tud ied var ious aspects o f  faults in this area . Theses b y  Rich ( 19 59 ) ,  

Piya s in ( 1 96 6 ) , Gramme r ( 1 97 1 )  and zute l i j a  ( 1 974)  contain add it ional 

in formation concerning sma l l er cross- faul t s  in the Manawatu Gorge and 

Saddle Road area as wel l  as giving the ir own interpretations on the 

po si tion o f  maj o r  northeast trend ing faul t s . 

Much l i terature has been wr itten on the geological origin of the Manawatu 

Gorge - Saddle Road area. Here the Manawatu Gorge traver ses the s tructural 

sag between the near continuous Tararua and Ruahine Range s .  However, the 

Gorge is not located at the exact pos ition of minimum peneplain a l t i tude 

which is 3 . 5  km to the north of the Gorge and has be en covered by P l io­

P l e i stocene marine sediments . Consequently, much controversy surround s 

the exact origin of the Manawatu Gorge, with H i l l  ( 1 9 1 1 ) ,  Marshal l  

( 1 9 0 5 ,  1 9 12 ) ,  Petrie ( 1 9 07 ) ,  Morgan ( 1 9 1 4 ) , Thomson ( 1 914) , Cotton ( 1 9 2 2 )  

and Adkin ( 1 9 3 0 )  a l l  contr ibut ing hypotheses . The se fall into two 

groups: Marshal l ,  H i l l  and Adkin sugge st that the Manawatu headwaters 

previously flowed to the east ; and Petr i e, Thomson, Morgan and Cotton 

sugge st that the Manawatu River has ma intained a former cour se through 

the tectonically r i sing Range s .  Ongley ( 1 9 3 5 ) summar i s ed a l l  the previous 

theori e s  and advanced a mod i fied consequent theory for the Manawatu River. 

That i s, in the vicinity of the southern Ruahine Range the Manawatu River 

is superpo sed at the Manawatu Gorge upon greywacke bedrock into which it 

gradua l l y  inc i s ed by the same downward cutting processes in evidence 

today . To account for the fact that the gorge i s  not s ituated at the 

lowe st po int of the greywacke sur face, Ower ( 1 943 ) pos tulated that the 

ancient Manawatu River was defl ected southwards and eastward s by a l l uv ial 

fans formed by eastward flowing streams drain ing the emergent Ruahine 

Range . Lil l ie ( 1 9 5 0, 1 9 5 3 ) proposed the idea that the Manawatu River 

fol lows the course of a " Tertiary Manawatu Stra i t "  acro ss the Range 

whi l s t  Piya s in ( 1 966 ) proposed the existence of a former "Woodvi l le Lake " 

to the east o f  the Range that overflowed towards the west and inc i sed the 
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pre sent gorge . 

There i s  a pauc i ty of information on the type , extent and location o f  

s lope movements in evidence dur ing the early period of settlement of the 

study area . Many o f  the early reports were very general i s ed and mostly 

referred to parts o f  the Ruahine Range outside the study area . In h i s  

accounts o f  vis its to and dur ing cro s s ings o f  the Ruahine Range , Colenso 

( 1884 ) made bri e f  mention o f  some aspect s  of erosion but deta i l s  of 

location are sketchy. McKay ( 1877 ) reported seeing large shingl e s l ips 

in the Ruahines but , on ce again , locations are not spec i f ic. 

Few ma ss movement studies have been conducted within the Ruahine Range . 

Cunningham ( 1 966 , 1 967 ) and Jame s ( 1 9 7 3 )  provide the f i r s t  spe c i f ic 

comment s  on types of ero s ion in the s tudy area and pos s ible causal factors . 

Comparative studies o f  aer ial photographs o f  the pohangina Catchment 

taken in 1946 and then a gain in 1 96 3  showed an increased frequency of 

mas s  movements ( James , 1 97 3 ) . James attr ibuted this increase to intro­

duced browsing mammal s  having caused substant ial change s in the com­

pos i tion and den s i ty of the forest . The exi stence o f  very l arge mas s  

movement featur e s  within the southern Ruahine Range was g iven prominence 

by S tephen s ( 1 9 7 5 ) in a detailed study of the Raparapawai c atchment. In 

addition , failure of a s ingle recent mas s  movement feature i n  the 

Manga-a-tua Stream has been documented by Mos l ey & Blakely ( 19 7 7 ) . 

Mo st o f  the more recent research perta ining spe c i f ically to the southern 

Ruahine Range has been conducted by the Manawatu Catchment Board and 

Regiona l Wate r  Board. The se Boards employed over seas researchers to 

e lucidate the probl ems of eros ion and sed imentat ion a s soc iated with 

several rivers draining the Range ( Mo s l ey , 1 97 7 ) . A repor t outl ining 

channel improvement des igns fol lowed ( Brougham , 1 97 7 ) , together with a 

consultant ' s  apprai sal of the previous report s  commend ing the Boards 

for the i r  inve stigative work ( Schumm , 1 9 7 7 ) . These r epor t s , together 

wi th tho se of Cunningham & Str ibl ing ( 197 7 ,  1 9 78 ) , Grant ( 19 6 5 , 197 7 ) , 

Hol land ( 1 97 5 )  and the Manawatu Catchment Board ( 197 2 ,  1 9 7 6 ) , c learly 

indi cate the seriousnes s  of the ero s ion problem in the southern Ruahine 

Range and its impl ications on the farmed piedmont areas ad j acent to 

the Range. 

Whi l e  the consensus of opinion ind icates that eros ion ln the Ruahine 

Range has substantially increased dur ing the last few decades ,  Mosley 

( 1 9 7 7 )  and Schumm ( 1 97 7 )  stress that s igni ficant fluc tuations in 

eros ion rate s occur naturally and may be part of a natural cyc l ic a l  
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proce s s . For example , stream behaviour does not change progre s s ively 

through geologic time but , rather , r e l atively br ief per iods of instabi l ity 

and inci sion are separated by longer periods of relative s tabi l i ty 

( Schumm , 1 97 5 ) . These authors thus e nvi sage the pres ent increased erosion 

rates in the Ruahine Range as being accounted for as a normal s tage in the 

very compl ex denudational history of the l and scape ( Schumm ,  1 97 7 ) . 

1 . 7  VEGETATION 

A comprehens ive account o f  vegetation in the Range , based upon observa­

t ions over a 30 year per iod , is pre sented by Elder ( 1 965 ) . In thi s  

work , Elder explains changes i n  the vegetation dur ing the post-glacial 

period a s  being a re sponse to c l imatic change . In historic time s , 

detrimental e ffec t s  on the vegetation have been caused by such factors 

as pre-European fires (Es ler , 1 963 ) , burn ing and graz ing (Cunningham & 

Stribl ing , 1 9 7 7 ) , increased s tormine s s  ( Gran t , 1 97 7 )  and the influence 

of introduced mammal s (James , 1 9 7 3 ) . 

Throughout the southern Ruahine Range the vegetation i s  not i ceably zonal 

in nature , each zone containing assoc iations of vegetation that thrive 

under spe c i fic condi tions of a l t i tude , moi sture , temperature and soi l  

fer ti l i ty .  A s  the Range r i ses particularly steeply above the surround ing 

lowlands , the c hanges in temperature and mo i s ture with altitude tend to 

be marked . Thus , the vegetat ion zone s are correspond ingly d i s t inct 

despite considerabl e modifi cation dur ing at l east three decades by 

dome stic animal browsing , f i re s , droughts , cyc lonic storms and intro ­

duced animal s .  The ind igenous vege tat ion fal l s  into three main ( 1  to 3 )  

and two subsid iary ( 4  and 5) a l titudinal zone s as fol lows : 

( 1 )  The lowe st vegetation zone inc ludes the r iver banks and the lowest 

s lope s of the Range up to approximately 600m al titude . I t  com­

pr ises a podocarp/hardwood forest which is predominantl y  r imu 

( Da crydi um cupressi n um ) , with sma l l er numbers of matai (Podocarpus 

spi ca tus ) and miro ( P .  ferrugineus ) assoc iated with hardwoods and 

tree fern s . The ma jor hardwood spec ies are mahoe (Mel i cy t us 

rami florus)  pigeon wood (Hedycarya aborea ) , horopito ( Pseudowi ntera 

axi l lari s ) , pepperwood ( P .  colora ta ) and rangiora ( Brachyglotti s 

repanda ) .  The common tree ferns are Cya thea and Dicksoni a  spe c ie s . 

( 2 )  The middl e  vegetat ion zone , between 6 00-80Om a l t i tude i s  recogni sed 

where the lowe s t  vegetation zone grade s upward into a kamahi/r imu 
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a s soc i ation. I t  d i ffers from the lower forest in its ma jor com­

ponent compri sing kamahi ( Weinmannia racemosa ) .  Thi s  a s sociat ion 

u s ed to contain ab�ndant rata ( Me trosi deros robusta ) ,  but many have 

d ied in hi stor ic times. In the north o f  the study area , within West 

Tamaki catchment , occurs the southernmost extent of a kamahi/red 

beech ( No thofa gus fusca ) assoc iation which is more widespread north­

wards , par t i cularly in the Pohangina catchment . Cedar ( Li bocedrus 

bidwi ll i ) are present in small numbers . 

( 3 )  Immedi ately above the kamahi/red beech and kamahi/r imu a s soc iations , 

at approximately 9 0 0m altitude , i s  a zone of cedar s eparating these 

forests from a zone o f  l eatherwood ( Ol earia colensoi ) above . Thi s  

c edar fore s t  w i th a subs idiary r imu component i s  con s idered by 

Elder ( 1 96 5 ) to be " a  ghost of a format ion " ,  as it i s  be ing replaced 

at its upper and lower margins by leatherwood and pepperwood . 

( 4 )  Leatherwood scrub occupies the c r e s t  of the Range where i t  forms a 

dense impenetrable cover above the tree l ine . As soc iated with 

leatherwood at its lowe s t  margin is fuschia ( Fuschia excortica ta )  

and pepperwood . 

( 5 )  The tussock ( Chionochloa pal l ens ) at Maharahara ( 1 0 9 5m )  appears as 

s trips dominat ing the better drai ned , expo s ed r idges w i th in a sea 

of l eatherwood . On flatter terrain w i th poor drainage , snowgrass 

is d i splaced by red tussock ( Chionochloa r ubra ) in small i so lated 

depress ion s of peat formation . 

Ad j acent foothil l  an d lowland areas have been c leared of once dense 

podocarp/hardwood forest as a result o f  European settlement . Only a 

few i sol ated stands o f  original forest vegetation remain in an other­

wise c l eared and farmed l andscape that extends to the foot of the 

southern Ruahine Range along both flanks . Mil l ing of the forest within 

the Range has e ffect ively depl eted the taller stands to result in a 

forest cover characteri sed by a dense undergrowth of med ium- he i ght trees 

above which a few tal l er emergents can be seen . Many such trees are 

very prone to , and show obvious s ign s o f , wind damage . 

1 . 8  CLIMATE 

The only meteorological stat ion in the study area was e stabl i shed in 

1 966 at an a l t itude o f  920m near Whar i te , at the southern end of the 

Range . A network of rain gauge s ( storage and automa t i c )  are now scattered 

throughout the Range and adj acent piedmont area . Coul ter ( 19 7 5 )  descr ibes 



the Range as hav ing a cool c l imate , with high annual rainfa l l s  and at 

t ime s very heavy rains from the south or southeast . 

One o f  the mo st important features of the c l imate i s  the occurrence of 

cyclonic storms bringing heavy rains l a sting from two to four days. 

1 9 . 

These storms are often loca l l y  very intense and may produc e daily rain­

fal l s  o f  over 300 mm . They occur mo st frequently in summer and autumn . 

Ordinar i l y  the wette st month s extend from May to August and a l so include 

December , the l atter having the highes t  monthly prec ipitation of the 

year . The number of rain days per annum is var iabl e but generally ranges 

between 180 at the base of the Range to 2 5 0  at the highest a l t i tude s . 

Da ily rainfa l l s  up to about 1 5 0  mm may be expec ted at any t ime of the 

year . Average annual precipitation var ies from approximately 1 5 00 mm 

at the base o f  the Range to over 3 00 0  mm on the crest of the Range at 

the northern end o f  the study area . At Whar i te Meteorological Station 

the average annual prec ipitation is approx imately 2 0 5 9  mm . 

De spi te the barr i er-like appearance o f  the Range , the southeastern f l ank 

is cons iderably influenced by preva i l ing westerly and nor thwe sterly 

wind s . Northwe s t  winds predominate ( 5 6 %  frequency) but southerl ies and 

southeaste r l i e s  may a l so occur commonly on the eastern f lank o f  the 

Range . Wind val ues are exceptiona l l y  high , with mean wind speeds of 

82 7 km/day be ing recorded at Whar ite dur ing the year s 1 966- 7 5. I n  com­

par i son , Palmer s ton North ( ten kilometres to the west of the Range ) 

recorded 2 6 2  km/day during the same per iod . Whar i te i s  reputed to be 

one of the wind i e s t  places in New Zea l and ( Cunningham & Str ibl ing , 1 97 8 ) . 

The c l imate o f  the piedmont area contrasts sharply with that wi thin the 

Range . Not only are there maj or d i f ferences in annual prec ipitation but 

a l so wind speeds and number of windy days are considerably l e s s , and 

mean daily and monthly temperature s  ar e considerably warmer in the 

pi edmont area s . The mean daily temperature on the Range crest is esti­

mated at approximatel y  4.5
0

C whi l e  that in the foothi l l  areas is  
. 0 

approx�mately 1 0 . 5  C .  

Me an temperatures o f  the warme st months , January and February , vary 

between 8 . 5
0

C at the Range crest to 1 5
0

C in the footh i l l  areas but often 

reach in exc e s s  of 2 2
0

C in the foothi l l s . The lowest mean daily 
o 

temperatures occur between June and August and vary be tween 0 C at the 
o Range crest to 6 C in the footh i l l s  ( Cunn ingham & Str ibl ing , 1 978) . 

Above 1 1 0 0m e l evat ion snowfal l  contribute s  5 - 1 0 %  of the total precipitation 

( Grant , 1 97 5 )  and may occur dur ing any season of the year . Snow rarely 
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per s i s t s  a s  ground cover for more than one month ' s  duration. 

One dominant feature of the cl imate of the study area is the large amount 

o f  cloud cover . Elder ( 1 965, p 1 6 )  reports that dur ing a 1 3  month per iod 

in 1 940/41 , cloud covered Maharahara trig . for 6 7 %  of the time and for a 

longer per iod around Whari te. Elder a l so estimated the percentage of 

substantially sunny days in the study area to be approx imately 1 1 %. At 

Wharite during 1 97 2/75 , fog ( i . e .  cloud whos e  base was be low the station 

at 9 2 0m) was reported on 2 3 1  days per year ( 63 %  frequency) .  S imilar ob­

servat ion s are no t availabl e for the rest of the s tudy area but it i s  

k�own that frequency of cloudy days decreases away from the Range 

(Mosley , 1 9 77 ) . 

In summary , the piedmont has an equabl e ,  temperate cl imate in which 

climatic extreme s of temperature and precipitat ion are rare . Within the 

Range the cl imate is substantial ly more var iable , extreme and severe. 
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STRATI GRAPHY AND LITHOLOGY 

2 . 0  S TRATIGRAPH IC TERMINOLOGY 

2 . 0 . 1  I NTRODUCTION 

2 1 . 

Large areas of both main i s l ands of New Zealand are underlain by basement 

rock s  of the Carboni ferous to Jurassic Rangitata Orogen (New Zealand 

Geosyncl i ne of ear l ier writers ) .  The se rock s  have been divided into an 

Eastern and a wes tern Province ( Landi s  & Coombs , 1 9 67 ) . The Eastern 

Province is divided into lithologic un its re ferred to informally as 

terranes ( see Carter et al . ,  1 9 7 4 , 1 97 8 , for di scuss ion of a lternative 

stratigraphic nomenclature scheme s ) . The terranes (Fig . 2 . 1 ) are of 

regional extent and are distingui shed by d i fference s  in l i thology , s truc-

ture and de formation . Contacts between terranes are commonl y  but not 

always faulted . Thi s  d i ffers from the " terrane concept " currently 

fol lowed by many North American workers ( for example ,  Jones et a l . ,  1 981 ) , 

where terranes are always fault-bounded entities ( MacKinnon , 1 983 ) . The 

Eastern Province terranes are thought to have been par t  of an extensive , 

l argel y  Mesozoic be l t  of c l a st i c  rocks depos ited a long the Austral­

Antarc t i c  margin o f  Gondwanaland ( F l eming , 1 97 4 ) . This margin has had a 

long hi story o f  plate convergence ( Craddock , 1 97 5 )  and tors ion . The 

We stern Province ( Fig . 2 . 1 ) con s i sting of Palaeozoic sed imentary rocks and 

a variety of crysta l l ine rocks of Late Prec ambr ian to Cretaceous age , i s  

thought to have or igina l ly formed part o f  the Gondwana continental block 

( Cooper , 1 97 5 ) . The two provinces are s eparated by a tectonically com­

plex zone marked by faul ting and intrus ions , referred to as the Median 

Tectonic Line by Land i s  & Coombs ( 1 967 ) . 

In general , the terrane pattern in the North I sland i s  analagous to that 

described from the South I s l and by Land i s  & Bishop ( 1 97 2 )  and Coombs et a l . 

( 1 9 7 6 ) . A structural ly s impl e  belt o f  c l astic and volcanic rocks ( Mur ihiku , 

Matai and Brook Street terranes ) r ims the we s tern Province on its eastern 

side ( F i g .  2 . 1 ) . The Mur ihiku terrane is thought to represent forearc 

basin depo s i ts and the Brook S treet terrane a former volcanic arc ( Coombs 

et a l . ,  1 97 6 ) . The Mai ta i  terrane of the South I sland has not been recog­

ni sed in the North I s l and ( Spor l i , 1 97 8 ) . Immediately to the east of the 

Mur ihiku terrane l i e s  a narrow bel t  of ul tramafic rocks . Further east 
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l ie s  the Wa ipapa terrane ( North I sland only ) which , whi l e  probably con­

s i derably younger , is neverthe less in a tectonic position analagous to 

that of the Capl es and Pelorus terranes of the South I sland ( Spor l i , 1 978) . 

These terranes are thought to represent trench compl ex deposits . The 

eastern part of the North I sland i s  underlain by the Torlesse terrane 

composed of highly de formed , sparsely fo s s i l i ferous clastic rocks , with 

minor but widespread spi l i te and assoc i ated chert and l imestone . Torlesse 

rocks are considered to be convergent margin deposits ( Coombs e t  al . ,  1 9 7 6 ) . 

The Haa s t  Schists o f  the South I sl and are thought to extend to the North 

I sland where they crop out as a narrow strip in the Kaimanawa Range 

( Grindley , 1 960 ; Sporl i  & Barter , 1 97 3 ; S tevens & Sped en , 1 97 8 ) . The 

schi sts of the North I sland separate the Tor l esse and wa ipapa terranes and 

as in the South I sland are thought to c on s t i tu te , in par t , the metamorphi c  

equivalent of these two terrane s . 

The Torlesse i s  c l early d ist ingui shed from the other Eastern Prov ince 

terranes by d i f ferences i n  detrital compo s i t ion and provenance .  Whereas 

the quartzofeldspathic Tor l esse was der ived from a tectonical l y  active 

continental-margin source , sediments compr i s ing the other Eastern Province 

terrane s were derived pr inc ipally from a volcanic i s l and arc . Both suites 

of sed iment were origina l l y  thought to have been der ived from a southwestern 

source . The source of the Torlesse terrane was cons idered by many previous 

workers to be the Western Province because of i t s  proximity and appropriate 

compos i t ion ( Land i s  & Bishop , 1 9 7 2 ) . Howeve r , the pre sence of vol c anogenic 

terranes between the western Province and the Tor l e s se , long cons idered a 

problem ( Coombs et al . ,  1 95 9 ) , has been empha s i sed in recent year s , and 

most recent workers have cons idered other source s  (Blake e t  a l . ,  1 97 4 ) . 

Most controve rsial i s  the proposal of an eastern unident i f i ed continental 

source by Bradshaw & Andrews (197 3 )  and by Andrews e t  al . (1 97 6 ) . Brad shaw 

et a l . (1 981 ) consider s a po s s ible source area to be Mar ie Byrd Land in 

Les ser ( We s t ) Antarctica . Recently a local i sed source area in Le sser 

Antarctica has been propo sed but nearer the Antarctic Peninsula than is 

Mar i e  Byrd Land ( Korsh & Wel lman , in pre s s )  . 

The depositional sites represented by the Tor l e s se and the other Ea stern 

Province terrane s with respect ive source areas must have been large ly 

separated throughout the i r  depo s i t ional h i s tories . De spite this , there i s  

evidence to sugge st that thei r  origins were not entirely unrelated be­

cause they are coeval , Qave s imilar faunal e lement s , and show a sympathetic 

relationship in depo s i tional rates ( MacKinnon , 1 983 ) . Sedimentat ion is 
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generally thought to have been terminated , or at least severel y  restric ted , 

by ' the t ime of the Rangi tata Orogeny in Late Jurassic and Early Cretaceous 

t imes ( Kingma , 1 9 5 9 ; Gr i ndley , 1 961 ; Waterhouse , 1 97 5 ) . 

The Eastern Province non-Torlesse terranes of Tr iassic-Jura ssic age have 

o ften been viewed as shal low water " shel f "  fac ies (We l lman , 1 9 5 6 ; Fleming , 

1 97 0 ;  Kear , 1 97 1 ) , al though recently some authors have sugge sted an off­

she l f  origin for some of the sediments (Blake & Land i s , 1 97 3 ) . I n  con­

trast , the Torlesse terrane has long bee n  regarded a s  a deep-water fac ies 

thgugh marine , shallow-water she l f  faci e s  have been descr ibed from towards 

the southeast of the Torl es s e  terrane in the South I s l and ( Ryburn , c ited 

in Forc e , 1 97 4 ) . A shal low mar ine and even deltaic origin has been pro­

po sed for Torlesse roc ks in the South I sland d e scr ibed by Andrews ( 1974 ) 

and Bradshaw & Andrews ( 1 97 3 ) . 

Wi thin New Zealand a number o f  s tudies have e s tabl ished the general strati ­

graphy of the Eastern Province non-Torl e s s e  terranes ( summary and extensive 

bibl iography appear in Fleming , 1 97 0 ) . The schists have , in part , been 

s tudied in some detail ( Gr i ndley , Harr ington & Wood , 1 95 9 ; Gr indley , 1960 ; 

Sporl i  & Barter , 1 9 7 3 ) . However , in contrast the non-schistose rocks of 

the Torlesse terrane were poorly understood prior to the 1 9 7 0 s , particularly 

in the North I s l and . I t  i s  the Torl e s se terrane to which a l l  the rocks of 

the s tudy area belong . 

2 . 0 . 2  TORLESSE - DEFINITI ON AND USAGE 

The name ' Torlesse ' ,  first u sed in a geological context by Haa st ( 18 65 ) , 

was revived by Suggate ( 1 961 ) who propo sed the name Tor l e s se Group for a 

heterogenous a ssortment of s tructurally compl ex , poorly fos s i l i ferou s , 

relatively quartz-rich , flysch-l ike , non- schistose rocks of the New Zealand 

Geosyncl ine forming the ranges of the South I s l and of New Zealand . Pre­

viously these rocks had been c l a s s i f ied as " Undi f ferentiated Jurassic -

Tri a s s i c  - Permian " (Willett , 1 94 8 ) , " Alpine Fac i e s "  ( We l lman , 1 9 5 2 , 1 9 5 6 ) , 

or "Und i fferentiated greywackes " ( Gr ind l ey e t  ai . ,  1 9 5 9 ) . Stevens ( 1 96 3 )  

extended the app l i cat ion o f  the name Tor l e s se to comparable roc k s  i n  the 

mai n  ranges in the North I s land where it i s  now appl ied to l i thologically 

and s tructurally s imi l ar rocks . Warren ( 1 967 ) rai sed the rank to Super­

group as sugge s ted ear l i e r  by Campbe l l  & Coombs ( 1 96 6 ) . 

The developmen t  o f  an appropriate and widely accepted he irarchal nomenc lature 

for the rock s  of the Rangitata Orogen has i n  recent years been the c entre 

of cons iderable controversy . Consequently , it i s  here proposed to u s e  the 



long-estab l i shed and much used name " Torlesse " at an informal level to 

refer to the rocks and terrane where Late Tr ias s ic - Late Jura ssic aged 

rocks occur within the study area . 

2 . 0 . 3  LOCAL STUDIES OF TORLESSE ROCKS 

2 5 .  

Despite scattered l ithological and petrological descriptions (Webby , 1 9 5 9 ; 

Reed , 1 95 7b ) , very l i ttle in formation on the structural po sition of the 

Torlesse or the distribution of rock types w i thin it is known in the North 

I s l and . In only a few ins tances has any attempt been made to unravel the 

l ithological and structural relationships of the southern Ruahine Range 

and northern Tararua Range ( Sporl i  & Barter , 1 97 3 ; Zutel i j a , 1 97 4 ; Sporl i  

& Be l l , 1 97 6 ; Munday , 1 97 7 ) . Thes e  stud ies and current work have shown 

that by mapping small areas it i s  pos s ible to determine windows into the 

s tructural hi story and local stratigraphic succession despite the reputa­

t ion the s e  rocks have of being a " d i f f icu l t "  monotonous sequence .  

Superfic ial ly the rocks o f  the study area are l ithologically uniform , 

mostly interbedded grey sand stone s and s i l t s tones with dark argi l l i te s , 

whi c h  are highly j ointed , complexly folded and faul ted , highly indurated 

and are o f  low metamorphi c  rank (prehnite -pumpel lyite fac i e s  of Coombs et 

ai . ,  1 9 5 9 ) . Mas s ive ( unbedded ) very thick units o f  sand stone or argill ite 

are much less common .  Detri tal conglomerate s , l imestones ,  cherts and a 

vol canic a s sociat ion are rare . 

Locally the rocks are sparsely fo s s i l i ferou s , so that a number of Me sozoic 

stages are apparently absent or poorly repre sented by the fos s i l  record . 

However , with the compilation o f  known fos s i l  local ities in Tor l e s se rocks 

by Campbe ll & Warren ( 1 96 5 ) and Speden ( 1 9 7 6 ) , it i s  apparent that fos s i l s  

of Tr iassic and Jurassic age predominate i n  the local area . The overall 

di str ibution of fos s i l  loc a l i t i e s  appears to define d i stinct faunal zone s 

( Speden , 1 97 6 )  with Tr i a s s i c  fos s i l -yield ing rocks lying to the wes t  of 

Jurassic foss il-yielding rock s . 

A number of recent stJdies indi cate the pre s ence of me lange units within 

the Torlesse ( Bradshaw , 1 97 3 ; Sporl i & Bell , 1 97 6 ; Feary & Pes sagno , 

1 98 0 ) . Recent world-wide interest in mel ange terranes and the ir relation­

ship to , and unders tanding o f ,  plate tecton ic s , has led to a re surgence of 

interes t  in the Tor lesse in the last decade . 

2 . 0 . 4  USE OF THE TERM ' GREYWACKE ' 

Within New Zealand the term greywacke has been used in one sense to re fer to 
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succ e s s ions o f  rocks with certain charac ter i st i c  features of compos ition , 

l ithological al ternat ion and sed imentary struc ture s ( Grant-Taylor , 1 964 ) , 

and in a second sense to indicate a type of sandstone made up of a wide 

range of grain s i ze s , with a fine-grained detr i tal and usually recrystal ­

l i sed matrix with a mixed mineral and rock-fragment composition ( Reed , 

1 95 7b ) . The term greywacke has been used loose l y  in a third sense , to 

d i stingu i sh the o l der rocks of New Zealand ( e . g .  greywacke bedroc k )  from 

Cretaceous and Cenozoic cover beds here giving a connotation of induration 

( S tevens & Speden , 1 9 7 8 ) . Greywacke nomenc l ature is d iscussed in detail 

by Reed ( 1 9 5 7 b ) . 

To avoid uncertainties and ambiguities it i s  proposed here to use the term 

" greywacke " as i nd i cated in the second sense outl ined above . All the sand­

s tones comprising the bedrock within the s tudy area are thus greywackes . 

Whi le i t  i s  apparent that many greywackes occur in flysch-l ike suc c e s s ions 

and they are very s imi lar to flysch sand s tone s  ( sens u  s tricto Dzulynski & 

wal ton , 1 9 6 5 ) , there i s  one ma j or compo s itional d ifference . Thi s  i s  the 

h i gh proportion of vol cani c  rock fragments and volcanic mineral s  within 

the sand stone s which prec ludes them from be ing c l a s s i fi ed a s  sensu s tricto 

flysch sandstones ( Dzulynski & Wal ton , 1 965 ) . 

2 . 1  LOCAL STRATIGRAPHY AND LITHOLOGY 

2 . 1 . 1  INTRODUCTI ON 

From ana l y s i s  of the field data i t  has been e s tabl i shed that the Late 

Me sozoic rocks of the southern Ruahine Range may be grouped into three 

l ithotypes ( Fi g . 2 . 2 ) . From east to we s t , the l ithotype s are referred to 

a s : ( 1 )  the Tamaki Lithotype ; ( 2 )  the Whar ite Lithotype ; and ( 3 )  the 

we s tern Lithotype . The outc rop pattern indicates that each of the l i tho­

types is l inear in outl ine ( though of variable thickne s s ) , and each 

l ithotype maintains a con s i s tent stratigr aph i c  pos it ion relative to the 

other l ithotypes . The surface outcrop of each of the l ithotypes l ie s  sub-

para l l e l  to the northea st axial trend of the southern Ruahine Range and 

s trata compr i s ing each l ithotype strike predominantly between northeast 

and northwe st and regu l arly d ip at high angl e s  towards the east . 

The Tamaki and western Lithotypes are s tructural l y  very s imilar in that 

each consi sts of a relative l y  undeformed sequence of predominantly graded 

sandstone , s i l ts tone and argil l ite l ithologies in regularly al ternat ing 

bedded uni ts of varying' thickne s s  and i n  which the bedded un i t s  have re­

t a in ed the ir ori ginal s tratal continui ty . Such a sequence of s trata may 
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FI GURE 2 . 2 :  Dis tribution of Torlesse bedrock l i thotypes in the southern Ruahine 
Range . P l io-Plei stocene marine deposits flank both s ides of the Range · 
and occur across the Manawatu Saddle (uncoloured within study area 
perimeter ) .  Torlesse bedrock is exposed within inliers along the 
eastern s ide of Manawatu Saddle . Letters A-N mark l ines of cross­
section ( see Map 1 )  Cross-section o-p ( Map 1 )  l ie s  south o f  the area· 
shown on thi s  map . 
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be re ferred to a s  compri s ing a stratified or coherent terrane . The strata 

c lo sely re semble graded-bedded sequenc es commonly re ferred to a s  d istal 

turbidi te s  ( see Chapter 3 ) . strata w i thin each li thotype young towards 

the west so that much of the eastward-d ipping and we stward-younging strata 

are overturned . 

The Tamaki Lithotype di ffers sl ightly in composition from the we stern 

Lithotype . In the former l i thotype , add i t ional l i thologies are present . 

Thes e  inc lude pebbly muds tone , calcar eous siltstone and intraformational 

conglomerate . 

Outcrops o f  the Tamaki Li thotype to the east are separated from outcrops 

of the western Lithotype to the west by extensive exposures of bedrock 

compri sing the centrally located Whari te Lithotype . Strata compr is ing the 

Whari te Lithotype are l ithologically and structural l y  very d i f ferent from 

that of the Tamaki and We stern Lithotype s .  

The Wharite Li thotype con s i s t s  o f  a strongly deformed succe s s ion of lens­

shaped c l asts or blocks o f  competent l ithologie s  inc lud ing sand stone , 

conglomerate , brecc ia , l imes tone , chert and volcan i c s  set in a black , 

green or red coloured pervasive l y  sheared arg i llaceou s matr ix . Sequences 

o f  regu l arly-bedded , graded and al ternating strata re sembling s tr ata com­

prising the Tamak i  and we stern Li thotype s ,  are a l so pre s ent . The size of 

the l en s - shaped c l asts and blocks var i e s  considerably from as small as 

O . O Sm diameter to very l arge blocks up to 0 . 5 km in length . The c l a st s , 

blocks and bedded sequence s are genera l l y  al igned within the a l l - encompass ing 

matrix and impart a fol iation on the bedrock that is suffic iently cons istent 

over wide areas to be abl e to be accurately measured . The Wharite Li thotype 

there fore e s sentially comprises a broken or me lange terrane wi thin which 

stratal continuity has l arge ly been destroyed . A d irec tion of younging 

could not be e s tabl i s hed for the sequenc e of strata compr i s ing Whar i t e  

Li thotype . 

s trata o f  the Whar i te Li thotype dip eastward beneath the Tamaki Lithotype . 

The se two l ithotype s  are genera lly in conformable contact with each other 

but faul t contac ts have been observed at several loc a l i t ie s . Strata compr is­

ing the We stern Li thotype dip eastward beneath Whar ite Li thotype . The con­

tac t between Whari te and Wes tern Li thotypes is not faul ted and is conformabl e .  

Contac t s  between the Me sozo ic bedroc k  compri s ing the core of the southern 

Ruahine Range and P l io�P l e i s tocene depo s i t s  that flank the Range are 

everywhere unconformabl e .  Many but not all of the se contacts are faul ted 

( see Chapter 6 ) . 
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Special care was taken in determining the younging direct ion o f  strata . 

Graded bedd ing , the nature of the contact between bedded units and sma l l ­

scale sedimentary s tructures proved t o  b e  the most use ful c r i ter ia . 

For mapping purpose s  each of the three recogni sed l ithotypes wa s subd ivided 

i nto l ithozones and as soc iations ( Tabl es 2 . 1 ,  2 . 2  and 2 . 3 ) . The u sage of 

informal stratigraphic nomenc l ature is pre ferred for this study . However ,  

for c lar i ty i n  the text i t  was found nec e ssary when referring to the 

l i thozones and associations to use capita l  l etters e . g .  Graded-Bedded 

Litho zo ne or Thin-Bedded Associat ion . 

The term l i thozone i s  here defined a s  a rock unit repre senting a zone or 

suc c e s s ion of strata pos s e s s ing common l i thologic character i s t i c s  ( from 

Whe e l e r  et a l . ,  1 9 5 0 , p 2 364 ) . The term ' as soc iation ' ( after Brad shaw , 

1 97 2 )  i s  used in a simil ar context but a s  a subunit of l i thozone . The 

term a s soci at ion i s  used in preference to faci e s , l itho fac i e s  or l ithotope 

because the environment of depos ition i s  unc ertain and the lateral pas sage 

of one a s sociation into another , though l ikely , cannot be proved ( Dunbar & 

Roger s ,  1 9 5 7 , p 1 3 7 ; Krumbein & Slos s , 1 96 3 , p 2 2 9- 3 3 0 ) . 

2 . 1 . 2  TAMAKI LITHOTYPE 

A .  Di str ibution 

The Tamaki Li thotype can be traced throughout the entire l ength of the 

s tudy area ( 4 0  km )  and i s  thickest in the north about the vic inity of the 

Wes t  Tamaki Rive r  and Mangatera Stream catchments . Here outcrops of Tamaki 

Lithotype comprise the foothi l l s  to the northeast of poupouatua ( U 2 3/7 2 2 17 2 ) , 

hereafter re ferred to as the Mangatera foothil l s , and extend we stward 

acro s s  the crest of the Range into the upper reache s of the Makawakawa and 

Pohang ina River s .  In thi s area , outcropping bedrock compr i s ing the Tamaki 

Lithotype i s  no more than 8 km wide . Southward of Mangapukakakahu Stream , 

the Tamaki Lithotype thins rapid ly and between Raparapawai Stream and 

Saddl e  Road it i s  bur i ed beneath P l io-P l e i stocene mar ine depo s it s  though 

inl iers of Tamaki Lithotype do occur in the vicin i ty of Saddl e  Road . The 

Tamaki Lithotype crops out aga in at the eastern end of the Manawatu Gorge 

where i t  is expo sed over approximately 1 . 3  km width ( Map 1 ) . 

B .  Nature 

The Tamaki Li thotype i s  a l ithostratigraphic unit within which relatively 

undeformed beds o f  coherent l itho logical units c an be suc c e s sful l y  mapped . 

Thi s  l ithotype character i stically compr i s e s  a regularly bedded sequence of 
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predominantly graded units o f  a lternat ing , non-calcareous sand stone , 

s il tstone and argi l l i te interbedded with occas ional thic ker , mas s ive 

( unbedded ) ,  graded or ungraded sands tones and rare thick argil l ac eous 

hori zon s that together bear all the characteristics of d i s tal fac ies 

c l astic sed imentary depo s i tion . Most bedded sequence s  are latera l l y  per ­

s i stent acro s s  the width o f  exposed stream -bed outcrops within the confines 

o f  the s teep narrow val leys o f  the Range . At some location s ,  where the 

sandstones attain great thickness , the a lternation i s  l e s s  noticeable but 

it is neverthe l e s s  always pre sent . Such s trata in bush-cleared footh i l l  

areas are traceable on a e r i a l  photographs a s  prominent r idge- forming 

feature s  many tens of metre s wide and in exce s s  of 0 . 5  km to 1 . 0  km long . 

The mo st str iking feature o f  s trata compr i s ing the Tamak i  Lithotype i s  the 

regu l ar i ty of the a lternating bedded units from which structural attitude s 

of strike and dip are readily obta ined . The strata are predominantly 

eastward-dipping , westward-younging and hence are overturned . 

I so lated areas of eastward-d ipping and eas tward-younging strata are found 

in the northeast of the study area ( U 2 3/7 3 2 18 5 )  and at the eastern end of 

the Manawatu Gorge ( T24/4 9 7 94 4 ) . For re ference purpo s e s , acce s s ible expo­

s ures of s trata compri sing the Tamaki Lithotype are best expo s ed along 

road , r a i l  and stream cuttings at the eastern end of the Manawatu Gorge 

between T24/4 92 93 2  and T24/4 9 2 9 5 0 . 

C .  Lithologic Components 

There are seven l i thologic components recognised in the Tamaki Lithotype . 

These compr i se : 

1 .  Sand stone 

Sandstone is the dominant l i thologic component within the Tamaki Lithotype . 

It i s  wel l  indurated , moderately sorted and l i ght grey to green-grey i n  

colour and contains abundant angu l ar grains o f  quartz , feldspar and 

local l y  a predominance o f  volcanic rock fragments ( see Chapter 5 ) . Sand­

s tones vary considerabl y  in grain s i ze from fine- to coarse-grained . *  

Throughout the Tamaki Lithotype fine- to medium-grained sand stone beds pre­

dominate and make up a l arge percentage of s tratal s equence s  i n  which the 

individual sand s tone beds are ei ther very thin-bedded ( 0 . 0 2 - 0 . lm )  or thin­

bedded ( 0 . 1- 0 . 3m ) . Medium- to coarse-grained sands tone s  make up much of 

the stratal sequences in which the individual sandstone beds are thick­

bedded ( 0 . 3 -2 . 0m ) , very · thick-bedded ( >2m) and where an occasional bed 

* Grain s i z e  parameters are those of Fol k  et ai. ( 197 0 )  
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attains a thic knes s  o f  up to Sm width . 

Grad ing within individual sandstone beds i s  very conspicuous in very thin 

and thin beds but d if ficult to d i scern in thick and very thic k  bed s . 

Grading i s  general l y  absent in sand s tone beds of greater thicknes s  than 

two metre s . 

Internal sed imentary s tructures are be s t  pre served in the very thin and 

thin bed s of f i ne- to med ium-grained s and s tone ( see Chapter 3 ) . 

Jointing of sandstone beds i s  present everywhere irrespec t ive of bed 

thickness but , l ike ve ining , it i s  wel l developed in some areas of the 

s tudy area and poorly developed in others . 

2 .  Arg i l l ite 

Argi l l ite i s  subord inate in volume to sand stone but is nonethel e s s  a maj or 

l i thologic constituent o f  the Tamaki Lithotype . The typical arg i l l ite 

con s i sts of poorly sorted c l astic gra ins embedded in a sl ightly recrysta l ­

l i sed c l ayey matrix . Rock fragments a r e  absent . In thin sect ion they are 

seen to be s il t s tones rather than c l aystone s . Thes e  argi l l it e s  are very 

s imil ar to tho s e  described from the Wel l ington d i s trict by Reed ( 1 9 S 7 b ) . 

The black colour of freshly expo sed argil l ite i s  c haracter i s t i c  and i s  

presumably due t o  i ts carbon content . Al though flake s of carbonaceous 

material were observed , no d i stinctive organic fragment s  that could be 

ident i f ied a s  plant material were found . Perfectly formed pyr ite cubes 

are a l so a feature o f  many arg i l l ac eous hor i zons . Arg i l l ite occurs a s  

di screte beds between bed s o f  sand s tone and s i l t stone or a s  thin part ings 

within beds of the se l ithologi e s . In general , bed s  of argi l l i te vary in 

thickness from O . 02 -0 . 3m and rare ly exceed O . Sm thicknes s .  Grad ing within 

argi l l i te bed s  is imperceptibl e . Pervas ive shearing i s  a common feature 

of a l l  arg i l l i te depos its . Black graphitic surfaces develop where shearing 

i s  pre sent . Phy s ical and c hemi cal weathering along shear fractures high­

l ights the extensiveness of this shearing , r educ ing argi l l ite outcrops to 

a crumbl ing , loose mas s  of very angu l ar , sharp-edged chips that are easily 

removed from the outcrop by natural proces ses . Shear ing often destroys 

internal sed imentary s tructures which are poorly preserved but somet ime s 

micro-graded para l l e l  l aminations are pre sent . F ine f i s s i l i ty ( shal e  

s truc ture ) i s  absent .  

3 .  S i l tstone 

Volumetrically s i l ts tone appears to be a l e s s  sign i f ic ant l ithologic com­

ponent of the Tamaki Li thotype than e i ther sandstone or arg i l l i te as much 
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o f  the s i l tstone grades into ad j acent bed s of sandstone or argill ite . 

Consequently , s i l ts tone rarely forms beds of any cons id erable thickne ss 

and always forms thinner bed s than doe s  the sandstone . s i l tstone 

re sembles sand stone in colour , induration , sort ing and seems to differ 

only in grain s i ze which var ies from fine to coarse s i l t s tone grade s .  

S i l t s tone i s  read ily d i s t ingui shable from argill ite on the bas i s  of colour 

and induration , the latter be ing black and sheared . Sed imentary struc­

ture s are very wel l  pre served and jointing is well deve loped . 

4 .  Intraformational Conglomerate 

Conglomerates form a minor l i thologic component of the Tamaki Lithotype . 

They compri s e  a mixture o f  dominantly rounded and minor sub-angular pebble s *  

measuring between O . 0 0 2 - 0 . 01m in diameter ( Figs 2 . 3  and 2 . 4 ) . The clasts 

are set in a fine- to coar se-grained sand s tone matr ix . Clasts of volcanic 

compo si tion s predominate . Conglomerates are often interbedded with medium­

to coarse-grained s and s tones ,  the contacts always bei ng abrupt and varying 

from a planar to an irregular undulating form . Small-scale grooves ,  gouged 

into the underlying sand s tone bed to a depth of a few centimetres , are a 

c haracteristic contact feature . No internal sedimentary struc tures have 

been noted , however graded contacts with the sands tone beds have been 

observed . Bed thickness of conglomerates vari e s  between O . 1 -O . 3m but 

l arger units measuring several metre s thicknes s  and of unknown l ength are 

suspected . I n  cross-sec tion they give the impre s s ion of be ing l enticular­

shaped , channel-l ike depo s its . Sometime s conglomerates grade lateral l y  

into sandstone . Their areal di str ibut ion i s  irregular and i solated . 

5 .  Chert 

A s ingl e occurrence of red chert has been observed at T24/4 9 2 944 (Map 1 ) . 

In view o f  the inten sely deformed nature of the strata ad j acent to the 

outcropping chert and of the pre sence of a fault zone nearby , it is sus ­

pected that thi s  chert h a s  been in- faulted . The absence of chert elsewhere 

throughout the Tamaki Lithotype but i t s  presence within nearby outcrops 

compri sing the Whari te Lithotype would tend to favour this interpretation . 

6 .  Calcareous Si ltstone 

Cal careou s s i l t s tone forms a conspicuous but volumetr ically ins ign i f icant 

l i thologic component o f  the Tamaki Lithotype . The s i l tstone occurs as 

lenses within interbedded sequenc e s  of sandstone , s i l t stone and arg i l l ite 

* The term ' pebbl e ' i s  used here to refer to constituent inclus ions of all 
pebbl e  s i ze s  wi�in conglomerates , i rrespective o f  their roundne ss . 
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• 0 . 01 m j 

F I GURE 2 . 3 :  Smal l  s ized conglomerate pebbles within a f ine- to med ium­
grained sandstone matrix . Rock samples Mte2 from Mangatera 
footh i l l s  area at local ity U 2 3 /7 3 l l 8 2 . 

FIGURE 2 . 4 :  Coarser s ized pebbl e s  than in Figure 2 . 3  set within a 
medium-grained sands tone matrix . Note the rounded to 
subangul ar shape of the const i tuent pebble s .  Rock sample 
Mte 5 from Mangatera footh i l l s  area at local ity U23/7 3 5l88 . 
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(Fig . 2 . 5 ) . The lenses measure between 0 . 1  and 0 . 3m in width and show 

s i gns of soft sediment de formation , in the form of stretching a long the 

l ine of strike . petrographically the s i l t s tone s are of fine- to med ium­

grain s i ze with a calcareous matrix . Internal l y  they are l ight grey in 

colour but weather to a creamy-brown . Cal c i te veining i s  common . From 

c hemica l  d i ssolution and thin section studies the calcareous s i l tstones 

appear to be fos s i l i ferou s . Outcrops of cal careou s s i l t stone appear to 

be stratigraphically restric ted but good exposures occur in the Manawatu 

Gorge at T24/4 9 5 9 3 5 .  

7 .  pebbly Mudstone 

The term pebbly mudstone is u sed here a s  a descriptive name , without re­

gard to the manner of ori gin , for a rock unit composed of di spersed pebbles 

in an arg i l l ac eous matrix . They occur as thin ( 0 . 1-0 . 3m )  interbeds with 

sand s tone and argi l l i te within graded-bedded sequence s  of strata that 

dominate the Tamaki Li thotype . pebbly mud stones con s i s t  of a black 

coloured argi l l aceou s matrix within which occur conspicuous poorly-sorted , 

subrounded , non-oriented pebbles of sma l l  s ize ( 0 . 0 0 2  - O . Olm) . The se 

are identical i n  size to pebbles found in the intraformational conglomer­

ates . Pebble composi tion cons i sts of arenaceous mater ial identical to the 

sand s tone and s i l ts tone beds between which the pebbly muds tone beds are 

interbedded , plus volcanic pebbles s imilar in composition to those found 

in the intraformational conglomerate s . The proportion of matrix and 

pebbl es i s  h i ghly var iabl e between outcrops but on average con s i st of 7 5% 

matrix and 2 5 %  pebble consti tuents .  Internal sedimentary structures within 

beds of pebbly mudstone have not been seen . pebbly mud stones are a very 

minor l i thology within the Tamaki Li thotype . 

D .  Mappable Li thozones within the Tamaki Lithotype 

1 .  Graded-bedded Lithozone 

On the bas i s  of the predominance of sequences of s trata in which con spicuous 

grading , both within and between bedded l i thologies i s  c haracter istic , the 

Tamak i  Lithotype was mapped as a s ingl e  l i thozone - a Graded-Bedded 

Li thozone ( Table 2 . 1 ,  Map 1 ) . Li thologies such as mas s ive sandstone and 

argi l l i te , pebbly mudstone , intraformational conglomerate and calcareou s 

s i l ts tone do not occur in beds o f  suffic ient thickne s s  to be mapped at 

1 : 2 5  000 scale and therefore c annot be cons idered as separate l ithozones .  

Within the Tamak i r.ithotypp. the Grade0-Be0de0 Litho �one con s i s t s  of 
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F I GURE 2 . 5 :  Lenses o f  calcareous siltstone ( arrowed ) within an interbedded 
sequence of sandstone , s i l t s tone and argil l ite compr i sing the 
Tamaki Lithotype . Note the brown colour of the weathered outer 
surface . Local i ty T24/4 9 59 3 5 . 



TABLE 2 . 1 :  

Li thozone 

Strata of the Tamaki Li thotype comprise a Graded-Bedded Lithozone . 
Associa tions on the ba sis of ave rage outcrop thickne s s  of ind ividua l 
each Assoc iation and relationships between Assoc iations i s  shown . 

Assoc iat ion 
Lithologic components in 

order of dominance 

This Li tho zone is subd ivided into 
bed s . Litho logic components of 

Stratigraph i c  rel ationships wlth 
o ther Assoc iations 

Graded-Bedded Very Thin-Bedded 
( 0 • 02 - O .  1m ) 

Fine- to med ium-gra ined 
Sandstone . 

Commonly interbedded with Th in-Bedded 
Association . 

Thin-Bedded 
( 0 . 1 - O .  3m ) 

Thi c k-Bedded 
( 0 . 3 - 2m) 

Very Thick-Bedded 
( 2  - Sm) 

Argi l l i te . 
S i ltstone . 
Very rare calcareous 
S i l tstone , pebbly mudstone , and 
intraformational conglomerate . 

F ine- to medium-gra ined 
Sandstone . 
Argil l i te . 
s i l tstone . 
Common i n tra formational conglomerate 
and calcareous s i l tstone . 
Rare pebbly mudstone and cher t . 

Fine- to coar se-gra ined 
Sandstone . 
Si ltstone . 
Argi l l i t e . 
Common I ntraformational conglome rate . 

Medium- to coarse-grained 
Sand s tone . 
S i l ts tone . 
Argi l l i t e . 

Occas ional l y  interbedded with Thick­
Bedded Assoc iat ion . 
Rarely interbedded with Very Thick­
Bedded Association . 

Commonly interbedded with Very Thin­
Bedded and Thi c k-Bedded Association s .  
Occas ional l y  interbedded with Very 
Thick-Bedded A s sociation . 

Commonly interbedded with Th in-Bedded 
and Very Thick-Bedded Associations . 
Occas ional ly interbedded with Very 
Thin-Bedded As soc iation . 

Commonly interbedded with Thick-Bedded 
Assoc iation . 
Occas ional l y  i nterbedded with Thin­
Bedded Asso c ia tion . 
Rarely interbedded with Very Thin­
Bedded Asso c ia tion . 
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regularly-al ternating , graded-bedded uni t s  of predominantly sand s tone , 

s i l tstone and argi l l i te l ithologies together with minor interbeds of pebbly 

muds tone , intraformational conglomerate and calcareous siltstone . The 

minor l i thologies occur only in locally restricted area s . 

The characte r i st i c  feature o f  the Graded-Bedded Lithozone i s  that on an 

outcrop scale the thickne ss of individual beds can be remarkably con s i st­

ent ( Figs 2 . 6 and 2 . 7 ) . In the f ield i t  is apparent that this Lithozone 

can be subdivided , on the bas i s  of bed thickness of individual units , into 

four di stinct associations : 

( i )  

( i i )  

( i i i )  

( iv )  

Very Thin-Bedded Assoc iation ; 

Thin-Bedded Associ ation ; 

Thick-Bedded As sociation ; 

Very Thick-Bedded Association ( Table 2 . 1 ) . 

However , frequent changes in thickness of individual beds often within 

d i stances too small to be shown at map scale ( 1 : 2 5 0 0 0 ) , prohibit the 

mapping of associat ions . Furthermore ,  the gradation of one association 

into another made it d if f icult to def ine boundaries between them . Instead 

the average bed thickness at spe c i f i c  localities is indicated with the u s e  

of symbol s .  S imilarly , i sol ated outcrops of l ithologi e s  includ i ng calcar­

eous s i l ts tone , pebbly muds tone , chert and intraformational conglomerate 

are ind i cated with the use of symbol s  ( Map 1 ) . 

( a )  Associ ations 

( i )  Very Thi n-Bedded Associa tion 

A sequence o f  strata in which the individual beds ( stratum ) are predomin­

antly between 0 . 02 - 0 . lm thick but within which an occas ional bed up to 1m 

thick may occur . Li thologies found a s  bedded units in this sequence in­

c lude sandstone , s i ltstone and argi l l ite with rare calcareous s i l t s tone , 

pebbly mudstone and intraformat ional conglomerate . Argill ite i s  usually 

of equal to subequal volume to sand s tone . 

Sequences of Very Thin-Bedded Associ a tion make up approximately 1 0% of 

outcrops compr i sing the Graded-Bedded Lithozone of the Tamaki Lithotype . 

Thi s  a s sociation i s  commonly found in conj unc tion with sequence s  of Thin­

Bedded Associat ion ( Table 2 . 1 ) . 

An areally restric ted ou tcrop of this a s soc iation that d i ffers from other 

exposures of the same a s so c iation is exposed in road cuttings along the 

Delaware Ridge ( T 2 3/664 1 7 4 ) .  Here the bed s are in general finer grained 
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FIGURE 2 . 6 :  Strata comprls lng Very Thin-Bedded Assoc iation of the 
Tamaki Lithotype exposed on Delaware Ridge at local ity 
T2 3/664 174 . Bedded units strike north-south , d ip eastward 
( l eft)  and young we stward ( r ight ) . Note the di fferences 
in weathering and fold de formation with Figure 2 . 7 . 
Hammer i s  O . 28m 1 

FIGURE 2 . 7 :  A representative example of the Thin-Bedded Association o f  
the Tamaki Lithotype in Rokaiwhana Stream at local ity T2 3 /  
664 157 . Photo shows grey coloured sandstone and siltstone 
units alternating with black argil l ites . Strike i s  N 2 0 E 
and dip i s  vertical . Younging d irection i s  to the west 
( righ t )  and i s  indi cated by the graded beds . Note a l so the 

pervasive shearing in the argillite units and the blocky 
fracture pattern o f  the sandstone and silt stone units at 
near right angl es to bedding , but without displacement of 
any o f  the bedded units . 
Compass case i s  O . 09m wi de . 
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than e l sewhere in the study area and the intens ity o f  folding i s  greater . 

The character istic yellow-brown appearance of this outcrop contrasts with 

the usual grey and black colours of other outcrops . Although largely 

surfi cial and perhaps largely due to weather ing ( compare Figs 2 . 6  and 2 . 7 ) , 

the di fference in colour i s  in part the result of a high proportion of 

s il t - si zed mater ial that give sandstone l i thologies in this area a muddy 

appearance ( Fig . 2 . 6 ) . To the east and we st o f  this local ity are outcrops 

of the Thin-Bedded Association ( Fig . 2 . 7 ) . 

( i i )  Thin-Bedded Associa tion 

A sequence of strata in whi c h  the individual beds are predominantly between 

0 . 1 - 0 . 3m thic k but within which an occas ional bed of between l - 3m thick 

may be found ( Fig . 2 . 7 ) . Lithologies inc lude predominant sandstone and 

s i l ts tone , subordinate argi l l i te , minor conglomerate and calcareous silt­

s tone and rare pebbly mudstone . Sequenc e s  of this type have a d i fferent 

appearance to those of the Very Thin-Bedded As soc iation in that the argill ite 

beds are c l early of l esser thickness than the interbedded sandstone s .  

Here the argi l l i te s  form beds 0 . 02 - 0 . 1 Sm thic k , that i s , generally in the 

very thin-bedded range , between beds of sand s tone 0 . O S- 0 . 3m thic k . 

Arg i l l i te beds o f  greater thickness than 0 . 3m are very rare . 

Sequences of Th in-Bedded Assoc iation make up approximately 6 0 %  of outcrops 

comprising the Graded-Bedded Li thozone . Thi s  a s sociation occurs extens ively 

throughout the area mapped a s  Tamaki Li thotype and i s  often found in 

assoc iat ion wi th sequences of e i ther the Very Thin-Bedded Assoc iation or 

the Thi ck-Bedded Association ( Table 2 . 1 ) . 

Access ible exposures of Thin-Bedded Assoc iation may be seen at the eastern 

end of the Manawatu Gorge e i ther along the r iver banks or rai lway l ine 

between T24/4 94 9 3 2  and T24/4 9 2 9S 0 . 

( i i i )  Thi ck -Bedded Associa tion 

A sequence of strata in which the individual beds of sandstone are pre­

dominantly 0 . 3-2m thick between which beds of argi ll ite are either thin 

( 0 . 01- 0 . 3m) or occur as mere partings l e s s  than O . Olm thick . Also present 

are substantial thicknesses of graded s ands tones and s i l t stones as amal ga­

mated beds (Wal ker , 1 966 ; Andrews et a l . ,  1 9 7 6 )  and thin beds ( O . Ol- O . 3m ) 

o f  intra formational conglomerate . An occasional thick bed of arg i l l i te in 

exc e s s  of O . Sm may be p+esent . Ca lcareous s i l t stone s and pebbly mud stones 

are absent . 
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Sequence s o f  Thick-Bedded Assoc iation make up approximately 2 5 %  o f  all 

exposures compri sing the Graded-Bedded Lithozone . Sequences of Thick-Bedded 

Association often occur in as soc iation with sequences of e ither Thin-Bedded 

Association or Very Thi ck-Bedded Association ( Table 2 . 1 ) . This assoc iation 

occurs throughout the area mapped as Tamaki Lithotype and is best expo sed 

in the Mangatera footh i l l  area ( U2 3/7 3 2 1 8 5 ) .  Here , the thick bed s of sand­

stone protrude on the farmed landscape as a series of paral l el r idge s 

traceabl e along the northeas t  strike o f  the s trata for d is tances of up to 

1 km in l ength . 

( iv )  Very Thick-Bedded Associa tion 

Thi s  Associat ion comprises a sequence o f  strata of very l imited extent 

( rarely in excess of 2 5m thicknes s )  in which individual beds of predominantly 

sandstone compo si tion exceed 2m thickness with a maximum observed thick-

nes s  of Sm . Very rarely are beds of arg i l l i te of comparable thickne s s  to 

the sandstone beds present , however , when observed they are seen to contain 

very thin ( 0 . 0 1- 0 . 05m) interbeds of f ine-grained sandstone or s i lt s tone . 

These interbeds often pinch out along strike , rest on a scour base which 

at place s  can be i rregu l ar or planar and commonly have a gradational top . 

Slaty c leavage i s  a prominant feature o f  these very thick arg i l l ite beds . 

Pyri te nodul e s  are often pre sent which on weathering produc e iron streak­

ing . The very thick sandstone beds appear to be massive , that i s , internally 

ungraded , however very th in d i scontinuous laminae or whi sps of arg i l l ite 

may occur towards the top of the bed . 

Cal careous s i l ts tone , pebbly mudstone and intrafo rmational conglomerate 

are not found in th i s  As sociat ion . Sequenc e s  of Very Thick-Bedded As soc i­

ation make up approximately 5% of a l l  outcrops compr i s ing the Graded-Bedded 

Li thozone . They are mo st commonly found interbedded with sequence s  of 

Thi ck-Bedded As sociat ion ( Table 2 . 1 ) , however an exposure of Very Thick­

Bedded As soci ation can be seen in a tr ibutary of Mangapuaka Stream at 

T2 3/6 2 3 1 2 4  where it is found interbedded with a sequence of Thin-Bedded 

As sociat ion . 

2 . 1 . 3  WHARI TE LI THOTYPE 

A .  Distribution 

Whari te Lithotype i s  exposed as a continuous l inear strat igraphic unit of 

var iable thi ckne s s , cropping out along the entire length of the study area . 

The total traceab l e  outcrop l ength along s tr ike exceeds 4 0  krn .  The maxi -
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mum outcrop thicknes s  o f  this Lithotype in the vic inity o f  the Makawakawa 

catchment i s  no more than 6 . 5  km thick . Thi s  Lithotype e s s entially com­

prises the entire western flank of the southern Ruahine Range and mos t  of 

the eastern flank , extend ing from southward of Mangapukakakahu stream to 

the sou thern boundary of the study area . 

B .  Nature 

Wharite Li thotype cons i sts of a mappabl e , internally fragmented and mixed 

rock body containing a vari e ty of c lastic , pelagic and volcanic blocks , 

commonly in a pervasively de formed matr ix . The term ' melange ' i s  used 

here to descr ibe in a general sense such a rock body . ' Me l ange ' i s  a use-

ful de scriptive term , alerting the reader to the pos s ibil ity that such a 

body may not conform to c l a s s i c  princ ipl e s  o f  superposition and s trati­

graphic succe s sion . Thi s usage of the term grew from a Penrose Conference 

on melange s ,  convened in 1 9 7 8  ( Silver & Beutner , 1 98 0 ) . 

" The term refers to rock mixtures formed by tectonic movements , sed imentary 

s l i ding , or any comb ination of such proc e s se s , with no mixing proc e s s  

excl uded . I t  does not imply a particular mixing process " ( Silver & Beutner , 

1 98 0 ) . As the original stratal continuity has largely been destroyed in 

the Wharite Li thotype , bedding i s  o ften indi stinct . The mos t  prominent 

measurab l e  feature is a marked alignment def ined by : ( 1 )  Stretched but 

s t i l l  i ntact beds and/or strings of i so lated c lasts compri sed of competent 

l ithologies set within an argil lac eous matr ix . Shape , spatial d i str ibution 

and orientation of the clasts give r i se to a planar fabric , which can be 

used as a mapping feature here referred to as fol iation . *  Mos t  of the 

c lasts are elongated parall e l  to the regional strike of the strata . ( 2 )  

Abundant surfaces o f  shear and d i slocation within the mat r ix . The se sur­

faces of shear and d i s locat ion are subparallel to the planar fabr ic defined 

by the orientation o f  c lasts o f  competent l i thologie s . 

Systematic measurement o f  fol iat ion attitude s at numerous local ities was 

neces sary to establ i sh a broad structural pattern . Al though l inear and 

planar - e l ements may be obviou s and regu l ar within a given outcrop , such 

feature s  are traced to nearby expo sures with great di fficulty . The regional 

fol i at ion pattern is genera l ly consi stent with the strike and d ip of 

bedd ing in the ad j acent Tamaki Lithotype . Except ions to this occur on a 

* Fol i at ion as used in s truc tural geology i s  a general term for a planar 
arrangement of textural or structural features in any type of rock 
( Gary e t  al . ,  1 9 7 7 ) . 
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large scale where fol iation attitudes show a marked but con s i stent change 

from the regional northeast , north and northwe st strike to an almost east­

west strike , at the Manawatu Gorge , in the vic inity of Maharahara copper­

mine and in Piripiri catchment (Map 1 ) .  The se deviations from the regional 

pattern are thought to be due to folding ( see Chapter 7 ) . 

In view of the chaotic nature of thi s Lithotype no rel iable measurement of 

younging d irection could be e s tabl i shed . For reference purpo ses the most 

acces sibl e outcrops o f  Wharite Lithotype are exposed in road cuttings along 

much of the l ength of the Manawatu Gorge road . The Wharite Lithotype i s  

approximate ly 4 km wide at this point . Here , expo sure s  of fer a good cross­

sectional view of the l i thologies compr i s ing Whar ite Lithotype from which 

the struc tural atti tudes of fol i ation are readily apparent . 

C .  Preview 

A brief preview is here deemed neces sary in order to explain a number of 

d i ff iculties concerning the organi sation of the following text . These 

d i fficul ties stem from the d ivers i ty o f  l i thological components and the 

very wide range of clast s i z e s  pre sent . Clast compo s i t ion and s i z e  are 

features used to di fferentiate rock units into mappable l ithozones . 

Where a c l as t  i s  o f  suffici ent outcrop d imension to be mapped at 1 : 2 5 0 0 0  

scal e , and i s  d i stinctive and e a s i l y  recogni sable throughout Wharite 

Lithotype , i t  has been mapped a s  a l i thozone . In each case the c la s t  i s  

dif ferentiated from the surround ing arg i l l aceou s matr ix o f  which it i s  an 

integral part . It was intended that by selectively mapping the se d i stinct­

ive l i thologies the i r  outcrop pattern would reveal a number of marker 

hor izons , the amount of d i spl acement of which could indicate the intens ity 

of deformation and dis integration of the Wharite Lithotype as a who l e . 

Lithozone s def ined in this way include Sand s tone Lithozone , Chert Li thozone , 

Argill ite Li thozone and Vol canic Lithozone ( F ig . 2 . 8 ) . However , the maj or­

i ty of c l asts throughout the study area are of smaller than mappable - s i z e  

and mu st therefore b e  included within a map u n i t  that in outcrop shows some 

di stinct ive and easily recognisable feature . The distingu i shing feature 

of such outcrops is the organi sat ion of c lasts within the rock unit .  That 

i s , the clasts are not d i fferentiated from the encompas s ing matr ix but are 

together mapped as a l i thozon e . Exampl e s  of l i thozones def ined in this 

way inc lude Fol iated Lithozones and Diamictite Litho zone s (Fig . 2 . 8 ) . 

Fol iated Lithozones are roc k units in which the clasts are a l i gned within 

an argi l laceou s matr i x  to form a pl anar fabric of cons i stent and mea sure­

abl e attitude to constitute fol iation . Diamict i te Lithozone s  are rock 
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uni t s  in which the c lasts are randomly d i stributed throughout the encom­

pas s ing matrix . 

The Graded-Bedded Li thozone consists of an undeformed sequence of regularly 

bedded alternating sandstone , s i l tstone and arg i l l ite l i thologies similar 

to those compr i s ing Tamaki Lithotype . 

Many of the l ithologies described in this section are only found as ' float ' 

boulder s within stream channel s thus thei r  a s soc iation with other l itholo­

gies is not known and the l i thozone from which they were eroded cannot be 

e s tabl i shed . These l ithologies include boulders of ande s ite , dol erite , 

laminated chert , calcareous conglomerate and calcareous breccia . still 

other l ithologies only occur as sma l l - s i zed i n  si tu clast constituents and 

do not in themselves form s iz eable outcrops that can be mapped at 1 : 2 5 000 

s cale . However , the ir location i s  ind i cated with the use of symbol s  (Map 1 ) . 

I t  i s  there fore cons idered practical to ind icate at this point ( i . e .  under 

Li thologic Component s )  the l ithozone ( s )  with which each l ithology i s  

associated in t h e  f ie ld . Thi s  simpl i f i e s  the following description and 

d i scuss ion of the l i thozone s themse lve s and e l iminates the need to l ist in 

ful l  the c l ast components o f  each l ithozone . 

D .  Li thologic Components 

1 .  Black Argi l l i te 

Black argi l l i te consists predominantly of s i l t  and c l ay s i zed partic l e s  

but local ly may contain a minor sand component . Arg i l l i te occurs e i ther 

as interbeds of uniform thickne ss between bed s of competent l i thologies , 

i n  which case it i s  very s imilar to the argil l ite compr is ing interbeds 

within the Tamaki Lithotype ; or as an a l l -encompass ing matrix around 

c lasts o f  competent l ithologies .  Argi l l ite i s  wel l  indurated but in the 

majority of cases is highly perva s ively sheared . Weather ing commonly 

emphasises the d iscrete shear sur face s  within argi l l ite . Some shear sur­

faces have a lus trous appearance due to the pre s ence of graphite . Sedi­

mentary s truc tures including paral l e l  and cross-laminat ion are some times 

pre se rved but have in general been obl i terated by shear ing . Arg i l l ite in 

outcrop is a d i s t inct dark blue-black colour with dul l  lustre . 

Argil l i te content varies cons iderably from one l i thozone to another . 

Argi l l i te Litho zone s comprise 1 0 0 %  argi l l ite . Arg i l l ite content within 

Diami c tite Li tho zones can range from 90% to l e s s  than 1 0 %  by volume depend­

ing upon c l ast content . Fol iated Lithozones show cons iderable var iation 
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in arg i l l i te content . Al though general ly subordinate in volume to the 

competent l i thologie s , the argil l ite content of Fol iated Lithozones can 

be as high as 7 0 % . Fol i ated Li thozones contain a higher percentage of 

arg i l l i te than Graded-Bedded Li thozone s .  Graded-Bedded Lithozones contain 

approximate ly 3 0 - 5 0 %  argil laceous material a s  interbeds , the amount present 

at any one locality being dependent upon bed thickne ss and frequency of 

bedding . Other l itho zones apart from Volcanic Litho zones contain ins igni ­

ficant proportions o f  argi l laceous material . The red and green argi l l i te 

component compr is ing Vol canic Li thozone s  i s  descr ibed under Volcanic 

Li thologie s .  

Arg i l l i te as i nterbeds and as matrix together comprise up to 4 0 %  of the 

total volume of the Wharite Lithotype . 

2 .  Competent Lithologies 

Competent l i thologies within Wharite Lithotype comprise sandstone and 

s i l tstone wi th wel l  preserved c lastic texture s ;  sandstone conglomerate 

and breccia ; calcareou s s i l tstone , calcareous conglomerate ; vol canic 

material s including pil low l ava ; and rare dol erite and ande site ; a 

variety o f  coloured chert and c hert br eccia and a very rare micritic l ime­

stone . The heterogeneous di str ibution of these l i thologies throughout 

Wharite Lithotype i s  very apparent in the field . 

The competent l ithologies have been subdivided on the bas i s  of compos ition . 

The subdivisions , l i s ted in order o f  volumetric importance are : 

( a )  Clastic Li thologie s ; 

( b )  Vol canic Lithologies ; 

( c )  Chert Li thologie s ;  and 

( d )  Calcareou s Li thologie s .  

Al though rel ative propor tions are di f f icult to estimate , probably more 

than 95 %  of the l i thologie s  are clastic in origin , 4 %  are volcanic and 

s i l iceous mater ials and l e s s  than 1 %  cal careous s i l tstones and l ime stones . 

( a )  Cla s t i c  Li thologi es 

( i )  Bedded Clasts 

These consist of sequence s  of interbedded sand s tone , s i l t s tone and arg i l ­

l i te typical ly fine- to' medium-grained , and poorly sorted . They are 

l ithological ly s imilar to s trata compr i s ing the Tamaki Lithotype . Arg i l -
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l i te interbeds are always subord inate in volume to the sandstone . Bed 

thicknesses range from 0 . 02-0 . 1m (very thin-bedded ) to 0 . 1- 0 . 3m ( thin­

bedded ) . Individual beds of  thicker d imens ions were not observed . Where 

outcrops exceeded greater than 25m width the sequence was mapped as a 

Graded-Bedded Lithozone , consist ing of  either a Very Thin-Bedded or Thin­

Bedded Association . Some bedded sequences showed signs of internal 

sedimentary structures such as cros s-laminations and grading . However , 

rarely could they be used to determine younging d irection with any degree 

of  conf idence . Soft sediment de format ion features within these clasts are 

either folds or pinch-and-swell structures ( see Chapter 7 ) . 

( i i )  Sands tone and Si l ts tone Cl a s t s  

Clasts of  sandstone or sil tstone together consti tute the most abundant 

l i thologies compr i sing the Wharite Li thotype . Compositionally , the sand­

stone and s il ts tone l i thologies within Wharite Lithotype do not appear to 

be sign i fi cantly d i fferent to those sandstone and siltstone l i thologies 

compri s ing Tamak i  Lithotype ( see Chapter 5 ) . 

Clasts o f  sandstone vary in s ize from less than O . Olm in diameter to 

e normous roc k uni ts of  more than 50m in outcrop width . Sandstone c lasts 

i n  excess o f  2 5m thick constitute a mappable unit in  this study and are 

named Sandstone Li thozones . S i ltstone c lasts of these dimen sions are not 

present . Sandstone and s i l tstone c l asts of  le sser diameter const itute 

components of  Fol i ated and Diamictite Lithozone s .  

Very occasional ly sand stone l ithologies contain near spherical ' cannon-ball ' 

boulders o f  calcareou s s i l tstone . The boulders measure approx imately 

0 . 1-0 . 3m in diameter ,  are of  a finer grain s i ze ( f ine -grained ) than the 

sandstone (medium-gra ined ) in which they are embedded , and sur f icially 

weather to a di stinct creamy brown colour . Somet ime s pyr ite nodules are 

found as  i nclusions in the sandstone within which the calcareous ' cannon­

bal l ' boulders are embedded . These l i thologies have not been found at i n  

si tu outcrops but only occur as remnant ' float ' material i n  r iver beds . 

( i i i )  Conglomera tes 

There is a wide variety of conglomerate pre sent in the Wharite Lithotype 

including those descr ibed from the Tamaki Li thotype . None of the conglomer­

ates conta in inclus ions o f  l arger than the maximum pebble size ( 0 . 064m) . 

Pebbles are predominantly o f  rounded to subangul ar shape and are compri sed 

essentially of c l astic , volcanic and chert l i thologies ( Figs 2 . 9 ,  2 . 1 0 and 

2 . 1 1 ) . Constituent pebbles vary in s ize from 0 . 001- 0 . 03m in diameter . 
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FI GURE 2 . 9 :  Pebble-dominated conglomerate contain ing predominantly 
clastic and vol canic l ithologies set within a sand stone 
matr ix . The ma jor ity of pebbles are subrounded to 
rounded . Rock sample TEl from Te Ekaou catchment at 
local ity T2 3/59016 3 . 

, O . 01 m 

FIGURE 2 . 1 0 :  Pebble -dominated conglomerate containing clastic and 
volcanic l i thologies set within a muddy silt stone 
matrix . Pebbles are sub-angular to rounded in outl ine . 
Rock sampl e s  Or6 from south branch Oruakeretaki at  

local ity T2 3/602063 . 

4 7 . 



FI GURE 2 . 1 1 : Conglomerate compri sing predominantl y  muddy sil tstone 
matrix within which pebbles of clastic and volcanic 
l i thologies are randomly scattered . A wide range of 
pebble s izes and shapes i s  present . Rock sample Crl 
from Cross Road s tream at local i ty T24/488928 . 

O . 0 1 m  '----' 

48 . 

FIGURE 2 . 12 :  Conglomerate consisting of rounded to subangular , l i ght 
coloured , fine-coarse grained sand stone and si ltstone 
pebbles set within a darker sandy matr ix . Occas ional dark 
pebbles of arg i l l ite are also present . The conglomerate 
is wel l  indurated . Rock sample Kol from Konewa catchment 
at locality T23/6082 08 . 
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The average pebble size i s  approximate l y  0 . 005m in diameter . Pebble con­

tent of conglomerates varies between 10% and 90% of the total volume . 

Conglomerate matrix may consist  o f  argillaceous mater ial s ( Figs 2 . 1 0 and 

2 . 11 )  or sandstone (Fig . 2 . 9 ) . All the conglomerates are wel l  indurated . 

None o f  them were found as mappable rock units but instead compr ise 

portions o f  the Diamic tite and Fol iated Li thozones .  A rare type of con­

glomerate with d isti nctive outcrop character istic s  is restricted to and 

forms a minor component of the Whar ite Lithotype . This conglomerate con-

s i sts of numerous l ight grey coloured pebbles of sandstone composition , 

set within a dark coloured sandy matr ix (Fig . 2 . 1 2 ) . The pebbles vary in 

s ize from O . OOl- O . O lm in diameter . Sur fic ial weathering of the c lasts 

produces a whi te coloured exterior . Thi s  conglomerate ha s been found as 

c lasts ranging in size from less than 0 . 05m to lOrn thickness within 

Fol iated and Diamictite Lithozones but has not been found as  outcrops of 

suf fic ient dimension s to form a mappable unit at a 1 : 2 5  000 scale . Small 

outcrops o f  thi s conglomerate occur a t  T23/60B 2 0B and T2 3/5 900BB . 

( iv )  A u toclastic Sandstone Breccia 

The se cons i st of i rregularly shaped angular fragment s *  of clastic l i tholo­

gies set within an argil laceous matrix . The fragments are sometime s 

arranged more or less para l l e l  to each other and s igns of ' flow ' around 

them is common . Fragment size ranges from O . OOl - O . Olm in d iameter i n  hand 

specimens ( Fig . 2 . 1 3 )  but some of l arger sizes are common . Autoc lastic 

breccias are wel l  indurated . They occur within and are part of Fol iated 

Lithozones . These autoclastic breccias d iffer s ignificantly from fault 

breccia i n  thi s area i n  that the l atter is  intensely quartz or calc ite 

veined and carbonate cemented . An autoc lastic breccia from the study 

area ( Fig . 2 . 1 3 )  re sembles autoclastic brec c ias de scribed from the Wel l ington 

area by Reed ( 1 957b) . A rock sampl ed from the same locality as sample MG2 

in the Manawatu Gorge was re ferred to by Zute l i j a  ( 1 97 4 )  as a mylonite . 

A second type of autoclastic breccia consists of stretched and attenuated 

sandstone fragments within an argil laceous matrix that shows s igns of 

flowage ( F i g .  2 . 14 ) . Fragments are genera l ly elongate in shape and angu ­

lar in outline . Individual fragments vary between 0 . 02 -0 . 2m in width . 

These autoc lastic brecc ias are c learly the result of fragmentation o f  

very thin-bedded strata . They occur as i n  si t u  outcrops but n o t  of 

suffic ient size to form a mappable uni t . Such an outcrop can be found in 

the North Oruakeretak i  catchment at locality T2 3/5900B 7 . 

* The term ' fragment ' i s  used to imply angularity of rock particles within 
brecc ias as  opposed to the term ' pebble ' which implies roundne s s  of 
clasts within conglomerate s .  
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FIGURE 2 . 1 3 :  An autoclastic breccia comprising angular chips of sand­
stone with s igns of internal quartz veining , set within 
an argil laceou s matrix . A very wide range of chip sizes 
is  present . Rock sample MG2 from Manawatu Gorge at 
local ity T24/4 9095 1 .  A sampl e from the same locality is 
re ferred to by Zutel i j a  ( 1 974 )  as  a mylon ite . 

50 . 

FI GURE 2 . 14 :  An autoclastic breccia cons i st ing of stretched and 
attenuated thin beds of sandstone interbedded with 
argi l l i te . Flowage of the interbedded argil laceous 
material during soft sediment de formation resulted in the 
fragmentation of the sandstone beds into sma l l , angular 
and i sol ated or al igned ' trains ' or clasts . Photograph 
taken in North Orl lakeretaki catchment at loca l ity T23/ 
590087 . 

For sca l e ,  the compass case i s  O . 0 9m wi de . 
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( b )  Vol cani c Li thologi es 

Volumetrical ly , vol canics are the most abundant lithology of the subordin­

ate rock types . They are widespread , occurring as clasts within Diamictite 

Lithozones , as interbeds with c l astic sed iments and/or as clast component s 

within Fol i ated Li thozones .  They a l so occur as  rock units of mappable 

s ize constituting Volcanic Lithozones . These l i thologies are restricted 

to the Wharite Li thotype . 

( i )  Isola ted Clasts 

The c last l i thologies i nclude dolerite (Fig . 2 . 1 5 )  andesite and ves icular 

basalt (Fig . 2 . 16 ) . Mo st of the clasts with basaltic texture are red , 

black or green in colour . They occur as  s ingle isolated or c lusters of 

c lasts varying in s i ze from a few centimetres to several metres in diameter . 

In  general the vol canic c lasts are subrounded to rounded in shape but 

angular vol canic clasts are a l so present . They are encompas sed within a 

bl ack , red or green argil laceous matrix . Individually the clasts are not 

of sufficient dimensions to be of a mappable scale and are included as  

consti tuents o f  Diamictite Lithozones and Fol iated Lithozones . 

( i i )  Red and Green Argi l l i te 

Unpred ictable in location , thin bed s o f  predominantly red coloured argil­

l i te occur as interbeds within Fol iated Lithozones . These interbeds on 

average range from O . l - 5m thic knes s  and are generally traceable for up to 

1 0m .  Green argi l l i te s  are al so present but are less common than the red 

argillites . Some contacts between interbeds of coloured argill ite appear 

sharp due to the colour di fferences but are otherwise conformable .  Other 

contacts where intermixing of the red and/or green argill ites with the 

black argi l l i te has occurred are obviously gradat ional .  

All the argi l l i tes are typically carbonate-poor , non-tuffaceous pelagic 

sed iments . The presence o f  s laty c leavage has destroyed most o f  the 

original internal sed imentary structures .  However , some exposures show 

very faint plane paral lel to s l ightly curvy , thin ( O . 005m) laminae of 

al ternating silt and c l ay size particles . 

Some of the red and green argil l ite beds contain clasts of clastic and/or 

vol canic l ithologies ( F i g .  2 . 17 ) , whi l st other beds are devoid of clasts . 

Clast sizes vary between a few mi l l imetres to 2m in d iameter . At some 

outcrops , intermixing of the coloured argillaceous material s has destroyed 

bedd ing and produced a structureless mas s  of irregular thickne s s . These 
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FIGURE 2 . 1 5 :  A slabbed sample of ?diori te containing large feldspar 
phenocrysts set within a dark f ine-grained mafic matrix . 
Rock sample Tkl found as float boulder in the lower 
reaches of Tokeawa stream bed . 

FIGURE 2 . 1 6 :  A slabbed sample o f  ves icular basalt containing amygdules 
o f  calc i te . Note the wide range i n  shape and size  of the 
vesicles . Rock sample was found as float boulder in the 
lower reaches of Makawakawa River catchment . 
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FI GURE 2 . 1 7 :  Interbedded red and green argi l l i tes together with c lasts o f  
spi l i te ( sp ) , chert ( c t ) , and sand stone ( sd ) , l ithologies . 
In  the bac kground is  a Diamic tite Lithozone dominated by 
black argil laceous matrix within which there are no chertzose 
or vol canic l i thologie s .  Sequence occurs in the pohangina 
River catchment at locality T2 3/66 1 2 3 5 .  
Fi eld pack i s  O . 6 0m h i gh . 
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outcrops appear to be of l imited lateral extent and tend to pinch out 

abruptly . Where outcrops of red and green argill ite constitute a zone of 

greater than 2 5m width and within which they make up a substantial pro­

portion of the l ithology they have been mapped as a Vol canic Lithozone 

(Fi g .  2 . 1 7 ) . 

( i i i )  pi l l ow Lava 

Several outcrops of pil low l ava structure have been found within the 

Manawatu Gorge , the better exposure s being at T2 4/4 7 2 954 and T24/486950 . 

The strongl y weathered pil lows are of red-purple colouration and measure 

approximately O . 2 5 - lm in diameter . They appear e l l ipsoid in shape , having 

a flat irregular base and a smooth rounded concave ou tl ine . At local ity 

T24/486 950  the outcrop i s  internally conformable and coherent with each 

pil low occurring in si tu . The pil lows indic ate that the sequence i s  over­

turned and thus are consi stent with the general ly inferred westward young-

i ng direction of the Wharite Li thotype . Composi tionally the pil lows are 

basaltic and very vesicular , containing amygdules filled with calcite 

( Fi g . 2 . 16 ) . Outcrops of pil low lava have been mapped as  Volcanic Li tho­

zone s . Other vol cani c  compo sitions i nc luding dol erite and andes ite have 

not been found as in si t u  strata . 

( c )  Chert Li thologi es 

( i )  Non-l ami na ted Cherts 

Apart from one i sol ated outcrop of chert within the Tamak i  Lithotype , which 

is cons idered to have been in-faulted , chert can be cons idered to be 

restricted to outcrops within Wharite Lithotype . 

A wide vari ety of non-laminated cherts have been found in the study area . 

A common var iety i s  orange-pink in colour , i s  highly sheared internal ly 

and crumbles readily when extrac ted from outcrop . Thi s  chert i s  commonly 

found as thin ( O . 02-0 . 1m) beds within argillaceous units that comprise part 

of Fol i ated Lithozones . Rarely do these thin chert beds form continuous 

undisrupted units . More commonly the thin c hert beds have been fragmented 

into small c lasts that are arranged in qua s i strati form s tr ings along a 

prominant fol iation . Repeated str ings o f  c lasts give the impression of 

d i srupted bedd ing as  each clast i s  identical in  composition and colour . 

Other c hert varieties including cream and pink mottled , uni form grey and 

bright red ( Fig . 2 . 18 ) , have only been found as i solated clasts within 

Diamic tite Lithozones . Al l o f  the cherts are highly indurated , though 



FIGURE 2 . 18 :  A variety o f  coloured chert l ithologies found as thin 
d iscontinuous lenses within Fol iated Lithozones or as 
di screte clasts within Diamict ite Lithozones .  
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FIGURE 2 . 19 :  A c last of laminated , blue-green chert . Interna l l y  the 
chert i s  very sheared and calcite veining i s  prominent . 
Thi s  c l ast was found as  a float boulder in the Manga-a-tua 
catchment at local ity T23/5 7 2 04 0 .  
For sca l e , the geological hammer i s  O . 28m l ong . 
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intensive ly veined . Some of the chert var ieties contain poorly preserved 

radiolar ia ( see Chapter 4 )  whi l st others are barren . In the study area 

c herts are sometimes but not exc lusively found in assoc iation with outcrops 

of pil low l ava . 

( i i )  Lamina ted Cherts 

Two large c l asts of l aminated chert , one measur ing approximately 2m square , 

the other 4m square , were found in the Manga-a-tua and Makawakawa catch­

ments , respectively . Both blocks are ident ical in that they cons ist of very 

thin l aminae measuring 0 . 01 - 0 . 05m thickne s s . The chert is a transluc ent 

green colour (Fig . 2 . 1 9 ) , is interna l l y  fractured and calc ite veining is 

prominant . The laminae are fl exured , suggestive of deformation shortly 

a fter deposition , whi l s t  the c hert was still  in a gel-l ike condit ion . 

Open shear s , j oints and tectonic partings are character istic . Laminated 

cherts of this variety have not been found in si tu but are thought to 

comprise one of the clast l i thologies within Diamictite Lithozone s .  

Thinly laminated ( 0 . 01-0 . 3m) al ternations of pink and red c hert frequently 

occur in association with spi litic l ithologies and together comprise rock 

units up to 5 0m thickness . These rock units have there fore been mapped as 

Vol canic Lithozones .  At Maharahara these cherts are assoc iated with an 

ore body rich in copper sulphide . Sample s  of copper ore from this mine 

(Fig . 2 . 2 0 )  show typical green efflorescence of  copper carbonate (malachite � . 

( i i i )  Cher t Breccia 

A single boulder of indurated chert breccia has been found in Makohine 

Stream as part o f  the bedload . The predominantly white and cream coloured 

fragments are very angular , vary between 0 . 01-0 . 05m in diameter and are 

cemented by a microcrysta l l ine s i l iceous cement (Fig . 2 . 21 ) . 

( iv)  A u tocl a s t i c  Chert Breccias 

These consist  of sma l l  « 0 . 01 -0 . 03m) fragment s  of white and cream chert 

set within an indurated argil laceous matr ix ( F ig . 2 . 2 2 ) . Whil s t  most out­

c rops of autoclastic c hert breccia are too sma l l  to map , others are 

rel atively extens ive and have been mapped as  Chert Lithozone s .  

(d ) Cal careous Li thologi es 

( i )  Mi cri t i c  Limestone 

One whi te , micri tic , fos s i l i ferous , indurated l ime stone boulder has been 
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FIGURE 2 . 2 0 :  Sample o f  copper ore from Maharahara Coppermine within 
Copperrnine catchment showing green ef florescence of  copper 
carbonate (malachite ) . Sample collected by D W Toy . 
Sample location unknown . 
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FIGURE 2 . 2 1 :  Chert brecc ia , cons isting of angular coloured fragments 

o f  chert set in a microcrysta l l ine sil iceous c ement , was 

found in Makohine catchment at locality T2 3/4 9805 0 .  
For sca l e ,  the compass case i s  O . 09m wide . 

FI GURE 2 . 2 2 :  

Autoc lastic chert brecc ia 
comprising angular , white 
coloured fragments of chert 
set within an indurated 
argillaceous matrix . Sign s 
o f  f lowage o f  the matrix 
and subsequent alignment o f  
chert fragments can be seen 
at the bottom of the photo­
graph . Photograph taken in 
Pohangina catchment at 
locality T23/6862 3 0 .  
For sca l e ,  compass ca se i s  

O . 09m wi de . 
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extrac ted from the matrix of  a Diamictite Lithozone in the Pohangina 

River . In  view of its greater age ( see Chapter 4 ) , relative to the rest 

of  the sequence within which it was found , it is  interpreted to be an 

allochthonous li thology . 

( i i )  Ca l careous Si l tstone 

Calcareou s s i l ts tone interbedded with arg i l l i te forms a minor component of 

Fol iated Lithozones . Here once- intac t bedded units of  calcareous silt stone 

have been pul led apart along bedd ing into di screte clasts or " trains " of 

c l asts that define a foliation . Calcareou s s i l tstone al so occurs within 

Diamictite Li thozones as sma l l , isolated and rounded clasts . The average 

clast size i s  between O . Ol - O . 03m in diameter . Rarely do clasts exceed 

O . 5m diameter . Calcareous s i l tstone c lasts have a characteristic weathered 

brown exterior and l i ght grey interior . Cal c ite veining is  common . These 

calcareou s s i l tstone c lasts are identical in composition and thickne s s  to 

conformable calcareous s i l ts tone lenses found within the Thin-Bedded 

Assoc iation of the Tamaki Lithotype , exposed within the Manawatu Gorge at 

T24/495935 . Cal careous s i l tstones have not been found as  und isrupted 

bedded uni ts anywhere in the study area . 

( i i i )  Ca l careous Conglomera te 

This lithology has only been found as boulders within stream bedload 

material s (Fig . 2 . 2 3 ) . Each boulder consists of wel l  rounded , spher ical 

to ovoid shaped calcareou s s i l tstone pebbles cemented together by a 

calcareous sandstone matr ix . The pebbl es are of  uni form size , averaging 

approx imately O . 02 - 0 . 1m in diameter . The exter ior sur faces of  the pebbles 

weather to a distinctive brown colour . The se conglomerates are fos s i l i ­

ferous ( see Chapte r 4 ) . Pyr ite nodules are often assoc iated with the se 

conglomerates ( Fi g .  2 . 2 3 ) . Thi s  l i thology is  restricted to the Whar ite 

Li thotype . 

E .  Mappable Li thozones within the �'Jharite Li thotype 

1 .  Introduction 

The Whari te Lithotype is e s sential ly a tectono-stratigraphic unit within 

which mappable l ithozones are def ined e ither on the degree and style of 

internal organi sation , or on the bas is of  l i thology . There are seven 

recogni sable l ithozones . Li sted in order of dominance these are : 

( 1 )  Fol i ated Li thozones ; ( 2 )  Sandstone Lithozone s ;  ( 3 )  Volcanic 

Lithozones ; ( 4 )  Diamictite Li thozones ; ( 5 )  Graded-Bedded Lithozones ; 
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FIGURE 2 . 2 3 :  Ca lcareous conglomerate containing rounded pebbles with 
brown weathered exterior set in a calcareous sandstone 
matrix . Ru st coloured streaks are the result of weather­
ing of pyrite nodules . Sample was found in Mangapapa 
catchment at locality T2 3/5 3 7 1 0 9 . 
Hammer i s  O . 28m long . 
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( 6 )  Chert Lithozones ;  and ( 7 )  Argi l l i te Li thozones ( Tabl e 2 . 2 ) . 

Six of  the se l i thczones are only found in the Wharite Lithotype , with the 

Graded-Bedded Lithozone being common to al l three l i thotype s mapped in 

the study area ( Map 1 ) . 

Three of the mapped l i thozones are thought to repre sent rock units that 

have been deformed d i fferentially . The se l i thozones can be ranked on the 

bas i s  of the degree of fragmentation of the competent lithologies within 

each l ithozone . Graded-Bedded Lithozones within which deformation of the 

bedded uni ts has been sl ight to moderate display slight pinch-and-swe l l  

structure and i n  some cases soft-sed iment folding . Fol iated Lithozones 

c haracteristically show evidence of more intense de format ion than is  

evident in the Graded-Bedded Li thozones . The more pronounced style of  de­

format ion ranges from a stretching o f  bedded units to complete fragmentation 

of once-intact bedded uni ts , into ' trains ' of  isolated c lasts  arranged in 

l i near fashion . Thi s  linear arrangement of clasts defines a measurable 

fol iation . Rock units mapped as Fol iated Lithozones reflect a wide range 

of deformat ion styles that are thought to repre sent local variations in 

the intens i ty of deformat ion ranging from moderate to strong ( see Chapter 7 )  . 

Diamictite Lithozones may represent the end product of strong to very 

strong deformat ion of roc k  units to the stage where all signs of bedding 

have been destroyed , fol i at ion is no longer evident (perhaps as  a resul t 

o f  rotation o f  the c lasts ) and the clasts are character istically randomly 

oriented and scattered throughout the rock unit . 

Al l gradations exist  between Graded-Bedded and Fol iated Lithozones and 

between Fol iated and Diamic t i te Lithozone s .  

The fol lowing discus s ion of these three l ithozones is in the order of 

ranking based on the degree o f  internal fragmentation . An al ternative 

origin for Diamictite Lithozones is a l so di scu ssed . The remaining four 

l ithozones , defined on the basis of l i thology , show l ittle or no sign o f  

pos t-depo s it ional deformation a t  a n  outcrop scale . This is  largely be ­

cause of their great thicknes s ,  high induration (particularly the Sandstone, 

Chert and Vol canic Li thozones ) and in the case of Argill ite Lithozones 

the general absence of other l i thologies within this li thozone to highl ight 

the style and inten sity of de formation . The se latter l i thozones are d i s ­

cussed in turn . 

( a )  Graded-Bedded Li thozones 

These consist of regu l ar ly i nterbedded graded units of sandstone , silt-



Tabl e  2 . 2 :  Strata o f  the Wharite Lithotype are diffe rentiated into seven d istinct Lithozone s .  The Graded-Bedded 
Lithozone is further subd ivided into Assoc iation s on the bas i s  of average outcrop thickne s s  of ind ividual 
beds . Lithologic components of each Li thozone are ranked in order o f  dominance . Stratigraphic relation­
ships between Li thozones is also indicated . 

LlthologlC components ln Strat lgraphlc relatlonshlps wlth 
Li thozone Assoc iation order of dominance other Lithozones 

Graded-Bedded Very Thin-Bedded Fine- to med ium-grained Sandstone . Predominantly found in j uxtapos ition 
( 0 . 02 - O .  1m) Black Argi l l i te . with Fol iated Lithozones and 

S i l ts tone . occas ionally with Arg i l l ite Li thozone s .  
Thin-Bedded Fine - to med ium-grained Sandstone . 
( 0 . 1  - O .  3m ) Black Argill ite . 

S i l tstone . 

Fol iated Sandstone and S i l tstone . Found in j uxtaposition with all  other 
Black Argill ite . Lithozone s .  
Chert . 
Ca lcareous S i l tstone . 
Vol canic Argill ite (red and green ) . 
Sands tone Conglomerate and Brecc ia . 

Diamic tite Argill ite . Found in j uxtaposition with a l l  other 
Sandstone and S i l tstone . Lithozone s .  
Chert . 
Vol canic Lithologie s  ( Basal t ,  Andesite ) . 
Limestone . 

Sand stone Sandstone . Found in j uxtaposition wi th Fol iated 
and Diami ctite Lithozones . 

Chert Chert . Found in juxtaposition with Diamict ite 
Minor vol canic s .  and Foliated Litho zone s .  

Vol canic Basal t .  Found in juxtapo s ition with Diamictite 
Vo lcanic Argil l ite s . and Fo liated Lithozone s .  
Black Arg i l l i te with competent c lastic s .  

Argi l l i te Black Argil l ite . Found in j uxtaposition with Diamict ite , 
Chert . and' Fol iated Lithozones .  
Ca lcareous S i ltstone . 
Silt stone and fine-grained Sand stone . 



stone and argillite very similar to the sequences of strata compr is ing 

the entire Tamak i  and western Lithotype s .  As previously des-

63 . 

cribed , the thickne s s  o f  individual beds i s  u sual ly remarkably consistent 

at outcrop scale and can be used as a bas i s  to subdivide these sequences 

into Associ ations . Only the Very Thin-Bedded and Thin-Bedded Assoc iations 

have been recogni sed in Graded-Bedded Lithozones within the Whar ite Litho­

type ( Table 2 . 2 ) . The ir occurrence within Wharite Lithotype i s  not as  

rare as i s  indicated on Map 1 ,  as many outcrops are of insufficient width 

to be mapped at 1 : 2 5 000 scal e . The l ateral extent of these Lithozones is  

unknown but becau se they cannot be traced from one catchment to another 

they are unl ikely to extend more than 0 . 5  km in length . 

Although internal sedimentary structures and grad ing are often preserved , 

l imited exposure makes the d irection o f  younging difficult to d i scern . A 

con si stent d irection o f  younging could not be establi shed . The strata 

within these Lithozones is  sometime s traceable along a consi stent str ike 

d irection that parallels  the fol iation direc tion in ad j acent outcrops 

mapped as Fol iated Lithozones . Thi s  i s , however , dependent upon the 

intens ity of deformation pre sent at each outcrop . A gradation of deform­

ational intensities is present . These range from : ( 1 )  beds of  competent 

l ithologies that show s light thickness variations ; to ( 2 )  those that d i s ­

play di stinct pinch-and-swel l feature s ;  to ( 3 )  bed s  that are strongl y  

stretched but maintain traceable bedding horizons ; and ( 4 )  beds that are 

pul l ed apart paral lel to bedding and fragmented into d iscrete tabular 

shaped c l asts separated from one another by argil l aceous matr ix . The 

tabular shape and thickne ss of the stre tched c lasts i s  largely control l ed 

by enc losing bedding plane s and the l ength o f  the clasts i s  probably 

determ ined by the intensity of jointing . The ends of the clasts may be 

sharp and angular , rounded or pinched ( Table 2 . 3 ) . The stretching of bed s 

i s  often accompanied by fold ing the style of  which strongly suggests that 

some of the de formation was syndeposi t ional ( see Chapter 7 ) . 

There appears to be a direct correlation between bed thicknes s  and intens ity 

o f  deformat ion . The thinner beds compri s ing the Very Thin-Bedded Assoc ia­

t ion appear to show greater de formation than bedded units compr is ing the 

Thin-Bedded As sociation . With increased deformation the argil laceous 

interbeds have been tectonical ly thinned as  a result of  mobili sation of 

this material into the gaps between the c lasts  of competent l ithologies . 

In  the field , Graded-Bedded Lithozones are predominantly found in j uxta­

posi tion with Fol iated �ithozone s and occas ional l y  with Argi l l ite Litho­

zones ( Table 2 . 2 ) . 



Table 2 . 3 :  Diagnost ic feature s at outcrop scale of  three ma j or Lithozones compr ising the Whari te Lithotype . 

Graded-Bedded Lithozone Fol iated Litho zone Diamictite Lithozone 

Organi s at ion Varies from bedded sequences Clasts arranged in ' trains ' that Random c l ast or ientations with no 
displaying stretched but intact consti tute fol iation with con- sign s o f  internal organisation such 
un its wi th pinch-and-swel l  s istent measurable dip and as  bedd ing or fo l iat ion . 
feature s to rare bound inage strike . 
structure and very rare a l igned 
c l asts . 

Compo s i t ion Bedded sequence s  o f  sandstone , Clast compos itions incl ude Clast composi tions inc lude clast ic , 
sil tstone and argil l i te . c lastic ,volcanic , chertzose , and vo lcanic , chertzose and calcareous 

calcareous l ithologies . Matr ix l i tho logies . Matrix i s  c lastic 
is  predominantly clast ic but argi l l ite . 
occas ionally vo lcanic argill ite 
is  pre sent . 

Clast and Beds are tabular or e longate Clasts and stretched bed s are Clasts are near spherical or equant 
Bed Shape with angul ar , pinched or e l l ipt ical in shape . Some have and commonly lens-shaped . 

rounded ends . pinched end s , others are blunt 
and angular . 

Bed Bed thi cknes s  average s 0 . 0 5 - Mos t  common bed sizes range be- Not appl icable . 
Thickness 0 . 3m with occas ional th ick beds tween 0 . 05 - l . Orn  with frequent 

o f  sandstone measuring 1 - 2m larger beds measuring greater 
thi c k .  than 1m in diame ter . 

Clast S i ze Clast size determined by bed Clasts of a l l  s i zes . Clast s i ze General ly compr i se c l asts of small  
thickness and spac ing of jo ints . is  dictated by the thickness of size range between o . 02  - l .  Om bu t 

the original bedd ing a s  l i sted rarely may include c last sizes up to 
above . l Orn  in diameter . 

Clast Angu l ar . Angul ar to subrounded . Larger c lasts are predominantly sub-
Roundne s s  rounded to rounded . Sma l ler clast 

sizes are general l y  subrounded to 
very angular . Very sma l l  clasts are 
very angul ar . 
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( b )  Fol i a ted Li thozones 

The term Fol i ated Lithozone is used here to denote those sequences cons ist­

ing essentially o f  black argi l l aceou s material in wh ich sand stone (Fig . 2 . 24 ) , 

chert and cal careous siltstone s occur e i ther as rare bedded units or more 

predominantly as c l asts arranged along distinct plane s as ' trains of clasts ' 

resembl ing a stretched strati f ication . In the se sequences the ' trains of  

cl asts ' maintain a cl early recogni sable consi stent strike and dip through a 

substantial stratigraphic thickness . Such an a l ignment of clasts consti­

tutes a fol i ation ( Fig . 2 . 24 ) . Occasionally thin interbeds of red and/or 

green argi l l aceous material parallel fol iation . Clast d imensions within 

argillite -dominated Fol iated Lithozones range from O . OS-lm thickness . Some 

Fol iated Lithozones consist of  sequences of  strata that are sandstone 

dominated within which the d imensions of individual clasts of  sand stone 

general ly exceed 1m thickne ss . 

Not all  the strata within Fol iated Lithozones are disrupted . In many places ,  

sharp contacts exist between d isrupted beds and undisrupted beds . 

Indeed , most disrupted beds appear to be in stratigraphic units that 

are sandwiched between und i sturbed beds . Contrast in degree o f  deformat ion 

is espec ially evident between thick sand stone-dominated sequenc e s  and thin 

bedded argil l i te -dominated sequences , however , in many places the thicknes s  

o f  bedding does not seem t o  have contro l l ed deformation . The Fol iated 

Lithozones are there fore a composite o f  both und i srupted and disrupted 

sequences ranging in thickness from l e s s  than 1m and involving one or two 

beds to over 100m and involving many beds . 

The characteristic struc tural style of  Fol iated Lithozones is  predominantly 

a product of  de format ion resulting in fragmentation of once-intact bedded 

sequences of strata . Conceptually the inten sity of deformation witnessed 

in Fol iated Lithozones i s  intermediate between that seen in de formed 

sequences of Graded-Bedded Lithozones and Diamictite Lithozones with all  

gradations being present . 

Al though gradations between de formed Graded-Bedded Lithozones and Fol iated 

Lithozones exist , it is not difficul t  to d istingu ish them in the field . 

They differ in that the argi l laceou s content of  Fol iated Lithozone s in 

general appears to be muc h  greater , despite the presence of  a greater 

number of thick interbed s of competent l i thOlogies , than is present within 

Graded-Bedded Lithozones . Furthermore , c last composit ion in the Fol iated 

Li thozones is more varied and may include l i thologies of chertzose , calcare­

ous and vol canic compositions ( Table 2 . 3 ) . Clast shape also d i f fers in 
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FIGURE 2 . 24 :  Fol iated Litho zone within which once -bedded sandstone 
units have been pul led apart a long strike , during de form­
ation , into isolated lenses . Str ike of rel ict bedd ing is  
here re ferred to as fo liation . Photograph taken in 
Coppermine catchment at local ity T23/54504 8 . 
For sca l e ,  the wid th of the compass case i s  O . 09m . 
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that c l asts within Graded-Bedded Lithozones tend to be tabular in shape 

with angular edges whereas those compr i s ing Fol iated Lithozones are 

commonly angul ar to subrounded and e l l iptical in shape ( Tabl e 2 . 3 ) , pre­

sumably due to much greater stretching attendant with increased deformat ion . 

I n  the field Foliated Lithozones are found in j uxtaposition with a l l  other 

lithozones ( Tabl e 2 . 2 ) . 

( c )  Di amicti te Li thozones 

The term d iamictite is here used to denote a non-sorted or poor ly sorted , 

non-calcareous , terr igenous sedimentary rock that contains a wide range of 

particle sizes , such as  a rock unit with sand and/or larger pa�ticles in a 

muddy matrix ( Gary e t  a l . ,  1 97 7 ) .  The mo st important character istic of  the 

diamictite deposits in the s tudy area i s  the lack of any obvious s ign o f  

sorting or i nternal fabric such as bedding o r  fol iation of the contained 

clasts ( Figs 2 . 2 S and 2 . 26 ) . Most of the material compr is ing the diamictites 

i s  of s imi l ar l ithological composition to the rock sequences with which i t  is 

i nterbedded . However , a few c last l ithologies within the diamictite are of  

known a llochthonous origin ( see Chapter 4 )  but truly exotic clasts are absent . 

A wide variety o f  c l ast sizes and shape s is  character istic of d iamictites . 

Very smal l ( O . OOl-O . OOSm) fragments of  competent l i thologies are in general 

very angular in shape and may have been derived from comminution of larger 

c l asts during deposi tion or later cataclas i s . Clasts of  average size 

( O . OS-lm) are irregularly spher ical to e longate and vary in roundness from 

very angular to subrounded ( Table 2 . 3 ) . Near spher ical yet poorly rounded 

c l asts are most dominant . Clasts of  this size range may have been der ived 

from e i ther subaerial eros ion or catac l as i s . Large c lasts ( I - l Orn )  are 

mo st commonly near spherical and subrounded . Clasts mea sur ing between 

O . OS- l Orn generally have smooth surfaces that are coated with a thin layer 

of pol i shed scaly matrix . Pol i shed sur faces may indicate that these c lasts 

have been rotated during deformat ion . 

On the bas i s  o f  the c last : matrix ratio , and s i ze , shape and compos ition 

of c lasts a wide variety of diamictite type s were recogni sed in the f ield . 

Some diamictite s  are dominated by c lasts between O . Ol -O . lm in d iameter with 

an occasional larger clast up to O . 2m diameter . I n  these instances the 

clast composi tion is predominantly sandstone but at one local i ty a rare 

deposit of diamicti te cons isting predominantly of clasts of chertzose com­

position was found (Fig'. 2 . 2 S ) . Diamictites in which the c last size- range 

is  sma l l  charac teristically contain c lasts that are e ither angular to very 



F I GURE 2 . 2 5 : Diamictite which contains very angular chert clasts of 
small size range within a sheared argil laceous matrix . 
Note the random di str ibution of clasts . Outcrop occurs 
in Manga-a-tua catchment at local ity T23/557 054 , 
Hammer i s  O . 28m l ong . 

68 . 

FIGURE 2 . 26 :  Diamictite containing clasts o f  varying sizes and com­
po sitions , within a sheared argil laceous matrix . The 
clasts of sandstone ( sd )  and spil ite ( sp )  are randomly 
arranged throughout the outcrop . Outcrop occurs in the 
Makawakawa catchment at local ity T2 3/590189 . Largest 

spi l i te boulder ( r i ght o f  photograph ) is 4m in d iameter . 
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angular in shape (Fig . 2 . 2 5 )  or are rounded to subrounded , but were not 

found to contain mixtures of both angular and rounded c lasts . The equant 

shape o f  the clasts in these diamic tites is very characteristic . 

Other d iamictites characteri stical ly contain clasts that are general ly 

within the O . l-lm d iameter s ize range , with an occasional larger clast 

measuring between l-lOrn in d iameter . Compos itionally the se deposits are 

diverse and usually contain a mixture of vol canic , chertzose , calcareous 

and c lastic rock types . The smaller c lasts tend to be more angular than 

the larger c lasts (Fig . 2 . 2 6 and Tabl e  2 . 3 ) . 

Variations in the c last : matr ix ratio are a l so very obvious in outcrop . 

Some diamictite s  contain very few clasts of competent l i thologies and are 

therefore essentially thick units of argil l ite . Where the clast content 

of such outcrops is l e ss than 5%  the deposit was mapped as  an Argill ite 

Lithozone . Diamict ites may conta in few or a large number of c lasts that 

can compri se up to 5 0% of the deposit . A wide var iety of diamict ite de­

posits with intermedi ary percentage s ( 5- 5 0% ) of clast constituents are 

present in the study area . 

Because o f  the l arge variations in the above character istic features of  

diamictites it was not practical to classify and map each type of diamic­

t i te . Al l the d iamictite outcrops therefore have been mapped as  a s ingle 

l ithozone . It i s  not c lear whether the thick Diamictite Lithozone s re­

present accumulat ion dur ing one or several successive epi sodes .  The absence 

of  depositional breaks within these deposits sugge sts that accumulation 

was not epi sodic . No redeposited diamictites have been recogni sed . In the 

f ield , Diamictite Li thozones are found in j uxtaposition with a l l  other 

l i thozones ( Tabl e 2 . 2 ) . 

The origin of  d iamictites in the study area may be the result of  two d i stinct 

and qui te separate proce sses : ( 1 )  by extreme fragmentation of Fol iated 

Lithozone s with subsequent rotat ion and mixing of the broken fragments ( see 

Chapter 7 )  i or (b) by sedimentary depo s itional proc esses assoc iated with 

submarine debri s  flows ( see Chapter 5 ) . The final product of both pro­

cesses i s  a roc k uni t  consi sting of predominantly randomly oriented clasts 

set within a ductile dark argil laceous matrix . However , some d iamict ites , 

within which the c lasts are not completely randomly dis tributed , show a 

faint foliation . These fol iated diamictites thus resemble Fol iated Litho­

zones . The fol i at ion , as defined by the a l i gnment of clasts , may be due 

to : ( 1 )  if extreme fragmentation of a Fol iated Lithozone has been incom­

plete , mixing of the broken fragments may not have occurred - fol iation in 
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thi s case i s  def ined by the relict bedding ; or ( 2 )  compaction after de­

position of a debri s  flow deposit . 

As fol iated diamictites appear so very s imilar to strongly fragmented 

Fol iated Lithozones (and grade into them )  criteria were establ ished to 

di stinguish them . 

( i )  Di stinction between Fol ia ted Diamicti te 

Li thozones and Strongly Fragmented 

Fol i a ted Li thozones 

While a fol iated diamictite of debr i s  flow or igin is l ikely to have a more 

varied range of clast sizes than a strongly fragmented Fol iated Lithozone , 

this cr iterion alone is not sufficiently rel iable to distinguish the two 

l ithozones . The l atter tend to conta in clasts of  uni form size but this i s  

dependent o n  the bedding thicknes s  and regular i ty of bedding i n  a succ ess ion 

from which the clasts were derived . The most use ful distingu ishing field 

criterion is the composition of the contained c lasts . I f  clasts of mixed 

l i thologies l ie along the same fol iation plane the deposit i s  cons idered 

to have been depos ited by a debris flow with the fol iation be ing superimposed 

during compaction . These deposits have been class ified as d iamictite s . 

Clast-rich d iamictite s  are more likely to show a faint fol iation in re s­

ponse to compact ion than clast-poor diamictites . Conver sely if  clasts of  

mixed l ithologies are segregated and are al igned along separate fol iation 

plane s ,  the depo sit is l ikely to have originated as a result of incomplete 

fragmentat ion o f  a Fol iated Lithozone . This fol iation is  l ikely to be due 

to the pre servat ion of ve stiges of bedding . Unfortunately , this criterion 

cannot be appl ied when deposits conta in c lasts of  a singl e l ithological 

type . Clast shape and roundne ss are not con sidered to be rel iabl e criterion . 

Clasts produced by fragmentat ion are genera lly elongate or equant depend ing 

upon the spaci ng of j o ints . The clasts generally have sharp edges and may 

have e i ther pinched or blunt ends . Those deposited by debr is f lows are 

l ike ly to be near spherical in shape with rounded edges but become flattened 

and l ens- shaped dur ing de formation ( see Chapter 7 ) . Unfortunately ,  clasts 

in e i ther Fol iated or Diamic tite Lithozones are not always of  a distinctive 

shape but instead a wide range of clast shape s may occur in e ither Lithozone . 

(d ) Sands tone Li thozones 

These consist of thick ( >2 5m width ) , often highly j ointed sequences of pre ­

dominantly sandstone composition . Several s e t s  of j o ints are u sually 

present at any one outcrop but jo inting in one d irect ion usual ly predominates . 
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Outcrops o f  these units often stand out on val l ey slopes and ridges as  

re s i stant blocks or s labs . In river channel s  they often form sites of 

water fal l s  or gorges . Where these thick , resistant Sandstone Lithozones 

strike acro ss river channel s  they result in deviat ion of the river around 

the obs tac le . Sands tone Lithozones cannot be traced as continuous un its 

between catchments and consequently are not thought to exceed more than 

about 0 . 5  km in length . Al though evidence o f  extens ional de formation 

at outcrop scale i s  o ften absent it appears l ikely that d is location of 

these once continuous sandstone units into very large blocks has occurred . 

Many o f  the contacts between Sand stone Lithozones and ad j acent l i thozones 

are abrupt but are thought to be conformabl e .  Occasionally , shearing 

along this contact is evident . The thicknes s  of the se sandstone units is 

generally many t imes the thickness of the thickest sand stone units present 

within the Tamaki Lithotype . In the f ield , Sandstone Lithozones are found 

in j uxtaposition with Diamictite and Fol iated Lithozones ( Tabl e 2 . 2 ) . 

( e )  Chert Li thozones 

Al though an abundant constituent of Wharite Lithotype , chert rarely occurs 

in uni ts of  suf fic ient thickness to be mapped at 1 : 2 5  000 scale . Except ions 

occur in Pohang ina catchment at loca l i ties T23/686 2 3 0  and T23/68 7 2 3 2  (Map 1) 

where Chert Lithozones , compri s ing es sential ly chert brecc ia and other minor 

l ithologies , occur in j uxtaposition with outcropping Vol canic Li thozones . 

( f )  Volcanic Li thozones 

Three outcrops of pil low lava of mappable s ize are known in the study area , 

two of which crop out in road cuttings along the Manawatu Gorge road at 

T2 4/4 7 2 9 5 4  and T2 4/486950 . The third outcrop occurs in pohang ina catchment 

at T23/6862 3 0 .  The di stribution o f  pil low lava i s  thought to be wide spread 

because pil low boulders have been found as c last constituent s within 

Diamictite Lithozones and as  float material in streams throughout the 

study area . There is no evidence of  s il l s ,  dyke s or other shal low vol canic 

intrusive s in the study area . Thick outcrops of red and green argi l l ite 

are inc luded within Vol canic Li thozones .  

A thick be l t  of copper sulphide bear ing rocks associated with chert and 

volcanics ha s been mapped as part of the Vol canic Lithozone . Because of  

its distinc tive colour this lithozone can be used as a strat igraphic marker 

bed . I ts width i s  extr�mely var iable because i t  compr ises many discontinu­

ous units , Some of which peter out along strike . Each unit may be between 
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IO-250m thick and i s  commonly interbedded with equally thick units of 

c l astic composi tion . Vol canic Lithozones are found in j uxtaposition with 

Fol iated and Diamict ite Lithozones ( Table 2 . 2 ) . Both sheared and conform­

able contac ts with ad j acent l i thozones have been observed . 

( g )  Argi l l i te Li thozones 

These l ithozones are very rare becau se most of the outcrops of thick black 

argi l l aceou s material e i ther conta in c lasts or thin interbed s of  c lastic , 

chertzose or cal careou s l ithologies . Where outcrops of argi l l ite contain 

less than 5% of competent l ithologie s  as  c l asts or interbeds the unit is 

mapped as  an Argi l l ite Lithozone (Fig . 2 . 2 7 ) . Where greater than 5 %  of  

competent l i thologie s i s  present as  c l asts tha t are randoml y distributed 

throughout the rock body the outcrop i s  mapped as  Diamic tite Li thozone . 

Where the c l asts are al igned and form a distinctive fol iation , the outcrop 

is mapped as a Fol iated Lithozone . In the field outcrops of Argi l l ite 

Li thozone s may grade into Diamictite or Fol iated Lithozones ( Table 2 . 2 ) . 

2 . 2 . 4  WESTERN LITHOTYPE 

A .  Di str ibut ion 

Thi s  Li thotype compr i ses the westernmost exposure of Torle sse rocks in the 

study area and is re stric ted to smal l areas l ying to the west of the 

Whar ite Lithotype . The l argest expo sure occurs in the lower reache s of 

No . 1 Line catchmen t between T2 3/534096 and T2 3/54 0094 (Map 1 ) . The lateral 

exte�t o f  this Li thotype within the s tudy area is  unknown becau se it is  

buried beneath over lying Pl io-Pl eistocene mar ine deposit s . 

B .  Nature 

The Western Li thotype is an informal l ithostrat igraphic unit con s i st ing of 

a sequence of inte rbedded sandstone , s i l t stone and arg i l l ite . The bedded 

units vary in thickness from very thin-bedded ( O . 02- 0 . lm )  to thick-bedded 

( O . 3-2m )  but overal l  thin-bedded units  ( O . OI -O . 3m) predominate . Beds of  

sand stone or argil l ite o f  greater than 2m thickne s s  are absent ( Tabl e  2 . 4 ) . 

Graded bedding and pr imary sedimentary struc tures are abundant . Parts of 

thi s Lithotype are undeformed whi l s t  other parts show s igns of  so ft-sed iment 

deformat ion includ ing stretching of bedded units , boud inage structure and 

open foldin g .  The strike o f  the strata i s  consi stently between nor thwe st 

and northea st and dip angles are everywhere very steep . Ea stward d ipping , 

westward younging strata predominate , i ndicating that they have been over-
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FIGURE 2 . 2 7 : An ou tcrop o f  argi l l ite that is e ssentially devoid of 
c lasts and interbeds of competent l ithologies and has 
been mapped as an Argill ite Lithozone . Weather ing along 
numerou s c leavage sur faces produces a rough sur face text­
ure on outcrops of exposed argi l l ite . Location of out­
crop is in No . 4 Line catchment at T 2 3 / 5 0604 6 . 
Compass case i s  O . 0 9m wi de . 



Table 2 . 4 :  S trata o f  the Wes tern Li thotype compr ise a Graded-Bedded Lithozone . Thi s  Lithozone is  subd ivided into 
Assoc iations on the ba s i s  of  average outcrop thickne s s  of  individual bed s . Litho logic components of  
each Assoc iat ion and re lationship between Assoc iations is  shown . 

Association 
Lithologic components in order o f  Stratigraphic relationships with 

Li thozone 
dominance other Associations 

Graded-Bedded Very Thin-Bedded Fine- to medium-grained Commonly interbedded with Thin-Bedded 
( 0 . 02 - o .  1m) Sandstone . Assoc iat ion . 

Argi l l i te . Occasiona l l y  inte rbedded with Thick-
s i l tstone . Bedded Associat ion . 

Thin-Bedded Fine- to med ium-grained sands tone . Commonly interbedded with both Very Thin-
( 0 . 1 - 0 . 3m )  Argill i te . Bedded Assoc iat ion and with Th ick-Bedded 

s i l tstone . Assoc iat ion . 

Th ick-Bedded F ine- to medium-grained sandstone . Commonly interbedded with Thin-Bedded 
( 0 . 3  - 2m) S i l tstone . Assoc iation . 

Argl l l ite . Occasiona l l y  interbedded with Very Th in-
Bedded Assoc iat ion . 
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turned , I n  many respects the character o f  this Lithozone is  very similar 

to the Graded-Bedded Lithozone of the Tamaki Lithotype . 

C .  Lithologic Components 

The we stern Lithotype compr ises three l ithologies ; sandstone ,  s i ltstone 

and argi l l i te ( Table 2 . 4 ) . Their textural and composit ional features are 

similar to tho se described from the Tamak i Lithotype . 

There are , however , two noticeable dif ferences : ( 1 )  there is less  arg i l ­

l aceous mater ial as  interbeds between t h e  sand stones and s i ltstones s o  that 

outcrops appear to be dominated by grey sand stone and sil tstone l itho logies ; 

and ( 2 )  there are no intercalated bed s of  cal careous siltstone , pebbly mud­

stone or intraformat ional conglomerate present . 

D .  Mappable Lithozones Within the Western Lithotype 

strata compr i sing thi s  Lithotype are mapped as one unit - a Graded-Bedded 

Lithozone , that may be subdivided into three as soc iations on the bas i s  of  

bed thickness in a s imilar manner to mapping o f  the Tamaki Lithotype . 

These associations are : ( 1 )  Very Thin-Bedded Association ; ( 2 )  Thin-Bedded 

Associat ion ; and ( 3 )  Thick-Bedded Assoc iation ( Table 2 . 4 ) . 

The characteristic features of  each association are very s imilar to those 

of the same assoc iat ion compri sing the Tamaki Lithotype . 

The l i thotypic statu s of the Western Lithotype is  que stionabl e because it 

is  of l imited areal extent . Thus there is  a poss ibil ity that outcrops of  

We stern Lithotype represent large blocks o f  Graded-Bedded Lithozone con­

stitut ing part of the Whar ite Li thotype . This possibil ity is  supported by 

the pre sence of  bedrock outcrops of  s imilar appearanc e to those compr is ing 

Wharite Lithotype further to the we st of  outcropping Western Lithotype . 

These outcrops occur in Porewa , Konewa and pohang i na catchments . On the 

other hand , evidence to support the l ikel ihood that the Western Lithotype 

is part of a laterally more extens ive " coherent terrane " includes  the 

presence of a substantial thickness of s imi larl y " bedded l i thologie s "  

immed iately t o  the north of the study area (Munday , 1 97 7 ) . These "bedded 

l ithologies " , in the vic inity of Oroua River catchment l ie to the west of  

a zone o f  melange . This mel ange may con fidently be correlated with the 

Wharite Lithotype ( see Chapter 4 ) . 
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C H A P  T E R 3 

SEDIMENTARY STRUCTURES AND PALEOENVIRONMENTAL ANALYSI S  

3 . 0  SEDIMENTARY STRUCTURES 

3 . 0 . 1  I NTRODUCTI ON 

7 6 .  

The structures described i n  thi s section are those formed within beds 

which can be seen in cross-section . Of these perhaps the most obvious 

are grading and lamination . These are usual ly very wel l  preserved in 

sandstone and s iltstone l i thologies . De scr ibed with internal structures 

are some external features , such as  r ippl e s , which are included here be­

cause of the ir direct assoc iation with internal structure s .  Convolute 

l amination and disrupted bedding of load deformat ion origin are also dis­

cussed . An occurrence o f  a trace fo ssil  is  documented . Sedimentary 

s tructures occur throughout the study area but are be st preserved in unde­

formed strata compr ising the regularly bedded Graded Lithozones . Because 

of  subsequent epi sodes of ductile and brittl e deformat ion ( see Chapter 7 )  

sedimentary structures , though present , are l e s s  well preserved i n  strata 

compris ing Foliated Lithozones . These structures are very scarce within 

Sandstone and Argi l l i te Li thozones .  Consequently the ma jority of sedi­

mentary structures described here are from outcrops compri s ing the Tamaki 

and we stern Lithotypes with fewer examples from outcrops compr is ing the 

Wharite Li thotype . 

The interpretative value of  sedimentary structures in this area i s  

severely l imi ted by poor outcrop exposure . Few are of  value as  environ­

mental indicators as mo st of the exampl e s  were not found in si tu . whi l st 

observation and interpretat ion of sma l l - scale internal sedimentary 

structure s in the field is d i f ficul t , the use of slabbed sampl es proved 

invaluabl e .  Many of the features described in this section are from 

s labbed samples . 

Anc ient sediments showing a regular al ternation of graded coarse- and 

f ine-beds through a substantial strati graphic thickne s s  are thought to be 

typical o f  deposits of turbidity currents ,  for which the terms greywacke s ,  

redeposited beds , f lysch and turbidites have been used . As the origin of 

these beds is still  controversial the non-committal terms of  " flysch-l ike " 

( Kuenen , 1 96 4 )  and " flysch-type " ( Kuenen , 1 967 ) have been proposed . 
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"Flysch-type " i s  def ined as deposits o f  alternating coarse- and fine-bed s 

showing characteristics of " turbidites " ,  such as graded bedding , and inter­

nal sedimentary struc ture s f i tt ing Bouma ' s  ( 1 96 2 )  " turbid ite fac ies model " .  

" Flysch- l ike " i s  def ined as al ternat ing sequence s ,  reaching thicknesses 

of geosyncl inal magnitude but lacking typical " turbidite " c haracteristics 

( Van der Lingen , 1969) . Many of the sed imentary structures descr ibed from 

thi s area are characteri stic of " turbidite s "  for which the term " flysch­

type " deposit is here used . 

3 . 0 . 2  INTERNAL STRUCTURES 

A .  Grading 

Grading constitutes the gradual reduction , in a progres s ively upward 

direction within an individual strati fication unit , of the upper partic le 

size l imit ( Gary e t  a l . ,  197 7 ) . Grading was observed predominantly in 

regularly interbedded sequences of alternating sandstone , s i l tstone and 

argi l l i te compr ising Graded Bedded Li thozone s within a l l  three Lithotypes . 

Grading within beds o f  sandstone compris ing Sandstone Li thozones i s  often 

imperceptible . Grading within argill ite beds compr ising Argi l l i te Litho­

zones is best seen in s l abbed rock sampl e s . Grading was the bas is for 

determining mo st younging d irec tions in the study area ; reverse grading 

was not observed . I t  is now generally accepted that graded bedding i s  

perhaps the mo st charac teri stic feature of turbid i te deposi tion . Graded 

beds are deposited from a wan ing current and may range in thickne s s  from 

one centimetre or less to one or more metre s  ( pett i j ohn , 1 9 7 5 ) . 

Bouma ( 1962 ) systemati sed many of the sedimentary structures known to be 

associated with turbidity currents ( sensu s tricto ) . Al l of the structure s 

contained within the Bouma sequence as  descr ibed by Bouma ( 1 962 ) have been 

observed both in the field and in slabbed rock sample s .  However , singl e 

beds displaying the entire Bouma sequence ( Ta-e ) were not found (Fig . 3 . 1 ) . 

Incompl ete Bouma sequence s  display both top and bottom ' truncation ' .  

Where top truncat ion has occurred , the sequence consists of repetitions o f  

sandstone and argi l l i te beds , ( Ta ,  Te ) o r  sequences of graded sandstone 

( Ta )  with thin intervening argillite ( Te ) . In  each case the basal ( Ta )  

uni t comprises sandstone that i s  often ma s sive and ungraded i n  i t s  lower 

part but becomes progres sively more graded toward s the top . A sharp bed­

d ing pl ane contac t usual ly separates this basal unit from the overlying 

arg i l l i te ( Te )  unit . The sharpnes s  o f  this contact between the two 

l i thologie s i s  highlighted by the colour di fference between these mater ial s .  

The same sequence has been observed in s labbed rock sample s ( Fig . 3 . 2  and 
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FI GURE 3 . 1 :  Ideal sequence of structure s  in a turbidite bed ( the 
Bouma sequence ) ,  from Bouma ( 1 962 ) and Blatt et al . ( 1 97 2 ) . 
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FI GURE 3 . 2 :  Three upward grad ing Ta , e un i t s con sisting of a 
basal siltstone and an upper argi l li te . The sharp 
contact at the top of each argi l l ite uni t  marks the 
beginning of another graded sequence .  

Rock sampl e Rk 16 from loca l i t y  T23/6 5 9l 63 .  

7 9 . 
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3 . 3 ) where graded s iltstone i s  overlain and is  i n  sharp contact with 

argil l i te . Repetit ions o f  Ta , Te units in the f ield do not compr ise a 

substantial s tratigraphic thickne ss because this sequence is  usually 

interrupted by an occasional very thick ( 2 -5m)  and ungraded sandstone bed 

every 1 0m or so . Al ternatively , the argi l l ite ( Te )  unit is reduced in 

thickne s s  to a very thin , some time s discontinuous bed or to a mere parting 

between succe ssive graded sands tone ( Ta )  units . This suggests that amal ­

gamation o f  genetically separate units may have occurred through the 

eros ion o f  interbeds as was proposed by Walker ( 1 966 ) . Such a mechani sm 

could account for sequences o f  recurrent graded sand stone and sil tstone 

that are es senti ally devoid of argil l i te . However , Angelucci et al . ( 1 967 ) 

consider amalgamation to be an unl ikely explanation and prefer " c lo sely 

subsequent current pul se s "  as  a more l ikely cause . Another feature of  

these Ta , Te sequences i s  the pre sence of  rip-up argill ite clasts di stri­

buted throughout the  Ta unit . In s labbed samples these clasts were seen 

to be hook-shaped ( F ig . 3 . 3 ) . Thi s  is interpreted to indicate that the 

argi l l i te bed was disrupted while in a soft-sediment condition . Eros ion of 

these argi l l i te interbeds is l ikely to have occurred during the early stages 

of  turbidi ty current activity when the current is presumably strongest . 

Where bottom truncation has occurred , sequence s  most commonly consist of 

Tb-e , Tb-d or Td-e units . Thi s  i s  interpreted by Wal ker ( 1 9 6 5 )  as late 

stage depo s i t ion after the basal Ta units have been deposited el sewhere . 

Sedimentary structure s character i stic o f  the Tb-e un its are deposited in 

a low flow regime during the waning stages of  turbidi ty current activity . 

Micro-grading between paral lel lamination s characteristic of  deposition 

in the Tb or Td units has been observed in thin sect ion . 

B .  Laminat ion 

Paral l e l  and ripple lamination in the study area occur in close assoc iation 

with sequence s of strata where graded bedding is  a prominent feature . 

Laminat ion (Fig . 3 . 4 )  i s  best pre served in the very thin-bedded ( 0 . 02 -0 . 1m)  

and thin-bedded ( 0 . 1 - 0 . 3m )  sequences but ha s a l so been noted as  thin , 

faint and o ften d i scontinuous laminae near bedding pl ane contacts of  thick­

bedded ( 0 . 3 - 2m )  units of  otherwise struc tureless  sand stone . In most cases 

l aminae are 0 . 5 - 1  mm thick and have been traced along outcrops for distances 

o f  up to 3m . The observed thickne s s  of  the interval of  lamination ranges 

from between 0 . 05-lm . Lamination in graded sequences is  in places associ­

ated with small -scale current bedding . Most l aminations in this area are 

the re sul t of  grain size d i f ferences and are highl ighted where argil laceous 
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argillaceous material was eroded from an underlying 
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mate rial i s  interlaminated with sil tstone . Mineral concentration part icu­

l arly of mica and opaque Qxides and/or carbonaceous material sometime s en­

hances the colour contrast between laminae ( Fig . 3 . 4 ) . In all  cases 

examined , the bed s do not part readily along these l aminations .  The origin 

of  laminations in this area is thought to be due to variations in the rate 

of  supply or deposit ion of materials with some traction along the water­

sediment inter face taking pl ace during the latter stages of depos it ion to 

produce local sorting . 

C .  Convolute Lamination 

Convolute lamination was only found in sequences where regu larly inter­

bedded units of sandstone , s iltstone and argi l l ite of between 0 . 02-0 . 1m 

thickness ( very thin-bedded ) and 0 . 1 - 0 . 3m thickness ( thin-bedded ) were 

graded . Beds o f  convolute l amination are thus considered to correspond 

with the Tc i nterval of the Bouma sequence ( Fig . 3 . 1 ) . Because o f  poor 

outcrop expo sure beds of convolute lamination could not be traced for 

more than 3m distance . Nearly all  examples of  convolute lamination 

occurred in beds of less than O . lm thickness . within these beds the 

convolutions only involved those l aminations within the bed and not the 

bed itsel f .  Individual laminations are traceable from fo ld to fold al­

though many folds e i ther die out toward s the top and bottom of the bed 

or are truncated by over lying paral l e l  l aminations of the Td unit . 

" The c l as s ical concept o f  the origin of  convolute laminat ion in flysch­

type beds , as developed by Kuenen ( 1 9 5 3 )  and Ten Haaf ( 1 9 5 6 )  is  as fol lows : 

firstly , curren t r ipples or other ripple-l ike corrugations form . I n  

f lowing over these rippl es the turbid ity current induc es suction o n  the 

crests and pres sure in the troughs , forming convolut ions by hydroplastic 

de formation " ( Van der Lingen , 1969 ) . S ince the original theory of Kuenen 

and Ten Haaf many other modes of  origin of  convolute lamination have been 

propo sed . Current drag has been the common explanation of convolute 

lamination in flysch-type deposits ( Bal lance , 1964 ) . Loading has been 

thought to produce certain type s of convolute lamination ( Dzulynski & 

Wal ton , 1 96 5 ) , in that these s tructures appear to result  from precon sol id­

ation de formation or from de formation during deposition of highly mobile 

or plastic sed iments , e . g .  formation o f  subaqueous slumping , gliding or 

Slid ing . Various authors have considered that l iquefact ion and the re­

sul ting quick condition play an important part in the formation of convo­

lute l amination ( Kingma , 1958b ;  Wi l l iams , 1 9 60 ) . Liquefaction or iginates 

in cohesionless sediments when the pore -water pres sure increases to a 
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value at which the s hearing strength approache s zero . When the shearing 

strength equa l s  zero , the sediment behaves l ike a l iqu id . Pore-water 

overpres sure can be caused by shock ( earthquake s ) , di fferent ial load ing 

or differences in ground-water level within and without the sedimentation 

basin ( Graff-peter sen , 1967 ) . Van der Lingen ( 1 969 ) con s iders that lique­

fact ion is  the pr imary cause of most i f  not a l l  de formation structure s 

within the ' Tc unit ' of Bouma ( 1 962 ) , with load ing and current drag play­

ing subordinate roles . However , Kuenen ( 1 9 5 3 ) does not accept that lique­

faction plays a role in the formation of convolute lamination . He envisages 

that sediment , deposited as  ripples , is  in a highly fluid , hydroplastic , 

quicksand condi tion from which convolutions develop as  a resul t of extrus ion 

of water through compaction . Observations o f  convolute lamination in the 

study area produced no new information on the cause of this structure .  

D .  Fl aser Bedding 

All the transitions from wavy bedd ing through f laser bedding to l ent icular 

bedding ( Re ineck & Wander l ic h ,  1 968 ) are present in the study area . How­

ever , mos t  outcrops tend to be dominated by flaser bedding . Flaser bedding 

characteristically forms within bed s o f  up to 2m thicknes s  that compr ise 

med ium- to fine-grained sand stone and s i l tstone . The se bed s display con­

tinuous sed imentary deposi tion throughout their th ickne s s . The flasers 

are very thin ( O . Ol-O . 5m ) , are lateral l y  di scont inuous and are irregularly 

distributed throughout the f laser bedded uni t . Fl aser bedding appear s to 

be geographically restricted in occurrence in this area . I t has been 

found within four ad j acent tributary catchment s  of Rokaiwhana stream at 

approximately the same stratigraphic l evel . At local ities T23/65 3 14 6 ,  

T2 3/65 6 1 5 0 , T2 3/65 9 1 54 and T23/66 1 1 6 2  flaser bedded units are interbedded 

with graded sequences of ei ther very thin-bedded ( O . 02- 0 . 1m ) or thin -bedded 

( O . 1 -O . 3m )  strata . 

The origin o f  f laser beds i s  assoc iated with sma l l -scale current ripples . 

Current r ipples are mo st readily envisaged a s  forming in shal low water 

( Friedman & Sanders , 1 978 ) but they a l so occur in deep water due to the 

act ion of unidirec tional ocean bottom current s .  Turbidity currents also 

produce r ippl es . During deceleration o f  such a current , sand , silt  and 

c lay fall ing from suspens ion may be reworked on the bed into r ipples 

( Co l l inson & Thompson , 1982 ) . The associated formation of wavy , f laser 

or lenticular beds with rippl es is dependent upon the amount and rate of 

supply and deposition of the sediment . 
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Flame structure (Walton , 1 9 5 6 )  i s  poorly pre served in outcrop in this 

area . Where observed they occur in accompaniment of load casts . Flame 

structure observed in slabbed samples appears to be the re sult of current 

drag acro ss laminae of argil laceou s composition (Fig . 3 . 4 ) . Flame 

structure resulting from load deformat ion was observed to occur at the 

base of graded sandstone ( Ta )  units whi l st flame structure as a result of 

curren t drag occurred in either Tb or Td laminated units of fine-grained 

s i l tstone and argil l i te composition . Evidence for flame structure result­

ing from horizontal slip or drag ( Gary et a l . ,  1977 ) or water expulsion 

( Dott & Howard , 1 962 ) was not found in thi s  area . 

F .  Cross-Laminat ion 

Thi s  i s  defined as smal l - scale cross-strati f ication c haracter i sed by fore­

set beds , less  than O . Olm in thickness that are incl ined to the general 

bedding (McKee & We ir , 195 3 ) . They are mostly a result of deposition from 

migrating smal l -current and wave r ippl es ( Reineck & S ingh , 197 5 ) . Cross­

l aminations occur most commonly in fine-grained sand stone and s il tstone 

beds where bed thickness varies from between very thin ( O . 02-0 . 1m ) to 

thin ( O . 1- O . 3m) . Truncated cross-laminations were used to indicate super­

po sition ( F i g .  3 . 5 ) . 

G .  Disrupted Bedding 

Three forms o f  d i srupted bedding have been recorded in this area . The 

first involves di sruption o f  a thin bed of siltstone by the in j ection of 

argillaceous material into the bed o f  s i l tstone (Fig . 3 . 6 ) . Thi s  may have 

been the result of load ing due to rapid emplacement of the siltstone , 

thereby cau s ing the underlying c lay to liquefy and inject the overlying 

s i l tstone . An external shock such as  an earthquake may a l so cause thi s . 

The second i nvolve s  the extensional pul l ing-apart of very thin bed s of 

competent material accompanied by flowage of l iquefied arg i l l ite (Fig . 3 . 5 ) . 

Disruption in thi s case may be the result of load ing through compaction o f  

interbedded mater ials of different competency . Both types of disrupted 

bedding are cons idered to repre sent syndepositional deformation , the bedded 

materials being in an unconsol idated cond i t ion . Syndepo s i t ional deform­

ation i s  indicated by the presence of rounded and often hook-shaped termin­

ations o f  d i srupted bed� ( F i g .  3 . 5 ) . 

The third type o f  di srupted bedding invo lves the d isaggregation o f  a thin 
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bed o f  arg i l l ite into numerous angular clasts that remain concentrated 

along a we l l  de f ined hori zon within a thick sequence of sandstone . The 

angularity of the c lasts indicates that d i sruption of the argill ite bed 

was post-deposi tional . post-depo s itional loading by compact ion in the 

sandstone and consequent upwards e j ection of water may have caused in s i t u  

di sruption o f  overlying argi l l ite beds in these instances . Al ternatively ,  

fluidi sation o f  the surround ing sandstone could also result in di sruption 

of the bedded argi l l i te . These c l asts are d i st inctly different to those 

referred to earlier as  r ip-up clasts for which syn-deposi tional ero sion of 

soft sediment by turbid ity currents was proposed . Rip-up clasts are , in 

general , scattered throughout a thin bed compri s ing sil t-s ized mater ial 

that forms part of the Bouma ( 1 962 )  Ta-e sequence of interval s  as a result 

o f  turbidity current depo s ition . In contrast , cl asts of argil l ite ind ica­

t ive o f  po st-deposit ional d isrupt ion of an argill ite bed are u sually con­

centrated along a wel l  defined horizon within a thick bed of sand-sized 

material . There are no internal sedimentary struc tures visible in these 

beds although rare grading may somet ime s be visibl e .  Such beds are here 

considered to be of e i ther grain flow ( S tauffer , 1 967 ) or fluidised sedi­

ment flow ( Middleton , 1970)  origin ( see Depos itional Processe s ) . 

3 . 0 . 3  EXTERNAL STRUCTURES 

Structures that form on bedd ing plane surfaces are of two type s .  Sole 

markings ( Kuenen , 1 9 5 7 )  occur on the basal surface of bed s of sandstone 

inte rbedded with argi l l i te and surface markings (Van der Lingen , 1 9 6 9 )  are 

found on the top surface o f  sandstone bed s . 

A .  Sol e Markings 

1 .  Load Casts 

Small -scal e load casts were seen in slabbed rock samples (Fig . 3 . 5 ) . In  

the field , load casts reached dimensions o f  0 . 1 5m diameter and 0 . 05m depth 

as seen in cross-section . Load casts were rarely seen on bedding plane 

sur faces because steeply dipping strata in this area afford l ittl e oppor­

tunity for l arge areas o f  these sur faces to be exposed . Load casts were 

found in association with thi ck-bedded ( O . 3 - 2m )  stratal sequences . 

The mec hani sm o f  formation i s  gravity acting on beds which were unstable 

due to thei r  high poros i ty and l ack of compact ion and coherence and to 

differences in density between the beds . Load structure s in this area 

appear to have been initiated by unequal loading related to the sediment­

at ion process . That i s ,  when a thick sand l ayer i s  rapidly depos ited on 
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a layer o f  c l ay , i t  will be denser than the clay and if both sed iments are 

weak it will tend to s ink into the c lay by loading (Col l inson & Thompson , 

1 98 2 )  . 

2 .  Longitudinal Ridge s and Furrows 

These have been found at one local i ty only (U23/7 3 3 184 ) . Their pre serv ­

ation o n  the basal surface o f  a thick bed of sandstone ind icates that the 

sequence at thi s  locality is eas tward younging . The ridges and furrows 

are spaced at 0 . 05-0 . 1m interval s and are be tween 0 . 01-0 . 03m deep ( h igh ) . 

The asymmetrical shape of the se r idges and furrows , the ir even spac ing , 

constant north- south orientat ion of straight and continuou s crest l ines 

and their paral l e l i sm along 2 - 3m of outcrop length i s  suggest ive of surface 

wave activity or of a current origin . Conc lusive evidence of their gene s i s  

and paleocurren t direction i s  absent . An east-west paleocurrent orientation 

at r ight angl es to the longitudinal r idges and furrows i s  inferred . 

B .  Surface Markings 

1 .  Smal l -scale Rippl e s  

Examples of smal l - scale r ipples were not found i n  si tu and have therefore 

not been u sed to determine paleocurrent flow direction . I n  profile these 

ripple s  are strongly asymmetri cal . I n  plan they have short curved crests 

and c losely re semble photographs in Friedman & Sanders ( 1 97 8 , p 5 5 1 ) of 

small-scale r ipples that have been descr ibed as l inguoid ( Al len , 1966 , p 1 5 7 ) . 

The r ipples are found in rows that form across the l ine of flow , the r ipples 

in each row being offset in relation to those in front . Such small -scale 

asymmetrical r ippl es may form under turbulent or laminar flow condi t ions 

but their format ion is restricted to constant current flow (Al len , 1 966 , 

p 1 84 ) . The lowest veloc ity capabl e  o f  produc ing small -scale ripple s  in 

f ine sand is about 20 cm/sec ( Reineck & S ingh , 197 5 ) . 

3 . 0 . 4  TRACE FOS S I LS 

A series of worm burrows were found i n  si t u  at T2 3/66 5 1 7 3  within a s i l ty 

argillaceou s sequence of the Very Thin-Bedded Association in the Tamaki 

Lithotype . Burrows at right angles to bedding are c ircular in cross­

section whi l st burrows parallel or incl ined to bedding are e l iptical in 

cross-section . Burrows,  vary in diameter from 0 . 01-0 . 05m .  The se trace 

fos s i l s  are o f  no paleoenvironmental s igni ficance . 
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Subaqeuou s sediment transport and depos ition i s  currently con s idered to 

be the result of ei ther sediment gravity flows or ocean bottom currents .  

A .  Sed iment Gravity Flows 

Four types of sed imen t gravity flow have been proposed by Middleton & 

Hampton ( 1 9 7 3 )  but only one type ( turbid ity currents ) has previously 

been demon strated to be an effective mechani sm for moving coar se sed iment 

into deep water . The four i ndividual sediment gravity flow type s are 

distingu i s hed on the bas i s  of how gra ins are supported above the bed : 

( 1 )  turbidi ty currents , in  which the sediment i s  supported ma inly by 

the upward component o f  fluid turbulence ; ( 2 )  grain flows , in which 

the sediment is supported by d irect grain-to-grain interac tions ;  

( 3 )  fluidised sediment flows , in which the sediment is supported by 

the upward flow o f  fluid escaping from between the grains as the 

grains are settled out by gravity ; and ( 4 )  debris  flows , in which the 

larger grains are supported by a ' matrix ' ,  that i s , by a mixture of 

interstitial f luid and fine sediment . I t  i s  probably real i stic to 

accept that in mo st real sediment gravi ty flows , more than one form of 

grain support wi l l  be important . Furthermore , other mechani sms such 

as tract ion ( by dragging or rol l ing o f  particles on the bottom) or 

saltation ( by hydraul i c  l i ft forces and drag ) may operate dur ing the 

last stages of deposi tion and produce or modi fy some of the textures 

and structures observed i n  the sediment bed that i s  fina l ly deposited 

from the flow .  

The mer i ts o f  each sediment gravity flow mechan ism i s  here asses sed in 

view of the preserved sed imentological evidence in the study area . 

1 .  Turbid ity Current 

The mo st common depositional process general ly attributed for con s ider­

abl e  thicknesses of alternat ing sandstone , s i l tstone and argi l l ite , is 

high dens i ty turbid ity currents ( Bouma , 1 962 ; Kuenen , 1 9 64 ) . In the 

oceans , mo st turbidity currents appear to be surge s that are init iated 

by some event ( gene ral ly catastrophic in natur e )  and move downslope 

away from their source . Three common and we l l  documented mechani sms 

that can result in the empl acement of sediment in suspension to create 

a turbidi ty current incfude : ( 1 )  a r iver in flood ; ( 2 )  storm waves 

generated dur ing a hurr icane acting on cont inental shelf depos its ; and 
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( 3 )  subaqueou s slope fai lure . Turbidi ty currents may be d ivided into 

three mai n  parts : the head , the body and the tail (Middleton & 

Hampton , 1 9 7 3 ) . From flume experiments i t  has been determined that as 

a turbidi ty current move s downslope eros ion occurs at the head , whil s t  

depo si tion takes place from the body o r  t a i l  of the same current . 

Rapid depo si tion from suspens ion may be expected in proximal regions 

due to wani ng turbulence in the source area , rapid flattening of the 

s lope , or by the spreading out of the current as it moves onto the 

basin  floor . In most cases there should be rapid sedimentation with 

l i ttle tract ion because sediment is buried almost as soon as i t  i s  

deposited . The lower part o f  a turbid ite bed should therefore be 

massive or show only poorly developed faint l amination and poor scour 

marks . In more distal regions , there may be a relatively extended 

period of scour ing by the head of the flow , followed by relatively 

s low depo s i t ion from the body and tail of the flow . Under the se cir­

cumstance s one expects the sole o f  the bed to have wel l  developed scour 

marks , ( e . g .  flute s )  and the bed itse l f  to d i splay traction structures 

such as l amination and cross-lamination . If depo sition is  slow enough , 

more extended traction takes place with the format ion of typical 

" upper flow regime " plane l amination or r ippl e  cross-lamination . 

Generally , the Bouma sequence (Fig . 3 . 1 ) indicates both a decreas ing 

flow intensity (or flow regime ) and a decreas ing rate of deposition 

from suspens ion and increas ing importance of traction as  one goes from 

the bottom to the top o f  the bed (Middleton & Hampton , 1 9 7 3 ) . 

Obviously , i f  within the current , great eddies or secondary flow 

systems are pre sent , thi s simple picture of gradual decrease in speed 

may shift back and forth wi thin a wide range . However , despi te such 

variations , the inevitable overall progress ion is  from fast to slow 

( Friedman & Sanders , 1 9 7 8 ) . Some o f  the last mater ial s to settle from 

suspens ion are fine-grained silts  and c l ays . Cons iderable 

thicknes ses of c l ay may accumulate , the d i f ferences in bed thick­

ness simply represent varying time period s between successive inputs 

o f  arenac eous material . Such a proces s , without interruption , explain� 

the presence o f  rare mass ive argillite beds . However , most argil l ite 

units contai n  very thin l aminations and i nterbeds of fine-grained silt­

stone that can e i ther be expla ined as  a result of d ifferences in the 

settl ing rate of silt  and c lay particles  from suspension or the sort ing 

of the uppermost argi l l ite unit by trac tion currents to remove the 

c l ay fract ion and thus .leave the remain ing s i l tstone fraction as a 

concentrate . The discontinuous and thin nature of the se interbeds 
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and l aminations may favour the latter process . In view of the high 

s il t  content o f  most of the argi l l ites it  seems likely that very l ittle 

of the argil laceou s material i s  of truly pelagic origin . 

The depo s i ts resul ting from deposition by turbidity currents consist 

of al ternat ing sequences of sandstone , siltstone and arg i l l ite of vary­

ing thickness and regular ity . Whil st it is rea l i sed that not a l l  such 

al ternating sequences are necessar i ly of turbid ity current origin it  

i s  c lear from field evidence that many of the features such as  rhythmic­

a l ly layered , al ternating thin beds of sandstone , s iltstone and 

argi l l ite ; sandstone beds wi th sharp ba ses grading upward into arg i l l i te ;  

the sequence o f  interval s : massive , pl ane laminated , cross-lam inated 

or convoluted , and again plane laminated ; and sole markings are 

diagnostic features o f  an ideal i sed turbidite sequence ( Bouma , 1 96 2 )  

be st explained a t  present by the turbidity current model . The se 

feature s  are characteristic of each of the As sociations compr i s ing 

Graded-Bedded Lithozones within the Tamaki ( Tabl e  2 . 1 ) , western 

( Table 2 . 4 )  and Wharite ( Table 2 . 2 ) Lithotype s .  However , in order to 

explain o ther internal sedimentary features found in sequences of 

Very Thick-Bedded As sociation within the Tamaki Lithotype and in 

mass ive units o f  sandstone compris ing Sandstone Li thozones within 

Whari te Lithotype , a secondary proce s s  re ferred to as grain flow 

( Middleton & Hampton , 1 97 3 ;  Feary , 1 9 7 9 )  acting in as soc iation with 

turbidity currents has been suggested . 

2 .  Grain Flow 

Deposition from grai n  flows is fundamentally by mass emplacement and 

the resu l tant deposits have been descr ibed as mass ive and ungraded but 

with diffuse parallel  lamination and d i sh structure (Wentworth , 1 967 ) 

in  some beds . Grain flow beds are general ly thick and s harply bounded . 

Soles o f  the beds are ei ther flat and featureless or they have one or 

more load de formed marks . S tauffer ( 1 967 ) sugge sted that grain flows 

are further c haracteri sed by the absence of traction current or 

turbid i ty current features , such as erosional sole markings ( e . g .  flute 

casts ) , convolute lamination , cross-lamination , r ipple marks and 

current scours . 

pos it ive ide ntification o f  grain flow d epos its i s  still probl ematical , 

for l arge-scale grain flows descr ibed by S tauffer ( 1 967 ) have been 

reinterpre ted by o thers as norma l proximal turbid ites . Furthermore , 

a l l  features proposed to be charac ter i stic of grain flows probably can 



be produced by other transport processe s . Many of the very thick­

bedded and mas s ive sandstone units in the study area conta in features 

descri bed as  being character istic of grain flow origin , but it i s  

unl ikely that any o f  these beds could b e  reinterpreted a s  ' prox imal 

turbidites ' in view of the ir int imate as sociation with an essential ly 

' di stal turbid ite ' fac ies . I t  therefore seems l ikely that grain 

flows may be a companion to Some turbid ity current s ( Sanders , 1 9 6 5 ) . 

Sander s  envisaged sediment gravity flows to consist of two parts ; an 

upper turbid ity current with grains supported by turbulence , and a 

lower , faster moving grain flow with grains supported by disper s ive 

pressure . However these grain flows ma inta in disper sive pressure , 

92 . 

the evidence from the sediments indicates that they can travel faster 

than an accompanying turbidity curren t . When the two move together , 

the grain f low acts as  a frictionle s s  basal carpet for the turbidity 

current .  Within the fast-trave l l ing basal flow , the coarsest particles 

move to the front . After they have corne to rest , the finer particles 

catch up a nd may out-d istance them . Proof that thi s  different ial move­

ment has occurred is shown by hori zontal as  wel l  as  vertical grading , 

and by the depo s i tion in any small depre s s ion on the ocean floor o f  

coarser sediments than i s  found elsewhere nearby . Where both a grain 

flow and a turbidity current trave l l ed together and both deposited 

their loads i n  c lose succe s s ion , the material dropped by the grain flow 

underl i e s  the turbidite ( Fr i edman & Sander s , 1 9 7 8 ) . A var iation on the 

same theme postul ate s that as gra in flow proce sses have very l imited 

abi l i ty to transport coarse sediment for s igni fi cant distances over 

moderate s lopes ( Lowe , 1 9 7 6 )  it seems unl ikely that such a process 

could tran sport fine-grained conglomerate as  a grain flow . The 

logical conc lus ion , there fore , i s  to as sume that either turbid ity 

currents or debr is flows transport conglomerate pebbles together with 

f iner grained detritus to the site o f  deposi tion where a final stage 

of grain flow took pl ace dur ing depo s i t ion . These proc esses account 

for the occurrence of fine- to medium-gra ined sandstone with f ine­

grai ned conglomerate s as basal member s  of turbidite beds . 

with such h i gh-energy conditions i t  i s  conc eivable that flows may be­

come turbulent so that a continuum may exi s t  between grain flows and 

turbidity currents . Thus some flows may be combinations of the two 

types to give r i se to successions o f  strata that are in part turbidite­

l ike and i n  part gra in flow-l ike . Such an interaction between the se 

two processes may expl ain the frequent occurrence of an abnormal ly 

thick bed of ungraded sandstone within an otherwi se graded thin-bedded 



sequence that conta ins mo st features c haracteri stic of turbid i te­

depos it ion . 

3 .  Fluidi sed Sediment Flow 

Sands subj ect to l ique faction are those that are loosely packed or 
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that have textural properties that are favourable to breakdown of the 

fabric . Once the fabr ic i s  destroyed , the grains no longer form a 

rigid framework to the depos it , but must be supported at least in part 

by the pore fluids . So long as grains are supported by the pore fluid , 

the sand ha s l i ttle strength and behaves l ike a fluid . Thus l iquefied 

or fluidi sed sand can flow rapidly down relatively gentle s lope s of 
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C (Middleton , 1 9 7 0 ) . The main problem with fluidi sation as  a 

mechan i sm o f  sediment transport i s  that the excess pore pre s sures are 

rapidly dissipated by loss of pore fluids . The real s igni f icance o f  

fluidi sation , however , i s  its  combined occurrence with other support 

mechani sms . Grain flows in particular can be expected to be a ided by 

fluidisat ion e f fects , becau se during f low the grains , by necess ity , 

are in  a re latively d i spersed state , but depo s it ion involve s conso l id­

ation with consequent upward expuls ion o f  pore water . The upward 

fluid drag i s  a fluidisation effect , helping to support gra ins , and 

therehy prolonging the l i fe of a flow . The " fluidi sation effect"  may 

even be fe l t  after flow ceases , if deposition i s  rapid enough to trap 

excess pore water which i s  eventual ly expel led by consol idation . 

Upward drag may not be strong enough to fluidise the bed completely 

in these instances , but i t  might mobil i se enough grains to affect 

textures and structures s igni ficantly . I n  particular such a process 

i s  thought to be the primary cau se of convolute lamination ( Kuenen , 

1953 ; Kingma , 1 9 58b ) and a maj or fac tor in the di sruption of some 

argi l l i te beds . 

Argill ite hor izons have in places been di srupted by the intru s ion of 

clastic material as i s  demonstrated by the presence of angular clasts 

of argi l l i te , within a c l astic matr ix . I n  some of the thicker sand­

stone hor izons such disrupted argi l l ites can still be recogn i sed as 

d i stinc tive layers . Finlow-Bates ( 1 9 7 0 )  has suggested that some of 

the thick sandstone units within which conc entrations of argi l l ite 

c lasts occur at distinct levels may have or iginated as  sequences of 

al ternating sands tone and argill ite and that movement of the sand by 

fluidisat ion has di srupted the argil l ite s to such an extent that the 

c lastic material of the sand stone beds has merged completely to form 



an apparently con tinuous sedimentary un it . In view of the coherent 

nature of  the angu lar argi l l ite c lasts , it  is thought that disruption 

by fluidi sation occurred some time after deposi tion of the sand . 

Water expulsion from the sand may have been cau sed either by sed iment 

compac tion or occurred as a re sul t of  earthquake vibration . ' Di sh 

structure ' as named by Wentworth ( 1 967 ) and descr ibed by S tauffer 

( 1 967 ) , may po ss ibly re sul t from con sol idation of a fluid i sed bed 

(Middleton & Hampton ,  1 9 7 6 ) . Dish structure cons ists of a ser ies of 

concave-upward laminations found most typically in massive to faintly 

l aminated , fine- to medium-gra ined sandstone beds . The d i shes are 

typi ca l ly about 0 . 04-0 . 05m wide and 0 . 0 0 1 - 0 . 0 02m deep . They are 

typically flatter near the bottom and grade upward into tightly 

curved d i shes . Al though in si tu exampl es of  the se structures are not 

wide spread in the study area they were observed rarely within ma s sive 

sandstone uni ts of the Tamaki Lithotype and more abundantly within 

mas sive sandstone units of the Whar ite Lithotype . Al so observed 

within the se units of sandstone were sandstone s i l l s ,  dyke s and in­

j ection phenomena o f  probabl e  f luidisation origin . 

4 .  Debr i s  Flow 
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Subaqueous debri s  flows have recently rece ived con s ideration as  a 

ma j or tran sporter o f  ocean sediments ( Hampton , 1 97 0 ;  Fi sher , 197 1 ) . 

Hampton in particular has emphasi sed the po s s ible impor tance of  debri s  

flow act ivi ty i n  the ocean . Debr i s  f lows account for the presence of  

rather uncommon muddy , coarse-grained mar ine conglomerates such as 

pebbly mudstones ( Crowel l ,  1 9 5 7 ; peterson , 1 9 6 5 ) . Al though several 

origins for pebbly mudstones are po s s ibl e , particular attent ion is 

here paid to slumping in as sociation with turbidity-current deposition 

as the mo st l ikely mechan i sm to account for the as soc iation of pebbly 

mudstones with turbid ite sequences in  the study area . 

No slump or flow will take pl ace unl ess certain conditions preva i l , 

and the character of  the s lump or flow will  depend largely on the 

relative i nterplay of the se cond itions . The proc ess pictured here i s  

dependent upon : ( 1 )  the exi stence of  turbidity current s that br ing 

grave l to the s ite of  deposition ; ( 2 )  the presence of an under layer 

of so ft c l ay ;  and ( 3 )  suffic ient bottom inc l ination so that with 

instabi l i ty the mixture of  c lay and pebbles moves downslope . Debri s  

f lows can move a t  relat�ve ly low speeds down slopes wi th a gradient as 

low as 1 in 100 (Middleton & Hampton , 197 3 ) . I t  i s  envisaged that 
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within a basin turbulent dens ity currents may from t ime to t ime deposit 

grave l .  I f  the grave l i s  deposited upon a sandy and already somewhat 

indurated bed i t  will  form a stable layer . 

Locali zed grain flow proc esses may take place during thi s  phase of  

depo s i t ion to produce conglomerate s .  I f ,  however , grave l were deposited 

on a soft , water- saturated c lay surface , and the layer of  gravel 

attained a bulk density greater than that o f  the underlying c lay , 

instab i l i ty would result in the format ion of grave l lobe s which are 

seen at places as load casts ( Crowe l l , 1 9 5 7 ) . I f  the contrast in bulk 

densities were great , the bottom s lope were suff ic iently steep and 

the underlying c lay l ayer were thick enough , instab i l i ty could result 

in the movement of clay and gravel down slope together . As the mass 

gathe red speed i t  would c hurn , mix and d i sperse pebbles throughout the 

clay . I f  relatively f luid , such a f low would deposit a thin , uniform 

layer o f  fine -grained pebbles set within a black argil laceous matrix . 

Thi s  deposit would compr i se a pebbly mudstone and may form part of  a 

thick sequence o f  alternat ing sandstone and argil l ite of  turbidity 

current origin . On the o ther hand , i f  the mixed mas s  were vi scou s , it  

would move relative ly s lowly and probably plough into the substratum 

to produce obvious s lump overfold structures . No structures of  this 

nature have been found in the study area . 

The thi n  and sparse development of pebbly mud stones within sequences 

o f  Very Thin-Bedded and Thin-Bedded Associations of the Tamaki 

Lithotype is consi stent with the idea that they compr ise part o f  a 

di stal fac ies that wa s essential ly depos ited by turbidity current , 

having originated by s lumping and s l id ing , in the source area , poss ibly 

as a re sult of  tectonic activity , earthquakes or spontaneous l ique fact ion 

of thic k  piles of unconso l idated sediment (Hampton , 1 9 7 2 ) . Slumping may 

a l so resu l t  from increased rates of depo s ition during flood periods on 

unstable slope s ( Stanley , 1969) . The absence of slump structures and 

thicker pebbly mudstone hor izon s with l arger c last sizes is a l so con­

s i stent with such an interpre tation . Pre sumabl y  these pebbly mud stones 

would be associated wi th sediments depo s i ted c loser to the origin of  

s lumping and would there fore compri se sequenc es that may be l ikened to 

a proximal turbidite facies . 

Diamictite Lithozone s ( see Chapter 2 )  within the Whari te Lithotype are 

cons idered to be the result of debr i s  flow activi ty . The se deposits 

contain subrounded c lasts o f  widely varying sizes  and l ithologies 
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that are randomly distributed throughout an argillaceous matrix . The 

absence of internal slump structure or sort ing sugge st that the debris 

flows were relative ly fluid . Simi larly the absence of s lump structures 

in adj acent strata sugge st that emplacement was rapid . 

I t  has been demonstrated that sandy debr is flows should be common in 

the ocean and that sandy submarine debr is flow deposits can be low in 

clay con tent s imi l ar to sands emplaced by other gravity sediment f low 

processes ( Hampton , 1 9 7 0 ) . Such a process may expl ain the great thick­

ness of some of the massive sandstone units ( Sandstone Li thozone s )  

within Wharite Lithotype , that are many time s thicker than other sand­

stone units considered to have been deposited by turbidity current s 

and assoc iated depositiona l gravi ty flow proce s ses . 

B .  Ocean Bottom Currents 

At the t ime the turbid ity current hypothesis  wa s initially formulated , 

bottom currents in deep ocean environments were not know� tJ ex ist . 

However ,  bottom currents are now an attractive al ternat ive explanation 

for problematic flysch-type deposits s ince the ir exi stence has not 

only been demonstrated by direct measurement but also by analysis 

of  photographs of  the sea f loor . Oceanographic research has 

revealed the existence of  s trong bottom currents  in the oceans 

( Ho l l i ster & Heezen , 1966 ) . Current feature s such as rippl es , current 

lineations , and scour marks have been photographed at depths greater 

than SOOOm .  Current veloc ities up to 40 cm/sec have been measured 

( Hol li ster & Heezen , 1966 ) . The se veloc ities are con s i dered to be 

high enough to tran sport all grain sizes found in deep- sea sediments .  

These currents can rece ive their sediment load from al luvial flood 

debris and from material transported from submarine canyons by creep 

and slump . 

Arguments concerning a turbidity-current versus bottom-current origin 

for anc ient " turbidi te s "  largely stem from the compari son between 

anc ient flysch-type deposits widely interpreted as be ing the result 

o f  turbidity current deposition with recent deep-sea sediments which 

are bel ieved to be turbidite s .  Cr iticism i s  twofold : first , that 

deep-sea sediments are not turbidite s ; and second , that ancient 

f lysch-type depos its do not re semble Recent deep-sea sediments . 

Evidence aga inst a turbidite origin for Recent deep-sea sediments has 

been marshal led by Van der Lingen ( 1 969 ) . He po ints out that the 
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deep-sea sand and s i l t  bodies are general ly l en ticu lar and cl iscontinuous ;  

the percentage o f  matr ix varies greatly and c l ean , we ll-sorted sands 

may occur ;.. a s ingle type of sed imentary structure commonly 

occur s throughout a whole bed ; grad ing i s  far less common than in 

ancient flysch-type sed imen ts and typi cal " turbidite fac ies model " 

sequences are rare . Al l of  the se features may indicate bottom traction 

current activity . The overa l l  appearance of these Recent sed iments 

would tend to ind icate that they are not as s imilar to anc ient f lysch­

type depo s i ts as  some authors have sugge sted . 

Evidence against a turbidite origin for anc ient flysch- type rocks i s  

that they o ften show features that one would not expect t o  f ind in a 

turbidite depos i t , notably that they were laid down by currents which 

were not s lope -con trol led as  one would expect to find in gravi ty­

control l ed turbidi tes . Scott ( 1 966 ) found gravity-control l ed slumps 

which had moved at right angles to pal eocurrent direction . In  this 

context it is intere sting to note that Recent ocean bottom currents 

are not a lway s s lope controlled and often show a tendency to f low 

para l l e l  to bathymetric contours (Kl e in , 1 9 67 ) . As an attractive com­

promise , i t  seems possible that some o f  the material deposited by 

ocean bottom currents come s from an upslope source , the sediment 

being di spl aced down slope by gravity and then coming und er the bottom 

currents '  influence . The cont inuity and direc t ion of the ir flow 

would depend l argely on the sea-floor morphology and the hydrographic 

setting of the environment of depos ition . 

There are , howeve r , certain features of  anc ient flysch-type depos its 

which make an ocean bottom current origin less  l ikely . Difficult to 

expla in by bottom current depo sition is the common uni form thickness 

and great l ateral extent of  flysch-type bed s . with local exceptions , 

these beds have a constant thickness . Al though it i s  seldom possible 

to trace beds from on e outcrop to another in this area , predominantly 

because o f  l ack of  marker bed s , in some areas overseas bed s have been 

traced over d i stances of up to 100 km ( Kuenen , 1967 ) . 

c .  Discus s ion 

In conc lus ion , the cons iderable thickness of alternat ing very thin- , 

thin- and thick-bedded , graded units of  sand stone , siltstone and 

argill ite i s  cons idered to have been transported and depos ited pr in­

c ipal l y  by turbidity currents . Var iat ions in bedding thicknesses 

probably repre sent vary ing s ized flow and time period s  between 



succe s s ive inputs o f  detritus . The sed imentary charac ter i st ic s  of 

the thick to mas sive ungraded or very poorly graded , moderate ly wel l 

sorted sandstone beds are considered to be cons i stent with deposi tion 

by non-turbulent gra in flow processes that predominated during the 

final stages o f  depos ition . However , tran sportation of this material 

to the s ite o f  deposi tion was probably achieved by turbid ity current 

proce sses . 

The beds and l enses of  fine-grained conglomerate , most commonly found 
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at the base o f  thick and mas sive medium-grained sand stone units , were 

almost certainly transported and deposited by the same mechani sms . In 

view of the poor capabil ity of grain-flow processes to transport sedi­

ment any great dis tance , transportation of the coarser mater ials to the 

s ite of deposit ion may al so have been by turbidity currents and/or sandy 

debr is f lows . At the site of deposition , grain- flow and tract ion 

proce sses probably operated dur ing the final phase of depos ition . 

The thin poorly developed horizons of  pebbly mudstone are thought to 

have originated as debri s  f lows that deve loped into turbid ity currents 

which were capabl e  of transport ing f ine pebbles . These pebbl e s  were 

then deposited upon an argil laceous bed into which they were incorpor­

ated at the site of deposi tion . Pebbly mudstones are unl ikely to have 

been emplaced by debris f low activity because of the ir thin development ,  

l ack of  erosive contac ts at their bases and the absence of pebbles of 

l arger s i ze . 

In view o f  the predominance of : ( 1 )  very th in- , thin- and thick-bedded 

regularly alternating sequences of graded beds with preserved internal 

sed imentary struc ture s ;  ( 2 )  the poor deve lopment of very-thick and 

thick-bedded ma ss ive sequences of  sandstone ; ( 3 )  the poor deve lopment 

of thin beds of fine-gra ined conglomerate and total absenc e of coar se­

grained conglomerates ; and ( 4 )  the scarcity of thinly deve loped fine­

grained pebbly muds tones and total absence of  coar se -gra ined pebbly 

muds tone deposits , i t  is interpreted that the flysch-type sequences 

( Graded Bedded Lithozones )  compr ising each of the three Lithotype s in 

this area are distal facies  deposits e s sentially emplaced by turbidity 

current s and modi fied by other sediment gravity flow processes . The 

absence o f  bioc lastic l imestone , the pauc ity of primary calcareous 

matrix , the sparseness of fo ssils  and the textural immatur ity of the 

arenites are al so con sistent with such a proce s s . The wil l ingnes s  of  

most geologi sts to accept the se , when found together , as convinc ing 
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evidence for turbidi ty current deposi tion i s  based on voluminous accumu­

l ated data from anc ient deposi ts , modern environments and laboratory 

expe riments ( e . g .  Walker , 197 3 ) . 

Turbidity current deposit ion was per iodically interrupted dur ing the de­

position o f  mass ive units o f  ungraded sandstone (Sand stone Lithozone ) by 

grain f low or sandy debris f low activ ity and deposition of unsorted , 

arg i l l i te-dominated , debr is f low deposits ( Diamictite Lithozones ) .  

3 . 1  PALEOENVIRONMENTAL ANALYS IS 

The Torle s se has for a long time been con sidered by many authors to be the 

deep-water geo sync l inal faci e s  of the New Zealand Geosync l ine . I t  is 

widely accepted that most of  the sediments , regardless of  the ir processes 

o f  deposi tion , accumulated in an environment generally unfavourable for 

bottom dwe l l ing organisms and so usually contain few traces of l i fe . Only 

rare incursions o f  she l f  faunas are found amongst the sparse fossil  

as semblages that are preserved ( stevens & Speden , 197 8 ) . The textures of  

the sediments , the presence of  primary sedimentary s tructures and the 

pre servation of an occas ional fos s i l  indicate deposition may have occurred 

in a wide range of paleoenvironments from terre strial to bathyal . Paleo­

environmental analysi s  i s  e s sential ly concerned with determining : ( 1 )  the 

depth of depo s i t ion ; and ( 2 )  proximity o f  the depositional environment to 

a source area . Thi s  discuss ion examines several l ine s of  evidence ava i l -

abl e from : ( 1 )  internal and external sed imentary structures ;  to ( 2 )  com-

po sition o f  the sediments ; and ( 3 )  fo s s i l  evidence that collectively may 

provide indications o f  the depth of depo s i t ion . Other l ines of evidence 

such as : ( 4 )  textural and compo sitional features of  detr ital gra ins ; and 

( 5 )  beddi ng characteristi c s , strat igraphic thickness and lateral extent of  

the l ithotypes help establ i sh di stance from source area . 

3 . 1 . 1  DEPTH OF DEPOS ITION 

Flysch-type deposits are generally regarded as  deep-water sed iments (bathyal 

and abyssal ) by those authors accepting the turbidi ty current hypothes i s  

(Kuenen , 1 9 64 ; De Raaf , 1964 ) . However , not a l l  flysch-type sequences 

are o f  deep-water origin ( Mangin , 1962 ) . Unfortunately , very few obj ec t ive 

depth indicators occur in flysch-type deposits within the study area . Thi s  

di scus s ion i s  thus l imited t o  a smal l  number o f  cr iteria that may help 

define environmental elements of  the depo s i tion area . 

The sedimentary structure s described from the study area are o f  l ittl e use 
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in determining depth of depositional environment because they form under 

many condi tions and under water of almost any depth whenever a current 

move s across a sand surface . In deep water e nvironments the ir formation 

is  thought to be related to the pre sence of strong ocean bottom currents . 

Whether the se currents were produced by downslope mass movement ( debr is 

flows , grain flows ) or turbidity currents remains difficul t  to determine .  

The pre sence o f  these sedimentary structure s within a turbidite sequence 

is not considered to be sufficien t  evidence to assume a turbidity current 

origin because they are a l so known to occur in non-turbidite strata 

( Pryor & Barr , 1 968 ) . Nor is such an assoc iation indicative of deep­

water deposition becau se turbidites are simply a facies that may occur at 

the foot of a continental slope , within the ba sins of a continental 

borderl and , in a prodelta envi ronment , or even on some types of f lood 

plain ( Andrews et a l . ,  1 9 74 ) . with the use of other l ines of evidence 

such as  the absence of wave ripples , beach l ithologies ,  bioherms , large­

scale cross-bedding , channel features and thick deposits of well sorted 

sand i t  can be establ ished that deposition occurred at depths below wave 

base . 

Black arg i l l i te s  have been considered to accumu late in deep-water environ­

ments and are of pelagic or igin ( S tanley , 1 96 9 ) . However , the presence of 

a substantial s il tstone content wi thin argi llaceous interbeds in the study 

area suggests that the argi l l i tes were der ived and depos ited under s imilar 

conditions to the s i l tstones . The poor sorting , the angularity o f  c lastic 

grains , the abundance of unstabl e constituents and association with sand­

stone interbeds impl ies deposition of s i l t  and c lay together . Such a 

process i s  adequately explained by settl ing from suspens ion as  outl ined 

by the turbidi ty current model . It cannot be demons trated that the argil­

l aceou s material s are pe lagic in origin or  that they accumulated in the 

hadal or lower abyssal zones . 

The preservation o f  carbonaceou s mater ial and authigenic or biogenic 

deve lopment of pyrite cubes within argi l laceous interbeds and mas s ive 

argil l i te units could be interpreted as indicative of organic reduc ing 

conditions . Reduction may , however , take place in either shallow or deep­

water and pal eoenvironmental interpretat ions based on the presence of 

pyrite is  there fore inconc lusive . Al so , much of the pyrite present in 

this area is l ikely to be of d iagenetic origin . 

The presence of c hert in common associat ion with coar se c lastic deposits 

considered to be o f  shal low water origin has been used a s  an argument to 
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claim that some c herts may be shallow-water sediments ( Davis , 1 918 ; 

Tal iafero , 194 3 ) . However ,  the reali sation of the role of turbidity 

currents in bringing coarse terrigenous material far out onto the ocean 

floor led to a reassessment of this hypothesis . The pre sence of inter ­

calations o f  radiolarian chert within turbid ite-l ike successions is  con­

sidered to be one of the c learest l ines of evidenc e for deep-water de­

position ( Reed , 1957b) . It is thought that much of the radiolarian ooze 

on the pre sent ocean bottom is not the result of settl ing from a planktonic 

biota composed solely of s i l iceous organisms but rather due to planktonic 

communities that include both calcareou s ( e . g .  Globigerina ) and s i l iceous 

forms . When the resulting sea-floor sediment is predominantly sil iceous 

it is becau se mo st calcareou s tests have been destroyed by solution at 

depth ( Riedel , 1 9 5 9 ) . Radiolarian ooze forms only at depths suffic ient 

for calcareou s tests to be d i ssolved , that is , below the calcite compens­

ation depth , thu s l eaving radiolarians to accumulate (Fagan , 1 9 62 ) . This 

depth i s  l argely control led by temperature and in the Pac ific region is  

thought to range from 4 2 00-4 50Om ( Kennett , 1 982 ) . 

Rhythmical ly bedded chert and c lastic s have been found within flysch-type 

strata at only one local ity ( T24/4 92 944 ) .  Here , a 2 0m  thick unit of chert 

occurs within regularly bedded clastic l i thologies that are locally s i l ic ­

eous and comprise part o f  the Tamaki Lithotype . Cal careous siltstone 

lenses al so comprise this flysch-type sequence so the presence of carbonate 

in c lose proximity to chert requires explanation . This may be due to : 

( 1 )  the chert and inte rbedded clastics being deposi ted at depths greater 

than the calcite compensation level , the carbonate thus being of d iagenetic 

origin ; or ( 2 )  the calcareous sil tstone lenses are of pr imary or igin . 

This second alternative would mean much of the strata comprising the Tamaki 

Li thotype was deposi ted at depth s less than the calcite compensation level 

and that i n  all  probabil i ty the chert has been tecton ically interleaved 

into the Tamaki Li thotype . The chert i s  very sheared and the ad j acent 

c lastic strata show strong signs o f  tectonic deformation atypical o f  that 

seen e l sewhere within the Tamaki Li thotype . This sequence al so l ie s  along 

the strike of a Late Quaternary fault breccia zone . I t  is  thu s interpreted 

that at thi s local ity the chert has been infaul ted into the otherwise 

coherent-bedded Tamaki Lithotype . Thi s  view is  consistent with the non­

s i liceous nature of the Tamaki Lithotype el sewhere in the study area . 

The cal careou s s i l tstone lenses are there fore of pr imary origin and the 

sequence was probably deposited at depths of less than the calcite compen ­

sation l eve l . 
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Unidentified trace fos s i l s  are present at only one location ( see 

Sedimentary Structures ) . The enigmatic scarcity of a fauna and bioturb­

ation may be taken as evidence of a high rate of depos ition (at almost 

any depth ) or deposition at very great depths where animal l ife is absent . 

Unl ess more rel i able depth ind icators can be found , no depth conclus ions 

can be based on fos s i l  evidence . 

3 . 1 . 2  PROXIMITY OF SOURCE TO DEPOSI TIONAL ENVIRONMENT 

The compo s i t ion and texture of clastic l ithologies indicate that much of 

the sand and s i l t  fraction ha s been der ived from a mixed vol canic-plutonic 

terrane ( see Chapter 5 ) . The grains have s llffered l ittle c hemical al ter­

ation or physical abrasion . The angul ar shape and fresh appearance of  

the grains probabl y indicate rapid or short transportation from source 

area and poor sorting implies  rapid depo s i tion . Conver sely , the roundne s s  

of  pebbles within pebbly mudstones and intraformational conglomerates ind i­

cate substantial pebble abras ion pr ior to transportat ion to the area of  

deposition . As  mentioned previously , the turbidity current hypothesis in 

assoc i ation with other sediment gravi ty f low mechani sms best explains how 

the se materials may be tran sported and depo s i ted together . 

To preserve a thi ck flysch-type sequence ,  the most l ikely environment i s  

one that i s  consi stent ly deep and quiet  (Walker , 1 9 7 6 ) . The sediments 

accumu lated to a substantial thicknes s  within part o f  a depo s i t ional 

structure of geosyncl inal d imensions . 

Accord ing to the general hypothes i s  o f  turbidity current format ion , turbi ­

d i tes should b e  spread over huge d i s tances o n  the bas in floor . In this 

case , it should be pos s ible to trace individual stratum over great distance s .  

Outcrops in the study area are in mo st cases cross-sect ional views of  near­

vertical dipping strata expo sed within narrow stream channel s .  Lateral 

continuity of individual stratum has been traced for d i stanc es of  between 

l OO-3 0Om .  Greater l ateral continui ty of strata i s  suspected a s  rarely 

were bed s seen to be of  l enticular shape . 

In conc lus ion , the strata have more o f  the features that characterise 

di stal turbidites (Walker , 1 967 ) than proximal turbidites in which the 

poor development of intraformational conglomerates and pebbly mudstones 

i s  particu l arly s igni fi cant . From the above evidence , it  i s  suggested 

that the Torlesse compri s ing the southern Ruahine Range was depos ited in 

a marine environment with a transportational connective route to land but 

seaward o f  a continental s lope or r i se paleoenvironment in water of  an 
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unspec i fied depth but at least below wave-base . 

3 . 2  DEPOSI TIONAL ENVIRONMENT 

Extensive areas o f  fine-gra ined pe lagic and hemipelagic sedimentat ion 

together wi th sediment gravity-flow deposits s imilar to those documented 

from the study area form a l arge proport ion of submarine fan , continenta l 

rise and slope sequences . However , one of the most d i stinctive di fferences 

between submar ine fan and continental r ise and slope sediments is  reflected 

in the instability o f  s lopes . Di sruption and reorientat ion of sed iment 

into s l ides and chaotically de formed masses is usually very common on 

slopes . I n  contrast , the frequency and scale of these features on sub­

mar ine fans and rises are usual ly rel atively minor ( Cook et al . ,  1 982 ) . 

The absence o f  s lump features as wel l  as  the absence of features c haracter­

istic of continental rise and upper fan environments such as submar ine 

canyons and l evee bordered val l eys favour the interpretation that sequences 

of strata within the study area were most l ikely depos ited in c lose prox i ­

i ty t o  the midd le fan , lower fan and basin plain regions of the model . 

However , because the d imen sions of the submarine fan in this area are un­

known it is equally probabl e that sequences of strata c haracteristic of 

the study area repre sent overbank or levee deposits between widely spaced 

channel s in the upper fan region where channel s  only form a small percent­

age o f  the fan surface ( Howe l l  & Normack , 198 2 ) . 

Within the study area , strata compr i s ing the Very Thick-Bedded As soc iation 

consists of f ine- to med ium-grained sandstone in thick , lateral ly continu­

ous , mas s ive and often compo si te bed sequences . Minor scour and rare 

smal l-scale channel features are a l so present . Clasts of argil l ite occur 

along distinctive hor izons through predominantly ungraded sandstone bed s 

though faint parallel  laminations , dish structure and grad ing may al so be 

present . S trata compr is ing the Very Thick-Bedded As soc iation are commonly 

interbedded with Thi ck-Bedded Assoc iation in which case all gradations of 

characteristics o f  each Assoc iat ion occur , rendering it d ifficult or 

arbitrary to subdivide the uni t .  Both As soc iations are interbedded with 

Thin-Bedded Assoc iation ( see Table 2 . 1 ) . The Very Thick-Bedded Associations 

may Occur i n  a channeli sed setting , particularly but not exc lusively on the 

inner and midd le fan . The se very thick bed s reflect grain flow processes 

and when they are tran sitional to bed s of the Thin-Bedded As soc iation fluxo­

turbid ity currents are sugge sted ( Carter , 1 97 5 ; Middl eton & Hampton , 197 6 ) . 

Strata compri s ing the Thick-Bedded As sociat ion are fine- to medium-grained 

sandstones commonly interbedded with thin layer s of argil l ite . The sand-
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stone beds are c lassical turbid ites of  Bouma ( 1 96 2 )  and are of  uniform 

thicknes s  for considerable lateral distance s .  Normal grad ing is common 

and rare sole marks occur along sharp basal sur face s .  Thin layer s of 

f ine-gra ined intraformational conglomerate characteristically occur at the 

base of these sand stone beds . Top and bottom truncation of the Bouma 

intervals i s  common . Typically the se sequences consist of  repetitions of  

the Ta-e divisions suggesting that they were deposited c lose to their 

source (proximal ) (Walker , 1 98 1 ) . The Thick-Bedded Assoc iation is  generally 

associated wi th upper parts o f  channel - f i l l  sequences and with such non­

channeli sed settings as  middle fan fr inge , outer fan or even ba sin plain 

( Howe l l  & Normack ,  1 982 ) . The se sandstone bed s are primarily deposited 

by turbidity currents ( Kuenen & Migl iorini , 1 9 5 0 ;  Middleton , 1 9 6 7 ) . 

The Thi n-Bedded- and Very Thin-Bedded Associations consist of  thin inter­

beds of sands tone and argi l l ite with sand stone beds being tabular and 

persisting l ateral l y  for cons iderable distances . Each sandstone bed is  

typically graded and displays the upper parts of  the Bouma Sequence . 

Where the basal Ta sands tone bed i s  preserved it is generally less  than 

0 . 3m thic k .  The Thin-Bedded Association dominates the stratigraphic 

sequence mapped as  Graded-Bedded Lithozone . This Assoc iation is  transi­

t ional with strata compr i s ing thinner sequences of  Very Thin-Bedded 

Assoc iat ion and the Thick-Bedded Association with which it is interbedded . 

Thin-Bedded- and Very Thin-Bedded Assoc iations are regarded as traditional 

"di stal turbidite s "  though such thin-bedded turbidites actually occur in 

nearly all parts of  a submar ine fan as  wel l  as  on the basin plai n .  The se 

As soc iations in general repre sent deposition by low-density turbulent f lows 

( Howel l & Normack ,  1 98 2 ) . Parts of these As soc iations , however ,  are 

charac terised by a variety of internal -bedding charac ter istics includ-

ing flaser , wavy and di scontinuou s bedding , massive sand , and graded sand . 

Such features are thought to represent high-concentration gravity and 

traction flow processes typical of overbank or levee deposit s  that are 

most l ikely to occur in channel i sed environments of a submarine fan . 

The very high proport ion o f  argi l l ite compr is ing debris flow deposits 

( Diamictite Li thozones ) sugge sts that their source area was a site of ex­

tens ive f ine-grained argill i te and silt sed imentation . Such areas inc lude 

the cont inental r i se . Becau se continental s lopes are e specially suscept­

ible to mas s  movement , a high percentage of mater ial on the s lope may be 

al lochthonous . For ex�ple ,  up to 4 0- 5 0 %  of  some anc ient slope sequences 

cons i st o f  mas s  transport deposits ( Cook & Taylor , 1 97 7 ) . I f  so , the 
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presence o f  al lochthonous boulders , within Diamictite Lithozone s ,  some of 

which have been identified as  being of shal low water or igin ( see Chapter 

4 ) , can be expla ined in terms of debr i s  flow ac tivity resul ting from s lump 

movements on the continental slope or continental rise . 
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In 1 9 7 5  a fos s i l i ferous block of indurated micritic l ime stone ( T2 3/f7 5 3 0 )  

was discovered in the Pohang ina River val ley by Dr M J Shepherd ( Depart­

ment of Geography , Mas sey Univers ity , Palmer ston North) . Thi s  local i ty , 

T23/6602 3 5 , was revis ited in 1978  and the entire l ime stone block we igh­

ing 3 3 . 5  kg coll ected . The bulk of the block i s  lodged with the 

Department of Geology , University of Auckland . The remainder of the 

material is held in the Department of Soil Sc ience , Mas sey University 

( Table 4 . 1 ) . Fauna extracted from the l imestone have been submitted 

to the New Zeal and Geological Survey , Lower Hutt , for identification . 

The key faunal elements have been identified by H J Campbell (macro­

fauna ) , J E S imes ( conodonts ) and C P Strong ( foramin i fera) ( Appendix 

I l I a ) . Their prel iminary f indings and the s ignificance of key fo s s i l s  

i s  pre sented briefly in Appendix I I Ib . 

At a second loca l i ty ( T2 3/644 14 2 )  two spec imens ident i fied by G R  Stevens 

(pers com) as Retroceramus (Retroceramus) haasti (Hochstetter ) were 

found at T2 3/f 3 *  by the author in 1 97 8 . The se spec imens were found i n  

s i t u  within argi l l i te . They are lodged in the Massey Univer s ity Re fer­

ence Col l ection ( Table 4 . 1 ) . 

At a number o f  other local i t ies throughout the southern Ruahine Range 

boulders of fos s i l i fe rous conglomex"ate have been found only as loose 

bedload material wi thin stream channe l s . Rad iolarian chert i s  a l so 

present in the study area . Al l of these fo s s i l s  have been found in 

l ithologies compri si ng Whar i te Lithotype . As shown in Chapter 2 ,  

Wharite Lithotype i s  cons idered to be a me lange . 

FOs s i l i ferous , cal careou s s i l tstone occurs as  concretionary l enses or 

as thin interbeds in both the Whar ite and Tamaki Lithotypes .  

4 . 1  LIMESTONE BLOCK ( T2 3/f7 5 3 0 )  

Thi s  block was found i n  si t u  on the left bank of pohang ina River approxi -

* Fos s i l  loca l i ty number within the New Zealand Fossil  Record F i l e  o f  
the Geoloqical Soc iety o f  New Zealand based o n  the NZMS 2 6 0  metric 
map series . 



TABLE 4 . 1 :  Fos s i l  record date s from study area . 

N . Z .  M . U .  
Metric New foss i l  reference International 

record collect ion 
grid Zealand 

stage 
number number 

re ference stage 

MU 3 T23/6602 3 5  
Ore tian- Early 

T23/f7 5 30 Otamitan Nor ian 

T2 3 / f 3  MU 1 & 2 T2 3/64 4 1 4 2 Ohauan Middle 
Kimmeridgian 

* Identification by G R Stevens 

International 
period 

Late 
Triassic 

Late 
Jurassic 

Fos s i l  

Fos s i l i ferous block of 
l ime s tone 

*Re troceramus (Retroceramus ) 
haas t i  ( Hochstetter ) 

Col l ector 

M J Shepherd 

M Marden 

...... 
o 
...... 
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mately 2 . 3  kID upstream from the junction with Piripiri Stream tributary . 

I t  occurred 1m above normal river l evel and 4 - 6m from the edge of the 

active river channe l .  In outcrop the l ime stone block was conspicuous by 

its l i ghter grey-white colour contrasting against the black argi l laceou s 

matrix . Thi s outcrop forms part of a Diamictite Lithozone ( see Chapter 

2 )  wi thi n which other c l asts are predominantly of sand stone l ithologies 

with minor chert . The c lasts show no overa l l  preferred or ientation but 

the long axis of the l imestone block was near ver tical . No other frag­

ments of fos s i l i ferous l ime stone were found either at this local ity or 

e l sewhere throughout the southern Ruahine Range . 

Acid extraction o f  fos s i l s  produced a par ticularly d iverse fauna which 

include foramini fera , brachiopods , gastropods ,  bivalves , ammono id frag­

ments , crinoid and echinoid elements , ostracods (Appendix I l Ia )  and cono­

donts ( Appendices I I Ib and I I Ic ) . Comments on the ident ificat ion , in­

terpretation and significance of the fauna appear in Appendix I I Ib and 

are bas ed upon palaeon�ological work in progress at New Zealand 

Geological Survey . 

The age o f  thi s l ime stone block i s  Oretian which has been correlated with 

the Early Norian of the world Tr iassic ( Appendix I I Ib ) . The considerable 

age difference between thi s l imestone block and other dated fos s i l s  ( see 

below )  from thi s  area sugge st that this l ime stone is  allochthonous . 

4 . 2  RETROCERAMUS SPECIMENS ( T2 3/f 3 )  

Two incompl ete mou lds o f  Retroceramus (Retroceramus) haa s ti (Hochstetter ) 

( Fi g .  4 . 1 ) were found embedded in si t u  within an argi l l ite outcrop at 

T2 3/64 4 14 2 . Thi s outcrop occurs at stream level on the left bank of the 

southernmo st tr ibutary of Rokaiwhana catchment within a very steep- s ided 

gorge approx imately 1 . 4  km from the j unction of this tributary with 

Rokaiwhana Stream . The argi l l ite is mass ive , indurated and devoid o f  

recogni sabl e bedd ing features . There are n o  c l a s t s  of competent l i tho­

logies embedded within the argill ite . Faul t  plane shear surfaces are 

particularly we l l  developed in the vic inity of the fossil  local ity . The 

relationship of thi s fos s i l -bear ing l ithology within Whar ite Lithotype 

is , however , not c l ear . It may be part of a large faulted block or , 

al ternatively , part of the matrix compri s ing Wharite Lithotype . An 

autochthonous origin for the fos sils  i s  favoured but cannot be firmly 

establ i shed . 

These Retroceramus spec imens are of Ohauan age (Stevens , per s com ) . 

Thi s  correlates with the Middle Kimmeridgian of the world Tr iassic . 
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FIGURE 4 . 1 :  Spec imens of Retroceramus (Retroceramus) haasti (Hochstetter ) 

( T2 3/f 3 )  found within Rokaiwhana Catchment at T23/64 4 1 4 2 . 

Ident ification by G R stevens . 
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Rounded boulders o f  cal careou s conglomerate ( Fig . 2 . 2 3 )  have been found a s  

stream bedload but not i n  outcrop . They compr i se wel l  rounded some time s 

elongate c l asts o f  arenaceous and calcareou s l i thologie s .  The c lasts are 

embedded in an arenaceous matrix that has a substantial carbonate content 

( see Chapter 5 ) . The fos s i l s  are incorporated within the matr ix . 

Unidentified macrofos s i l  fragments are suspected . Micro foss i l s  include 

foraminifera , and possible bryozoans ( Fig . 4 . 2 ) . The fo s s i l s  have only 

been seen in thin section as acid extraction failed to produce a s ingle 

specimen . Identi fication o f  these fos s i l s  has not been attempted . 

4 . 4  RADIOLARIAN CHERT 

Dark red , haematite s tained cherts ( j aspers of Reed , 1957b)  contain poorly 

pre served radiolaria . Radiolar ian chert has been found at local ity T24/ 

4 9 2 944 . The radiolaria are seen in thin section as spherical casts . 

Many have a sol id outer ring struc ture of radiating needles o f  chalcedony . 

Central portions o f  the radiolaria consist  of cryptocrystal l ine quartz 

(Fig . 4 . 3 ) . Other che rts from this area contai n  spherical obj ects that 

have s imilar ly been repl aced by radiating needles of chalcedony . I t  i s ,  

however ,  uncertain whether these are pseudomorphs o f  radiolar ian casts or 

are spherul i tes of chalcedony . 

4 . 5  FOSSILIFEROUS CALCAREOUS S I LTSTONE 

Calcareous siltstones contain unidenti f ied spher i cal obj ects s imilar in 

appearance to rad iolaria seen in cherts in thi s area . The fo s s i l s  either 

have a sol id outer r ing s tructure with a core of infill ing calc ite in the 

form of ei ther spar ite or micrite ( see petrological sl ide NRS1 ) or have 

a porou s appearance ( see petrological s l ide RK1 5 , s l ide A) . They occur 

at local i t ies T24/484 924 , T2 3/5 1 2 0 3 9 , T2 3/566085 and T2 3/64614 5 . 

4 . 6  DI SCUSS ION 

Me lange terrane s within the Torlesse characteristical ly contain 

allochthonous block s many of which are foss i l i ferous ( Brad shaw , 1 97 3 ;  

Munday , 1 97 7 ; Feary & pe s sagno , 1 98 0 ) . 

The presence of allochthonous blocks indicates that mob i l i zation and sub­

sequent emplacement by 'either tectonic or sed imentary mechani sms ha s 

taken place . The absence of sheared margins separating the l ime stone 
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FI GURE 4 . 2 :  Fos s i l i ferous cal careous conglomerate contain ing fragments 
of foramini fera , and pos sible bryozoan . Thin section view 
from rock sample Mtu l ( Mangatuatou s tream)  at local ity T2 3/ 
5 6 2 1 1 3  x30 , plain l i ght . 

FI GURE 4 . 3 :  Radiolarian chert showing spherical rad iolar ia with double 
r ing struc ture . The rad iolaria have been replaced by 
chalcedony . Central portions of rad iolaria consist of  
c ryptocrysta l l ine quartz . Thin section view of rock 
sample MG l (Manawatu Gorge)  at local ity T24/4 9 2 944 , x 1 2 0 , 
plain l ight . 
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block ( T2 3/f7 5 3 0 )  from the encompas s ing argil laceous matrix ind icate s the 

poss ibil ity o f  empl acement by subaqueous mas s  tran sport processes , the 

mo st l ikely of which is debr i s  flow . On the other hand , the presence of 

numerous sheared surfaces be tween larger mappable units within the 

Wharite Lithotype tends to suggest that the l i thology in which the l ime­

stone block i s  embedded has been tectonical ly emplaced . In add ition the 

absence of sheared margins around the l ime stone block doe s  not neces sar­

ily exc lude tectonic emplacement . 

In contrast , the fossi l s  col lected at T23/f3 are thought 

poraneous with the argil laceous matrix in which they are 

contem-

ded . I t  

cannot , however , b e  proven whether t h i s  mas s ive unit ha s bee tectonically 

emplaced or represents sedimentation at the time o f  melange rmation . 

An autochthonous origin for the Retroceramus spec imens i s  fa 

The fos s i l i fe rou s calcareou s conglomerates are c learly al loc thonous but 

are of unknown age . I t  i s  interpreted that they were indura 

emplacemen t  within the melange having been eroded from an 0 1  

pr ior to 

terrane . 

Thi s  i nterpretat ion sugge sts that the fo s s i l s  contained with n the 

boulders are older than the t ime of mel ange formation as ind cated by the 

pre sence of the fo ssil  T2 3/f3 and therefore pre-date La te Ju assic time . 

The rad iolar i an c herts are of d iverse origins . Many of the arger blocks 

o f  c hert are considered to be al lochthonous whilst  thin bed s o f  chert 

interbedded within argi l l i te c l early repre sent s deposition . 

These c herts are cons idered to span a wide age range which 0 the basis  

o f  the age s o f  other contained fos s i l s  in the melange may ra ge from be­

tween Late Tr iassic to Late Jurassic . At present radio laria cherts 

wi thin Torlesse bedrock are o f  l i ttle stratigraphic s igni f i  nce . 

They may , however , prove to be potentially useful to date t age o f  

some o f  the source rocks associated with them in t h i s  melan e terrane . 

Fos s i l i ferous cal careou s sil tstones in this area 

dated and hence are of l i ttle stratigraphic use . However , 

rence o f  fos s i l s  within calcareou s s i l tstone lenses and int 

that c l early represent contemporaneous depo s i t ion with surr 

c l astic l i thologies , may provide a certain means of dating hese l itho­

logies . I f  so , the occurrenc e of fos s i l i ferous calcareous i l t stone , 

within c l astic sequences compr i s ing both the Whar ite and T 

Li thotypes could be utili sed to establ i sh whether or not a t  least some 

of the strata compr i s ing the se l i thologi e s  i s  of a s imilar r different 

age . 
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The di scovery o f  fos s i l s  of known age at localities T2 3/f7 5 3 0  and T2 3/ 

f3 within a melange compr i sing part of the Torl esse bedrock d 

the con s iderable age di fference between a l lochthonou s l itholo ies  of 

Late Triassic ( Oretian ) , Early Nor ian age and an essentially rgil lace­

ous matrix containing autochthonous macrofos s i l s  of (Ohauan ) iddle 

Kimmeridgian age . Thi s  relationship i s  further exempl i f ied b the 

presence of fos s i l s  of s imi lar age found to the north of the tudy area . 

These include : ( 1 )  a belemnite (Bel emnopsi s  keari Stevens ) a d a bi­

va lve (Pl euromya mi l l eformi s Marwick ) o f  Heterian age , found n a 

boulder in the Waipawa River catchment ( on the east s ide of t e Range ) 

by Te Punga ( 1 97 8 ) ; and ( 2 )  several species  of Monotis of Ea ly to 

Late Warepan age and spec imens of the brachiopod (Halorel l a  r 

n .  sp ) of Otami tan age descr ibed from the Oroua River catchme t ( on the 

wes t  s ide of the Range ) by Milne & Campbe l l  ( 1 96 9 ) . Munday ( 97 7 )  

located several addi tional sources of Monoti s fos s i l s  in the roua River 

area and recogni zed that some occur within a melange terrane h i l st 

others are from i n  si t u  outcrops of coherent terrane that l i  to the 

wes t  of the melange . 

As pointed out by Hsu ( 1 968 )  and Hsu & Ohrbom ( 1 969 )  the a s s ' gnment of 

a time-range o f  deposi tion to all  rocks in a melange on the 

the oldest and youngest foss i l s  found in such a melange is i 

Age determinat ions from al lochthonous blocks are c learly uns t i s factory 

for dating the age of empl acement of a melange terrane but d give : 

( 1 )  a maximum age for the enc los ing matrix i f  the exotic blo ks were 

empl aced by sedimentary proce s se s ; or ( 2 )  a maximum age to he melange 

formation if the blocks were emplaced tectonical ly . 

From fo s s il occurrences described here it  can be said that m lange 

formation has involved rocks of Late Tr iassic  age ( Late Karn ' an - Early 

Nor ian) to Late Juras s ic age (Middle Kimmer idgian ) .  At be s t  it  can 

only be assumed that melange format ion may have cont inued un il at 

least Late Juras s ic time or younger , yet predates metamorphi m of the 

Torlesse in thi s region , as both the matr ix and clastic bloc s show 

equival ent low grade metamorphi sm .  

Unti l  such t ime that more age determinations from thi s  and 

melange terranes are avai lable it would be premature at thi stage to 

sugges t  a more precise age for me lange formation in this ar a .  



4 . 7  FAUNAL ZONES AND LOCAL CORRELATION 

Strata compr i s ing the Torlesse have been divided into faunal one s  
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on the bas i s  o f  the age o f  fos sil  assemblages .  The lowe r hal of the 

North I s l and compri ses three ma jor faunal zones , the di str ibu ion of 

whi ch i ndicates regional younging toward s the east . The olde t 

Torlessia zone l ies to the we st of  a central Monotis zone , to the 

east of which l ies a Late Jurassic zone ( F ig . 3 ;  in Speden , 9 7 6 ) . 

The Tararua and Ruahine Ranges are included in the Monotis zo e on the 

bas i s  of Monoti s  fos s i l s  ( in Milne & Campbe l l , 1969)  from tw widely 

separated local ities . These occur to the south of this stud area at 

Otaki Forks ( S 2 6 )  and to the north of this study area wi thin Oroua River 

catchment ( S 2 2 , T2 2 ) . In  recent years Speden ' s  ( 1 97 6 )  zonal nterpretation 

has been compl icated by : ( 1 )  the d i scovery of a melange in 

River area ; and ( 2 )  the discovery of Late Jurassic foss i l s  

he Oroua 

rom the 

Ruahine Range . The impl i cations and s igni ficance of these f nds are now 

d i scussed in relat ion to the current interpretation of the d str ibution 

of the Monotis zone in the southern Ruahine Range . 

In the Oroua River area , 1 0  km to the north of the study ar is a zone 

of melange that i s  here considered to be the same melange m ped in this 

study as  the Wharite Li thotype . 

Some authors consider that each of  the local it ies at which speci-

mens were found within Oroua River catchment , occur within 

( Grant-Mackie , 1 97 5 )  and are hence al lochthonou s in origin . However , 

Munday ( 1 97 7 )  sugge sts that at least three of the Monotis 1 calities 

within thi s catchment occur in si tu within a ' bedded series that l ie s  to 

the we st o f  the melange . Of these three local ities the two easternmost 

ones occur in c lose proximity to the me lange and show s igns of  tecton ic 

deformation . The third loca l i ty l ies further to the we st d i s  rela­

t ive ly unde formed . Munday ( 1 97 7 )  argues  that the Monotis 

col l ected from loca l it ies ad j acent to the mel ange oc cur in lenses that 

repre sent a former bed which has been broken and sheared b tectonic 

movement but is es sentially i n  s i t u . I f  Munday ' s  interpre 

correct , the strata comprising the ' bedded series ' then re part 

of an in si tu westward younging Tr iassic terrane of Warep 

(Munday , 1 9 7 7 ) . A shallow water depo s itional environment or the 

Monotis spec imens within this terrane i s  then of cons ider ble s ignifi­

cance and the existence of  a Monotis zone in this area can be ver i fied . 
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Should the alternative interpretation be correct then the Mon tis  zone 

may requ i re revi sion . 

The rec ent di scoveries of fos s i l s  of Late Jurassic (Heterian Ohauan ) 

age in Rokaiwhana catchment ( this study ) and Waipawa catchmen ( Te Punga , 

1 9 7 8 ) , both o f  whi ch occur embedded in an argil laceou s matrix c learly 

indicates that some o f  the argillaceous component in the se ar as  i s  of 

Late Jurassic age . If i t  i s  assumed that these fossils  are utoch-

thonous it  is then h ighly probable that the Late Jurassic zon ( zone 5 

of Speden , 1 9 7 6 )  i s  more extens ive than was previously though and , in 

fact , compr i ses much of the southern Ruahine Range . 

would then incorporate not only the melange (Whar ite ) but 

also the bedded unfos s i l i ferous stratal sequences eastward of the 

melange , i . e .  Tamaki Lithotype of this area . Strat igraphic c rrel ation 

of the se Li thotypes with identical ' belts ' of unfossili ferous strata to 

the northeast of the study area in the Moorcocks Stream - Tuki River 

area ( Pohangina Mel ange and Kashmir Bel t , respectively , of S rli & 

Bel l , 1 9 7 6 )  together with the pre sence o f  a belemnite of Het ian age 

within Waipawa River catchment ( Te Punga , 1 97 8 )  are suggesti 

Late Jurassic zone i n  these areas a l so . Thi s  faunal zone ma also in­

corporate locality N1 5 0/f4 8 3  (of Heter ian-Ohauan age ) in the aewaepa 

Range ( eastward of the Tararua-Ruahine Range ) ( see Fig . 1 ;  Speden , 

1 9 7 6 ) . Thi s  Late Jurassic zone i s  dominated by Heter ian to auan 

aged fo ss il s . 

I f  i t  i s  accepted that melange formation continued unt il at east Late 

Jurassic  age then the presence o f  melange within the norther Tararua 

Range as identi fied in thi s study would i ndi cate that some 0 this Range 

i s  also part of the Late Jurassic zone of Sped en ( 1 97 6 ) . Me ange ha s 

been traced for 1 2  km southward o f  the study area to Pahi atu Track . 

Still  further southward the presence of vol canic and as soc ia ed l itho­

logies ( inc l ud ing l imestone ) s imi lar to those found in the s uthern 

Ruahine Range where they are restricted to melange terrane i sugge st­

ive o f  the presence o f  a melange here a l so . A l imestone bou der ( S2 6/ 

f12 ) from the Tauherenikau River 1 3 0  km to the sou thwest of he Pohangina 

River local i ty may have been eroded out o f  a mel ange in thi s  area . The 

d i str ibution o f  these l i thologies in the Tararua Range appea s to be con­

fined predominantly to the eastern s ide of the Range but a 4m ide me lange 

zone has been reported in the Otaki Forks area ( Rattenbury , 982 ) . I t  

i s  not considered l ikely that thi s melange i s  the same melan e that has 

been traced in thi s  study from the Moorcocks Stream-Tukituki River south-
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wards to the Pahiatua Track . The presence o f  autoclastic bre 

( Reed , 1957a , 1 957b)  in the Rimutaka Range , may al so represen melange , 

though not necessarily the same me lange that occur s in the so 

Ruahine Range . 

The full areal extent of me lange in the Tararua and Rimutaka ange s  wil l  

not be real i sed unti: detailed stratigraphic mapping of the s Range s 

has been undertaken . I f  it can be shown by fos s i l i ferous ev ' ence , that 

me l ange terrane in these Ranges is of a similar age to that ' the 

southern Ruahine Range , then the extent of the Late Jurassic 

require updating . On present evidence it  appears that much 

southern Ruahine Range should be incorporated within the Lat Juras s ic 

zone of  Speden ( 1 9 7 6 ) . Al so , it  i s  apparent that the extent 

Monotis  zone requ ires redefining and may need to be  restrict 

i sed areas where Monotis spec imen s can be cons idered to be a tochthonou s .  

On the basi s  o f  the present known distr ibution of Monotis sp that 

are considered to represent biocoeno se s , it is sugges ted tha the 

Monoti s zone be confined to the Otaki Forks area and perhaps inc lude at 

least one local ity in the Oroua River area . 

The i nferred pres ence of  a shallow-water depositional ent for 

Monotis in these areas i s , however , incompat ible with the fav red d eep­

water interpretation for sediment s  compri s ing much of the 

both e l s ewhere throughout New Zeal and and in the southern 

Range ( see Chapter 3 ) . Thi s  problem rema ins unsolved . 
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The results o f  this study are based on the examination of approximately 

2 00 petrological sl ides representat ive of most of the lithologies present 

in the study area ( see Chapter 2 ) . Spec imen numbers are prefixed by 

letters that denote the catchment from which each wa s collected ( Appendix 

IVa ) . Col l ec tion sites of most o f  the se spec imens are shown on a map 

( Appendix IVb ) . Rock samples and petrological s l ides are lodged in the 

Department of Soil Sc i ence Reference Col lect ion , Massey Univer s ity , 

Palmerston North . The Reference Col lect ion (MU)  numbers for spec imens in 

Appendix IVb are l i sted in Appendix VII . 

5 . 1  SANDSTONE AND S ILTSTONE 

Grain size i s  based on the wentworth ( 19 2 2 )  size c lasses . Samples from 

this area fal l into grai n  s ize classes ranging from medium sand to very 

f ine s i l t . The dominant size classes occur between medium and fine sand . 

All samples are dark- to l i ght-grey or green-grey when fresh and l i ghter 

in colour when weathered . 

The mo st charac teristic micro-textural feature is  the degree of sorting 

whi ch is generally poor but can be descr ibed as moderately good in some 

sampl e s . The poor sorting i s  attr ibuted to the presence of intrac lastic 

grains of predominantly quartz and fe ldspar , together with abundant rock 

fragments , embedded in a f ine-grained matr ix . The coarser gra ined l itho­

logies are more poorly sorted than the finer grain.ed lithologies . In the 

latter , better sorting is o ften assoc iated with grading and l amination , 

e .g .  P0 7 ,  Rk 1 6  ( Fig . 3 . 2 ) , WT l ( Fig . 3 . 4 )  and Rk l a .  Another textural 

feature is  the marked angularity of the c lastic grain s ,  varying between 

subangular to angular . However , a very sma l l  proportion o f  particl es , 

particularly the heavy mineral detrital grains , are subrounded . Such rocks 

have been descr ibed as micro-breccias by Reed ( 1 957b , p 1 3 ) . In contrast 

to c lastic grains , rock fragments tend to be rounded to subangular . 

Duc tile  deformation has produced local mortar texture , e . g .  Or 7 ,  Rk 1 3 , CO I O '  

Structures o f  sedimentary origin include load casts , flame structure and 

the presence of rip-up c lasts , ( see Figs 3 . 2- 3 . 6 ) . Microfaulting is evident 

in S l ide MkD a . 
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A detai led point-count analysis was not attempted as it was con sidered to 

be beyond the s cope of this study . Instead , compositional percentages are 

based upon microscopi c  examination of approximately 7 5  petrological slides 

for each of which the compositional consti tuents were estimated within two 

different fields o f  view and averaged . These estimates , though essentially 

sub j ective , are believed to be wi thin the correct order of magnitude as 

they do not di ffer markedly from point-count analyses of Tor lesse rocks 

elsewhere in the southern hal f  of the North I sland ( see Reed , 1 957b ; 

Zutel i j a ,  1974 ; Munday , 1 97 7 ;  Rowe , 1 98 0 ;  and Rattenbury ,  1 982 ) . 

Compo sitionally the sandstones and siltstones are essentially s imilar in 

that all  the ma jor components are present in both l i tholog ies and they 

differ only in their relative proportion s . The clastic grains are composed 

mostly of quartz , feldspar and mica . Clastic quartz forms between 1 5 %  to 

3 5 % , feldspar forms approximately 30%  and the micas form less  than 5% of 

most of the sand stone and s i l tstone s in thi s  area . Accessory c lastic 

grains approx imate 1% o f  the total rock compo s ition . Rock fragments are 

the most variable component ( 1 0-60% ) and are largely re spons ible for the 

textural appearance o f  these rocks . Sed imentary and volcanic rock frag­

ments predominante , while granitic and metamorphic rock fragments are sub­

ordinate . Matrix content varies from between 1 0% and 2 5 % . 

5 . 1 . 1  MINERALOGY 

A .  Quartz 

Clastic quartz in general compr i ses between 1 5 - 3 5 %  of the total composit ion 

and average s around 2 5- 3 0 % . Quartz grains are angular to wel l  rounded . 

The smaller grains tend to be more angular than larger grain s . However , 

fracturing of grains of a l l  sizes produces angular grains o f  med ium sand 

to very fine s i l t  grade . Grain size  is highly variable and ranges from a 

maximum o f  around 1 mm diameter , e .g .  Mg 3 ,  Rk 4  and Dn l to a minimum d i s ­

cernible s ize o f  less than 0 . 03 mm . 

Almo st all  o f  the quartz i s  monocrystall ine , c lear and strained . Grains 

di splaying undulose extinction show sl ightly biax ial interference figure s .  

Varieties o f  quartz i nclude polycrys tal l ine ( excluding cher t )  and wavy 

(quartz wi th undulose extinct ion ) and non-wavy monocrystal l ine quartz . 

Distinction between strained quartz and non-twinned feldspar , in the ab­

sence of feldspar staining techniques , proved d i f f icul t . Quartz recrystal ­

l isation i s  i nd icated by patches o f  intimately packed , ad j acent quartz 

grains , overgrowth s  and healed fractur e s . Recrystall i sed quartz pre­

dominantly occurs as vein and shear i nf i l l ing , examples of which are found 
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in  most s l ides . 

Inclus ions are common and include sericite , opaques and epidote mineral s .  

Inclus ions commonly form straight or curved rows across quartz grains , e .g .  

Rk 4  and Dn l . A number of grains show embayments o f  calcite and seric ite 

which indicate corrosion of the quartz grain or repl acement of the calc ite 

and/or seric ite . 

B .  Feldspar 

The average feldspar content i s  between 2 5 % and 3 5 %  but ranges between 1 5 %  

and 40% . Individual grains range in s ize from greater than 1 mm e .g .  MkD 7  

and Dn l t o  l e s s  than 0 . 1 mm and are variably shaped from angular , subrounded , 

i rregular to rectangular crystal form . 

Plagioclase predominate s over minor K- feldspar . Plagioclase composition as  

estimated by the Michel-Levy method was less than An z o .  Detri tal plagio­

clase d i splays both carl sbad and carl sbad-albite twinning but authigenic 

albite is genera l ly c l ear , unzoned and untwinned . Plagioclase grains 

commonly show signs o f  albiti sation and saus suriti sation , e .g .  Pr 3 .  Alter­

ation products include calc ite , opaques , seric ite and epidote group 

mineral s .  Alteration and replacement i s  evident along gra in boundar ies , 

twin plane s or cleavage planes . Complete replacement of entire grains i s  

common . Deformation twins , often bent , kinked and offset , are common , as  

i s  undulose extinct ion . 

K- feldspar occurs as c l ear microc l ine ( sections not showing twinning ) , 

twinned microcl ine or untwinned orthoc lase . Microcline twinning , e .g .  Pr 3 

and Ou z , perthitic strings , e .g .  Pr 3 and Mg 3 ,  ches sboard texture , micro­

graphic intergrowths and myrmek ite , e .g . Et 3 ,  Dn l and Pr 3 are apparent . 

c .  Rock Fragments 

Rock fragments were d ivided into three categories : sedimentary , metamorphic 

and plutonic,  and volcanic .  

Sedimen tary rock fragmen ts are mai nly silt stones and argil l ites though 

coarser-grained rock fragments of med ium sandstone s i ze are present 

in some sand stones . Rock fragments are subrounded to rounded and are o f  

variable size , generally less than 4 mm ,  e .g .  Dn l . Argill ite rock 

fragments of l arge s i ze may be the result of post-depositional de formation 

resul ting in the flatt�ning and e longation of arg i l l ite fragments around 

rigid grains , thereby as suming the appearance of patches of matr ix . s i lt­

s tone rock fragments have a higher argi l l aceous content than sandstone 
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rock fragments . S i l tstone and sandstone rock fragments were distinguished 

from the host rock by subtle differences in texture inc luding matrix con­

tent , sorting , packing , boundary continui ty and opac ity . The sed imentary 

rock fragments are of simi lar mineralogical compo sition to the host rocks 

are are probably l argely intra format ional . 

Metamorphi c and pl utoni c rock fragmen ts were di fficult to recogni se . In 

particular , metamorphic fragments that may be descr ibed as  phyll ites or 

sericite schists are not dissimi lar in composition or texture to very fine 

siltstones and argi l l i te s  from this area . The strong alignment of micaceou s 

constituent minerals i s  a feature of both supposed metamorphic rock frag­

ments , e .g. MkD 7  and Pr 3 and some very fine silt stones , e .g .  Or 4 '  Meta­

morphic rock fragments rarely exceed 1 rnrn length , are character istically 

e longate and are subangular . 

Plutonic rock fragments are subrounded to rounded and are an inconspicuou� 

component wi thin sedimentary l i thologies in this area . 

Volcanic rock fragments are o f  two types - intermediate and bas ic .Texturally and 

composi tionally they are identical to those described as l i thologic com­

ponents o f  the Wharite Lithotype . These rock fragments di splay trachytic 

to pilotaxitic and hyalopilitic texture . The ac id rock fragments are con­

sidered to have been derived from essentially rhyol itic and andesite lavas . 

The highly a ltered bas ic igneous rock fragments are considered to be of 

e ssential ly basaltic lava composi tion . Vol canic rock fragment s  are 

generally rounded to subrounded and vary in size from less than 0 . 1  rnrn to 

1 . 5  rnrn ,  e .g. Mte 6 and Mte 7 '  The main al teration processes affect ing vol­

canic rock fragments inc lude c hloriti sation , zeol iti sation and concentrations 

of authigenic opaques , predominantly pyrite . Lithologies rich in volcanic 

rock fragmen t content a l so tend to conta in a high percentage of chert frag­

ments . Consequently , chert fragments are included in the volcanic rock 

fragment category . 

Roc k  fragment content i s  particularly abundant in the coar ser-grained sand­

stone l i thologies bu t dimini shes rapidly with decreas ing grain size of the 

host rock . 

D .  Bioti te and Muscovite 

Biotite is the predominant ferromagnes ian mineral .  Normal brown pleochro i sm 

i s  shown by mo st grains . However , reddish brown and green pleochro ic 

varieties ( due to chlor ite replacement ) are a l so present , e .g. Pr 3 '  Mu sco-

vite accompanies biotite , though is far l e s s  plent i ful . Gra ins vary in 
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s i ze from around 1 rnrn length , e . g .  Pr 3 to minute or iented grains less 

than 0 . 05 rnrn long , e . g .  Or 4 .  Most grains are strained , kinked and have 

waxy extinction , e . g .  Co s .  Biotite and muscovite compr ise less than 5%  of 

the total rock composition o f  l ithologies from thi s  area . 

E .  Chlori te 

Chlor ite content can be as  high as 1 5 % ,  much of which occurs in the form 

of interstitial matrix of authigenic or igin . It occurs as a replacement 

product after biotite , e . g .  Co s ,  or as inclus ions , e . g .  ET3 . 

F .  Metamorphic Acce ssor ies 

Cal ci te i s  the mo st obvious and most abundant secondary replacement mineral , 

completely enveloping volcanic rock fragments and feldspar , e . g .  OU 2 and 

Pr 3 ,  replacing zeol i te and actively corroding quartz boundaries . Calcite 

occurs as a vein mineral predominantly in association with quartz and 

sericite , e . g .  Mg 3 and Rp 1 2 .  Calcite crysta l l isat ion i s , in general , the 

last recogn i sabl e  mineral phase . 

Quart z  recrysta l l i sa tion forms veins or i rregular patches of e i ther micro­

crystal l ine quartz ( chert-l ike ) or mosaics  of anhedral gra ins , e . g . MkA l , 

MkD 9  and Or 1 3 .  

Epi dote mineral s  mo st frequently result from al teration of plagioc lase or 

vol canic rock fragments . They o ften occur ad j acent to , or within , zones 

o f  quartz or quartz-calc ite f i l l ed veins and in zone s of deformation . 

Opaques are prin c ipa lly pyr ite , which occurs as irregular patches in the 

groundrnass , e . g . Co s or as inclus ions in plagioc lase , e . g .  OU 2 . Staining 

by opaque oxides i s  frequently concentrated along the margins of vein s , 

zones of shear , e . g .  MkD s  around the margins of rock fragments , e . g .  ET3  

and as concentrations along sedimentary l aminations , e . g .  WT 1 .  Opaques 

appear to occur in greatest concentrat ion s in the finer grained l ithologies 

and in particular are mo st prol i f ic in argillaceou s l i thologies . 

The presence of prehn i te and pumpel lyi t e ,  though wel l  documented a s  occur­

ring in Torlesse rocks i n  the Wel l ington area ( Reed , 1957b ; Rowe , 1 98 0 ) , 

was not establ i shed wi th confidence in thi s area . 

G .  Detr ital Acce ssories 

These include amphiboles , apatite , sphene , z ircon , epidote , c l inozoi s ite 

and augite , e . g .  Mte 7 and Rk 9 .  These accessory mineral s appear to be most 

abundant ln the coarse�grained l ithologies that have a high volcanic rock 

fragment content . 
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The matr ix includes a l l  mater ial , authigen ic or detrital , less  than 0 . 02 mm 

in s ize ( after Reed , 1957p ) that occurs interstitially . Matrix minerals 

inc lude chlorite , sericite , calc ite , feldspar , metal l ic opaques (pyrite 

wi th some leucoxene ) , non-opaque heavy mineral s  ( ?haematite/l imonite ) and 

carbonaceous material . Matrix content i s  high , var iabl e ,  and in general 

increases with : ( 1 )  decreasing s ize of c lastic grain s ;  ( 2 )  the degree of 

al teration of c l astic grains and roc k fragments ; and ( 3 )  where ductile  

de format ion has affected the rock . In the latter case the matrix content 

may be as high as 4 0- 5 0 % , e . g .  Or 7 .  

I .  Classification 

Sandstone and sil tstone l ithologies exami ned from thi s  area are predomin­

antly l i thic feldsarenites ( Folk et al . ,  1 9 7 0 ) . Volcanic rock fragments 

( including c hert)  are particularly abundant in some l ithologies ,  e . g .  

Rk 9 , ET3 , Mte6 and Mte 7 . These volcarenites are , however , restricted to 

the northeast of the study area where they occur in assoc iation with con­

glomerates rich in pebbles of vol canic compo sition ( see Sect ion 5 . 8 ) . 

Fine-grained l i thologi e s  tend towards a feldsarenite composition . Thi s  i s  

thought t o  be due to a reduct ion in the rock fragment content as  a conse­

quence o f  thei r  mechanical weakness and chemical instabil ity . 

A diverse range o f  sandstone and sil tstone l i thologies occur in each of 

the three mapped l i thotypes in this area . Thi s  diver sity i s  predominantly 

textural , be ing governed in the main by rock fragment abundance and com­

po si tion . However , as the rock fragments , detrital grains and secondary 

minerals are mineralogically identical it is conclud ed that the sand stone 

and sil ts tone l ithologies within each l i thotype have been derived from a 

common source . 

5 . 2  ARGILLI TE 

Al though argil l ites are a very common l ithology in the study area , they 

were not s tudied in detail as thei r  sma l l  grain size makes mineral identi­

fication di fficult . In  thin section , black argil l ites are seen to be very 

f ine sil tstones but d i f fer from other s i l tstones in this area in that they 

conta in a substantial c l ay content . The dominant grain s i ze l ies between 

0 . 06mm and 0 . 004 mm .  The typical arg i l l i te i s  black to dark grey in colour 

and i s  wel l  indurated . . Sedimentary features include micro-grading , e . g .  

ET2 ( s l ide B )  and f ine-bedd ing . Bedd ing i s  also indicated by a preferred 
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alignment o f  either mica flakes , e . g. ET2 ( s l ide A) , or matrix-poor silt­

stone c l asts , e . g .  ET2 ( sl ide A)  or matrix-rich mudstone clasts , e .g .  ET2 

( sl ide B) and WT2 . The mo st important micro- textural feature of the 

argil l i tes is the poor sort ing of c l astic grains , ma inly angular quartz , 

twinned feldspar , biotite and mu scovite lamel lae (often bent ) , embedded 

in a recrystalli sed c l ayey matr ix , e . g .  WT2 . The matrix consists of pre­

dominantly acces sory mineral s  i nc luding calc ite , epidote , seric ite , ill ites , 

carbonaceous material and opaques . The arg i l l ites thus show on a finer 

scale the micro-texture and mineral content typical of interbedded silt­

stones and sandstones . 

Interbedded red and green argil l ite have a simi lar fine-gra ined micro-texture 

and contain a mineral assembl age comparable to that of the black coloured 

argi l l i te , e . g. Rp 1 7 .  Direct evidence of bedding is absent , however ,  a 

strong preferred or ientation o f  elongate mica flakes , together with haema­

t ite concentration within distinct zones may repre sent a crude stratif ica­

tion , e . g. Rp 1 7 .  Some of the haematite staining i s  due to remobil i sation 

as i t  i s  concentrated along micro-fractures that cross-cut thi s  stratif ica­

t ion , e . g .  Wh l ( s l ide B ) . The green colouration of argi l l ites may be due 

to an increased chlor ite content . 

Micro-fractur ing , e .g .  Wh l ( sl ide B )  and minera l i s ed veins and fractures 

containing mosaic quartz , suggest that red and green argill ites have been 

subj ected to several phases of de formation . 

In outcrop , red and green arg i l l i tes encompas s  c lasts of competent l itholo­

gies includ ing c lastic s , vol canics and cherts . A fragment of cher t i s  

seen i n  sample Wh l ( s l ide B ) . 

5 . 3  CONGLOMERATE 

Four types o f  conglomerate have been recogni sed on the bas i s  of textural 

d i fferences . The first type consists of numerous pebbles set wi thin an 

argi l l i te dominated matrix , e . g .  Or 2 and Rk 6 . The pebbles appear to 

' float ' within the matrix as i f  the matrix has flowed around them . The 

second type consi sts o f  sparse , i sol ated pebbles embedded within a s ilt­

s ized matrix that has  a h igh component o f  fine-grained argil laceous 

mater ial , e . g. CR l ( Fi g .  2 . 1 1 )  and Mp l .  The th ird type con s i sts of pebbles 

set within a relatively argil l ite-free matrix of sand or silt size , e .g .  

Mte2 (Fig . 2 . 3 ) , Mh l ,  Mte 3 ,  0P 3 ,  ETl , Mte 4 and Mte a . The fourth type con­

s ists almost totally of pebbles with l ittle intervening matr ix , e .g .  Po 2  

and KO l .  
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In  a l l  cases the pebbles are subangular to rounded and in thin sect ion 

can be up to 1 cm across , e . g .  0p 3 . The pebbles compr i se an as sortment 

of sandstone and sil tstone (of coarse-fine grain sizes ) , argi l l ite , carbon­

ate ( e . g .  0p 3 )  chert and i gneous l ithologies ( e . g .  Mte 3 ) . Each of these 

pebble l i thologies i s  o f  s imi lar compo sition and texture to those already 

described as maj or l i thological components of the mappable l ithozones and 

are not described further . Pebbles of granitic and metamorphic origin 

occur in minor amounts , the former conta ining strongly perthitic k-feldspar s , 

e . g .  OP 3 and ET1 . 

The conglomerates from the Tamaki Lithotype contain pebbles of s imilar com­

posi tion to the rock fragment constituents of adj acent sand stones .  It i s  

interpreted that the bulk of the sediment compri s ing the Tamaki Lithotype 

was derived from the same source and is thought to be largely of intra­

formational origin . There are no apparent mineralogical differences between 

the pebble con stituents of these conglomerates and those from the Whar ite 

Lithotype . As many conglomerates from the Whar ite Lithotype have only been 

found as c l ast cons tituents within Diamictite Lithozone s ,  for which a debr i s  

flow origin h a s  been proposed ( see Chapters 3 and 7 ) , it i s  probable that 

they are allochthonous . However , because these conglomerates do not contain 

pebble l ithologies ' exotic ' to the Torl esse terrane , it  is cons idered 

l ikely that they are l argely of i ntraformational origin . 

Conglomerates were not found i n  strata mapped as  the Western Lithotype . 

Two important observations concerning conglomerates of the Tamaki and 

Whari te Lithotype s have been made . First , conglomerates found in the 

Tamaki Li thotype typical ly contain a very high percentage of pebbles of 

vol canic ori gin . The greatest concentration of volcanic-rich conglomerate 

bed s occur in the Mangatera foothi l l  and East Tamaki River area . The 

surrounding sandstones and s i l tstones in this same area s imilarly contain 

a very high percentage of vol cani c  rock fragments . westward of these 

local ities , but still  within the Tamaki Lithotype , these conglomerates 

occur as  thinner beds in fewer localities  and contain a l es ser proportion 

of volcanic pebble constituents . At the se l atter localities the vol canic 

rock fragment content within the surround ing sand stones and s i l tstone s also 

reflect a s imil ar trend . Thi s  we stward ( in the d irec tion of younging) 

decl ine in volcanic pebble content may s imply reflect a reduc t ion in 

vol can ic sed iment supply from the sourc e area or i ncreased supply o f  non­

vol canic sed iment from other sourc e  areas . 

Second , ductile  deformation appear s to have a ffected many of the conglomer-
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ates from the Wharite Lithotype particularly where mobili sation of the 

argil laceous matrix w i th fragmentation and rotat ion of pebbles of com­

petent l ithologies has apparently occurred . In contrast , there is  little 

s i gn of ductile de format ion hav ing occurred within conglomerates compr is­

ing a sandy matrix . Evidence of such deformation is  rare in conglomerates 

from the Tamaki Lithotype . 

5 . 4  AUTOCLASTIC BRECCIA 

Epi sodes of both ductile and br ittle deformat ion ( see Chapter 7 )  have 

affected many l ithologies in this area includ ing c herts , clastic s , vol canics 

and conglomerates , the characteri stic features of which can be recogni sed 

both in the field ( s ee Figs 2 . 1 3 , 2 . 14 and 2 . 2 2 )  and on a micro scopic scale . 

Autoclastic breccias from this area are c haracter i sed by the predominance 

of an argi l l aceou s matrix in which angul ar fragments of variou s rock type s 

are di str ibuted . 

On a microscopic scale a typical example RP l ( s l ide A )  consists  of angular 

fragments o f  c hert , vol canics and sandstone , the long axes of which are 

aligned in one direction . The surrounding argillaceous matrix appear s to 

' flow ' around the fragments . In o ther sampl es only fragments of one 

l ithology occur , the mo st common examples of which are e i ther arenites or 

c hert . 

In thin section most o f  the rock fragments have been recrysta l l ised . 

Abundant patches of mosaics of secondary quartz and calc ite occur through­

out the argi l l aceou s matr ix . Chlorite and/or sericite is a common con­

stituent in the argillaceou s matrix , within patche s of secondary mineralis­

ation and within recrystalli sed rock fragments . Epi sode s of vein formation 

preserved within rock fragments (particularly cherts )  ind icate that they 

have been reworked ( see Section 5 . 8 ) . Cal c ite and quartz are the dominant 

vein minerals but there is no d i scernible difference in composi tion between 

pre - and post-deformation ve ins . 

5 . 5  VOLCANI C  LI THOLOGIES 

Texturally and compositionally the vol canic rocks sampled from this area 

may col lect ively be re ferred to as spi l ite s . The al tered nature of the se 

rocks makes c l assi fication d i fficul t .  However , the majority are thought 

to be of basaltic composi tion , e . g .  Mk 4 , ( sl ide A ) , No . 1 ( 1 )  and Mk l .  

Fewer examples o f  ?d ioritic/gabbroic composition , e . g .  Mh s ,  Rk 2 ,  trachytic 

composition , e . g .  Mk 3 and ande sitic composition , e . g .  Mk s have al so been 

found . 
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In outcrop the mo st easily identif ied vol canic rock i s  that showing pillow 

structure , the individual pil lows measur ing 0 . 2 5m - 1m in diameter . The 

pi llows may be red or green coloured , the former var iety predominating in 

thi s  area . Lava has no t been found as strati form layers or as  cross­

cutting dykes but mo st commonly occurs as  i solated blocks embedded within 

either vol canic or c l astic argi l l i te , the blocks be ing found on ly within 

stratal sequences compr i s ing Whar ite Lithotype . The fol lowing descr ipt ive 

account of vol canic rocks from thi s  area is based upon samples found both 

in outcrop and as ' float ' mater ial compr ising bedload in stream c hannels . 

The predominant texture varies from intersertal , e . g .  RP 2 0  to sub-ophitic , 

e . g .  MG s .  Other 
.
features include tracy tic texture , e . g . Mk 3  and fluidic 

texture where bent l aths of plagioc lase with undulose ext inction are 

aligned around the r im of ve s icles , e . g .  �� 3 ,  Mk 2 .  Plagioclase laths in 

a var iol i t ic texture occur in a few samples , e . g . MG 3 and No . 2 ( 4 ) . One 

of the mo st apparent features i s  the presence of amygdules with diameters 

varying from 0 . 2  mm to 3 mm . The most abundant infill ings , in order of 

dominance , i nc lude calcite , chlorite , zeo l i te , quartz and opaque ox ide s of 

i ron . Combinations o f  minerals in ve sicles include c hlorite with calc ite , 

e . g . MkA 2 , Tk l ,  calc ite with opaque oxide s o f  iron , e . g . Mh 3  and chlor ite , 

calcite and opaques , e . g . MG s where chlorite forms a halo around the opaques . 

The groundmas s  o f  mo st of  these sampl es compr i ses a dense network o f  

irregular ly interwoven plagiocl ase laths t o  form a fel ted texture , e . g .  

Mk l  and Mk2 ' The intertices between mineral grains in some sl ides compr ise 

devitr i fied gl as s , e . g .  Mk4 ( s l ide A) and in other s compr ise c hlor ite 

heavily charged with opaque oxides , e . g .  Mk 6 . Interstices in the ma j or ity 

of s l ides comprise combinations of chlor ite , opaque oxides , calc ite and 

sporadi c  patches of quartz and epidote . 

5 . 5 . 1  MINERALOGY 

Mineralogically the vol can ic rocks are not d iverse and conta in predominantly 

albi te-oligoc lase , augite , chlorite , opaque oxide s ,  calc i te , epidote , 

i l l i tes , quartz and zeol ites in var iabl e proportions . 

Albi te is the mo st important member of the mineral assoc iation in these 

rocks . I t  occurs as phenocrysts (up to 5 mm length , e . g .  Mk s )  and as 

microl i tes ( ca 0 . 04 mm length) in the groundmas s ,  e . g .  Rp 2 0 .  Both pheno­

crysts and microl ites o f  albite conta in a great diver s ity of other mineral s 

as  inclusion s . In particular , phenocrysts of large size contain inc lusions 

o f  c hlorite , calcite , sericite , opaque oxides and epidote . Somet ime s only 
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the ou tline o f  the phenocrysts i s  observed , the area of  primary plagioclase 

being f i l led with a f ine-grained aggregate o f  the se mineral s ,  e . g .  Mk s and 

No . 1 ( 1 ) . In extreme cases the plagioc lase phenocrysts rema in only as  

pseudomorphs ,  e . g .  Mk s .  Secondary recrysta l l i sation of plagioc lase has 

taken place in some rock s  and is indicated by the presence of microlite s  

with i nd i stinct outl ine , e . g .  No . 1 ( 1 ) , RP 2 0  and RP 2 ( s l ide B )  and as  

c l ear patches o f  twinned albite that are devoid of inclusions , e . g . RP2 

( s l ide B ) . Recrystal l i sation also provides an al ternative explanation 

for the pre sence o f  a thin rim of plagioc lase surrounding phenocrysts that 

contain large areas of secondary mineral s  as inc lusions , e . g .  No . 1 ( 1 ) . 

The cloudy appearance o f  l arge phenocrysts may in some cases be due to 

saussuritisation , ser ic itisation or albiti sat ion , e . g .  Mk 3 •  

Both albite and carl sbad twinning has been observed in microl ite s and 

phenocrysts , e . g .  PW l and CR2 . Some of the large phenocrysts may have at 

one t ime been zoned , however , due to the presence of inclu s ious , cl ear 

examples o f  zoning were not seen in volcanic rocks from the study area . 

Deformat ion lamel lae occur in some phenocrysts , e . g . Mk 3 •  

Pyroxenes occur as l ar ge phenocrysts ( up to 2 rom in length ) , e . g .  Mk 4 

( sl ide A )  or more predominantly as  short stumpy granular crystals ( 0 . 2  rom 

in diameter ) , e . g .  Tk l .  Pyroxene s are absent from many s l ides but where 

present are undergoing repl acement by chlorite and/or calc ite , e . g .  Mk 4 

( sl ide A ) . Where pyroxene i s  relat ively fresh , aug ite ha s been ident i f ied , 

e . g .  CR2 . A sub-ophitic relationship wi th albite i s  evident in MG s .  

Chlori te appears as a ma jor constituent in most slides . I t  i s  mostly found 

diffused as f ine-grained me sostasis  between albite laths but a l so occurs 

as  secondary mineral s after pyroxene and opaque s or as  amygdules . I t  i s  

a l s o  found as  inc lus ion s within plagioc lase and as veinl ets with albite , 

quartz or calc i te . Spheru l i tes of chlorite occur in OP l and No . 1 ( 5 ) . 

Chlorite i s  represented by at l east four optical ly distingui shable 

varieties , o ften co-existing with each other and showing di fferent textures . 

Amorphous ,  f ibrou s and crystal l ine textures have been recogni sed . Some 

pale green chlorites are almost i sotropic , e . g .  CR2 , MkA2 and RP 2 0  whereas 

another variety o f  c hlorite is strongly pleochroic and shows c haracter­

i stic anomalous ber l ins blue interference colour , e . g . Rp s .  Some chlor­

ites are a deep emerald green colour , e . g .  MG s ,  whil st others with a 

hi gher iron content are green-brown in colour , e . g .  Tk l . 

Ca l ci te is a conspicuous mineral in  mo st s l ides as a constituent of the 

ground mass , as  inclusions in albite , e . g .  Mk s and pyroxene , e . g .  Mk4 
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( sl ide A ) , as amygdul e s , e . g .  Mk 4 ( sl ide A )  and Mk l ,  and as veinlets , 

e . g .  No . 1 ( 5 ) . Some calc ite filled ves icles  show dog-tooth texture , e . g .  

Mk l or pattern s o f  concentric infill ing separated by thin zone s o f  concen­

trated opaques ,  e . g . Mk s .  

Opaqu es . The opaque minerals haematite , rutile , pyr ite and leucoxene are 

present . Opaques occur in many forms . Haemat ite occurs d i s seminated 

throughout and as an integral part of the groundmas s  where it occupies 

interstitial areas , e . g .  CR2 or blankets l arge areas as  a dense concentrate , 

e . g .  MkA2 and Mk 4 ( sl ide A ) . Haematite imparts a characteristic black or 

red colour on these rocks . Pyrite occurs as  s ingle euhedral cubic grains 

or as an irregularly shaped clump o f  gra in s , e . g .  OP l and No . 1 ( 1 ) . The se 

may occur in the groundmas s , within ves i c l e s  or within phenocrysts of 

albite or pyroxene . Leucoxene occur s in Rk l O . Opaque s in the form of 

slender needle-l ike growths , e . g . No . 1 ( 5 )  and Mh 3 ,  arranged e i ther in 

trel l i s  pattern ( ?sagenite webs ) or at right angles to the margins of 

albi te laths , may be rutile . Opaques occur along fracture s ,  around r ims 

of vesic les , e . g .  RP2 0  and Mh 3 and in zones of de formation , e . g .  No . 1 ( 5 ) . 

Epi dote and cl i nozoisi te occur in Rk 2 as intergrowths . Cl inozo i s ite shows 

a characteri stic blue tinge on rotating the stage . Much of the epidote i s  

at a n  advanced stage o f  alteration and forms irregularly shaped brown 

patches that are o ften assoc iated with, l arge area s of chlor ite , mafics , or 

in zones of deformation , e . g . No . 2 ( 4 ) . 

Accessory Mi nera l s  

Qua r t z  occur s as  vein infill ing o r  i n  large irregular patche s as crystal 

mosaic s ,  e . g . RP 2 ( s l ide A) , MG 3 ,  Rk l O , and Mk 3 .  Quartz is more common in 

rocks that have been strongly recrysta l l i sed , e . g .  RP 1 9  and MkD 4 . 

Green Amphi bol e  occurs in sl ide Rk l l .  The crystal grains conta in inc lusion s 

of cubic opaques , c ircular patche s of quartz and irregular patche s of 

calcite . 

5 . 5 . 2  DEFORMATION 

Duc t i l e  de formation in many cases produces ' mortar-l ike ' texture in which 

a muddy fine -grained matr ix separates c lasts of the host roc k . Often 

rotation of the clasts and flowage of the matrix appears to have occurred , 

e . g .  Rp 7 .  Zones of de formation are heavily sta ined with opaques , e . g .  Rp 7 .  

Epi sode s o f  brittle de formation are indi cated by the presence of mineral 
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recrysta l l i sation , fractur ing and veining . Quartz , calc ite and chlorite 

are the prominent metamorphic mineral s ,  e . g .  RP 1 9  and No . 1 ( 5 ) . 

5 . 5 . 3  MAJOR AND TRACE ELEMENT ANALYSES OF VOLCANIC LITHOLOGIES 

A .  Introduction 

In recent years , geochemical analyses have been used as d i scriminants of 

magma types and for identi fying the or iginal tecton ic setting of meta­

morphosed basic vol canic rocks , particularly in those cases where this 

cannot be unambiguously deduced from the geology . The method , pioneered 

by Pearce & Cann ( 1 97 1 , 1 97 3 )  compares chemical element concentrations 

in a rock of unknown eruptive setting with their concentration in present 

day vol can ic rocks of known tectonic settings . 

Twenty three vol canic rock samples col l ected from the study area were 

chosen for ma j or and trace element analyses .  Fifteen of the se samples 

are from outcrop localities and e ight were found compr ising stream bed­

load material . Al l of these sampl es are from catchments drain ing 

Torlesse bedrock l i thologies mapped in thi s study as Wharite Lithotype . 

Major and trace element analyses were carried out by Dr B Ro ser , Victoria 

Univers ity , Wel l ington . These analyses are pre sented in Append ix IVc and 

sample localities are presented in Appendix IVb . Deta i l s  of analytical 

methods ( x-ray fluorescence ) and instrumental conditions used in maj or 

and trace element analys i s  are outl ined in Roser ( 1 98 3 ) . 

B .  Chemical Var iation s 

Vol canic rocks from the study area ( Torlesse terrane ) have been subjected 

to alteration proce sses , the e ffects of which have been mobil i sation and 

redi str ibution of many of the ma j or elements (Roser , 1 98 3 ) . The main 

agen t of elemental mobi l i sation and redistr ibut ion i s  low temperature 

seafloor alteration ( halmyrolys i s ) . Hydrothermal al teration may a l so 

contribute to elemental redistr ibut ion in some cases , e spec ially where 

vol canic l ithologies occur in assoc iation with mineral i sation . 

The effects of this elemental mobil i sation and red istribution , along 

with regional metamorphi sm ,  is the almost total mineralogical reconsti ­

tution o f  l i thologi e s  o f  essentially basal t ic composition for which the 

terms spi l itic lava ( Reed , 1 9 5 7b )  and metabasites ( Roser , 1 98 3 )  have 

been used . 

Most maj or element s  ( e . g .  K ,  Ca , Mg , Na , S i  and , to a le sser extent , Fe 
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and AI ) are mobile in rocks affected by the above processes ( e . g .  Cann , 

1 96 9 ; Pearce , 1 97 5 ) . Consequently , var iat ion diagrams of mobile  ele­

ments show no systematic variat ions with Si0 2 because mobil ity of these 

elements , together with Si02 mobili sation , obscure s original trends pro­

duced during magmatic proce sses . In d iagrammatic form , elemental mobi l ­

i ty and redi stribution i s  indicated b y  scatter (Fig . 5 . 1 ) * .  

Trace elements have been used succe s s ful ly as discriminants of magma 

type and tectonic setting . In basaltic systems , trace element s such as 

Rb ,  K, Ba , Sr , Th , Zr , Pb , Ti , P ,  Nb and Y behave as incompat ible 

elements dur ing magmatic processes such as crystal frac t ionation 

or partial me ltin g ,  and so will reflect the compos ition of the parental 

magma ( Saunders e t  al . ,  1 9 7 9 ) . Of the se elements Rb ,  K ,  Ba , Sr pb and 

perhaps Th are prone to redi str ibution as a re sult of al teration . On 

the other hand Ti , P ,  Y ,  Zr and Nb have been shown to be resistant to 

al terat ion processes ( Cann , 1 9 7 0 ; Coi s h , 1 97 7 ) . The relative stabi l ity 

of these  elements may be establ i shed by plotting their concentration 

against Zr , which varies systematically with igneous processes such as  

fract ional crystallisation ( Coish , 1 97 7 ) . Coherent trends against 

Zr reflect these proce sses , whil st scatter indicates that elemental 

mob i l i sation has occurred (Wood e t  a l . , 1 9 7 6 ) . Volcanic rocks from the 

southern Ruahine Range show sys tematic increases in TiOz , p z 05 , Y and Nb 

with increasing Zr content ( Fig . 5 . 2 ) . This indicates that the se ele­

ments are immobi le with respect to each other , and it can there fore be 

inferred that the elemental contents of these rocks repre sent original 

magmatic abundances . 

Magma types have been differenti ated on the ba sis of al teration-resi stant 

elements such as Ti , P ,  Y ,  Nb and Zr . Pearce & Cann ( 1 97 3 )  have shown 

that Y/Nb can be used as a parameter to d i fferentiate between alkal ine 

and tholei itic magma types even in highly al tered or metamorphosed 

basal ts . A Y/Nb ratio for thole i itic rocks is greater than 2 ,  for alkal ine 

rocks i s  less  than 1 and for transit ional rocks l ie s  between 1 and 2 .  

On this ba si s ,  e l even of the vol canic rocks from the study area are tholei­

itic , nine are transitional and three are alkal ine . 

The relationships of alteration-resi stant elements Ti , Zr and Y have al so 

been used to identi fy the tectonic setting o �  basa l t ic volcanic s (Pearce & 

Cann , 1 9 7 3 ) . 

* The se variat ion diagrams have been designed for rocks of basaltic com­
po sit ion . Trachytes from the study area are therefore not inc luded , 
e . g .  sample Mk 3 • 
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Thi s  i s  achi eved by us ing a Ti-Zr-Y discr iminat ion diagram , developed by 

Pearce & Cann ( 1 97 3 ) , which al lows vi sual d i scrimination between four 

magma types - intrapl ate basalts , ocean floor ba salt s ,  island arc low­

potass ium tholei ites , and calc-alka l i  ba salts . A Ti-Zr-Y plot for vol canic 

rocks from the study area (Fig . 5 . 3 )  shows that whi l st two samples are 

c l early of i ntraplate origin ( f ield D) most fall into the ocean floor 

basalt field ( f ield B ) . The fields of low-potass ium tholeiites and calc­

alkal i basal ts , however ,  overlap that of ocean-floor basalts on the Ti-Zr-Y 

d i scriminant plot . To c l early separate the se , other d i scriminant plots 

are requ ired ( see Pearce & Cann , 1 97 3 ) . However , for the purposes of thi s 

study i t  i s  suffic ient to i llustrate that the sample s from the study area 

are e i ther of ocean-floor or intraplate basalt composition with none of the 

sampl es fal l ing within fields A or C (Fig . 5 . 3 ) . 

Ocean floor basalts can also be separated from i sland-arc basal ts using 

Ti-Cr relations ( Pearce , 1 97 5 )  and N l content (Pearce , 1 9 7 5 ) . Both dis­

criminant methods demonstrate the ocean floor basalt character of the se 

samples . In general , ocean floor basalts are predominantly of basaltic 

composition and although differentiated rocks in the series ba sal t-andesite­

rhyo l i te do occur (Aumento , 1 9 6 9 ) , they are very rare . Ocean floor basal t s  

are general ly thol e iitic , but transitional and alkal ic var ieties occur in 

some areas , such as  the mid-Atlantic Ridge at 4 5
0

N (Muir & Til l ey , 1 9 64 ) . 

A further d i scr iminant plot , the Zr/Y-Zr plot of Pearce & Norry ( 1 97 9 )  

c l early demonstrates that the volcanic samples from the study area are 

chemically s imi lar to ocean- floor basalts of both mid-ocean r idge and 

intrapl ate nature (Fig . 5 . 4 ) . Most basalts erupted in an intraplate setting 

can be ident ified by their Zr/Y ratios ( Pearce & Cann , 1 97 3 )  o f  which those 

with the highe st Zr/Y rat ios are alkal ic (Fig . 5 . 4 ) in composi tion (Pearce & 

Norry , 197 9 ) . Samples of tholeiitic composition within the intraplate 

field sugge st that intraplate ba salts are not exclusively alkaline in 

nature ( Roser , 198 3 ) . On the basis  o f  ma jor and trace element analyses 

of 81 metabasite s , Ro ser ( 1 983 ) concluded that there i s  no defin ite 

evidence for an arc sett ing , with the samples he anal ysed be ing more or 

less evenly spl i t  between mid-ocean r idge and intraplate settings . Con­

firmatory evidence of the absence of island arc ba salts in th i s  area i s  

shown diagrammatically in Figure 5 . 5  where arc tholei ites a r e  c l early 

distingiushabl e from mid-ocean ridge basalts (MORB ) on the ba s i s  of 

Ti/V ratios . Arc tholeiite s  have Ti/V ratios of less  than or equal to 

20 whereas mid-ocean r idge basalts have Ti/V ratios of between 20 and 

50 ( Sherva i s , 1 98 2 ) . However , Ti/V ratios of individual samples are 

not as diagnostic of tectoni c  setting as  are trends defined by suite s  
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FIGURE 5 . 3 :  Ti-Zr-Y d i scriminant plot , after Pearce & Cann ( 1 9 7 3 ) . Fields 

A and B = low-potass ium thole i ites , Field B = ocean- floor 

basal ts , Fields B and C = calc-alkal ine basalts and Field D = 

i ntraplate basalts . Dots represent alkalic  samples , squares 

represent tran s i t i onal samples  and triangles represent 

tholeiitic samples . 
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F I GURE 5 . 4 :  Zr/Y-Zr discriminant plot o f  Pearce & Norry ( 1 9 7 9 ) . Field A = 

intraplate , Field B = mid-oce an r idge basalts , Field C = i sland 
arc basal ts . Dots represent alkalic sampl e s , squares represent 
transi tional s amples and triangles represent thol ei itic samples . 
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of related samples that exhibit a range in Ti and V abundances as  a result 

of fractionation . Dur ing fract ionat ion , MORE type magma evolves into 

magmas that have Ti/V ratios the same or greater than the pr imary MORE . 

Samples of  these magmas define a hypothetical path of frac tionat ion that 

initially parallels  the Ti/V = 20 trend l ine to then curve acro ss the 

constant Ti/V ratio l ine at low angles ( Sherva i s , 198 2 ) . Thi s  trend i s  

thought to repre sent fract ionation of a
' 

MORE type magma from a n  essential ly 

tho l e i itic to an alkal ic compos ition . Such a trend i s  thought to be 

c haracteri stic o f  mid -ocean ridge basalts
' ( Sherva i s , 198 2 ) . Though only 

poorly defined , due to the smal l number of samples anal ysed , samples from 

the study area show such a trend (Fig . 5 . 5 ) . The larger number of sample s  

analysed by Roser ( 1 98 3 )  has enabl ed him to e stabl i sh ,  with greater 

conf idence , a s imilar trend for sampl es from the Torlesse , Waipapa and 

Haast Schi st terranes . 

Sporli ( 1 97 8 )  suggested that the vol canic rocks of the Tor lesse terrane 

repre sent tectonic s l ices of ocean crust and al kal ic intrapl ate seamount 

vol canic s .  Thi s  sugge stion i s  supported by the chemi stry of sample s 

from the southern Ruahine Range (Torlesse terrane ) and by those of 

Roser ( 1 98 3 )  from the Tcrlesse , Waipapa and Haa st Schist terrane s . The 

volcanic l i thologies are thought to have been incorporated within grey­

wacke sed iments in an accretionary pr i sm at a subduc tion margin ( see 

Chapter 7 ) . 

The more s i l ic ic sampl es analysed in thi s study ( trachyte s and andesites ) 

may represent tectonically included fragments of  more dif ferentiated 

oceanic vol canic s ,  for example ,  a d i f ferent iated series  of lava s ranging 

from basalt to quartz trachyte has been descr ibed from the intraplate 

vol cano - Reun ion I s l and ( G i l lot & Nativel , 1 98 2 ) , and benmoreite s  and 

rhyo l i tes occur on Bouvet I s land on the mid-Atlantic Ridge ( Le Roex & 

Erlank , 1 982 ) . Thi s  interpretation should be viewed with caution how­

ever , as many of the vol canic sample s from the southern Ruahine Range 

were not found in si tu but instead occur as i solated c lasts within 

diamictites . I t  i s  therefore equa lly l ikely that the more s i l ic ic 

samples formed at a different tectonic setting to that at which the 

basal tic sampl es formed . Thus the mixed as semblage of vo lcanic roc ks in 

thi s area may repre sent eros ion products from more than one volcanic 

terrane . However , in view of the absence of  vol canic l i thologies ' exotic ' 

to the Torlesse terrane in the southern Ruahine Range , the former inter­

pretation is preferred . 
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Ma jor and trace element analyses of  vol canic l ithologies from the southern 

Ruahine Range have been used to determine magma type and to def ine tec tonic 

setting . Of the samples analysed , eleven are thol e i itic , nine transit ional 

and three alkaline . The se sampl es are s imilar chemically to oceanic 

basal t s , the ma j ori ty of which are considered to have been erupted in a 

mid-ocean ridge setting with the minor ity of sampl es appear ing to have 

c hemica l affinities characteristic of an intraplate setting . None of the 

samples appear to have been derived from an island arc setting . 

5 . 6  CHERT 

Red coloured cherts are heavily stained with haematite , e . g . Wh 3 .  Other 

cherts of white , cream , pink and green colourat ion appear to derive their 

colour from the presence o f  admixtures of  haematite , chlor itic minerals 

and carbonate , e . g . No . 1 ( 2 ) . Grey coloured cherts show varying fields of  

microcrystall ine to cryptocrysta l l ine si zed aggregates of quartz . Several 

episode s of veining have been recogni sed . An early set of  veins contain­

ing quartz have been offset by a subsequent set of chlorite veins . Both of 

the se sets of veins have in turn been offset by a later set of  quartz veins , 

e . g .  MG 1 .  

Quartz veins characteristically conta in euhedral crystal s  arranged in a 

mo saic . Other veins cons ist  of  f ibrous s i l ica (chal cedony ) arranged at 

right angles to the wal l s  o f  the vein , e . g .  Rp l S . still other veins con­

tain microcrystal l ine quartz , e . g . MG 1 .  Some veins have very sharp margins , 

e . g .  MG l but others have gradat ional or d i f fuse edges , suggesting that the 

mineral veins were growing at the expense of the host rock , e . g .  Rp l S .  

Chlorite showing anomalous blue inter ference colours i s  some times pre sent 

in quartz ve ins , e . g . MG l as  are ?prehnite needles , e . g .  Rp l S .  Carbonate 

( calcite)  replacement of quartz in veins is the latest recognised phase of 

mineral i sation . Calc ite replacement of the chert groundmas s  is a common 

feature and appears to be be st developed in those cherts assoc iated with 

copper bearing ores , e . g .  C0 4 .  

Pyrite occurs as disseminated grains throughout the groundmass in some 

cherts , e . g .  MG 1 .  Haematite occurs e i ther as a vein mineral , e . g .  No . 1 ( 2 )  

or i s  f inely scattered throughout the iron stained groundmas s , e . g .  MG l 

and Wh3 . Differing concentrations of  haematite define a crude parallel  

l ayering i n  sample No . 1 ( 2 )  that may repre sent a primary depositional 

feature . 
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Poorly pre served rad iolar ian casts occur in sample MG 1 .  In other sampl e s , 

spher ical obj ects replaced by radiat ing needles of chalcedony may represent 

pseudomorphs of radiolar ian casts , e . g .  No . 1 ( 2 ) , or spherul ites of s i l ica . 

5 . 7  CALCAREOUS LITHOLOGIES 

5 . 7 . 1  MI CRI TIC LIMESTONE ( BI OMICRITE ) ( T2 3/f7 5 3 0 )  

Thi s l imestone ( Po s )  cons i sts of  a micritic groundmass and numerous frag­

ments of a d iver se microfauna ( see Chapter 4 ) . Rock fragments include 

both c l astic and bas i c  vol canic l ithologies . Secondary mineral s  include 

patche s of  mosaic quartz and sparry calc ite together with d i sseminated 

specks of  opaques (pyr ite j . Traces of  prehni te are present , thereby ind i ­

cating that t h i s  a llochthonous block of l ime stone of Late Tr iassic age 

has not been sub j ected to metamorphism of a higher grade than the surround ­

ing c lastic sed iments o f  Late Jurassic age within which i t  i s  embedded . 

5 . 7 . 2  CALCAREOUS S I LTSTONES 

The ma jority of l ithologies of calcareous composition are replaced s i l t­

stone s .  Repl acement ha s occurred to varying stages , ranging from a lmost 

complete repl acement by micrite , e . g .  No . 1 ( 4 )  or  microspar , e . g .  MG4 to 

partial replacement ,  e . g . Rk l s  ( s l ide A ) , Mh 4 and MG 6 .  

Detr i tal gra ins of  feldspar , quar tz , mica and heavy minera l s  are common 

constituents . Carbonaceous or argi l l aceous material i s  pre sent in sample 

MG 6 ·  Disseminated iron oxide (pyrite ) is a common const ituent , e . g .  Rk 1 s  

( sl ide A) , and NRS 3 ( s l ide B ) . Haematite occur s either as  a concentrate 

along vein or shear margins , e . g .  No . 1 ( 6 )  or as  a l ight reddish stain 

throughout the groundmass , e . g .  MG 4 .  Cros s-cutting veins or pod s o f  sparry 

calcite and mosaic quartz , e . g .  OP 2 and No . 1 ( 6 )  are of secondary origin . 

Of fset veins i nd icate that several epi sode s of  veining have occurred , e .g . 

wh 4 .  

Microfossils  occur in sampl es Rk l s ,  NRS 1 , Mh 2 and NRS 3 a  and 3b . Some have 

a double-r ing structure o f  which the outer r ing may be sol id , e . g . NRS l or 

the outer r ing may be porous , e . g .  Rk l S  ( s l ide ) . The central portion con­

sists of  a structureless infilling of calcite . Others have been whol ly 

replaced by either sparry calc ite or micrite . They r ange in size from 

0 . 05 - 0 . 4  mm in �iameter and have tentat ively been ident ified as radiolar i an 

and po ssibly some foramini fera . Pr imary sed imentary structur es such as  

discont inuous laminae pre present in sample Wh 4 . Spherulitic texture was 

observed in sample Mp 2 .  Cone- in-cone structure compr ising f ibrous calcite 
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was observed in sample Un2 ( sl ides A and B ) . Riedel shear s as  sites of 

secondary quartz crystal l i sation are pre sent in sample No . 1 ( 4 ) . 

5 . 7 . 3  CALCAREOUS CONGLOMERATE 

The l arge buf f-co loured calcareous pebbles so obvious in the field ( Fig . 

2 . 2 3 )  are ei ther almost pure micrite or calcareous siltstones , e . g . Mtu l , 

Rk )  and Rk 3 .  These pebbles are embedded in sandstone matrix compr is ing 

rock fragments , heavy minerals and detr ital grains . Rock fragments in-

clude chert , c l astics and fine-gra ined vol canic s .  Detrital grains inc lude 

quartz , feldspar and micas . The matrix has in places been replaced by 

secondary calcite . Cal c i te replac ement of detrital quartz and part icular ly 

feldspar is  evident . Pyr ite is  a minor but obvious const ituent of these 

conglomerates ,  e . g . Rk 3  and is seen in outcrop as pyr ite nodules  (Fig . 2 . 2 3 ) . 

Microfossils  ( see Chapter 4 )  have been found within the matr ix of samples 

Mtu l and Rk l  ( sl ide A ) . The l arge cal careous c lasts appear to be unfossil i­

ferous . However , ind i stinct spher ical casts similar to those seen in 

calcareous sil ts tone l ithologie s e l s ewhere and tentatively identi fied as  

microfossils  are present in sample Mtu l ( s l ide B ) . Macrofo s s i l  fragments 

also appear to be present within the matrix of these calcareous conglomer­

ates , e . g .  Mtu l ( s l ide B) and Rk l  ( sl ide A ) . 

5 . 8  PROVENANCE 

Sand stones and siltstones examined from each of the three l ithotypes are 

textural ly and compositional ly simi lar , the constituents of which are 

thought to have been der ived from a common source . Composit ional and 

textural immatur ity of the sand stones and s i l t stone s and the enormous 

volume of the Torl es se indicate a substantial cont inental source . The 

high quartz and feldspar content , the pre sence of perthitic and myrmeki tic 

textures in Some gra ins and moderate mica content suggest that the bulk of  

the mineral constituents was der ived from a quartzofe ldspathic plutonic 

provenance . 

In general , sedimentary rock fragments predominate , volcanic ( includ ing 

chert ) and carbonate rock fragments are abundant while metamorphic and 

plutonic rock fragments occur onl y in minor amounts . The predominanc e of  

sed imentary and vol canic rock fragments indicate a mixed source . The 

rarity of plutonic rock fragments in sand stone as compared to the abundance 

of  pl uton ic grains may be explained if plutonic rocks had been broken down 

to the ir constituent grains by weather ing and transport be fore reaching 

the s i te of deposi tion , or 1f the plutonic grains were reworked from older 

Torlesse rocks . 
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Conglomerate pebbles a l so indicate a mixed source , the compo sition of the 

consti tuents being of s imilar proportions to the l ithic rock fragment 

content in sand stones and siltstones . However , plutonic and metamorphic 

pebbles are more conspicuous in conglomerates than in sandstone s with many 

showing strongly perthit ic k-feldspar , e . g . OP 3 and ET j . 

An anomalously high concentrat ion o f  volcanic rock fragments within sand­

stones and of volcanic pebbles within conglomerates occurs in the Mangatera 

foothill  and East Tamaki River areas . Thi s  may be explained by fluctuations 

in the rate of supply of detritus from the mixed source areas . The high 

proportion of vol canic l ithologies is al so suggestive of rapid or short 

transport and/or rapid deposi tion be fore breakdown of the vo lcanics to 

their consti tuent grains can occur . Wel l -rounded conglomerate pebbl es of 

quartzofeldspathic sand stone and argil l ite are sugge stive o f  reworking . 

These and other pebble constituents (particularly vol canic and chert )  con­

tain minerali sed cracks and ve ins not present in the host rock , thereby 

ind icating that they were der ived from an older terrane that had been 

buried and indurated pr ior to upl ift  and eros ion . Many conglomerates of  

po st-permian age , e l sewhere in New Zealand , are al so bel ieved to have been 

derived by cannibalistic reworking of older Torlesse rocks ( Andrews et al . ,  

1 97 6 ;  Smal e ,  1 9 78 ; MacKinnon , 1 98 0 ) . Quantitative evidence for rework­

ing is given by MacKinnon ( 1 98 0 )  who showed that most sandstone c lasts 

compris ing conglomerates are indist ingui shable from coeval or older 

Torl e s se rocks . 

Vol cani c  rock fragments in sandstone s  and silt stone s and volcanic pebbl e s  

in conglomerates are identical i n  composition to lavas found i n  the study 

area . Chemical analyses o f  the latter ind icate that they are of  mid-oc ean 

ridge (ocean plate boundary ) and intraplate (ocean plate ) origins ( see 

Section 5 . 5 . 3 ) . These l avas of essentially basaltic composi tion and 

associated cherts are l ikely to be older than the proposed Late Jurassic 

age of deposit ion of the bulk of the sand stone , siltstone and argill ite 

within which they are incorporated ( see Chapter 4 ) . An indication of the 

l ikely age dif ference between the se materials is  prov ided by Feary & 

Pessagno ( 1 98 0 ) . They dated radiolaria from c hert within Ear ly Cretaceous 

Torlesse rocks of the North I s land as being of Early Jurassic age , that i s , 

about 5 0M years older than the foss i l s  in the surround ing greywacke sed i­

ments . 

Provenance o f  the l ime stone block at T23/f 7 5 3 0  and o f  calcareou s conglomer­

ate boulders i s  unknown . Both are fo s s i l i ferous and c learly of shal low 

water origin , yet occur within unfo s s i l i ferous sed iments of d eep mar ine 
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or igin . The known Late Triassic age o f  the l ime stone block ( see Chapter 

4 )  ind icates that it i s  a l lochthonous . Thus a similar origin and age i s  

proposed for the undated , fos s i l i ferous calcareou s conglomerates . Carbon­

ate pebbles of simi l ar l ithology occur within c lastic conglomerates ind i­

cating that the former are also likely to have formed part of  the Tor lesse 

source terrane . The se al loc hthonou s l ithologies are of the same metamorphic 

grade as the sequence s  wi thin which they are now contained , thus ind icat ing 

that the source terrane had not been subj ec ted to metamorphism of greater 

than the prehnite-pumpe l lyite grade . 

It i s  not known which , i f  any , of  the l ithologies de scr ibed above occurred 

together in the same source terrane ( s ) . The d iversity of l i thologies now 

compri s ing the l i thotypes within the study area ind icates that they were 

derived from mixed source terranes .  The age of  these former source terranes 

is largely unknown but at l east some of the l ithological components wer e  

eroded from a terrane compr is ing Late Tr iassic aged l ime stones . 
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C H A P  T E R 6 

LATE QUATERNARY TECTONICS 

6 . 0  PREVIOUS WORK AND CONTI NUING INVESTIGATION 

142 . 

Many early geologists made mention , and real ised the significanc e , of  

major fault l ines border ing the flanks of  the nor thern Tararua Range 

and southern Ruahine Range in the vic ini ty of the Manawatu Gorge , ( e . g .  

Thomson , 1914 ; Ongley & Will iamson , 1 9 3 1a ) . Firth & Feldrneyer ( 1 94 3 )  

and OWer ( 1 94 3 )  were first to prepare geological maps o f  this area 

upon which faul ts are shown . These were later incorpora ted on the 

maps of Dannevirke Subdivis ion by Lil l ie ( 1 9 5 3 ) . The most recent geo­

logical map of thi s area is  at 1 : 2 5 0 000 and portrays the faul ts known 

to be active or inactive ( Kingma , 196 2 ) . A number of unpublished 

theses contain addi tional information on the faults in the v ic in ity of 

the Manawatu Gorge . Theses by Rich ( 1 9 5 9 ) , piyasin ( 1966 ) , Grammer 

( 1 97 1 ) , Carter ( 1 96 3 ) and zute l i j a  ( 1 974 ) are most use ful . 

To moni tor secul ar and earthshift deformat ion in this region , the New 

Zealand Geological Survey has insta l l ed a survey pattern acro s s  the 

wel l i ngton Fau l t  immediately to the north of Woodvi l le (Bl ick , 1 97 6 ;  

1 97 7 ) . 

6 . 1  FIELD METHODS 

The fault traces shown in the mapped area (Fig . 6 . 1 ) are based upon 

aerial photograph interpretation and extens ive field mapping dur ing 

which deta ils of features not cl ear ly visible on the photographs were 

plotted and field measurements made . Extensive field reconnai s sance 

wa s nece s sary becau se much of the area is heavily bu sh c lad , so many 

geomorphic features  associated with fau l t  activity are masked by vege ­

tat ion . I n  such areas l i near feature s ,  though su spec ted of be ing 

faul t s ,  are initial ly mapped as  l ineations because of  the lack of  evi­

dence supportive of fault activity in the field . However , in most 

instances the ma j or l ineations visible on low altitude aerial photo­

graphs and Landsat images can be verif ied in the f ield by the location 

o f  fault plane s with or without gouge , and/or fault crush zone s .  

Eastward and westward f�owing streams draining perpend icular to the 

s tr ike of the major northeast trending faul ts provide the ma jor ex-
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posures supportive o f  faulting . 

Al l traces that demonstrate posi tive evidenc e of Late Quaternary faul t­

ing are shown on Map 4 .  Measurements o f  l ateral displacements were 

made by pacing . Vertical measurements were recorded where possible but 

on s lope� l ateral offset commonly precluded accurate determination of 

vertical d ispl acement . S imilarly , vertical d i splacement on slopes 

commonly precluded accurate determination o f  lateral offset so only 

scarp heights could be noted in such cases . 

Tho se features that may be explained by other causes suc h as  gravity 

movements have been shown using a d ifferent symbol . These inc lude 

slumps , r idge-top scarps ( gravity fault  traces of Beck , 1968 ) , r idge­

top benches and r idge-top depre ssions ( Tabor , 1 97 1 )  that invar iably 

paral lel topographical ' highs ' .  They are l ikely to have been tr iggered 

by earthquake s but are not in themselves of tectonic origin . A relation­

ship between ma j or fault zones and the incidenc e of large- scale slump 

movements in this area i s  c learly establ i shed (Marden ,  1 981 and Chapter 1 0 )  . 

Topographical features o f  tec tonic origin that do not in themselves 

show po sitive evidence o f  Late Quaternary fault ing but together define 

traceable fault traces are shown with the use of symbol s  (Appendix Va , 

Abbreviations - Tec tonic Data ) . The se traces have been mapped in this 

way because the absence of measureabl e d i splacements of Late Quaternary 

age in the vicinity of the traces prec ludes determination of the age of 

the last per iod o f  faul t movement . Such traces are nonetheless con ­

s idered to be active ( see Classif ication o f  Fault Act ivity ) . Where the 

sense of vertical movement i s  known for the se features of tectonic 

origin the symbol s  used to denote them are placed o n  the upthrown s ide . 

Steepl y inclined beddi ng pl ane faul t s  and low-angle thru sts within 

Torle s se bedrock are i ndi cated on Map 4 with str ike and d ip symbo l s . 

In the west o f  the mapped area features o f  tectonic origin are poorly 

preserved within Plio-Ple i stocene mar ine deposits that flank the 

southern Ruahine Range . Here many l arge- scale gravity movements , al­

though pos s ibly triggered by earthquake shaking , cannot be shown to  be 

al igned along known Late Quaternary faul t traces . The ir presence , 

however ,  may be rel ated to a monoc l inal structure that parall e l s  the 

maj or tectonic fault  traces in this area . 

Faults o f  pre-Late Quaternary age are predominantly contact faults  be-
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tween Torle s se bedrock and the over lying p l io-Pl e i stocene marine de­

po sits . Re j uvenat ion of movement along mo st of the se contacts i s  often 

d i fficul t to e stabl i sh because of the absence of Quaternary surface 

feature s in the vic inity of the contac t faul ts . However , Late Quaternary 

d i splac ement along contact faul ts can be demonstrated at several local­

ities  in  thi s area , indicati ng that these faults may be rejuvenated . 

Thi s  evidence i s  justi ficat ion for including all  contact faults on the 

Late Quaternary map (Map 4 ) . It should be noted that the unconformabl e  

contact between Torl esse bedrock and younger sediments i s  not everywhere 

a fault  contact . 

6 . 2  NAMI NG OF FAULTS 

As a result of the numerous stud ies involving faul ting in the local 

area a number o f  ma jor fault  traces have been renamed many t imes . For 

those faults with traces l argely confi ned to the local area , an estab­

l i shed name proposed by a previous author has been adopted . However , 

there i s  one exception . The trace of Wel l ington Fault has been del ine­

a ted from Wel l in gton to the Manawatu Gorge and northward s on to Lake 

Waikaremoana as  a continuous trace ( Lensen , 1958 ) . within the local 

area , near Kahuki ( T24A/4 7 0890 ) ,  the Wel l ington Fault trace spl in ters 

i nto two traces , the northern extensions o f  which are referred to as  

the Ruahine and Mohaka Faul t s  ( Kingma , 1 9 62 ) . The name Ruahine Fault  

has  been adopted for the westernmo st fault trace . However , the name 

Wel l ington Fault (Wellman , 1948 ) has been c hosen in preference to Mohaka 

Faul t .  The tectoni c  s ign i fi cance and regional extent of thi s trace , 

along which Late Quaternary movements are evident throughout its  l ength 

is the justificat ion for the use of the name We l l ington Fault in the 

mapped area . Newly di scovered fault trace s  have been ass igned names 

l arge ly derived from the local area . 

6 . 3  CLASSIFICATION OF FAULT ACTIVITY 

The c lassif ication o f  act ive faults i s  that descr ibed in detail by 

Officers of the Geological Survey ( 1 9 7 9 ) . The dating of movements on 

a faul t is based upon the age of the deposit or sur face d i splaced by 

the fault trace . Where the age of the reference sur face is not 

accurately known , the hi story of fault movements become s particularly 

d i fficul t to relate to an absolute time scal e . Fortunatel y ,  dur ing 

the course of thi s study a number of rad iocarbon dates ( Appendix Vb ) 

have been obtained from di spl aced reference deposits in the vicinity 

of the Wel l ington Faul t .  These date s indicate the approx imate age of 



the di spl aced surface but do not indicate when di splac ement occurred . 

Thi s  allows for only average rates of fault  di splacement to be cal­

culated . 
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In the mapped area the Wel l ington Fault has repeatedly displac ed al luvial 

terrace surfaces of pre-Ratan , Ratan ( 3 0-40 OOO years B . P . ) , (Mi l ne , 197 3 a ) , 

Ohakean ( 1 0  000 to 2 5  000 year s B . P . )  and Holocene « 5  000 year s B . P . ) 

age . Throughout the l ength of this Faul t ,  fresh d i splacement features 

are common and i t  has therefore been classified as a Class I Act ive 

Fault . The James Hill  Road Fault d i splaces an al luvial terrace sur face 

of Ratan age . Repeated movement is suspected , however a lack of evi ­

dence for movement i n  the last 5000 year s ind icates that i t  i s  a Class 

I I  Active Fault . The Mangarawa Fault displaces surfaces of pre-Ratan 

and Ratan ages . Repeated movement can be demonstrated . Movement along 

thi s Fault ha s not occurred in the last 5000 years , therefore it has 

been classif ied as  a Class I I  Active Fault . Coppermine Road Fault  d i s­

places alluvial surfaces o f  Ratan and Ohakean age . As the youngest of 

the d ispl aced surfaces is not thought to be as  young as  5000 year s B . P .  

and because more than one movement cannot be demonstrated , this Fault 

has been c la s s i fi ed as a Class I I  Active Faul t .  Beagley Road Fault 

d i splaces mar ine deposits o f  Pl io-Pl e istocene age onl y .  The t iming of 

di spl acement is unknown but becau se the str ike and phys iographic ex­

pre s s ion o f  thi s fault i s  s imi lar to those above and because it  l ies in 

c lose proximi ty to them , Beagley Road Fault i s  a l so classif ied as  a 

Class I I  Active Fault . 

The Makohine , Whareroa , Umutoi , Centre , Mangatera and Ruahine ( in south)  

Faults are contac t faults separating Torl esse bedrock from Pl io­

Ple i stocene mar ine depo s i ts . The absence of geomorphic features 

suggest ive of rec ent fault di splacement is interpreted as ind icating 

they have not been active during the last 5000 years , nor is evidence 

of movement over the 5 000 - 5 0 000 year period preserved . Only one 

period of movement can be demonstrated and this may have taken place 

during the 50  000 - 5 00 000 year per iod . However , because the Late 

Quaternary trace of Wel l ington Fault coinc ides wi th the contact between 

Torlesse bedrock and Pl io-P leistocene mar ine deposits at several local ­

ities , and because Whar i te Fault i s  a contact fault showing c lear s ign s 

o f  Late Quaternary di spl acement , it i s  considered that a l l  contact 

faults in  the mapped area may be ' potential ly Active Faults ' .  support­

ive evidence inc lude s �imi lar str ike and physiographic express ion be ­

tween contact and active faul ts . 
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The Ruahine Faul t ,  by virtue of its location within the Ruahine Range , 

i s  very poorly pre served . Severe eros ion within upper catchments ha s 

l argely removed fault d i splaced phys iographi c  features along it , so 

most of the evidence for locating this fault i s  based on outcrops of 

fault gouge within Torlesse bedrock . Absence of fault d isplaced sur­

faces of known age preclude any classification of activity of the 

Ruahi ne Fault . As mentioned above , this fault i s  in part a contact 

fault ,  displacement along which may have taken place during the 50 000-

500 000 year per iod . As with other contact faults in this area , some 

of which show definite s i gns o f  Late Quaternary di splacement , the 

Ruahine Fau l t  is considered to be a ' potentially Active Fault ' .  

The classification o f  those faults that di splace exhumed surfaces of 

marine planation carved i nto Torlesse bedrock i s  uncertain . Good pre­

servation o f  features of tectonic origin such as  are seen along 

traces of the Totara , Cross Road and De laware Faults suggest that at 

l east one period of fault  d i splacement has taken place as recently as 

Late Quaternary t ime . It is not con sidered l ikely that the se faul t 

traces have been exhumed . At present these faults are classif i ed as 

Late Quaternary fau l t  traces . Repeated movement cannot be proven on 

these faul ts so a c l as s i fication of activi ty cannot be presented . 

Te Punga ( 1 95 7 ) identified several l arge-scale active struc tures re­

ferred to as  ' l ive anti c l ine s ' lying to the we st of and parallel  to 

the Ruahine Range . within the mapped area Pl io-Plei stocene mar ine de­

pos i ts have been upwarped into a monoc l inal structure that ha s in 

places been faul ted without forming a d i screte sur face trace . The 

Pohang ina Faul ted Monocl ine i s  a structure along which continued upl i ft 

could result in further fault d i splacement . Such feature s are classi­

fied as  ' potential ly Active Faults ' .  

The maj or ity o f  fault planes shown on Map 4 coincide with bedding or 

foli at ion strike within Torlesse bedrock . These faul t planes are con­

s idered l ikely surfaces for potenti a l  future movements e ither along the 

same plane or along para l l e l  planes and therefore are cons idered to be 

in an ' Active Bedding Fault Area ' .  

6 . 4  FAULT TRACE DATA 

Each local i ty where data have been recorded i s  identif ied by a three­

digit number fol lowing the relevant N ZMS 260 quar ter sheet numbe r . 

Thi s  data po int number i s  plotted on the upthrown s ide of the faul t .  
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The data ( Appendix Va ) have been stored in a retr ieval system as part 

o f  a wider programme . 

Hor izon tal and vertical of fsets of data po ints l i sted in Append ix Va 

are , in gene ral , the components of net offset acros s  the fault of a 

corre latabl e feature . Where two or more traces of the fault are pre sent 

the net o ffset i s  usual ly the algebraic sum of the offsets on each 

trace . Where only one component of the offset (either vert ical or hor i­

zontal ) i s  l i sted , post-faul ting modi fi ca tion of the feature such as  

r iver eros ion , may have occurred . In cases where mod ification has de­

creased the amount of apparent offset ( for example ,  cutting back of a 

terrace r i ser ) , the measurement l i sted i s  a minimum for offset of the 

feature . A vertical o ffset for a terrace r iser by convention , refers 

to the surface at the top of the riser . 

The scarc i ty o f  d i spl acement data along al l but the Class I and I I  

faul ts in  the mapped area does not perm i t  hori zontal or vertical d i s ­

pl acement rates , or per iod ic ity of movement t o  be calculated, 

6 . 5  HI STORIC DISPLACEMENT 

No fault  d i spl acements within h istori c  t ime s ( s ince c .  187 0 AD ) have 

been recorded on fau l t s  in the mapped area . However , in 1 9 3 1  dur ing 

the Hawkes Bay earthquake ( 1 00 km to the northeast ) there was cons ider­

abl e ground d i spl acement and mas s  movement ( Hender son , 1 93 3 )  some of 

which occurred in parts of the northern Ruahine Range ( Conl y ,  1 9 8 0 ) . 

S imi l arly the Wairarapa ear thquake ( 7 0  km to the southeast ) i n  1 9 4 2  was 

a l so accompan ied by local ground d i splacement and mas s  movement (Ongley , 

1 94 3 a , 1 943b ) . 

6 . 6  DESCRIPTI ON OF ACTIVE FAULTS 

6 . 6 . 1  WELLI NGTON FAULT 

The Wel l i ngton Faul t demarcates the eastern margin of the southern 

Ruahine and northern Tararua Ranges over much of the ir length . The Late 

Quaternary trace of Wel l ington Fault cons i sts of an almost unbroken 

l ineament of fau l t  features that can be read i ly traced throughout the 

l ength of the mapped area , a d istance of 45 km .  

I n  the far north o f  the mapped area the trace solely d isplaces Torlesse 

bedrock and del ineate s the base of the Range . It separates the main 

axi s  of the Range to the west from the Mangatera footh i l l s  to the east . 



The main channel s  of the Rokaiwhana stream , west Tamaki River and the 

upper reaches of Cattle Creek drain along the trace for cons iderable 

di stance s .  Here the surface trace o f  Late Quaternary fault movement 

coinc ides with earl ier d i splacements which resul ted in con siderable 

vertical movemen t  to form the Range . 
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Further to the south , the trace in part coinc ides with the contact be­

tween marine deposits of Pl io-Plei stocene age to the east and Tor lesse 

bedrock to the we st . In the far south o f  the mapped area the trace 

d i splaces marine deposits of Pl io-Plei stocene age and Late Quaternary 

fluvial terraces within drainage channe l s  of ma jor eastward drain ing 

streams . Here the express ion of the latest movement on this fault con­

sists of a near continuou s princ ipal trace which in places bi furcates 

into short di scontinuous traces to the we st of , and paral lel to , the 

principal trace ( see Parallel Traces ) .  I n  addition , Late Quaternary 

fault  di splacement , poss ibly associated with movements along the 

Wel l ington Faul t ,  has involved creation of splay faults lying to the 

east of thi s trace . These splay faults inc lude Mangarawa , Beagley Road , 

James H i l l  Road and Coppermine Road Faults . Splay faults to the west 

of the pri ncipal trace of We l l i ngton Fault  include De laware Fault and 

an unnamed fault  at T24B/2 07 ( Inset B ) . 

A .  Vertical Displ acement 

Measurement of the true vert ical component of fault displacement i s  

restricted to a few localities only . This i s  because in most instances 

po st-d i splacement aggradation and/or eros ion have mod i f ied the true 

value of di splacement for a reference surface . The amount of Late 

Quaternary vertical displacement along the trace of Wel l ington Fault  

has not been uni form because in some local ities  older sur faces are  dis­

placed by l esser amounts than surfaces of younger age . For exampl e ,  a 

surface of ?Porewan age at T2 3D/6 S 3-6 S 4  has been displaced by O . Sm 

whereas mo st surfaces of Ohakean and even Holocene age have been dis­

placed by equal or  greater amounts ( se e  Dat ing and Correlation of Fault 

Displaced Late Quaternary Al luvial Terrace Surfaces ) . Al so sur faces of 

s imilar age have been displ aced by varying amounts . For example , the 

greatest amount of measured vertical d i splacement is of a sur face o f  

?Porewan age . At T24B/2 38 this surface has been vertically d i splaced 

by abou t 1 0m whi l s t  at T2 3D/64 S -64 7 it has only been d i splaced O . Sm to 

2 . Om .  I t  therefore seems l ikely that e i ther reversal s i n  the direction of 

vertical d i spl acement have occurred or vertical displacements have been 

differential along the length of We l l ington Fault . 



The upthrown s ide along the We l l ington Fault  changes repeatedly , the 

change s in some cases being as soc iated with small change s in strike 

(compare T24A/026 wi th 0 3 2 , Inset E ,  and T2 3 D/694 with 695 , Inset A ) . 
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In general , New Zealand ' s  faults  are not ent irely reverse , transcurrent , 

or normal in character , but are hybr ids resul ting from shear under 

either tens ion or compre ssion ( Lensen , 1 9 7 6 ) . The changes in upthrown 

s ide ( Lensen , 1964 ; 1 968a ) imply that the angle between the strike of 

the dominantly tran scurrent fault and the PHS (Princ ipal Hor i zontal 

Shortening) di rection i s  c lose to the critical angle at which a sma l l  

change i n  the strike o f  the fault results in a change from the rever se 

to a normal component and vice versa ( Lensen , 1962 ; Lensen & Otway , 

1 9 7 1 ) . An easterly swing in strike i s  assoc iated with a change in up­

thrown s ide from the southeast to the northwest . S imilar changes of 

upthrown s ide with changing str ike have been demonstrated along faults 

in Marlborough ( Lensen , 1 962 ) and along other sections of Wel l ington 

Fault  ( Lensen , 1 9 6 9 ) . Changing upthrown s ide with time but wi thout 

changes in strike has been demonstrated by Lensen ( 1 964 ; 1 968b , 1 969 ) 

for faul ts wi th a strike c lose to that o f  a purely transcurrent fault .  

I n  a l l  cases reversa l s  occurred in post-glac ial time and imply either 

a smal l  dextral c hange in PHS direction or a small sini stral rotation 

of the eastern part of New Zealand ( Lensen , 1 9 7 6 ) . 

Duri ng the per iod o f  rapid upl i ft of the Ruahine and Tararua Ranges it  

is  considered l ikely that the vertical component of upl ift was largely 

control l ed by fau l ts bordering the flanks of these Ranges .  In part icu­

l ar , much of thi s vertical upl i ft took place along the steep eastern 

flank of these Ran ges and would there fore have been control led by the 

We l l ington Faul t .  During thi s per iod of upl ift the western s ide o f  

Wel l ington Faul t was up thrown relative t o  the eastern s ide . Present 

day evidence along the Late Quaternary trac e of Wel l ington Fault indi­

cates a c hange in upthrown s ide to  the east  of the trace . Much of the 

evidence for an upthrown eastern s ide i s  pre served in Pl io -Plei stoc ene 

mar ine deposi t s  and Torl esse bedrock . Fault d i splaced al luv ial terrace 

surface s of Ohakean and Holocene ages are equally  upthrown ei ther to 

the east or to the west s ides of the trace . Al though exceptions are to 

be found , i t  appears that the late st phase of upl ift i s  to the east of 

the Wel l i ngton Fau l t  trace . 

Repeated vertical upl i ft during Late Quaternary time s can. be demonstrated 

at T2 3D/691a ( Inset A )  and T24B/205a ( Inset B )  where older scarps have 

been re j uvenated by more recent movements along the same trace . At both 
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localities the rejuvenated scarps d i splay small amounts of ver tical up­

l i ft of 1m and O . 5m ,  respectively . At the latter local ity the re j uven­

ated scarp has been partially modi fied by man . El sewhere , rejuvenated 

movement along existing traces has resulted in scarp collapse , for 

example at T24B/ 2 2 9  ( Inset C) . Evidence of repeated vertical upl i ft 

in  earl i er Quaternary times i s  pre served in the form of truncated spurs 

in Torlesse bedrock along the faul ted eastern flank of the Range ( see 

Truncated Spurs ) . 

B .  Horizontal Displ acement 

The mo st common evidence for horizontal d i splacement in this area is in 

the form of shutter r idge s , where the ridge is di splaced acros s  the 

path of a dra inage channel and results in offsetting the channe l .  Al l 

the shutter r idges in thi s  area involve dextral di splacement of either 

Pl io-Ple istocene marine deposits or Torlesse bedrock . Amounts of 

shutter ridge di splacement involving mar ine strata vary from a maximum 

range o f  80- 90m ( T2 3D/6 38 and T23B/244 )  to a minimum range of between 

2 0 - 3 Om ( T24B/254  and T2 3 D/64 2 ) . Di splaced shutter r idges in Torlesse 

bedrock can be seen at loca l i ties T2 3 D/7 8 0 , 7 8 1  and T2 3B/296  in 

Rokaiwhana S tream catchment . At each o f  the se local ities hor i zontal 

offsets of approximate ly 2 5 0m have been measured from aerial photo­

graphs . These are minimum values o f  offset s ince the lead ing end of 

the ridges have been reduced in length by subsequent fluvial eros ion . 

At T24B/2 0la a spur compri sing l ime stone o f  Nukumaruan age has been 

hori zontally  displaced by 2 0m .  At T24B/2 l 8  and T24B/224  streams have 

been o ffset by 2 0m and 3 5m ,  respective l y ,  by dextral transcurrent move­

ment . The mo st importan t d i spl acement occur s where a terrace ri ser of 

?Porewan age has been offset at T2 3D/ 7 2 6  ( Inset I ) .  Here there i s  a 

total dextral transcurren t d i splacement o f  1 5 0m (Fig . 6 . 2 ) . The most 

recent evidence for hor izontal di splacement is in the form of offset 

s tream channel s  upon al luvial terrace surface s ,  the be st of which are 

preserved at T24B/ 2 3 2  ( Inset C ) . Here a terrace sur face on the up­

thrown we stern s ide of We l l ington Faul t i s  traver sed by two abandoned 

shal low channels approximately 9m apart . The di stance between the two 

channe ls may repre sent an epi sode o f  hor i zontal di splacement dur ing 

which the northernmo st channel was abandoned and the southernmost 

c hanne l  formed . On the down thrown eastern s ide of the fault a s ingle 

terrace edge approx imately 4 0m to the south o f  the c hannels  i s  here 

correlated with the northernmost channel . Thi s  d i splacement of 40m i s  

a minimum value as subsequent fluvial erosion h a s  removed evidence of 
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F I GURE 6 . 2 :  Dextral transcurrent displacement of high leve l terrace 

surfac e  of ?porewan age on Well ington Fault trace . Hor i-

zontal d i splacement of terrace riser is  approx�matelY 

1 50m ( see Inset I ) .  View looking eastwards .  stream at 

left of pho tograph i s Mangapukakakahu stream .  
( photo : V E Neal l )  



both channe l s  on the down thrown s ide . 

C .  Dating and Correlat ion of Fault Displ aced Late 

Quaternary Alluvial Terrace Sur faces 
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Mo st of the rivers and streams in this area display suites of terraces 

formed by osc i l lations in c l imate , coupled with orogen ic upl ift dur ing 

the Late Pleistocene . Succe ssive epi sode s of colder , dr ier c l imate 

resul ted in formation o f  aggradational terraces . The se al ternated with 

epi sodes o f  warmer , wetter c l imate to produce degradational terraces . 

Much o f  the previous re search deal ing with corre lation of aggradational 

terrace surfaces in  this region has been carr ied out in the Rangitikei 

( Te Punga , 1 95 2 ;  Milne , 1 9 7 3 a , 1 9 7 3 b ;  Cowie & Milne , 1 97 3 )  and lower 

Manawatu ( Fair , 1968 ) River val leys , to the west of the southern Ruahine 

Range . Sma l l- scale studies only , for example Rhea ( 1 968)  and Kaewyana 

( 1 98 0 )  have been carr ied out in the upper Manawatu River and tr ibutary 

streams to the east of the Range . 

Thi s  study i s  l argely concerned wi th terrace sets that have been fault 

d isplaced within Late Quaternary t ime s so it  wa s con sidered impractical 

to set up a new set o f  stratigraphic name s spe c i f ically in the study 

area . Unfortunately , r iver terrace sets on the east side of the Range 

cannot be directly traced through the Manawatu Gorge to be corre lated 

with those on the we st s ide o f  the Range . Th is , together with the ab­

sence o f  rad iocarbon dating of terrace surfaces in the lower Manawatu 

Val ley , makes i t  di fficu l t  to use the stratigraphy of Fa ir ( 1 968 ) . 

Instead , correlat ion with the terrace sets of the Rangitikei River has 

been fac i l i tated by us ing rad iocarbon dated sur face s ,  comparat ive thick­

ness of loe s s , terrace surface morphology , he ight separation of terrace s 

and the presence or absence o f  the Aokautere Ash . The c .  2 0  000 year­

old Aokautere Ash marker bed ( Kawakawa Tephra , of Vucetich & Howarth , 

1 9 7 6 )  was originally descr ibed and named by Cowie ( 1 964a ) in the Manawatu 

di strict . It occurs within sediments that Cowie ( 1 964b ) demonstrated 

to be loess derived from r iver flood plains . Cowie showed the loe s s  to 

have been accumulat ing while the rivers were aggrading dur ing the last 

stadial of the Otiran ( La s t )  Glac ial . Loe s s  deposition continued unti l  

shortly after aggradation culminated in the formation of the Ohakea 

Terrace ( Te Punga , 1 9 5 2 ; Milne , 1 973a , 1 9 7 3b )  and Holocene river down­

cutti ng began . Loe ss containing Aokautere Ash i s  found on terrace and 

roll ing h i l l  country older than the Ohakea terrace (Milne , 1 9 7 3 a )  and 

i s  accordingly called Ohakea loess ( Cowie & Mi lne , 1 9 7 3 ) . In Rangitikei 
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River valley the base of Ohakea loess i s  radiocarbon dated (NZ 3 188A) 

at 25 500 ± 800 years B . P .  ( new t� l i fe is 26 3 00 ± 800 year s B . P .  

(NZ3188B)  and the top i s  dated ( NZ 3 1 65A ) at 9480 ± 100  years B . P .  

( new t� l i fe i s  9760 ± 1 1 0  years B . P .  ( NZ 4 1 6 5 B ) ) (Milne & Smalley , 

1 9 7 9 ) , con s i stent wi th the pos ition of the Aokautere Ash in the lower 

third of the loe s s . Aokautere Ash has be�n found during the cour se of 

thi s study upon alluvial terrace surfaces wi thin the mapped area at 

T24B/5 4 1 97 1 , T24B/54597 7 and T24B/560967 and to the east of Woodvi l l e  

a t  T24B/5 4 7 9 1 8 , T24B/54 7 92 4 , T24B/54 7 9 2 7  and T24B/5 5 1 94 9 . 

A stratigraphi c  sequence (Table 6 . 1 )  ba sed upon l i thostratigraphic 

units compri sing al luvial terrace depo s i t s  and overl ying loessial cover 

beds of distinctive character has enabled subdivi sion of the late 

Quaternary into chronostratigraphic uni t s . The name s given to each 

l i thostratigraphi c  deposit and the equ ivalent time per iod ( substage ) 

during which deposition occurred have been adopted from the stratigraphy 

set up by Mil ne ( 1 97 3a , 1973b)  for the Rang itike i River val ley . 

The presence o f  a thick ( 1 . 5  - 2m)  loe s s ial cover contain ing the 

Aokautere Ash was used to di stinguish terrace sur faces of pre -Ohakean 

age from terraces of Ohakean age or younger . The terrace sur faces upon 

which the Aokautere Ash was found are con s idered to be the younge st of 

the pre-Ohakean surfaces and are here correlated with Ratan aged sur­

face s  in the Rangitikei River val ley . Higher l evel sur faces o f  pre­

Ratan age in many instances have been str ipped of their loess cover and 

have there fore been fitted into the stratigraphic sequence on the basis  

o f  vertical separation from surfaces of known age . Al though of un­

certain age the se surfaces are ei ther Porewan or pre-Porewan in age and 

are referred to as Porewan and upper Plei stocene sur faces , respect ively . 

The last ma j or phase o f  aggradation i s  repre sented by the Ohakean 

terrace set of which three r iver terrace subsets have been recognised . 

Loess cover upon these surfaces i s  general ly less  than 3 0  cm thick and 

i s  devoid o f  vol canic ash hor izons . The age of these terraces i s  

thought t o  span between 18 0 0 0  year s B . P .  through t o  approximately 

1 0  000 year s B . P .  The prec ise dating o f  the two youngest of the three 

terrace sur faces of Ohakean age recogni sed in the study area has been 

obtained by rad iocarbon dating . 

The end o f  the Ohakean Substage was heralded by a per iod of r iver down­

cutting here re ferred to as the Holocene , dur ing which numerous fl ight s 

of local i sed , d i scontinuous and often unmatched terrace leve l s  were in-
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TABLE 6 . 1 : Upper Quaternary stratigraphy of the Upper Manawatu d i strict immed iate l y  to the east of the southern Ruahine 
Range between Woodville and Ruaroa . 

* Radiocarbon dated surfaces ( see Appendix Vb) 
+ Aokautere Ash 



c i sed below the leve l o f  the youngest Ohakean sur face . The se younger 

terraces are devo id of loes s cover and are of a stony character . 
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1 .  Terraces Di splaced by the Late Quaternary Trace of 

Wel l ington Fau l t  

Near Bal lantrae Re search Station approximate l y  2 km t o  the northwest o f  

Woodvi l l e ,  the trace of Wel l ington Fault forms a prominent , steep , east­

fac i ng scarp that i s  upthrown on the northwe st s ide . The fault dis­

places Plio-Plei stocene marine deposits  overlain by a 1-2m thick veneer 

of al luvial terrace grave l s  and loess . The stratigraphy of the gravel 

veneer is expo sed on the upthrown western s ide of the fau l t  in a road 

cutting at T24B/51 7 94 6 . Here i t  compr i se s  a lowermost unit of sub­

rounded greywacke pebbles within which fragments of wood occur near its 

upper contac t wi th an overlying thin uni t  of grey carbonaceous sandy 

silts . Thi s  l atter unit a l so conta ins wood fragments and i s  over lain 

by a un it of "pocketing" fine gravel . The topmost unit i s  gleyed iron 

stained loe s s ia l  col luvium ( Fig . 6 . 3 ) . Wood sampled from the basal 

part o f  the lowermost gravel , between 2 . Om and 2 . 8m depth below the 

ground surface , has been dated (NZ 4 6 5 1A )  at 12 900 ± 2 00 years B . P .  

( new t� is 1 3  3 0 0  ± 2 00 years B . P .  ( NZ 4 6 5 1 B ) ) .  Al so from this locali ty ,  

samples of wood from the thin hor izon of grey carbonaceou s sandy s i l t  

at about 1 . 5m depth below the ground surface have been dated ( NZ 5591A) 

at 12 650 ± 1 50 year s B . P .  ( new t� i s  13 000 ± 150 years (NZ  5 5 91 B ) )  

( Appendix Vb) . These rad iocarbon results  g ive an age for the younger 

of two terrace sur faces of Ohakean age , found on the upthrown western 

s ide of the We l l ington Fault trace at Bal lantrae . The younger surface 

is denoted with the symbol Oh 2 and the older with the symbol Oh l '  

On the down thrown eastern s ide of the fault a gravel veneer of unknown 

thickness and o f  simi l ar appearance to that on the upthrown side i s  

exposed i n  a stream bank face a t  T24B/5 l 7 94 5 . Here the veneer consists 

o f  a uni t  of medium-sized gravel within which i s  a thin unit of carbon­

aceous silty sand containing fragments of wood . Loe s s ial colluvium and 

fine al luvium overlie the grave l s .  Here a wood sample from the unit of 

carbonaceou s s i l ty sands at about 3m depth below the ground surface 

has been dated ( NZ 5 3 2 0A )  at 10 3 5 0  ± 1 0 0  years B . P .  ( new t� is 10 650  

± 1 5 0  year s B . P .  ( NZ 5 3 20B) ) ( Appendix Vb ) . Thi s  dated terrace sur face 

is thus the younger o f  the Ohakean surface s  on the down thrown s ide of 

the Fau l t  at Bal lantrae . (Fig . 6 . 3 ) . 
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The pre sent channel of Mangamanaia Stream i s  inci sed below the level 

of the Oh 3 surface .  The fl ight s of terraces of Holocene age have not 

been differentiated and are denoted by the symbol Hol . 
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At a di stance o f  4 . 2 5 km northward of Bal l antrae the trace of We l l ington 

Fault displaces a second sequence of a lluvial terrace surfaces within 

Mangapapa River valley . There are no radiocarbon date s ava i l able in 

this area . However , the presence o f  Aokautere Ash at two loca l i ties 

dates two terrace surfaces as be ing of Ratan age and enables them to be 

used as surfaces of reference with which to compare terraces of unknown 

age . The oldest sur face in this catchment i s  represented by two rem­

nant surfaces , one on either s ide of the We l l ington Fault trace at T24b/ 

545982 and T24B/94 698 5 . Al luv ial grave l s  under l i e  these sur faces but 

the poor exposure of cover beds makes it di fficult to determine the age 

of thi s surface . I t  i s  here cons idered that the sur face i s  of ?Porewan 

age and that mo st of the once thick loe s s  cover has been removed by the 

strong winds that frequent the area . TWo surfaces of Ratan age , both 
I 

on the down thrown eastern s ide o f  the fault  trace also flank Mangapapa 

val ley and Aokautere Ash has been found on both of them at local ities 

T24B/54 1 9 7 1  and T24B/54 5977 . There are no sur faces of equival ent age 

on the upthrown western s ide of the fault  within the immediate vic inity 

of the trace . The centre of Mangapapa val ley i s  fil led with aggrada­

tional grave l s  of Ohakean age that compri se at least three terrace sub­

sets ( Table 6 . 1 ) . The a l luvial grave l veneer on each sur face rarely 

exceeds 4m thicknes s  and i s  capped with a thin layer of loe s s  less than 

30 cm thick . Ju st as  at Bal l antrae , surfaces o f  Oh l and Oh 2 age are 

only found on the upthrown side of the Wel l ington Fault trace . In con­

trast to Bal lantrae , sur fac es of Oh 3 age in Mangapapa val ley , though 

poorly pre served , are present on the upthrown s ide of the Wel l ington 

Fault trace . TWo terraces o f  Oh3 aggradation have been recogn i sed , the 

younger su rface is denoted with the symbol Oh 3b and the older with the 

symbol Oh 3 a  ( Table 6 . 1 ) . On the down thrown eastern s ide of Wel l ington 

Fault trac e an extens ive surface o f  Oh 3 age stretches from the base of 

the fault scarp in Mangapapa val ley downstream to Bal lantrae . The re­

ma inder of terrace sur faces below the l evel of Oh 3 are c la s s i f ied as  

Holocene in age (Hol ) . 

The sign i f icance of these two localities  l ie s  in the interpretat ion of 

the dated terrace surfaces with re spec t to fault di spl acement . 
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2 .  Interpretation 

Terrace surfaces of pre-Ohakean age are not present at the Bal lantrae 

s i te . The oldest of the Ohakean sur faces there (Oh l )  i s  only pre served 

on the upthrown western s ide of Wel l ington Fault trace and i s  fault 

truncated at T2 4B/2 0B ( Inset B ) . A meander loop inci sed to a depth of 

2-4m below the leve l of Oh l at T24B/20B ( Inset B) is interpreted as 

repre senting the Oh 2 phase of aggradat ion . Thi s  sur face a l so is only 

pre served on the upthrown s ide of the We l l ington Fault , remnants of 

which occur at the Bal lantrae site and at T24B/206 ( Inset B ) . 

The timing o f  fault d isplacement of both the Oh l and Oh 2 terrace sur ­

faces mu st po stdate the cutting of the meander loop as  the loop i s  seen 

to be truncated by the trace of We l l ington Faul t .  The total amount of 

ver tical faul t displacement at this local ity s ince Oh 2 time s exceeds the 

height of the pre sent scarp at T24B/2 0B ( 1 6  metre s )  s ince neither the 

Oh 1 surface nor the truncated sec t ion of the meander loop ( Oh 2  surfac e )  

i s  preserved o n  the downthrown eastern s ide o f  the fault �race . I t  i s  

here interpreted that surface s of Oh l and Oh 2 age down faul ted o n  the 

east s ide of Wel l ington Fault were subsequently buried during the Oh 3 

phase o f  aggradation . Evidence from radiocarbon dating indicates that 

the Oh 2 phase of aggradation at Bal l antrae c eased about 13 3 0 0  ± 2 00 

years B . P .  ( NZ 4 65 1 )  . 

The second loca l i ty at Bal l antrae ( T2 4 B/5 1 7 94 5 )  from which a radiocarbon 

date wa s obta ined indicates that gravel aggradation upon the Oh 3 terrace 

surface continued unt i l  around 10 650 ± 1 5 0  year s B . P .  (NZ 53 2 0 ) . From 

the absence of the Oh 1 and Oh 2 sur faces on the down thrown s ide of the 

fault it is interpreted that they have been bur ied beneath the Oh 3 sur­

face . From this interpretation the 12  metres of vert ical d i splacement 

measured between the radiocarbon dated local ity at T24B/ 5 1 7 94 6  and the 

down thrown side of the fault at thi s po int is a measure of the minimum 

amount o f  faul t di spl acement that has taken place . A true value of 

vertical di spl acement will  only be attained by locat ing the down thrown 

and buried wood-containing gravel s  and s i l t s  beneath the Oh 3 surface 

( Fig . 6 . 3 ) . Re j uvenation along the We l l ington Fault trac e ha s resulted 

in sma l l  amounts of upl i ft measur ing between 0 . 5  - 1m at local ity T24B/ 

205a and in scarp col lapse at the southern end of the trac e at T24B/ 2 06 

( Inset B )  but the age o f  thi s  displacement i s  unc ertain . The presence 

of two al luvial fans of , Holocene age , the ground sur face s  of which have 

been d i splac ed by fault  scarps at T24B/2 1 4  and 2 1 5  and T24B/2 05a ( Inset B )  



indicate s that movement on We ll ington Fault at the se local ities post­

dated deposition o f  the Oh 3 terrace sur faces and occurred wi th in 

Holocene t ime . 
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A spl ay faul t a t  T24B/ 2 07 d i splaces the ground surface o f  Oh 2 age ver­

tically , by between 6 . 7m ( northeast end ) and 2m ( southwe st end ) , and 

another at T24B/209  d i splaces the ground sur face of Oh l age vertically 

by 1m ( Inset B ) . The spl ay fault at T24B/207  doe s not extend at its 

northern end across the Wel l ington Fault  trace . Movement on this splay 

fault may have of fset the We l l ington Faul t  trace by approx imately 3 0m 

dextrally , bu t the Mangamanaia Stream has removed all  ev idence at the 

critical point where the offset i s  thought to occur ( Inset B ) . Alter­

native l y , the splay extends only to the southwest o f  Wel l ington Fault 

trace , is  sympathetic to the main fault  and has not offset it dextral l y .  

Within Mangapapa val ley the ?Porewan terrace has be en displaced approx i­

matel y  1 0m vertically by We l l ington Faul t  trace at T24B/54 5 98 2  ( Inset C )  . 

The two oldest Ohakean terraces ( Oh l  and Oh 2 )  are truncatea by the 

Wel l ington Fault  ( Inset C ) . The most extens ive sur face is that of Oh 2 ' 

A poorl y  defined faul t trace str ikes paral l e l  to and approximately 90m 

to the we st o f  the pr incipal trace , d i splac ing the Oh 2 ground sur face 

vertically by between 20 em at its northern end to 2m at its southern 

end . Thi s  trace at its  northern end does not d i splace the Oh 3 ground 

surface and there fore predate s this epi sode of aggradation . Thu s dis­

placement along this  faul t trace mu st have coinc ided with movements 

along the princ ipa l  trace of We l l ington Fault  at the end of the Oh 2 

phase o f  aggradation . As at Bal l antrae , i t  i s  postulated that aggrad­

at ion of the Oh 2 surface on the upthrown we stern side of Wel l ington 

Fault  trace within Mangapapa val ley cea sed as a result of fault dis­

pl acement at around 13  000 years B . P .  Inci sed below the l evel of the 

Oh 2 surface and only on the upthrown s ide of the fault trace are two 

Oh 3 terrace l evel s ,  here termed Oh 3 a (oldest ) and Oh 3b ( youngest ) 

( Table 6 . 1  and I nset C ) . With movement on the upthrown s ide of the 

faul t , Mangapapa Stream initially became inci sed within the Oh2 terrace 

to then regrade to a new aggradational l evel forming the Oh 3 a  sur face . 

Further fault  movement at this local ity l ed to a second local i sed Oh 3 b 

sur face compri s ing a terrace on the upthrown s ide and a fan on the 

downthrown s ide o f  the scarp ( Inset C ) . Dur ing the deposition of Oh 3 b 

fau l t  displacement continued . Thi s  increas ingly resul ted in the accum­

ulation of bedload as  a 'fan-shaped depos i t  extend ing downstream from 

the fault  and along the scarp face thus reduc ing the offset he ight of 
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the fault  scarp . The total amount of vertical d i splacement along the 

Wel l ington Fault trace at this local ity is therefore uncertain becau se 

o f  modification by both stream ero sion and deposition at the base of 

the scarp . Evidence sugge sts that a vert ical displacement of 7m 

(measured near T24B/ 2 3 0 )  preceded the formation of the Oh 3 a and Oh 3b 

surface s .  Further d isplacement re sul ted in : ( a )  col l apse of the main 

s carp at T2 4B/ 2 2 9  ( Inset C) j ( b )  format ion of a 2m scarplet across 

the Oh 3b surface at T24B/ 2 3 0 j  and ( c )  an increase i n  the he ight o f  the 

scarp at T24B/ 2 3 1  to give a true value of vertical di splacement of 2m . 

The t iming o f  this latter phase of di splacement i s  thought to have been 

within Holocene times . 

The Oh 3 a surface is  not we ll preserved upstream (on the upthrown western 

side ) of the faul t scarp in Mangapapa val ley . This contrasts with the 

extensiveness of thi s  surface downstream ( downthrown eastern s id e )  of 

the Fault .  Here the Oh 3 a surface c an be traced from Mangapapa valley 

to Ballantrae and sugge sts that the Oh 3 surface represent s cont inued 
I 

depo sition upon the down faulted Oh 2 surface . Evidence from Bal lantrae 

indicates that thi s phase of deposition continued until at least 1 0 , 650 

± 1 5 0  years B . P .  based on NZ 5 3 2 0B .  Thi s  correlates well  with the t iming 

of a ma jor erosion phase further north in the southern Ruahine Range , 

dated ( NZ 4 3 1 4A)  at 1 1  8 00 ± 1 5 0  year s B . P .  (new t� l i fe ,  1 2  1 50 ± 1 5 0  

years B . P .  ( NZ 4 3 14B)  (Hubbard & Neal l , 1 98 0 )  (Appendix Vb , see Chapter 11) . 

At the onset of Ho locene times , Mangapapa Stream abandoned sed iment de­

position on the Oh 3b surface as a re sul t of further downcutt ing to form 

lower degradat ional terraces . 

D .  Parallel Traces 

At a number o f  loca lities along Wel l ington Fault there occur remnants 

of other traces tha t  trend parallel  to but at varying di stances from the 

principal trace . For exampl e ,  a trace between local ities T24B/201 to 

2 01c lies  approximately 2 5 0m to the east of the pr inc ipal trace bounding 

a block of Nukumaruan l ime stone to the we st from alluvium to the east . 

Thi s  7 5 0m long trace peters out to the north and south beneath terrace 

alluvium .  

At locality T24B/ 2 2 6a and 2 2 6b there are two i solated traces 1 7 5m we st 

of the princ ipal trace of We l l ington Faul t .  Al though the nor thern ex­

tens ion of the se trac es '  is  sketchy they are al igned with a poorly de­

f ined scarp l ying 90m to the we st of local i ty T2 4B/2 28 ( Inset C ) . A 
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l i ttle further to the north , traces at T24B/261 to 263 , T2 3D/608 to 

614 and T2 3 D/615 to 6 1 9  parallel the pr inc ipa l trace of Wel l ington 

Fau l t  about 5 00m to the we st . At local i ty T2 3D/62 0  a sharp change in 

the str ike of the trace towards the northeast indicates that ma j or bi­

furcat ion o f  the pr inc ipal trace of Wel l ington Fault occur s just south 

of Manga-a-tua Stream . I t  is therefore probable that the area between 

the princ ipal trace and the di scont inuous traces to the we st is a wedge 

that extends approximate l y  10 - 1 1 km southward of Manga-a-tua Stream . 

The location at which the we sternmost trace joins the We ll ington Fault  

at the southern end o f  the wedge i s  uncertain . 

A third example i s  a parallel  trace extending from locality T23D/696 to 

7 07 , a di stance o f  around 2 km length . Thi s  trace l ies about 2 0 0m to 

the east of the pr incipal trace of We l l ington Fault  for much of its 

l ength but merge s with the princ ipal trace at T23D/707 ( Inset A ) . The 

area between is a wedge comprising a graben at its northern end and a 

horst at its  southern end . The traces do not seem to merge at their 

southern end but remain paral lel to at least as  far as  Raparapawa i 

'Stream where a l l  evidence o f  the easternmost trace i s  lost . 

A fourth example of a parallel  trace occur s  between local ities T23D/78 2  

to 7 8 7 . Thi s  500m long trace l i e s  para llel  to and at about 3 5 0m  to the 

west of the pr inc ipal trace of We l l ington Fault . 

Parallel trace s  in many instances appear to result from bi furcation of 

the princ ipal trace in respon se to compre ssional lateral d i splacement 

which in thi s area i s  dextral transcurrent . 

E .  Til ted Wedge 

An example o f  a wedge may be seen on the trace of Wel l ington Fault 

approximatel y  1 km to the northwest of Kahuki ( T24A/026 to 04 7 ,  I nset E ) . 

Here the trace bifurcates at its southern end for a d i stanc e of 2 km 

along strik e  and merge s again at its northern end . The max imum width 

o f  the wedge i s  approximately 1 2 5m at its  midpoint ( Fi g . 6 . 4 ) . 

The wedge i s  traversed by Kahuki Stream , to the north of which the area 

between the two faul t traces has been downfaulted to form a graben . The 

graben i s  occupied by a large pond and area of swamp . At the southern 

end of the graben the area between the faul t traces is upwarped into a 

mound that prevents drainage of the swamp . To the south of Kahuki Stream 

the area between the fault  traces i s  upfaulted into a horst , the hor st 



FIGURE 6 . 4 : Stereoscop i c  pair showing a tilted wedge located at T2 4A/4 7 7 8 9 9  on the trace of We l l ington Fault . 
See Inset E (on map) for scale . 
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being bordered by scarps between 5 and 1 6  metres high . Where the eastern­

mo st fault trace cros ses Kahuki Stream ,  mar ine deposits of Plio-Plei stocene 

age dip at 300 towards the east on the upthrown side of the fault . The 

d ip o f  this strata steepens in an upstream direction to a max imum of 60
0 

to the point where the westernmost trace crosses Kahuki Stream .  

The wedge i s  thought to b e  til ted towards the northeast . Tilted wedges 

have been attributed to lateral di splacements along bi furcating fault 

traces ( Lensen , 1 958b ) which , along a relatively straight faul t ,  can be 

regarded as indirect evidence o f  a transcurrent fault  ( Lensen , 1 9 7 6 ) . 

F .  Til ted Terrace Surface 

Between Oruakeretaki S tream and Raparapawai Stream a terrace surface of 

Ratan age is cut by two parallel traces of the Wel l ington Fault  ( Inset A)  . 

The traces are approximately 1 7 5m apart . The sur face of the terrace 

lying between the two traces is inc l ined about 6
0 

to the east . The 

scarps at T2 3 D/691a and T23D/702  ind icate that displacement of the 

terrace dur ing the l atest pha ses of movement resulted in upl ift  to the 

east of each trace . It therefore seems probable that upl ift  to the 

east of the trace at T23D/691a and down throw to the we st of the trace 

at T2 3D/702  has re sul ted in a 30 increase in the surface t i l t  of the 

terrace between the two parallel trace s  of We l l ington Fault . 

As thi s t i l ted terrace i s  confined to the area between the two parallel  

fault traces i t  i s  l ikely that the fault  traces bound a hor st . This 

horst together with the graben formed between the trace s at T23D/695 

and T2 3 D/7 07 may form part o f  a larger wedge struc ture that i s  tilted 

towards the north . A l ittle to the nor th at local ity T2 3D/706 an Ohakean 

terrace surface to the east of the fault traces is incl ined at 30 towards 

the east . Thi s  surface together with others of Ohakean age to the east 

and west ,  such as T2 3D/69 5  and T2 3 D/ 7 0 7  have not been t i l ted a s  a result 

o f  fault  di spl acement . Thi s  t i l t ing o f  the Ratan surface occurred prior 

to Ohakean time . 

6 . 6 . 2  SPLAY FAULTS 

Four splay faul ts str ike toward s the northeast from the Late Quaternary 

trace of Wel l ington Faul t .  They d i splace Plei stocene mar ine strata and/ 

or Late Quaternary alluvial terrace s .  Al though none of these four 

traces can be shown to j o in the Wel l ington Faul t ,  their sense , amount 

and timing of movement s  is thought to be s imilar . Al l show vertical up­

l i ft predominantly to the northwest . 
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A .  Mangarawa Fault 

striking 04 0- 0550T east of north this faul t displ aces both al luvium and 

Plei stocene mar ine deposits along its 2 . 3  km length . Displacement has 

produced a scarp o f  variabl e he ight . A subdued scarp may to some extent 

be u sed as an indi cation of early fault movement but is here cons idered 

to be due mo stly to recent cul tivation practices . Several spr ings 

i ssue from the base of east fac ing scarps along the l ength of this faul t .  

The absence o f  d i splaced reference features precludes determination of 

the amount o f  hori zontal displacement that has taken place along thi s  

faul t .  Howeve r ,  the presence of vertical l y  d i splaced terrace sur face s  

o f  Ratan , Porewan and ?Pl eistocene ages enables determination o f  rates 

of vertical di splacement in Late Quaternary t ime ( see Frequency and 

Rate of Fault  Displacement on Active Fau l t s )  . 

At the southwestern end of the trace o f  T24B/284 an a lluvial sur face of 

Ratan age ha s been displ aced vertically by 2 - 3 . 5  metres . Here the 

amount of d i spl acement i s  variable because the scarp has been modi f ied 

by recent drainage realignment work and is crossed by Pinfold Road at 

the point of steepening grade . Mangarawa Fault peters out to the south­

we st within h i l l  country compri sed of Plei stocene deposits . At its  

northeastern end , Mangarawa Fault i s  seen to bound the eastern s ide of 

an upfaulted ' i sland ' of marine strata a t  T24B/ 2 9 3  ( In set D )  but doe s 

not d i splace the surround ing al luvial terrace surfaces of Ohakean age . 

Vertical d i splacement there fore preceded Ohakean t ime . Between the se 

loca l i ties terrace surfaces o f  ?Porewan and ?Pl ei stocene ages have been 

ver t ically di spl aced by a similar amount .  Eastward of T24B/292  ( Inset D )  

the trace i s  thought t o  spl inter , with the northwe stern trace petering 

out at T24B/5 82978  whi l st the southea stern trace l ying approx imately 

2 5 0m to the northwe st of Val ley Road parallels  Val l ey Road for a d i stance 

of approximately 1 . 7 5 km (outs ide the mapped area ) . Thi s  trace coincides 

with the l ithological contact between deposits of Plei stocene age to the 

northwe st and al luvial grave l s  of Ohakean age to the southeast . 

B .  Beagley Road Fault 

The second of the splay faults can be traced with confidence for approxi ­

matel y  1 km l ength to come within 2 00m ,  at its  southwestern end ( T24B/ 

2 7 1 ) , of the Late Quaternary trace of We l l ington Fault . Al l trace of 

thi s fault is lost for '  1 . 5  km di stance northward of T24B/2 7 1 .  At T24B/ 

2 8 2  thi s  fault  trace resume s along a strike of 050-06 00T east of north 
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for 0 . 5  kID .  Beagley Road Fault cuts Ple i stocene marine deposits through­

out its length . 

The absence o f  reference features along the trace precludes measurement 

of e ither vertical or hor izontal displacements . 

Subdued southeast facing scarps up to 6m h igh are character i stic of 

thi s trace . Here slope instabi l ity in the form of earth slumps is 

common . Spr ings characteri stica l ly i ssue from the base of the scarp . 

The southwe stern section of thi s trace comprises a series of uphill­

fac ing scarps each wi th 2m high southeast fac ing scarps . The di ffer­

ences in scarp heights along the trace ind ic ate that at least two periods 

of fault d i splacement have taken place in Late Quaternary time but con­

c lus ive evidence is lacking . 

c .  James Hill  Road Fault 

At a str ike of 04 SoT east o f  north this fault  displaces Plei stocene 

marine depo s i ts throughout much of its 1 kID length . Southeast facing 

scarps up to 6m height with subdued outl ine are substantially eroded . 

At loca l i ti e s  T24B/266 to 2 68 an al luvial surface of Ratan ( Ra 2 )  age 

has been d i spl aced vertically by 2m . The amount o f  hor izontal d i splace­

ment cannot be d i scerned . The trace peters out within mar ine depo s i ts 

at both ends o f  i ts traceable length . 

D .  Coppermine Road Fault 

The northernmost of the four splay faults strikes at 0600T east of north 

at its  southwe stern end , be fore swinging northward to between O l SoT and 

04 00T east of north at its  northeastern end . Thi s  trace , throughout 

much of i t s  2 km length , displaces Pleistocene mar ine deposits  but at 

its northern end al luvial terrace surface s  of Manga-a-tua and Coppermine 

Streams are a l so di spl aced . A Ratan ( Ra 2 ) aged terrace is d i splaced 

1 - 2m vertically a t  T2 3 D/801 and 802 . Thi s  terrace i s  the same surface 

that is d i spl aced by both Jame s Hil l Road Fault at T24B/266 to 2 68 and 

Mangarawa Fault  at T24B/ 2 84 . An Ohakean aged terrace at T2 3 D/803 to 8 0 5  

i s  d i spl aced a s imi lar amount . Thi s  Ohakean sur face i s  the same as  that 

crossed but not di splaced by Mangarawa Faul t  at T24B/293 . Lower level 

surfaces of Holocene age on the left bank of Manga-a-tua Stream , to the 

northeast of local ity T2 3D/8 0S , are not di splaced by Coppermine Road 

Fault and here the trace. o f  the fault peters out . The amount of hor i­

zontal d i spl acement cannot be determined . 
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6 . 6 . 3  WHARITE FAULT 

Thi s  is essentially a contact fault separating Torlesse bedrock on the 

upl i fted we stern s ide from Pl io-Pl e i stocene mar ine deposits on the down­

thrown eastern s ide . However ,  a very thin veneer of Nukumaruan depo s i ts 

on the upthrown s ide pre serves evidence that fault  d i splacement has 

taken place in Late Quaternary time . At T2 3 D/601 and 602 streams have 

been diverted along the base of an uph i l l - fac ing scarp . A min imum ver­

t ical d i splac ement of 1m at both local ities  indi cates that the eastern 

s ide wa s upthrown during the latest phase of fault movement . water 

seeps and cons iderable l arge-scal e s lope instabil ity occur along this 

fault . 

A northward extension o f  Wharite Fault beyond local ity T2 3 D/607 i s  un­

certain because o f  lack of preservation in steep catchment s . The geo­

logical contact north of T23 D/607 swings to a northeasterly direction 

to cross two other tr ibu taries of Mangapapa stream . It is not known i f  

thi s  section o f  the geological contac t i s  a l so faulted be cause the con­

tact is not exposed . To the south , Whar i te Fault can be traced to 

locality T24B/54 0996 where a high level terrace of ?Porewan or older 

age has been down thrown on the eastern s ide . A deep saddl e  across the 

narrowest part o f  the terrace marks the po s ition of the fault  trace . 

Further southward at T24B/538993  a r idge compr i sed of Tor le sse bedrock 

has been dextrally offset acro s s  an eastward draining tr ibutary of 

Mangapapa Stream . Here the shutter r idge and o ffset dra inage channel 

ind i cate l ateral di splacement of approximate ly 1 5 0m .  S igns o f  fault 

brecciation and de formation of bedrock l ithologie s  are present within 

thi s stream channel j ust upstream of the shutter r idge . Still  further 

southward the trace of Whar ite Fault is thought to co incide with an 

o ffset r idge spur at T24B/54 3 98 3 . The corre sponding r idge spur on the 

eastern s ide of the trace cannot be determined with confidence so the 

amount and sense of offset is unknown . 

6 . 6 . 4  FREQUENCY AND RATE OF FAULT DISPLACEMENT ON ACTIVE FAULTS 

A .  Vertical Di splacements 

Observations of truncated bedrock spurs indi cate that vertical fault 

d i splacements on ac tive faults in this area have been recurrent and 

epi sodic . The se epi sode s of vertical fault  di splacement have largel y  

been re spon s ible for much of the alt itudinal di fference be tween the 
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cre st o f  the Range and the surrounding low lying plains . In the vici­

nity of We st Tamaki River th i s  alt itud inal di fferenc e approximates to 

s O Orn , most of which i s  thought to have occurred since the mar ine trans­

gre s s ion began in Wa itotaran time . More spec ific evidence of vertical 

fault  displacement consi sts of di splaced alluvial sur faces . Where 

lower ( younger ) sur faces are di spl acect by lesser amounts than upper 

( older)  ones , continued repeated vertical di splacement can be measured . 

The net vertical d i splacement of surfaces of known age and the fre­

quency of displacement are es sential to the understanding and calcula­

tion of rate s of fault movement . Vert ical measurements of fault scarp 

hei ghts only provide minimum values of d i splacement . 

At Bal lantrae , vertical fault  di splacement of the Oh l terrace surface 

( T24B/ 2 0 8 )  by We l l i ngton Fault  have been greater than the measured 

18 . 9m high scarp at this local ity . The Oh l surface post-dates the 

Aokautere Ash and i s  thought to have formed approx imately 18 000 years 

B . P .  Thi s  gives a minimum rate of vertical fault displacement of 

1 . 05 mm/yr . Here also the Oh 2 surface has been vertically di splaced 

by between 1 6m at local i ty T24B/208 ( cut off meander loop ) and 1 2m at 

locality T24B/2 06 . The Oh 2 surface has been dated at approximately 

13 000 years B . P .  (NZ 5 5 91 ) . Thu s minimum rates of vertical displace­

ment o f  between 1 . 2 3 mm/yr and 0 . 92 mm/yr are interpreted . 

In Mangapapa Stream catchment an al luvial surface of Oh 2 age shows a 

true ve rtical di splacement of 6m ( Inset C ) . A subsequent d i splacement 

of 2m at T24B/ 2 3 0  and T24B/ 2 3 1  may repre sent a s ingle epi sode or two 

di stinct epi sodes o f  fault  di splacement . This evidence sugge sts that 

between 8-l0m of cumulative vertical fau l t  di splacement has taken 

place at T24B/2 28 since Oh 2 times . However , s ince the northeastern 

section of the faul t scarp ha s been partially buried it seems l ikely 

that the total amount o f  vertical d i splacement e ither approx imates or 

exceeds the he ight o f  the scarp at its southwe stern end . It i s  there ­

fore sugge sted that the total vertical d i splacement at this local ity 

has been greater than 1 5m ( Inset C ) . As suming that the Oh 2 surface 

d i spl aced at T2 4B/2 28 is of equival ent age to the 13  000 year old d i s ­

placed Oh 2 surface a t  Bal lantrae , the minimum rate of vertical fault 

d i splacement in Mangapapa River catchment approximate s  1 . 1 5 mm/yr . 
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A terrace surface of stony appearance and devo id of loe ss i s  d i splaced 

by the trace o f  Wel l ington Fault at T24B/ 2 3 1 . Thi s  surface i s  j udged to 

be approximately SOOO-6000 years old and has been ver tical ly di splaced 

by 2m .  Thi s  i s  con sidered less  than expected for the calculated minimum 

rate o f  vertical di splacement so either : ( a )  the overal l calculated 

rate i s  over-estimated ; or ( b )  ver tical d i spl acement ha s been greater 

in Ohakean than in Holocene times ; or ( c ) the terrace is cons iderably 

younger than the estimated age . 

From evidence e l sewhere along the trace of Wel l ington Fault  it  appears 

that muc h  of the vertical component of faul ting took place dur ing pre­

Ohakean and Ohakean time s and that post-Ohakean d i splacements have been 

l e s s  frequent and of smaller separation . post -Ohakean d i splacements 

have l argely resul ted in smal l scarps of between O . Sm to 1m high and/or 

col lapse features on the older , higher and steeper scarp faces . 

Ma j or faul t di splacements in pre -Ohakean time s co inc id ing wi th periods 

of extens ive al luvial aggradation and subsequent stream inc i s ion , re­

sul ted in the abandonment o f  a high-level r iver channel between Manga­

a-tua Stream and Mangarawa through which Manga-a-tua Stream once drained . 

The pre sence o f  Aokautere Ash within thi s  abandoned channel ind icates 

that a dramatic c hange in the course of the Manga-a-tua Stream occurred 

prior to 2 0  000 years B . P .  and was fol lowed by substantial stream in­

c i s ion in re sponse to movement on We l l ington Fault . 

The Mangarawa Fault displaces surfaces of alluvial origin . The Ohakean 

terrace , al though present at T24B/293  ( Inset D) , is not d i splaced by 

thi s  faul t .  Only sur faces of Ratan and older ages are di spl aced . 

Successive l y  older sur faces have been d i splaced by larger amounts than 

younger surfaces . The vert ical displacement of the younger of two sur­

faces of Ratan ( Ra 2 ) age as measured at T24B/283 ( Inset D)  is 3 . Sm .  

The older surface o f  Ratan ( Ra I )  age a s  measured a t  T24 B/286  and 287  

has been d i splaced vertically by 7 . 2m .  At local ity T24B/2 91  a sur face 

of probable Porewan (Po )  age has been vertically displaced by l S . 6m .  

A s imilar amount o f  displ acement was measured on the oldest surface of 

Ple i stocene (Pl ) age at locality T24B/28 9 ) . 

Each o f  the above measurements are here regarded as true value s o f  

vertical di splacement . A t  least three d ist inct per iod s of vertical 

d i splacement o f  approx imately 3 . Sm ( l ate st ) , 3 . 7m and 8 . 4m ( oldes t )  

have t hus taken place along Mangarawa Fau l t  to total the l S . 6m vertical 

d i splacement o f  the oldest surfaces . As the ass igning of an age to 



each di splaced surface i s  tentative , the fol lowing rates of ver tical 

di spl acement are a l so tentat ive . The pre servation of a fault scarp 

across the younger of the Ratan ( Ra 2 )  sur faces (dated in Rangitikei 

River val ley at c. 30 000 year s B . P . ; Mi lne , 1 973b)  suggests a rate 
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o f  vertical displacement o f  0 . 12 mm/yr . The timing o f  earl ier faul t 

d i splacements i s  less certain . The d i splacement of the older Ratan 

( Ra } ) sur face ( dated in Rangitike i River val ley at c .  40 000 year s B . P . ; 

Milne , 1 9 7 3b )  give s a rate o f  vertical di spl acement of 0 . 18 mm/yr . As 

the Porewan and older Plei stocene sur fac es have be en displaced by s imi­

l ar amo unts it is interpreted that a single epi sode of d i splac ement , 

po st-dated the format ion o f  the Porewan surface . The age of the Porewan 

surface ( dated in Rangitike i  River val l ey at c .  7 0  000 years B . P . ; 

Milne , 1 9 7 3 b )  give s a rate o f  ver tical d i splacement of 0 . 2 2 mm/yr . Thi s  

d ispl acement along Mangarawa Fault began in post Porewan t ime and 

gradual l y  waned to cease be fore Ohakean t ime . 

B .  Hori zontal Displacements 

Horizontally d i spl aced re ference features particularly along the 

Wel l ington Fault  demonstrate progressive dextral transcurrent movement 

dur ing Quaternary t imes . I n  part icular , di ffering amounts o f  hor izontal 

offset of shutter r idges appear to indicate that d i splacement in older 

terrain has been greater than that in younger terrain . Thi s  may be 

e i ther the re sul t of progressive d i spl acements with time or the result 

of di fferent re sponses by various l i thologies to faul t de formation . It 

is po s s ible that the denser , more brittle greywacke bedrock i s  d i splaced 

more read i ly and by greater amounts than the less dense mar ine deposits 

and al luvial terrace deposits which are prone to internal de formation 

with consequent smaller amounts of surface displacement . 

The mo st common evidence of horizontal di spl acement i s  in the form of 

shutter r idges . Displaced shutter r idges involving Torlesse bedrock 

are offset between 2 5 0m on Wel l ington Faul t  to 1 5 0m on Whar ite Faul t .  

Di splacements involving mar ine deposits of P l io-Pl ei stocene age are 

part icularly well deve loped along the trace of We l l ington Faul t  and 

range between 90m and 2 0m .  As the age of these d i splacements i s  

l arge l y  unknown a rate of d i spl acement cannot be obtained . 

A high l evel terrace surface o f  probable Porewan age at T2 3 D/7 2 6 )  ( Inset I )  

has been dextrally offset by 1 5 0m .  Thi s  surface i s  cons idered to be 

around 7 0  000 years old ( Mi lne , 1 97 3b )  giving a rate of hori zontal dis­

placement o f  approximately 2 . 14 rom/yr . The maximum possible rate of dis-
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placement of thi s pre-Ohakean surface ( >1 0  000 year s B . P . )  i s  1 5  rom/yr . At 

T24 / 2 3 2  ( Inset C )  two abandoned stream c hannel s  9m apart are pre served on 

the upthrown western s ide of the trace of Wel l ington Fault . The distance be ­

tween the two channel s may represent an epi sode of horizontal displacement 

dur ing which the northernmo st channel was abandoned and the southernmo st 

channel formed . On the downthrown eastern s ide of the fault  trace a single 

terrace r iser approx imately 4 0m to the south o f  the channe l is correlated 

with the northernmost c hannel on the upthrown s ide . Thi s  hor izontal 

displ acement of 4 0m is a minimum value as subsequent fluvial erosion has 

removed evidence of both c hannel s on the downthrown s ide . The age of thi s 

di splaced surface i s  unl ikely to be older than 6000 years B . P . , which give s 

an average rate of hor izon tal di spl acement o f  around 6 . 66 rom/yr . 

6 . 7  DESCRIPTION OF POTENTIALLY ACTIVE FAULTS 

6 . 7 . 1  RUAHINE FAULT ZONE 

The Ruahine Fault spl its from the Late Quaternary trace of Wel l ington 

Fault approximately 5 ki lometres south of Bal lance bridge near Kahuki 

Stream ( Inset E ) . Between Kahuki Stream and Centre Road , Ruahine Fault 

separate s Torlesse bedrock on the we stern upl ifted s ide from steep , 

east-d ipping Plei stocene marine deposits  on the downthrown eastern s ide . 

An extens ive area of fault  brecc iated and gouged greywacke bedrock at 

T24A/4 7 6901 ( Inset E ) , faul t guided stream reaches and a marked topo­

graphical break in s lope along this section of the Tararua Range front 

del ineate the po sition of Ruahine Faul t .  North of the Manawatu Gorge 

and across the Manawatu Saddl e ,  Ruahine Faul t  is without topographical 

expre s s ion . Consequentl y ,  interpretations as  to its location through 

this area by prev ious authors var ies greatly . Though highly probable , 

there i s  l i ttl e evidence to support cont inuation of Ruahine Fault acros s  

the Manawatu Saddle as a contact fault  separat ing a serie s of i sol ated 

greywacke ' windows ' to the we st from Pl iocene deposits to the east . 

Alternative ly , the trace o f  Ruahine Faul t  could be interpreted to ex­

tend down the Manawatu Gorge , from near the Bal lance br idge to Te Api t i  

Stream . Thi s  latter interpretation takes the fault trace through 

Torlesse bedrock . Within Te Apiti Stream crushed bedrock and d i srupted 

strata occur at T24B/501956 and may be evidenc e for the latter al terna­

t ive . In the headwaters of Mangamanaia Stream the trace of Ruahine 

Fault once aga in separates Tor lesse bedrock to the we st from Pleistocene 

marine depo sits to the east . Here , at T24B/ 5 2 1 989 , a high north-south 

striking bedrock bluf f , .  approx imatel y 2 km long , marks the po sition of 

the trac e .  From Wharite Road northwards the Ruahine Fault trace dis-
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plac e s  Torlesse bedrock . Pa ssing to the east of Wharite Tr ig . this 

trace i s  marked by a series o f  fault brecc ia zones within headwater 

tributaries of Mangapapa catchment .  The trace is less well def ined in 

coppermine and Manga-a-tua catchments where extensive zone s of faul t 

brecc iated bedrock occur throughout the length of each catchment . Thi s  

suggests that the Ruahi ne Fault trace i s  but one of a swarm of traces 

within a more extens ive Ruahine Fault Zone . Many of these secondary 

traces cannot be del ineated for d i stance s  greater than 5 km ,  either 

because : ( a )  exposure is poor ; or ( b )  the faults peter out . Second ­

ary traces veer from the pr inc ipal trace in a north to northea sterly 

direction , usual ly at a point where the strike of the pr inc ipal trace 

c hange s direc tion . The princ ipal trac e of Ruahine Fault  i s  we l l  pre­

served with in Raparapawai stream catchment . Here evidence inc ludes a 

series o f  low saddles across r idge crests and extensive 

areas of brecc iated bedrock (up to 5 0 0m wide ) in each tributary cros sed 

by the trace . Subs idiary features such a s  slumps and r idge-top depres­

s ions are particuarly well deve loped along this section of the trace 

( Map 4 ) . North o f  Raparapawa i catchment the princ ipal trace of Ruahine 

Fault  crosses the cre st of the Range , via a low saddle at T2 3 D/5 7 1 089 , 

to strike along the main stream bed o f  the upper reaches of Mangatuatou 

Stream .  within Raparapawai catchment a secondary trace spl inters from 

the pr inc ipal trace and strikes northward across the eastward-draining 

catchment of North Oruakeretaki Stream . Thi s  trace a l so crosses the 

crest of the Range , via a low saddl e located between Maharahara and 

Mantanginui Tr igs where it peter s out within Opawe catchment . Extens ive 

brecciation of bedrock l ithologie s  within the upper reache s of Mangapuaka 

catchment indicates the pre sence of add it ional fault trace s  in this 

area , many o f  which lack topographical expre ssion . 

Immedi ately to the east o f  Maharahara Tr ig . at T2 3D/585106 there are two 

prominent sharply defined fault scarps of 5 0m and 7 5m length , respectively .  

Where a wal k ing track crosses the se scarps their heights have been 

measured at between 6-8m , upl i ft be ing to the northwest . The sharp de­

finition and steep scarp faces of the se fau l ts i s  unusual in that eros ion 

el sewhere in thi s  deeply dissected mountainland has essentially destroyed 

much topographi cal evidence suggest ive of Late Quaternary faulting . 

These scarps may there fore provide the most convincing evidence sugge st­

ive of fault  di splacement within the Ruahine Fault Zone dur ing Late 

Quaternary t ime . 

Northward o f  Maharahara Tri g .  the pr inc ipal trace i s  wel l defined by an 
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alignment o f  saddles , fault  guided stream reache s and to a le s ser degree 

by eroded faul t scarps that can be traced with diffi culty acro s s  the 

headwater reaches of Opawe , Porewa and Te Ekaou Streams . A very dis­

tinct kink in Andersons Stream , where an  extens ive breccia zone is ex­

po sed at T2 3B/6 1 2 1 56 , marks the position of the trace . It then veer s 

towards the northeast across the upper reaches of Makawakawa Stream 

where it can be seen to strongl y influence the drainage pa ttern of sma l l  

fault gu ided tr ibutaries . within o n e  of these tr ibutar ies at T2 3B/ 

6 4 1 1 9 2  faul t brecc iated bedrock is exposed throughout its length . Here 

fluvial erosion of the softer brecc iated rock has re sul ted in deep stream 

dissection , the banks of which show cons iderable slope instabi l ity .  A 

very ceep saddle across the r idge separating Makawakawa Stream catchment 

and Pohang ina River catchment is traver sed by Takapari Road at T2 3B/ 

661 2 08 where road cuttings af ford excel l ent exposures of fault brecc iated 

bedrock . S ign s o f  faul t brecc iation along the strike of this trace can 

also be seen where it crosses Centre Creek at T23B/6 7 1 2 1 5  and Cattle 

Creek at T2 3B/692 2 34 , the latter of which is some 3 50m wide . Northward 

of Cattle Creek the trace of Ruahine Fault  i s  thought to approximate the 

ma in c hannel of the Pohangina River for a d i stance of approximately 1 5  km 

before pass ing acros s  a low saddle , to the east of Otumore Tri g . ,  into 

Tukituki River catchment ( north o f  the mapped area ) . 

Two spl ay faul t s , Piripiri and Cross Road Faul ts , strike towards the 

southwe st of the princ ipal trace of Ruahine Fault for a l imited distance 

be fore petering ou t .  Further examples o f  splay faults may be repre sented 

by traceabl e but di scontinuous al ignments of near vertical bluffs , here 

mapped as scarps . One such scarp al ignment traver ses Te Ekaou and 

Porewa catchments whi l st a second traverses Opawe and Mangatuatou catch­

ments . A third scarp a l ignment across Ohine tapu , Dundas ,  No . 1 Line and 

No . 2 Line catchments appear s to parallel the princ ipal trace of Ruahine 

Fault . Rather than a splay from the Ruahine Faul t ,  an al ternative 

interpretation is that it represents a northward extens ion of Makohine 

Faul t .  I f  thi s interpretat ion i s  correc t  then Makohine Fault ceases to 

be a contact fault northward of No . 2 Line where the trace veers toward 

the northeast into the bedrock l ithologi e s  compr i s ing the Range . Al l 

of the spl ay faul ts descr ibed are upfaul ted on the eastern s ide , but 

as i s  the case with the princ ipal trace of Ruahine Faul t  the t iming of 

di spl acement is l arge ly unknown . 

As none o f  the traces within the Ruahine Fault  Zone traverse al luvial 

sur faces of Late Quaternary age it  is difficult to e stabl ish whether or 
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not thi s  faul t wa s active in Late Quaternary time . In the southern part 

of the mapped area the trace separates pl io-P lei stocene marine deposits 

from Torlesse bedrock and is thus a contact fault . Because other con-

tact faul ts in the study area have moved at least once in the last ha l f  

mill ion year s , some showing po sitive evidence of Late Quaternary fault 

movement , it  i s  cons idered that the prinicpal trace of Ruahine Fault 

should be mapped as being potentially active . The absence of sur face 

expre s s ion of thi s trace across much of the Manawatu Sadd le is inter­

preted as being a func t ion of the thicknes s  of the cover ing strata . 

Any permanent displacement in the underlying bedrock has probably been 

accommodated by plastic de format ion rather than br ittle faul ting within 

the overlying Pl io-Pl e i stocene cover strata . 

6 . 7 . 2  TOTARA FAULTS 

The Totara Faul ts compri se three traces located at the northern t ip of 

the Tararua Range approximately 1 . 2  km upstream from the western end of 

the Manawatu Gorge . The we sternmost and centra lly  located traces 

separate , along the southern part of their length , upthrown Torlesse 

bedrock to the east from down thrown mar ine strata of Pleistocene age to 

the west . As with other contact faul t s , this section of the trace i s  

marked b y  a steep bedrock bluff t o  the east of the trace . Fault breccia 

and gouge in Torlesse bedrock on the south s ide of the Manawatu Gorge 

may indi cate that these two traces extend at least to the Gorge but 

there is l i ttle field evidence to sugge st that they extend across the 

Gorge . Nevertheless , stream al ignments along the strike of these traces 

on both s ides o f  the Gorge may indicate that drainage has been influ­

enced by these faults . The easternmost trace d i splaces Tor lesse bed­

rock throughout its length . A series of faul t breccia zone s , exposed 

along that part of the trace that parallels  the south bank of the centre 

part of the Manawatu Gorge , have been measured as dipping a t  7 3
0 

toward s 

the southeast . The d ip and str ike of these breccia zones approximates 

the fol iat ion o f  the bedrock at these local ities . Elsewhere along this 

trace features o f  fault origin are poorly preserved and subdued in outl ine . 

A thin covering of Ple istocene deposits on the upthrown eastern s ide of 

the Totara Faults has been vert ically di splaced but by an unknown amount . 

The absence of di splaced reference features along any of the three 

traces precludes any de terminat ion of hor izontal fault d isplacement . 

A scarp at T24A/4 5 3 9 4 3  i s  taken as evidence of rejuvenated movement 

along the we sternmost trace within Lat� Quaternary t ime s , with the sense 
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of vertical d i splacement be ing the same as  those in the past . with the 

pos s ibil ity of further movements taking place along this faul t ,  it is 

considered l ike ly that the westernmost o f  the Totara Faults i s  potenti­

ally active . 

6 . 7 . 3  CROSS ROAD FAULT 

Throughout its 3 km length this fault d i splace s Tor le sse bedrock . The 

main feature of Cross Road Fault  is the subdued outl ine of the north­

east-str iking , 2 - 1 Om h igh , east-fac ing scarp which is delineated by a 

series o f  spr ings and swamps at its base . These spr ings and swamps 

give rise to dra inage channe l s  all of which begin at the base of the 

fault  scarp . Seve ra l l arge-scale gravity col lapse feature s are also 

located along the l ine of fault scarp at T24A/4 62917  and T24A/4 66918 

( Inset E)  . 

The fault i s  upthrown to the we st . I t  cannot be demonstrated that the 

thin di scontinuous veneer of mar ine strata in the vicinity of the scarp 

has been di splaced thus the relat ive age of fault movement is unknown . 

The absence o f  displaced reference feature s  i s  taken as an ind ication 

that Cross Road Faul t has not been act ive dur ing Late Quaternary time s .  

However , the presence o f  free-flowing groundwater and fresh-looking 

gravity col lapse features may indicate that fault movement has taken 

place in Ple i stocene t imes . As the sense of d i splacement is simi lar to 

that o f  the Ruahine Fault i t  seems l ikely that Cro ss Road Fault may 

have been generated by movement along Ruahine Faul t .  I t  i s  there fore 

l ikely that the timing of movement is s imi l ar . with the absence of 

evidence for repeated fault  displacement Cros s  Road Fault is c lassified 

as being pote ntially  active . 

6 . 7 . 4  DELAWARE FAULT 

Thi s  fault displaces Torlesse bedrock in an area where mar ine planation 

has pre sumably removed previously exi sting deposits of Pl io-Plei stocene 

age once depos ited upon an eroded bedrock surface . Mar ine strata have 

been located at 7 0 0m altitude in thi s  area at T2 3B/6 2 5 2 24 but nowhere 

have such deposits been found upon the exten s ive peneplaned surface of 

Delaware Ridge at approximately 1 1 0 0m al t i tude . 

The De laware Faul t has a str ike o f  0500T east of north and con s ists of 

an 8-1 Om high , northwe st facing scarp that i s  up thrown on the southeast 

s ide . Impeded drainage on the down thrown northwe st s ide ha s formed an 
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exten sive area of swamp at the base o f  the scarp . 

Zones o f  faul t breccia and gouge within tributar ies of the we st Tamaki 

catchment , along the l ine of str ike of Del aware Faul t ,  indicate that it 

extends some cons iderabl e d i s tance beyond the Delaware Ridge toward s the 

trace of We l l ington Faul t . I f  the Del aware Fault represent s a spl aying 

o f  the Wel l ington Fault it  i s  conce ivable that it  has moved in Late 

Quaternary times . The sharp straight out line and steep scarp face 

favour the interpretat ion that this fau l t  is of recent origin as opposed 

to an exhumed origin . 

6 . 7 . S  PIRIPIRI FAULT 

Within the Upper Pohangina catchment ( to the nor th of the mapped area ) 

Piripiri Fault splays from the Ruahine Fault in a southwe sterly d irect ion 

towards Piripiri Stream catchment where it appears to peter out . The 

str ike o f  the fau l t  varies between 02 S
o

T east of north in pohangina 

catchment to 0 3 S
o

T east o f  north in Piripiri catchment . Physiographical 

evidence for this fault i s  poorly preserved on account of deep valley 

di ssection in thi s area . However , a ser ies of fault saddles across 

catchment divide s and fault-gu ided reaches o f  smal l tributary streams 

del ineate the pos ition of this faul t .  In the f ield , extensive areas of 

non-cemented , fault-crushed breccia along the strike of this fau l t  pro­

vide conf irmatory evidence . Secondary features inc lude some of the 

large st s lumps in the southern Ruahine Range . The sense and amount of 

either horizontal or vertical d i splacement along this fault i s  unknown 

and because of the absence of re ference feature s of known age in thi s 

area the t iming of fault d i spl acement a l so remains unknown . It i s  

as sumed that movement along the Ruahine Fault was accompanied b y  move­

ment o f  a simi lar sen se along its  splay fault , the Piripiri Fau l t . 

6 . 8  DESCRIPTI ON OF POTENTIALLY ACTIVE CONTACT FAULTS 

Al l potentially active contact faults  define the boundary be tween the 

high-alti tude , deeply-dissec ted terrain of the Range from the low­

altitude mode rately-dis sec ted piedmont . Each faul t i s  del ineated by a 

sharp break in slope that separates Torlesse bedrock from Pl io-Pl ei stocene 

mar ine deposits . These faults paral l e l  the ma jor act ive faults in the 

region . The steep , high scarps o f  the contact faults indicate that con­

s iderable vertical di splacement has taken place in Plei stocene t ime . 

There i s  no evidence preserved of hor i zontal d i splacement on contact 

faul ts . Horizontal and vertical movements along the se faults in Late 
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Quaternary times cannot be demonstrated because no offset sur faces of 

thi s age were re cognised . These faults are therefor e con s idered to 

have been inactive during Late Quaternary t ime but are nonethe less l ikely 

to be sites of reactivated movement in the future . They have been 

c lassi fied as potent ially active . 

6 . 8 . 1  WHAREROA FAULT 

Whareroa Faul t consists of a 1 . S kID long , s te ep , west-fac ing, nor thwe st­

striking scarp separating Torl e sse bedrock to the east from gently 

dipping Plio-Ple istocene marine depos its to the west . At its southern 

end , near Maungatukurangi Stream ( T2 3C/4 9 2 006 ) ,  the scarp turns sharply 

to a N 1 1 S
o

E strike to then para llel the northern edge of the Manawatu 

Saddle for approx imate ly 1 kID d i stance . Fau lt brecciation is exten sive 

and can be seen at T2 3C/499000 and T2 3C/4 9 1 02 6 .  OWer ( 194 3 )  observed 

the faul t plane d ipping at 8 0
0

E in the south branch of Whareroa Stream . 

Thi s  Fault is  considered to be a reverse faul t .  Marine deposits to the 

west and south of this scarp have been dragged into moderate to steep 

attitudes as a result of upl i ft on this fault . OWer ( 1 94 3 )  indicates 

that some o f  the strata ad j acent to the Whareroa Fault were overturned 

to d ip at 86
0

E but in this study s trata c lose to the fault were observed 

to d ip at S O
o

W .  The angle o f  d ip o f  the strata rapidly decreases over 

short d i stances to the we st of the Faul t .  

6 . 8 . 2  MAKOHINE FAULT 

In the vic inity of No . 2 Line , Makohine Fault  consists of a steep , 1 . 5  kID 

long , we st- fac ing , northea st- striking scarp separat ing Torlesse bedrock 

to the east from Plio-Ple i stocene mar ine sed iments to the west . Fault 

brecciat ion along thi s  Faul t can be seen where the trace crosses Te 

Awaoteatua Stream at T2 3 D/ S 1 S 068 . Here the fault plane dips at 4 6
0

E 

and is  l ikely to be a reverse faul t . Marine deposits adj acent to 

Makohine Faul t are poorly exposed . Further we stward the strata are seen 

to d ip between 2 3
0 

and 3 4
0W .  A southward extension of this Fau lt is 

thought to coincide with a faul t brecc ia zone in Te Awaoteatua Stream 

at T2 3 D/S09062 and l ithological con tacts be tween Torlesse bedrock and 

Plei stocene marine deposits within Tokeawa Stream at T23D/SOSOS9  and 

Makohine Stream at T2 3 C/SOOOSO . Signs of fault brecc iation were not 

found at the l atter two local itie s .  A northward exten sion of thi s  

Faul t to Ohinetapu Stream i s  thought to coinc ide with a linear series 

of steep , west- fac ing bedrock bluffs . Thi s  section of the Fault  trace 

i s  not in contact with Plei stocene mar ine depos its . 
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6 . 8 . 3  UMUTOI FAULT 

Umutoi Faul t consi sts of a steep , 2 km long , we st-fac ing , north-striking 

scarp separat ing Torle sse bedrock to the east from Pl io-Pl ei stocene 

mar ine deposits to the west . Thi s  Fau lt forms an exten sive breccia 

zone expo sed at T2 3D/657 2 5 1 in P ir ipiri stream where the fault plane 

d ips at 8 50
E ,  thrusting Torlesse bedrock we stward over Plio-Plei stocene 

mar ine deposits . These mar ine deposits d ip westward at approximately 300 . 

6 . 8 . 4 CENTRE FAULT 

Within the mapped area Centre Fault extends southward from the western 

end of Manawatu Gorge for a distance of 2 . 2  km along an approximate 

north- south strike . Here the presence of a fault is indicated by the 

local westward steepening of the dip of P l io-Plei stocene mar ine depos its 

to att itudes o f  3 50 at T24A/4 5 5962 and 4 20 at T2 4A/449950 . The se deposits 

have been mapped by Ower ( 1 94 3 )  and Fe ldmeyer e t  a l . ( 1 94 3 )  as  d ipping 
o 

86 eastward along the south bank o f  Manawatu River . South of the mapped 

area near Centre Creek ( T24A/4 4 7 93 3 )  Centre Fault coinc ides with the 

contact between Pl io-Plei stocene mar ine deposits to the west and Tor lesse 

bedrock to the east . The upthrown s ide i s  to the east but the amount 

of ve rt ical displ acement i s  unknown . 

6 . 8 . 5 MANGATERA FAULT 

In the northeast of the mapped area , Mangatera Fault separates upl ifted 

Torlesse bedrock to the we st from down thrown mar ine deposits of Pleisto ­

cene age to the east . At only one local ity , U2 3A/7 36167 , i s  there any 

s ign of contact between greywacke bedrock and Plei stocene strata . Here 

ma ss ive mudstone with a band of l ime stone dipping southeastward at 3 0
0 

ad j o ins the greywacke . Thi s  contac t is  su spected of be ing faulted 

but due to the pauc ity of exposure this was not able to be proven . 

Further we stwards the l ine of Mangatera Fault is delineated by : ( a )  an 

uneven but marked topographical break in s lope ; and ( b )  exposures of 

fault  brecciated greywacke bedrock containing uncemented gouge . 

6 . 9  FAULTED MONOCLI NES 

6 . 9 . 1  RAUKAWA FAULT 

Raukawa Faul t i s  recorded as a high angle reverse fault ( Rich , 1 9 5 9 )  

but was not located by the author . Evidence of this fault i s  an expo­

sure o f  a fault plane within Plei stocene marine deposits in the southern 
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bank o f  the Manawatu River at c .  T24A/4 5 l 963 . Here Rich ( 19 5 9 )  re­

corded the fau l t  plane as  striking N 3 0
0

E and dipping 7 5
0 

to 80
0 

to­

wards t he east . The surface trace o f  this fault is  masked by Holocene 

terrace a l luvium that has not been displ aced by the faul t .  According 

to Rich ( 1 9 5 9 )  this faul t can be traced for 5 km to the south of the 

Manawatu Gorge as a pos s ible monocl inal flexure of steeply d ipping bed s 

within an area o f  o therwise low-dipping strata . 

6 . 9 . 2  POHANGINA FAULTED MONOCLINE 

Thi s  Faul ted Monocl ine can be traced without difficulty between Opawe 

stream northward to the Pohangina River but with less certainty north­

ward of thi s  po int and southward of Opawe Stream .  Throughout i t s  trace ­

able length the monoc linal struc ture invo lve s marine deposits of Plio­

Pleistocene age . Low-dipping marine deposits gradual ly increase in dip 

westward to reach near vertical , or s l ightly overturned attitudes , at 

the Monocl ine . The best exposures occur in Makawakawa Stream at T2 3B/ 

5 7 9 1 9 3  and i n  Te Ekaou Stream at T2 3B/56818 1 . El sewhere the Faulted 

Monoc l ine i s  repre sented by steeply d ipping mar ine strata in the we st 

lying i n  sharp contact with greywacke bedrock to the east . At these 

loca l i ties greywacke bedrock usually shows s igns of inten se faulting . 

Thi s  i s  evidenced by brecciated rock and gouge , e .g .  in Porewa Stream 

at T2 3B/5 5 91 6 3 . North of Konewa Stream the Faulted Monoc l ine takes a 

northea st bend to strike along the Pohangina River bed for 2 . 5  km where 

north-dipping marine strata on the north side of the river are in fault 

contact with brecc iated greywacke bedrock on the south side of the river . 

At the j unc t ion o f  Te Anowhiro Stream the str ike of the marine strata 

swings to the north again and a monocl inal struc ture is  resumed . Thi s  

section o f  the Faul ted Monoc line is  thought t o  l ie to the we st o f  and 

parallel  to Umotoi Faul t for much of its le ngth within the mapped area . 

South o f  Opawe Stream the Pohangina Faul ted Monocl ine , when extended 

along strike , coinc ides with areas of steeply dipping mar ine strata in 

Mangatuatou Stream . The massive ( unbedded ) natur e of mud stone deposits 

in catchments south o f  Mangatuatou Stream make it difficult to determine 

the attitude o f  the strata and hence the pos ition of the Faulted Mono­

c line is unce rtain . In view of the fact that this structure c rosses 

numerou s pre sent day river terraces without d i splac ing them l ed Carter 

( 1 9 6 3 )  to doubt Kingma ' s  ( 1 962 ) interpre tation that the POhangina Faulted 

Monocl ine has been recently ac tive . Indeed , no evidence for Late 

Quaternary fault  displ acement along this structure could be found . I t  
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t imes . 
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The Pohang ina Faul ted Monocl ine is  tec ton ically ana logou s to a similar 

structure found to the south of the Manawatu Gorge lying between the 

we st flank of Tararua Range and the Manawatu River . This monocl inal 

structure is faul ted by Centre Fault and ?Raukawa Faul t . North of the 

Manawatu Gorge the Monocline is thought to para llel the l e ft bank of 

Pohangina River . Due to a lack of expo sure it is not po ssible to prove 

if these two monoc l inal structures are aligned and connected with each 

other . 

6 . 1 0 SECONDARY FAULT FEATURES 

6 . 1 0 . 1  UPHI LL-FACI NG SCARPS 

Uph i l l - facing scarps are one of the most common features of tecton ic 

origin found along active fault traces i n  this area . They indicate 

that vertical fault  di splacement has of fset the ground sur face but s igns 

of hori zontal displacement are absent . The downhi l l  side o f  the fault 

scarp i s  upthrown with the re sultant moderately- to steeply-inc l ined 

scarp fac ing uphill  ( see Fig . 6 . S ) . The steepne ss of the fault  scarp 

is always greater than that of adj acent s lope s . The d ip direction of 

the fault plane is unknown and would require trenching to expose . Uph i l l ­

fac ing scarps are usually found o n  hill s lope s compr ising P l io-Pleistocene 

mar ine deposits and have not been found upon al luvial terrace surface s .  

The d irection o f  upthrown side as i ndicated by uph i l l - facing scarps often 

di ffers to that seen along lateral port ions of the same fault trace where 

the trace d ispl aces al luvial terrace surfac e s . 

Assoc iated phys iographical features include a round-topped , narrow ( 2 - 1 Om 

wide ) and l inear r idge on the downhi l l  s ide of the fault  scarp . On the 

uphi l l  s ide and at the base o f  the fault scarp l ies a trench that para­

l l e l s  the strike o f  the scarp (Fig . 6 . S ) . The trench i s  var iable in 

width ( O . Sm - 2 0m)  and depth ( O . Sm - 1 0m ) and o ften contains swamp and/ 

or ponded water . Ponded water e ither or iginates within the trench as  a 

resul t of upward percolation through fault  gouge or along the fault 

plane , or emerge s further uphi l l  as spr ings and drains downslope into 

the trench . Fau l t  gouge in the form o f  blue-grey pug has been sampled 

from such a trench at T2 3 D/7 S4 . The trench , uphill -fac ing scarp and 

l i near ridge are rarely of equal length at any one local ity . Uph i l l ­

fac ing scarps vary in length from 2 m  t o  4 00m in the mapped area . 
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FIGURE 6 . 5 :  Diagrammatic sketch illustrat ing features of tectonic origin 
commonly found along ac tive fault trace s .  The se inc lude an 
uph i l l -fac ing fault scarp with a l inear ridge on the down­
h i l l  side and a l inear trench on the uphill  side of the 
scarp . Other commonly assoc iated features of non- tecton ic 
origin are also shown . 

Where uphill - fac ing scarps parallel  the s lope face , the scarp i s  gener­

ally of even ' height throughout its l ength but where they c l imb upslope 

the depth of the trench shal lows towards the top . 

Recurring vertical displacement of s lopes to form uphill -fac ing scarps 

can be demonstrated at T24B/ 2 3 7  and at T2 3D/7 5 5 . At T24B/ 2 3 6  a fault  

scarp paral l e l s  the uphill-fac ing scarp a t  T2 4B/ 2 3 7  on  its down slope 

side . Thi s  8m high fault scarp faces down slope ( towards the west ) and 

marks the position of an ear l ier phase of ver t ical displac ement at this 

site . At approximately 1 0m distance toward s the east at T24B/2 3 7  the 

uph i l l - fac ing scarp with assoc iated trench and ridge ind icates a second 

more recent phase of vertical di splacement . At T2 3 D/7 5 5  an uph i l l -
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fac ing scarp has been cut through , in several places , by antecedent 

drainage channel s ( Fig . 6 . 5 ) . Re j uvenat ion of vertical d i spl acement at 

thi s s i te has l ed to the abandonment of one of the drainage channel s ,  

the floor o f  which now l i e s  some 0 . 5  - 1m higher than the present sur face 

of the trench . 

Where the trace o f  Wel l ington Fault crosses the ends of truncated bed­

rock ridges such as at T2 3 D/763  ( Inset F ) , T2 3 D/774 ( Inset H )  and T23D/ 

767  ( Inset G )  numerou s uph i l l -fac ing scarps oc cur within a narrow zone 

across the width of the spur . On Insets F ,  G and H on ly the scarps are 

shown , a l l  of which strike towards the northeast along the approximate 

trace of We l l ington Fault and a l l  face uphil l toward s the nor thwest . 

Scarp heights rarely exceed 2m and all  the trenches here are narrow , 

shal low and dry . Similar uphil l - fac ing scarps occur as  a series of 

four scarps in succe ss ion up a hi l l s ide in each of four location s ( T24A/ 

052 - 05 5 )  within 0 . 5  km of each other ( see I nset E )  . 

6 . 1 0 . 2 FAULT PLANES , FAULT BRECCIA AND GOUGE ( PUG ) 

A .  Fault Plane s  

The fault planes o f  Active Faults are not exposed i n  thi s  area . 

Numerous faul t planes within breccia zones along potential ly Act ive 

Fau l ts represent a phase of fault movement subsequent to that which re­

sul ted in extens ive areas o f  brecc iated bedrock . Exposures of fault 

planes along potentially Active Contact faults occur along the western 

flank of the Range where fault planes separating Torle sse bedrock to 

the east from P l io-Plei stocene mar ine deposits to the we st can be seen 

at T23B/6 S 7 2 5 1  ( Umutoi Faul t )  and at T2 3B/5 85192  (unnamed faul t ) . The 

fault planes d ip ,  re spective l y ,  at 8 5
0 

and 65
0 

toward s the east . Ower 

( 1 94 3 )  records a rever se fault  pl ane d ipping at 8 10 towards the east at 

the point where Whareroa Fault crosses the south branch of Whareroa 

Stream .  Along the eastern flank o f  the Range , Ower ( 194 3 )  and Feldmeyer 

et a l . ( 1 94 3 )  mapped a fault contact within Coppermine Stream catchment 

separating Torlesse bedrock to the west from P l io-Pleistocene mar ine 

depo sits to the east . The faul t plane was mapped as dipping at 7 5
0 

to­

wards the we st . 

Within the mapped area the ma jority of ac tive fault planes are bedding 

plane fau l t s  exposed in outcrops of Torlesse bedrock (Map 4 ) . They co­

inc ide with bedd ing planes in the Tamaki and We stern Lithotype s or con­

tacts between rock units of differing compositon in Wharite Lithotype . 
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The dominant strike d irection is  to the north-northeast parallel  with 

the trend ' of ma j or fault trace s .  However , secondary strike directions 

towards the north-northwe st and east-west are also evident ( see 

Chapte r 7 ) . The fau l t  planes are genera lly steeply d ipping , with the 

var iabil ity of dip and dip d irec tion reflecting the pattern of folding 

and flexuring in the bedrock . Low-angle thrusts of var iable strike , 

dip and dip direct ion are less  common . Both high angle and thrust 

fault  planes are gene ral l y  but not always coated with so ft , clay gouge 

of var iable thickness ( 1- 5 0  cm) , evidence of sl ickensiding be ing rare . 

The dominant c l ay minera l s  are mica , kao l inite and chlorite . Less 

s ign ificant are vermiculite , mixed-layer clays and montmor illonite 

( Stephens , 1 97 5 ) . 

B .  Faul t Breccia and Gouge 

Faul t breccia and gouge has been found in assoc iation with only two 

ac tive faults  - the We l l ington and Wharite Faul ts . Within Tor le sse bed ­

rock cut by these Faults , zones of breccia and gouge occur at T2 4B/ 

5 38993  ( Whar ite Faul t )  and at U23A/703 2 0 3  and T23D/6 36107 (Wel l ington 

Fau l t )  . 

Breccia and gouge occur within P l io-Plei stocene marine deposits on the 

Wel l ington Faul t at T24B/54 3 98 1  ( Mangapapa Stream) and within Holocene 

alluvium at T23D/608055  ( South Oruakeretaki Stream) . Fault brecc ia and 

gouge can be found in association with a l l  pote ntially Act ive Faults 

and al l Potentially Act ive Contac t Faults . Breccia zones are unevenly 

di stributed along the l ength of the se fault traces and vary consider­

ably in width . Some o f  the mo st extens ive breccia zone s occur along 

the Ruahine Faul t Zone at T2 3B/6 92 2 34 and T23B/6 l3 156 . At T23D/564 072  

the breccia zone is  approx imately 3 0 0m wide but the width over which 

fault de format ion can be recognised in the bedrock spans about 500m 

wid th . Within the zone of faul t brecciation , breccia ha s been 

cemented with calc ium carbonate and cut by ve ins of calcite . Where 

carbonate mineral i sation is pre sent , outcrops of fault breccia generally 

weather to a grey-white colour . Not a l l  breccia zones are cemented or 

of thi s  colouration . Some may be heavily iron sta ined , presumably as 

a result of ground water reaching the surface through the permeable 

breccia zone . Outs ide of the zone of brecciation , fault deformation 

is less  intense and re sul ts in local i sed intense jointing , zeol ite 

format ion and a loo sening of the bedrock constituents . 
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Minerali sation o f  fault  brecc ia is  as sumed to indicate that the Ruahine 

Faul t Zone coincides with a zone of earl y displaceme nt at depth under 

conditions of confining pre s sure and c irculating ground water . Thi s 

displacement may repre sent faul ting during the Rangitata Orogeny in 

Early Cretaceous times . Later displacements along this fault zone 

occurred within Early Quaternary and probable Late Quaternary t ime s as 

part of the Kaikoura Orogeny . The se latter displacements are thought 

to have taken pl ace at shal lower depths and resul ted in the re -breccia­

t ion of the faul t zone as we l l  as  the production of substantial quant i­

ties of non-cemented,  so ft , blue -grey fault gouge . The gouge forms as a 

coating or thin zone ad j acent to the planes along wh ich the mo st recent 

phase o f  fault displacement has taken place . 

Fault planes , fault breccia and gouge zones have been recorded as  sites 

of di fferential eros ion by fluvial downcutt ing and/or ma ss movement 

within the southern Ruahine Range ( see Marden , 198 1 ) . 

6 . 1 0 . 3  MASS MOVEMENT FEATURES 

A .  S lumps 

The steep , forest-c lad s lopes of the southern Ruahine Range are prone 

to eros ion by l arge- scale mass movement ,  the most COmmon type be ing 

slumping . The formation of c lassic ovate-shaped rock slumps , many of 

which exhibi t  backward rotation , frequently coincides with fault  brecc ia 

zones . Such a rel ationship is we l l  il lustrated by the formation of 

numerou s rock s lump features along active traces of the We l l ington and 

Ruahine Faul ts , particularly where they cro ss areas of deeply-d i s sected 

terrain within the Range (Map 4 )  . 

Simi l arly , earth s lumps involving Plio-Plei stocene mar ine deposits 

occur along active fault and potent ia l ly act ive con tact fault trace s ,  

the better examples o f  which occur in associ ation wi th Wel l ington , 

Wharite and Umutoi Fault traces . S lumps a l so occur in association with 

the Pohang ina Faul ted Monocl ine . Factors that influence large-scale 

slump deve lopment within fault  breccia  zones are out lined in Chapter 1 0 .  

B .  Ridge -top rents 

Numerou s exampl es of ridge-top scarps ( gravity faults of Beck , 1 968 ) 

ridge-top depress ion s ( Tabor , 1 97 1 )  and ridge-top benche s , of gravi­

tational or igin , have been ident i fied throughout the southern Ruahine 



185 . 

Range ( see Chapter 1 0  and Appendix VI ) .  The se features are shown on 

Map 4 with a special symbol but are not inc luded in the tabulated data . 

6 . 1 0 . 4  TI LTED PLIO-PLEISTOCENE MARINE DEPOS ITS 

The amount o f  til ting of Plio-Plei stocene marine deposits due entirely 

to fau l t  displ acement i s  uncertain because marine strata fl anking the 

Range s have been t ilted as a result of drag dur ing tecton ic upl ift of 

the Ranges . Where marine strata are found to be in depositional con­

tact with the underlying bedrock and the contact is not faulted , the 
o 0 

atti tude o f  the strata is generally between 2 0  to 2 5  Ti l ting in 

these i nstance s is due solely to locali sed tectonic upl ift of the bed­

rock compr i s ing the Ranges re sulting in the up-dragging of the overlying 

marine strata . 

Marine strata tilted to steeper attitude s have been found in as soc iation 

with : ( a )  active faul t traces ; ( b )  potent ially ac t ive contact faul ts ; 

and ( c )  faul ted monoc linal structure s .  

In  ( a )  marine strata til ted to an angle o f  600 are found on the Late 

Quaternary trace of We l l ington Fault at T24A/4 77899 . Here the steeply 

dipping strata occur between two parallel  fault trace s that are part of 

a fault wedge . Wi thin the wedge there ha s been add it ional upwarping or 

vertical fau l t  di splacement on one or both of the fault trace s .  To the 

east and within a short di stance of these fault traces the d ip of the 

strata l es sen s to 300
. 

In  ( b )  steeply til ted marine strata are often found on the downthrown 

s ide o f  potentially ac tive contact faul ts . For example , strata ad j acent 
o 

to Whareroa Fau l t  at T2 3 C/4 92 009 dip westward at an angle o f  50  . 

In ( c )  mar ine strata folded by the ' Pohangina Faulted Monocline ' have 

been t i l ted to a near ver tical and s l ightly overturned attitude in 

Makawakawa Stream at T2 3B/57 9193  and in Te Ekaou Stream at T2 3B/568181 . 

South o f  the we stern end of the Manawatu Gorge a faulted monocl inal 

s tructure , to the west of Centre Faul t ,  has resul ted in mar ine strata 
o 0 

dipping towards the we st at angles of between 3 5  and 4 2  . 

6 . 1 0 . 5  SPRI NGS 

Many springs issue from the base of fault scarps , for example the l ine 

o f  c losely spaced springs along Cross Road Fault ( Inset E ) . In  most 

instances soft and swampy ground i s  present at the ba se of the se scarps 
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and in the case of springs i s suing from scarps within marine strata , 

the fault scarp is  prone to collapse . where fault traces displace 

hil l s ides , emergent spring water is  often dammed on the uph i l l  side of 

the trace to form pond s or swamps , e . g .  T2 3D/638 and 7 2 3 . Numerous 

examples o f  s lope instabil ity can be attr ibuted to spr ings emerging on 

hill sides . Springs al so issue from zones of fault brecciation within 

Torlesse bedrock , particularly along the trace of the Ruahine Fault . 

Here groundwater is cons idered to contribute substantial ly to the in­

s tability o f  faul t brecc iated bedrock , fai lure of which general l y  re­

sul ts in l arge -scale mas s  movement features such as rock slumps ( see 

Chapter 1 0 ) . 

6 . 1 0 . 6  ZEOLITES 

Outcrops of greywacke bedrock that l ie ad j acent to known fault zones 

o ften do not show Some of the more obviou s s igns of fault deformation 

such as  the pre sence of breccia or gouge . Ho�cver , such outcrops are 

o ften "whitened " by the presence of a mineral that occurs either as a 

surficial coating or as a vein infi l l ing . Thin section analyses of 

this mineral indi cate s the presence of the zeol i te laumont ite . 

6 . 1 0 . 7  TRUNCATED SPURS 

The morphology of the east-fac ing , faul ted range front contains evi ­

dence o f  recurrent episodes of Late Cenozoic vertical fault displace­

ment along Wel l ington Fault . Thi s  evidence is pre served in the form 

of success ive generations of truncated spur s cut into the Tor lesse 

bedrock . Success ive generations of truncated spurs are separa ted by 

narrow erosional remnant ridges . 

A concept of the eros ional modification of a fault scarp undergoing 

recurrent per iods of movement separated by pe riod s of stabil ity has 

been developed by Hamblin ( 1 97 6 )  in which he recognised that truncated 

spurs represent a serie s of di screte fault  d i splacements over time . 

These di splacements are separated by per iod s of quie scence too brief 

to l eave a geomorphic record . Di splacement of this type , in a geologic 

sense , is e s sentially cont inuous .  However , period s of cont inuou s dis­

pl ac ement are separated by periods of quiescence dur ing which l ittle 

di splacement occurs . During these periods of qu iescence , eros ion of 

the fau l t  scarp causes the scarp to recede from the fault  l ine to pro­

duce narrow remnant ridge s preserved at the apices of truncated spurs . 

Al so the s lope angle of the spur face decrea ses and with time sma l l  
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con sequent streams deve lop on the truncated spur s .  

These features are particularly wel l  deve loped along We l l ington Fault 

in the vicinity of Rokaiwhana Stream and we st Tamaki River catchment s .  

Of note in this area is : ( 1 )  the deep dissection of older truncated 

spurs by consequent streams ; and ( 2 )  the steep scarp face of the most 

recent generation o f  truncated spur s .  Other features noted in this 

area include : ( 3 )  fault di splacement of some of the younge st genera­

tion of truncated spurs by the Late Quaternary trace of We l l ington 

Faul t ;  and ( 4 )  gravitational col lapse of parts of the se truncated 

spurs by slumping . Success ive generations of truncated spurs indicate 

that vertical fault  displacement along Wel l ington Fault in pre-Late 

Quaternary t imes has been recurrent and epi sod ic . The number of epi­

sodes involved to produce 500m of vert ical separation be tween the crest 

and the base o f  the Range in this area is uncertain . 

6 . 1 0 . 8  GAS PIPELINE 

The Pa lmerston North - Takapau gas pipel ine and a section of its 

southern extens ion to Pahiatua traver ses active fault trace s  that are 

known to have moved wi thin the last 500 000 years . As most o f  the se 

faults have moved more than once and as repeated movements general l y  

take place along the same fracture o r  fault trace , i t  is  expected that 

future movements will a l so take place along these exist ing fault  traces . 

The gas pipe l ine be tween Palmerston North and Takapau crosses the 

Ruahine Fault at T24B/5 0997 1 .  As there is no sur face trace of the 

fault  at this locality the above location is an approximat ion only . 

Further eastward the gas pipe line crosses the trac e of Wel l ington Fault 

at T24B/2 2 3  ( T2 4B/534968 ) where part of an uph i l l - facing scarp ha s been 

destroyed . Immed iately to the north o f  Beagley Road the gas pipe l ine 

trends across the northeasterly strik ing trace of Beagley Road Fault . 

Although no surface trace o f  this fau l t  i s  pre sent in the vic inity of 

the pipel ine , an extens ion o f  the fault  trace from local ity T24B/282 

along the strike o f  the trace would intersect the gas pipe l ine at 

approx imately T24B/5 65992 . The pipe l ine crosses James Hill Road Fault 

between local i t ie s  T24B/264 and 265  (T24B/56 6998 ) .  To the north of 

Manga-a-tua Stream the pipe l ine fol lows the base of a low spur compris­

ing marine deposits of Plei stocene age before swinging sharply north­

wards to parallel the south side of Top Grass Road . In do ing so the 

pipe l ine crosses the northeastern extens ion of Coppermine Road Fault . 
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Thi s  Fault would be expec ted to intersect the pipel ine at approximately 

T2 3D/5 8 3 01 3 .  A l i ttle further to the north the pipel ine fol lows a 

r idge crest where i t  passes to the east of but in c lose proximity to 

several l arge -scale mass movement feature s ,  one of wh ich at T23D/ 

589029 has a very obvious slump outl ine . Two other trace s (marked tc ) 

of unknown origin l ie to the northwe st of this slump . Near Fol eys Road 

a branch pipe l ine heads southward to Pahiatua . This pipel ine crosses 

the trac e o f  Mangarawa Fault at local ity T24B/283 ( T24B/ 5 58966 ) .  

6 . 1 1 IN CONCLUS ION 

There i s  evidence in thi s area to sugge st that an early pha se of faulting 

occurred at depth and under conditions o f  confining pres sure and c irculat­

ing ground water dur ing the Rangi tata Orogeny in Early Cretaceous t imes . 

Later upl i ft of the southern Ruahine Range during the Kai koura Orogeny 

( P l iocene -Recent ) was largely controlled by high-angle , northeast trending 

faults many of which have remained act ive well into Late Quaternary time . 

In some in stances fault displ acements in Late Quaternary time have coin­

c ided with the l i ne o f  earl ier faul t movements but in other instances sub­

sequent episodes of fault di spl acement have produced new traces . Still  

other faul ts show no evidence of movement in Late Quaternary time s but are 

nonethe less cons idered to be potent ial ly active . 

The amount of vertical d i splacement along active faults in this area has 

not been uniform either along the length of the fault or through time . 

Greatest fault upl i ft ha s occurred along the eastern s ide of the Range on 

the Wel l ington Fault . Here Early Quaternary di splacements have been 

large st in the northeast of the study area and least in the vicinity of 

the Manawatu Saddle . Much of the Late Quaternary vertical component of 

faulting has taken place during pre-Ohakean time but on some faults 

appear s to have ceased prior to Ohakean time . Minimum rates of vertical 

fault displ acement s ince Ohakean time approximate 1 mm/yr in this area . 

Po st-Ohakean (Holocene ) fault displac ement s have been less frequent and of 

smaller separation than pre-Ohakean and Ohakean displacements . 

Horizontal displ acements are o f  a dextral transcurrent nature . The amount 

of hori zontal di spl acement that occurred in Early Quaternary time s is 

large ly unknown . However , displacement of shutter r idges by a maximum of 

approximately 2 50m has occurred in Quaternary time along Wel l ington Faul t .  

In Late Quaternary t imes hori zontal d i splacement of a pre-Ohakean terrace 

surface of uncertain age is indicative that 1 5 0  metres of dextral trans-
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current fault di splacement occurred prior to 1 0  000 years B . P .  on 

We l l ington Faul t . The maximum possible rate o f  horizontal di splacement of 

this surface is there fore 1 5  mm/yr . 

There is  no evidence to suggest that fault  d i splacement has occurred 

within hi storic times in thi s area . 
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The pri nc ipal l arge-scale geological structure in the southern Ruahine 

Range comprises three Li thotypes of predominantly northeast-southwest 

striking bedrock l ithologies . Strata are predominantl y steeply eastward 

dipping and westward younging and hence are in the ma in overturned , al­

though smal l  areas of non-inverted eastward younging strata have been 

found in easternmo st outcrops (Map 1 and cross-sections ) .  The se Litho­

types l i e  subparallel  to the northeast trend of the Range . Each Lithotype 

occupies a consi stent strat igraphic position throughout its outcrop length 

( 4 0  kID) but var ies cons iderably in outcrop width . From east to west the 

Tamaki Lithotype , cons i st ing of a re latively unde formed sequence of d i stal 

turbidites , l i es to the east of  and is overlain by the Wharite Lithotype . 

Wharite Li thotype comprises a complex sequence of predominantly c lastic 

l i thologies  with minor vol canics that , in par t , shows signs of intense de­

formation . The consi stent stratigraphic po sition beneath and paral l e l  to 

outcrops o f  the Tamaki Lithotype substantiates the informal l i tho strat i­

graphic status o f  the Wharite Lithotype but does not exc lude its consider­

ation as a tec tonic unit , so is here re ferred to as a me lange . Whar ite 

Li thotype i s  in turn overlain by the we sternmost unit , the western 

Li thotype , which consists of a relatively undeformed turbid ite sequence 

that in many respects is simi l ar to that compris ing the Tamaki Li thotype . 

Contacts between Li thotypes are conformabl e  but have in places been tec ­

tonical l y  disrupted by faults that paral l e l  the strike of the contact . To 

the east and west o f  the Range a l l  contacts between Tor lesse bedrock and 

Pl io-Pl eistocene deposits that flank the Range are unconformable . Thi s  

contac t i s  usua l ly marked by a n  abrupt c hange i n  physiographic slope and 

i s  at many local ities faul ted ( see Chapter 6 ) . 

7 . 0 . 1  FOLDS 

A .  Ear ly Folds and Assoc iated Structures 

Highly asymmetric folds with wel l  developed ax ial plane c l eavage and thick­

ening of bedding in th� hinge zone occur together with clast ic dykes . 

These features formed when the sand stone beds were not completely con-
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sol idated and were therefore still  in a mobile state . Their formation 

was syndepositional . 

B .  Isoc l i nal Folds 

A l arge -scale , steeply plunging fold involving strata of the Tamaki Li tho­

type occurs near the eastern end o f  the Manawatu Gorge (Maps 1 and 2 ) . 

Here the northeast- southwe st striking axial plane trace of this fold 

approx imates the river bed of the Manawatu River between local ities T24/ 

490930  to T24/4 92 946 . At T24/4 92946 the core of this north plunging fo ld 

appears to die out . The d isappearance of this fold has been attr ibuted to 

faul t displ acement ( Zutel i j a ,  197 4 ) . It i s  here considered l ikely that 

thi s  fold has indeed been truncated by a fault ( see Map 2 ) , however , the 

sense and amount of fault di splacemen t  is unknown . To the east of the ax ial 

plane trace strata along the eastern l imb o f  this fold dip steeply east ­

ward , young eastward and are thus non- inverted . To the west of the axial 

plane trace strata al so dip steeply eastward but young we stward and are 

thus i nverted . The dimens ions of this fold are cons iderable ,  with a 1 . 5  km 

thick eastern l imb and a 0 . 8  km thick western l imb . The fold may be 

asymmetric with a thick eastern ( non-inverted ) l imb and a thin western 

( inverted ) l imb , but this apparent asymmetry may be misleading because it 

is poss ibl e that the western l imb has been truncated during or subsequent 

to empl acement of the overlying Whar ite Lithotype . 

Mesoscopic folding within the core of thi s anticl inal structure is  intense . 

In the ma jority o f  cases mesoscopic fold axes parallel the axial strike of 

the isoc l inal fold . Mo st of the mesoscopic folds are cons idered to be 

paras itic and conjugate . Both me soscopic and large- scale folding at this 

locality is  fur ther compl icated by subsequent epi sodes of fOlding . 

A second l arge-scal e ,  steeply plunging i socl inal fold occur s in the north­

east of the study area in the vic inity of the Rokaiwhana foothil l s , East 

Tamaki River and Mangatera foothi l l s . Here a large- scale reversal in 

younging d irection toward s the east is thought to indicate that the eastern­

most exposures o f  Tamaki Li thotype form the eastern l imb of one such fold . 

The direc tion of vergenc e o f  this fold is  unknown , as i s  the posi tion of its  

axial pl ane trace . 

I soclinal folds within Tamaki Lithotype are thought to repre sent the earl i ­

e s t  recogni sable ma jor phase o f  folding i n  this area . 

Wi thin Whar ite Li thotype steeply plunging isocl inal and subi soc l inal folds 

with d iverse axial trends have only been found on a sma l l  scale as  isolated 
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hinge zones ( Fig . 7 .  1 ) . The se folds measure less than 1m across and the 

l imbs are rare ly traceable for more than 2 - 3m .  They frequently occur in 

outcrops where no other sign of fold de formation is pre sent . It is thought 

that these folds formed dur ing the same early pha se of fold deformation 

that affected the Tamaki Lithotype and are therefore of comparable age . 

These folds predate ductile deformat ion of the Whar ite Lithotype . 

No steeply plunging isocl i nal folds have been recorded from strata compr is­

ing the western Li thotype . 

Isoc l i nal fo lds have also been recorded from Torlesse rocks in the Kaimanawa 

Ranges ( Sporli & Barter , 1 9 7 3 ) , in the Tararua Range ( Rattenbury ,  1 98 2 )  and 

in the Ruahine Range ( Sporli & Be l l , 1 9 7 6 ) . As yet it has not been estab­

li shed whether or not these structure s have a common origin . 

C .  Subhorizontal ,  Open , Asymmetric Folds 

These folds have only been identi fied at outcrop scale and are common to 

all three Li thotypes . I n  general , the se fo ld s plunge gently towards the 

north or south and axial planes are of gentle to moderate d ip , predominantly 

towards the wes t .  Fold ax is measurements are mo stly o f  thi s  type o f  fold 

structure . In the main the strike o f  fold axes is towards the northeast 

( Fig . 7 . 2 ,  diagram A ) , parallel to the strike of bedrock strata . However , 

signi ficant numbers o f  these folds show diverse orientat ions of fold axes 

( Fi g .  7 . 2 , diagram A)  and are pre sumably the result of subsequent epi sodes 

o f  foldin g .  

The ma j or ity o f  the se folds have long east-dipping l imbs compr is ing inverted 

strata and short west dipping l imbs compr i sing non-inverted strata . The se 

folds vary in form from the most common shal low flexures ( Fig . 7 . 3 ) to less  

common recumbent-l ike structures and to  rare near-isoc linal fo lds with 

steeply d ipping ax ial plane s ( Fig . 7 . 4 ,  see also Fig . 2 . 6  in Chapter 2 ) . 

Such folds are responsible for the frequent small -scale reversals in young­

ing direc tion character isti c  of Torl e s se strata in this area . The se fold s 

po st-date ductile de formation of the Wharite Lithotype . 

D .  Steeply Plunging Open Fo ld s 

The se structure s are con sidered to be re sponsible for most of the abnormal 

E-W and NW-SE stratal trends . Within the Tamaki Litho type several s- shaped 

open folds occur in roa? expo sures along Delaware Ridge at T2 3/674184 and 

T23/66 7 1 7 5  ( Map 3 ) . Here strata compr i s ing the Very Thin-Bedded Assoc iat ion 

predominantly strike NE-SW and dip steeply towards the east . The long l imbs 
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F I GURE 7 . 1 :  Small -scale hinge zone o f  a steeply plunging isoc l inal fold 
in Wharite Lithotype . Axial plane trac e strike s north-south 
and l imbs dip 8 50 eastward . Note the thickening of argill ite 
beds in the hinge zone and two po ssible sets of brittle shear . 
An early set of extensional shears , normal to the sand stone 
bed ( l i ght colour ) , are preserved only in the sand stone , are 
without displacement and may have formed dur ing the early pha se 
of ductile de formation . The second set of shears displace both 
the sandstone and arg i l l i te beds and represent de formation 
during a l ater episode of britt l e  deformation . Local ity T2 3/ 
502025  in south Whareroa Stream . 

Geologi cal hammer i s  O . 2 8m long . 
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FIGURE 7 . 2 :  Rose diagrams showing ori entation of fold axes (A ) , fau l t  
orientations ( B )  and j o int or ientations ( e )  measured with 
re spect to north . Al l observat ions have been plotted in 
upper sector of polar graph sphere . 
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FIGURE 7 . 3 :  Subhorizontal , open fl exure i nvolving eastward-dipping , thin­
bedded strata compr ising Tamaki Lithotype . Fold axes plunge 
gently towards the southeast . The axial plane dips we stward 
at approximately 3 00

. Distance from bottom left to top right 
of photograph is approx imately 1 5m .  Local ity is  within Cattle 
Creek at U2 3/7002 3 1 . 

FIGURE 7 . 4 :  Subhor izontal ,  near isocl inal fold compris ing th in-bedded 
strata of the Tamaki Li thotype . Fold axis is north- south 
striking and near hori zontal . west facing l imb is  thicker 
than east fac ing l imb . Note the thickening o f  the hinge area 

compri s ing argillaceous materials . This fold is  very local­
ised and dies out towards the top left where the strata are 
thicker and predominantly of sandstone compos ition . Also note 
the four east-northeast striking , post-metamorphic faults 
( arrowed ) that cut across and displace the competent sand­
stone beds . Local ity is in Cattle Creek at T2 3/2 7 0 2 3 2 . 

Geologi cal hammer i s  O . 2 8m l ong . 
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of the se fo lds parallel  thi s northeasterly strike trend whilst  the short 

l imbs are at near right angles to the long l imbs . The ir vergence is  sinis­

tral . The amplitude o f  these folds approximates 1 2 5m . 

In the Manawatu Gorge the norther ly striking axial plane of the isocl inal 

fold described previou sly has been refolded sinistrally about a steeply 

plunging open fold ( Zute l i j a , 1 974 ) . 

Wi thin Wharite Lithotype several large -scale swings in the strike of bed­

rock fo l iation are thought to indicate the presence of both dextral and 

sinistral , steeply plunging , open folds . In particular, the near east-we st 

trend of fol i ated strata in : ( 1 )  Piripiri catchment at T23/667 2 50 ;  

( 2 )  Pohangina catchment at T2 3/65 5 2 3 5 ;  ( 3 )  the combined upper catchment 

reaches of Coppermine , Makohine and Whareroa catchments ; and ( 4 )  in the 

middle sect ion o f  the Manawatu Gorge may repre sent thi s  type o f  fold 

structure (Map 3 ) . 

Where these folds occur i n  the vicinity of the contact between the Tamaki 

and Whari te Li thotypes ,  the strike o f  the east-west al igned strata compr is­

ing Whari te Li thotype swings back to  a northerly strike to  parallel the 

strike of the contact ,  e .g .  at local i t ie s  T24/490950 (Manawatu Gorge ) and 

T2 3/693 2 34 ( Cattle Creek ) . 

The obvious swing i n  s trike from northeast to northwest within Mangapukakakahu 

catchment may also represent a large-scal e ,  steeply plunging , open fold 

(Map 3 ) . Here parts of the con tact between the Tamaki and Whar ite Li thotypes 

are expo sed . Strata compri sing each l ithotype paral lels the strike of the 

contac t which is there fore regarded as being con formabl e ,  

I f  this interpretation i s  correct it impl ies that this phase of fold ing 

involved already steeply dipping strata and that both l i thotypes mu st have 

been in j uxtaposition prior to folding . Al so fold ing post-dated duc tile 

deformation o f  the Whari te Li thotype because this episode of deformation 

does not cros s-cut ei ther these fold structure s or the contact between the 

two l ithotypes . 

Steeply plunging open folds were not found in strata compris ing the 

We stern Lithotype . 

E .  Sequence of Fold Deformation 

Three ma jor po st-l i thification phases of folding have been recogni sed : 
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( 1 )  Isocl inal folds documented from the Tamaki Lithotype , together with 

isocl inal and subi soc l i nal folds documented from the Whar ite Lithotype 

which are inferred to have been formed during the same phase of fold­

ing , are the earliest recogni sed in thi s area ; 

( 2 )  Subhor izontal , open asymmetr ic folds are common to all  three Li tho­

type s and represent a second phase of fold ing which refolded both in­

verted and non-inverted limbs of phase one structure s ;  

( 3 )  S teeply plunging open folds documented from both the Tamaki and Whar ite 

Li thotypes refold struc ture s formed during the two previous pha ses of 

folding and represent the latest  recognised phase of fold ing in this 

area . Spor l i  & Be l l  ( 1 97 6 )  observed that steepl y plunging open fold 

structures were particularly well developed within the vicin ity of 

faul ts and conc luded that they are due to a relative ly late faul ting 

epi sode which probably had a pronounced strike-slip component . As both 

dextral and sini stral folds are present throughout the study area the 

predominant sense of shear is uncertain . There i s  l ittle evidence to 

suggest the time o f  formation o f  steeply plunging open fold s . They 

may have formed during the Kaikoura Orogeny (Pl iocene-Recent ) ,  the 

Rangitata Orogeny ( Late Me sozo ic ) or during some intermediate phase . 

In concurrence wi th Sporl i  & Bell ( 1 976 ) there i s  n9 evidence to indicate 

whether each of the fold phases descr ibed from the study area represent 

d i stinct events c l early separated in t ime or have been part of one gradually 

changi ng regime . There are no features in the study area which ind icate 

when folding ceased , however , it is  known that fold ing of Tor le sse strata 

wa s accompl i shed prior to depositon of Waitotaran ( Upper Pl iocene ) strata 

upon the plane of marine ero sion in the Manawatu Saddle . west of Lake 

Waikaremoana , slight ly de formed Late Cretaceous rocks lap onto steep-l imbed , 

tight , northeast trending folds in the Tor lesse (Grindley , 1960) . I t i s  

there fore inferred that the tight fo ld ing and probably the initiation o f  

the steep attitude o f  the ax ial plane s predate the Late Cretaceous ( Spor l i  

& Bel l , 1 9 7 6 ) . Ne i ther the po sition o f  these folds i n  relation to higher 

order s truc tures nor their relationship with these structures is  known . 

F .  Fold Orientat ion 

Fold axis orientat ion of the ma jority of folds in the study area is towards 

the northeast , north and northwest para l l el to the str ike of bedrock strata 

( Fig . 7 . 2 ,  diagram A ) . 

A lesser but signi ficant number o f  folds of var iable fold axis orientat ion 
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are the resul t o f  refolded earl ier folds such as those which occur in axial 

regions o f  ma jor northeast- southwest striking isoc linal folds . 

7 . 0 . 2  FAULTS 

Chapter 6 contains deta i l s  of fault c lassi fication , the amount , sense and 

rate of fault displacemen t and many other aspects of faults and faul ting . 

Three di stinctly d i fferent episodes of faulting have been r ecogni sed . An 

early epi sode o f  faul ting is  indicated by the presence of carbonate cemented 

fault brecc ia ( Fi g .  7 . 5 ) , calc ite vein ing and zeol ite formation which are 

assumed to have formed at depth under cond itions of con fin ing pressure and 

c irculating ground water .  This epi sode o f  faul ting i s  thought to have 

occurred in Early Cre taceou s time s dur ing the Rangitata Orogeny . 

A later epi sode o f  faul ting , at shal lower depths , has re sul ted in the re­

brecciation of old faul t zones to produce non-cemented fault gouge , and the 

initiation of high angl e bedding plane faults which may or may not be coated 

with fault gouge . This epi sode o f  faulting is  thought to have co inc ided 

with the onset of the Ka ikoura Orogeny . The amounts of vertical and hor i ­

zontal di spl acemen t  along the ma j or faults , e . g .  Ruahine and Wel l ington 

Faul ts , is unknown but is l ikely to have been cons iderahle whilst  displace­

ment along bedding plane faul ts has been minor and predominant l y  d ip slip . 

Faul t plane and surface trace or ientation s produced dur ing these two episodes 

o f  faulting are dominantly northea st- to southwest-str iking (Fig . 7 . 2 ,  

diagram B )  . 

The latest epi sode of faulting recogni sed in this area is  repre sented by 

low-angle ,  non-minerali sed , non-gouged thrusts tha t cross-cut bedrock strata 

and show a marked d ivers ity of strike orientations , the dominant ones be ing 

east-northeas t ,  we st-northwe st and east-west (Fig . 7 . 2 ,  diagram B ) . Whether 

the se fault orientat ions represent separate phases of faul ting or are the 

resul t of po st-faul ting fold de formation is  uncertain . Displacements 

along these faul ts rarely exceed O . Olm ( Fig . 7 . 5 ) . 

7 . 0 . 3  JOINTS 

Two types of j o ints have been recognised - mineral ised and open . Both types 

of joint are mo st frequently assoc iated with mass ive sandstone l ithologies . 

Mineral i sed j o ints wer� only found to occur along ma j or faults . Here 

j ointing is usually intense with the mineral infil l ing imparting a ' whi tish ' 
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F IGURE 7 . 5 : Carbonate-cemented fault breccia (white colour ) within a 3 0m  
wide fault zone . Re j uvenated fault movement , during Quaternary 
time , along a high angle fault  plane has resulted in re­
brecciat ion and formation o f  fault gouge . The fault plane 
strike is 0 3 5

0 
and d ip is 7 6

0 
westward . Note that the bedrock 

within thi s fault zone has been completely mil led to the extent 
that no fragment is larger than 0 . 02m in diameter . Location 
is  T2 3/5 4 2 0 3 2  in Coppermine Stream . 

Fiel d  pack i s  O . 6m hi gh . 
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colouration to the outcrop . Minera l s  inc lude calc ite , quartz and the 

zeo l i te laumontite . The intensity of j ointing at the se local ities pre­

cluded measurement o f  joint orientations . The formation of the se jo ints 

predates formation of the open jo int sets with mineralisation probably 

coinciding with de formation dur ing the Early Rangitata Orogeny . 

Two sets of high angle open j oints with var iabl e dip d irection predominate .  

They s trike east-west and we st-northwe st to east-southeast ,  respectively 

( F i g .  7 . 2 ,  diagram C) . The ir str ike or ientation is  con sistent throughout 

all  three l ithotypes . Open j oint sets are a late de formation feature and 

may have accompanied episodes of fold ing or faulting . 

7 . 1  DEFORMATI ON 

7 . 1 . 1  I NTRODUCTION 

This sect ion outl ines syndeposi tional and post-depositional de formation 

features recogn ised predominant ly in c lastic strata compr ising the southern 

Ruahine Range . The predepo sitional deformation histories of a l lochthonous 

rock types der ived from older Torlesse terrane are largely unknown and are 

not considered here . The mo st common evidence of de format ion is seen where 

uni form bedd ing is replaced by broken , irregular , or di scont inuous bedding . 

As outlined i n  Chapter 2 a complete spectrum of degree of de formation is 

present from : ( 1 )  beds that show slight thickness variations ( F ig . 7 . 6 ) ; 

to ( 2 )  beds that are pul l ed apart but maintain traceable bedding hor izons 

def ined as fol i ation ( Fig . 2 . 24 in Chapter 2 )  and ultimately ; to ( 3 )  beds 

that are pul l ed apart and appreciably d isrupted and mixed so that bedding 

definition is  lost ( Fi g .  7 . 7 ) . These disrupted un its are be l ieved to re­

pre sent the earliest phase o f  de formation , a phase that was e ssentially 

contempo raneous with deposi tion . This phase of de formation was charac ter ­

ised by soft- sediment extens ion of competent bed s and duc tile behaviour o f  

argil laceou s material s .  Overall ducti l e  behaviour during this pha se of 

deformation was succeeded by the development of shear fractures dur ing sub­

sequent phases o f  brittle de formation . 

The early phase o f  ductile de format ion was l argely restricted to the 

Whar ite Lithotype , with strata compr ising the structural ly lowermost Tamaki 

Li thotype being only locally deformed immediate ly ad j acent to the contac t 

with Wharite Lithotype . The structurally uppermost we stern Lithotype does 

not appear to have been affected by this phase of ductile formation . The 

features characteristic of br ittle deformat ion are , however ,  common to al l 

three l i thotypes . 
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FIGURE 7 . 6 : Thin beds showing s l ight thickne ss variations due to soft­
sediment extension o f  competent sand stone beds and duc t i l e  
behaviour o f  argil l i te beds . Beds strike at 3 3 00 and d ip 
7 90 

we stward . Local ity T23/56 5 l 5 3  in Porewa stream . 
Geological hammer is O . 2 8m long . 
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FIGURE 7 . 7 : Extremely disrupted and mixed c lasts of sandstone encompas sed 
by argi l laceous matrix . The l arge central lens of sandstone 
shows pinch and swe l l  structure , however bedd ing definition 
ha s essentially been lost with most c l asts showing l ittl e or 
no a l ignment . Mineral i sed extens ion shears ,  preserved only 
in the sand stone clasts , and oriented normal to the long axi s  
o f  the c lasts , formed during the early phase of duc tile de­
formation . Other shears , along which displacement has occurred , 
together with veins cross-cut both the argillaceou s matrix and 
the c l asts . These formed during a later phase of brittle de­
formation some of which were a l so mineral i sed . Note the 
presence of penetrative , sub-paral lel anastomos ing c leavage 
sur faces within the encompas s ing matrix immediately above the 
head of the geological hammer . The se surfaces have been high­
l i ghted by weather ing . Al so note how sma l l  c lasts of sandstone 
within the matrix have thei r  long axes oriented parallel  to 
surface s of nearby l arger clasts . 

Geol ogi cal hammer is O . 28m l ong . 
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7 . 1 . 2  DUCTILE DEFORMATION 

The fol lowing de scriptions of features of ductile deformation origin are 

from outcrops of strata compr is ing the Whar ite Li thotype . The se features 

on an outcrop scale are best displayed in Graded-Bedded , Fol iated and 

Diamictite Lithozones , though on a map scale the Sand stone , Argi l l ite , 

Volcanic and Chert Lithozone s also show s igns of ductile deformat ion . 

The pronounced NE-SW aligned me so scopic fabric , def ined as fol iation in 

Chapter 2 ,  is recognised by : ( 1 )  a strong preferred or ientation of lenti -

cular c lasts o f  competent l ithologies ( Fig . 2 . 24 )  i and ( 2 )  penetrat ive , 

subparal lel , ana stomosing c leavage sur fac es in the accompanying argil l ite 

that e s senti ally paral lel the c last fol iation ( Figs 7 . 7  and 7 . 8 ) . On an 

outcrop scal e ,  c leavage surfaces in the argi l l ite conform closely to the 

outer surfaces of competent c lasts . Thu s where clasts display pinch-and­

swell s tructure s or have tapered ends , into and around which argi l l ite 

flowed , c l eavage surfaces d iverge from their preferred NE-SW orientation . 

Even where individual c l eavage surfaces are not visible in argil l ite , very 

sma l l  lenticular c l asts of competent l itho logies have their long axes 

or iented parallel  to surfaces of nearby l arger competent clasts ( Fig . 7 . 7 ) . 

The fabr ic o f  Fol iated Lithozone s may re flect both tectonic flattening dur­

ing de formation and the influence of the pronounced contrast in duct i l i ty 

between the competent c lasts and the more ductile , relatively homogenous 

argil l i te in which they are immer sed . The strong preferred or ientation o f  

the c lasts sugge sts that they have been shortened normal t o  the fol iation 

and extended paral l el to it . Pinch-and-swe l l  struc ture supports the inter­

pretation that tectonic fl attening has occurred ( Cowan , 1 9 7 8 ) . However , 

exper imental and theoretical studies o f  pinch-and-swe l l  structure and boudin­

age by Ramberg ( 1 9 55 ) , Ramsay ( 1 9 6 7 )  and Gay & Jaeger ( 1 957 ) have shown that 

they a l so result from extension of relatively competent materials  surrounded 

by a more ductile  matrix . Extens ion appears to have occurred in all  d irec­

tions oriented approximately normal to fol iation . The foliation in argill i te 

paral l e l s  the plane of e longation o f  flatte ned competent inclusions and , 

hence , formed normal to the direction o f  maximum f inite s hortening . 

Ducti l e  deformat ion took place at relative l y  low temperatur es and confining 

pre ssures during wh ich mechanical proce sses of flow predominated to result 

in plastically an d  permanently defornled rock s . In thin section , however ,  

i t  i s  c le ar that some rocks accommodated deformation by cataclastic flow . 

In particul ar , cherts and volcanic l ithologies are partly or who l ly 

brecciated . On an outcrop scal e this de formation may have obl iterated pre -
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existing accumulat ions o f  pil low lava and a l so accounted for the local con­

centrat ion of angular fragments of a competent l i thology within the 

argi l laceou s matrix immediately ad j acent to the margin of clasts of the 

same l i thology . In contrast , most clasts of clastic l i thologies show 

l i ttle evidence of catac l asis al though narrow zones of me chan ical granul ­

at ion , less  than 1 mm wide , were seen in thin section ( see Chapter 5 ) . 

Macroscopic changes in clast shape apparently were accommodated pr incipally 

by d i str ibuted intergranul ar movements and , to a le sser extent , by loca l­

i sed shear and extens ion fractur ing . Extens ion fractures oc cur normal to 

the direc t ion of clast elongation and are only pre served in the competent 

clast l i thologi es where they ar e seen to terminate at the clast-matr ix 

boundary ( Fi g . 7 . 8 ) . Most o f  these extension fractures occur as  minera l i s ed 

ve ins o f  calcite ( F i g .  7 . 7 ) . Macroscopic ductile behaviour of argill ite i s  

best i l lustrated where i t  h a s  flowed around the edges and into necked regions 

of fl attened and extended clasts . Th i s  behaviour resembles the patterns o f  

flow of matr ix in natural and experimental exampl es o f  pinch-and-swe l l  

structure and boudinage described b y  Ramberg ( 1 955 ) and Ramsay ( 1 9 67 ) . 

The pervas ive nature o f  deformat ion and the initial duc til ity of sand stone 

beds indicates that the sed iment pile wa s in a pla stic state dur ing the 

initial s tage of duc t i l e  de formation . I t  i s  unl ikely that this ductil ity 

was induced by elevated pressures and temperatures during metamorphi sm as 

the sand stones have retained their original detrital character and no s ign­

ifi cant recrysta l l i sation other than veining has occurred . Ear ly de form­

ation of semi - l i thified rock is indicated and was cl early pre- or syn­

metamorphic becau se frac ture s and joints formed dur ing thi s  event are f i l l ed 

with me tamorphic minera l s . 

Thi s  style of de format ion i s  s imilar to that descr ibed el sewhere in Tor lesse 

terrane by Bradshaw ( 1 97 2 ) , Sporl i  & Lil l ie ( 1 97 4 ) , Sporli e t  a l . ( 1 974 ) and 

MacKinnon ( 1 980 ) . 

Early ductile de formation was superseded by several epi sodes of br ittle de­

format ion . 

7 . 1 . 3  BRI TTLE DEFORMATIONS 

Early shear fractures are most easily recognised where they tran sect 

flattened c lasts and beds o f  competent l i thologies and are indi st inct in 

argi l l ite except where �hey have been subsequently f i l led with calc ite 

( F i g .  7 . 7 ) . These fractures are not as  s ign i f icant as  the structures 
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F IGURE 7 . 8 : Extens ional shear fractures within lensed clasts of sand­
stone . The shear fracture s lie  at right angl es to the 
long axes o f  the l ensed clasts and terminate at the clast­
matrix boundary . The wedge- shaped out l ine of some clasts 
sugge sts that detachment along compressional shear fractures 
may also have taken place . Penetrative anastomos ing 
cleavage surfaces in the argil laceous matr ix define a 
fol iation that i s  para l l e l  to the fol iation def ined by the 
alignment of sandstone c l asts . Locality T23/56 5 l l 2  in 
Mangatuatou s tream .  

Geologica l  hammer i s  O . 28m l ong . 
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formed during ductile de formation becau se they are not penetrative on a 

me soscopic scale and total displacements along them are comparatively 

minor . Offsets general l y  range from a few mi l l imetres to several centi­

metres . The frac tures are general l y  widespread and have widely divergent 

orientations . In general more than one set of  fractures occur in an out ­

crop but the ir poor development and var iable or ientation preclude any 

detailed comprehens ive analysis of the ir geometry . Al though the se shear 

fracture s have only slightly modified the strong fabr ic deve loped dur ing 

duc tile de formation , one can visua l i se that an increase in both the inten s­

ity of fracturing and the amount of o ff set along fractures could promote 

the progress ive di sruption of originally interbedded l i thologies to result 

in the formation o f  i solated lenticular- shaped clasts of competent litho­

logies within a matr ix of sheared argil l ite . 

Subsequent phases o f  brittle deformat ion occurred dur ing epi sodes of  

Cenozoic and Quaternary faulting to produce : ( 1 )  high-angl e faults which 

predominantly parallel steeply dipping bedding plane s ;  ( 2 )  low-angle 

thrusts that cross-cut bedding plane attitude ; ( 3 )  two prominent sets of 

open j o ints ; and ( 4 )  resul ted in the di sruption of bedrock outcrops by 

loosening the sharp contact between c lasts of  competent l i thologie s and the 

encompassing argil laceou s matr ix ( Fig . 7 . 9 ) . 

7 . 1 . 4  DI SCUSS ION 

In deal ing wi th mel ange terrane one would l ike to determine whether the 

apparently chaot ic nature and l i thologic heterogeneity of : ( 1 )  the d iamic­

tite s ; and ( 2 )  the Wharite Lithotype as  a whole are pr imary sed imentary 

features or the result o f  tectonic deformation . 

A . Or igin of Diamictites 

In Chapter 2 ( section 2 . 1 . 3E )  it was sugge sted that diamic tites may form 

either by extreme po st-depo sitional fragmentation of bedded sequences or 

as primary sedimentary debr is flow depos its . The prede format ion and fabr ic 

of  diamictites , in particular the rounded shape , diverse or ientation and 

random dispersal of c lasts ( see Chapter 2 )  favours a sed imentary origin . 

The diamictites conta in clasts floating in an argil laceous matr ix . They 

are int imately associated with turbid ity curren t deposits ( see Chapter 3 )  

and are con ta ined within an assemblage composed entirely of marine rocks . 

These three factors are here interpre ted to indicate that the diamictites 

originated as subaqueous debr is flow deposits . The presence of  an al loch­

thonous block of l imestone within a d iamict ite in this area may be used to 



2 07 . 

invoke processes of eros ion of the l imestone from an older terrane and its 

subsequent incorporation within a debri s  flow deposit . The absence o f  

sheared margins separating the l imestone block from th e encompa ssing 

argillaceous matrix enhances the pos s ibi l i ty o f  its emplacement by sub­

aqueous mass transport processes . However , as was pointed out in Chapter 4 

( section 4 . 6 ) , the absence o f  sheared sur fac es around the l imestone block 

does not necessar i ly exc l Ude tecton ic emplacement because such surfaces 

may have been healed during metamorphi sm .  The occurrence o f  this l ime stone 

as an i sol ated block and its  absence as a coherent bed , suggests that it i s  

not the result of the pul l ing apart o f  a bedded unit during ductile deform­

ation . No explanation i s  o ffered to account for the absence o f  other blocks 

of this l imes tone from diamictites el sewhere in the study area but their 

presence to the north and south o f  the study area ( see Chapter 4 )  may indi­

cate the pre sence o f  other l ime stone -bear ing diamictites in these areas . 

However , the derivation o f  the other l ime stone blocks has no t yet been 

establ i shed . Nonetheless , i t  i s  cons idered that the wide ly spaced and 

i sol ated occurrence of this l ime stone i s  more readily explained in terms o f  

d i screte epi sodes o f  debr i s  f low activity than by the tectonic pul l ing 

apart o f  a coherent bedded unit . Al so , on an outcrop scale , no evidence 

from thi s  area supports large-scale hor i zontal displacement by either 

ductile or br ittle deformation of dislocated blocks over distances measured 

in k ilometre s .  Overa l l , it i s  therefore favoured that d iamicti te s  in this 

area are o f  primary sedimentary origin . 

Sedimentary processes includ ing submar i ne s l id ing and downslope transport 

of argi l l i te-rich and l ithologically d iver se debris  flows probably resul ted 

in the in ternally chaotic , non-bedded fabric of these diamictites . The 

lensing , rotation and weak development of a l i gned c lasts in some diamict ite 

deposits has there fore been superimposed dur ing the subsequent epi sode of 

ductile de format ion , whi l st the internal fabr ic of most diamictites remained 

chaotic . 

B .  Or igin o f  Whar i te Lithotype 

Li thologically , the bulk o f  sediments within Whar ite Lithotype comprise 

flysch-type deposits o f  turbidity current origin ( see Chapter 3 ) . Whilst  

at  some local ities stratal sequenc es resemble the regularly alternating 

interbedded sandstone s ,  s i l t stones and argil l ites (Graded-Bedded Lithozones ) 

character istic of the Tamaki and western Li thotypes ( see Chapter 2 ) , the 

majority of flysch-type qepo s i t s  within Whar ite Lithotype consist of fewer 

al ternations of inte rbedded l ithologies , more var iable bed thickness and a 
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Post-metamorphic , non-mineral i sed shear surfaces with 
partings up to O . O lm width across the fracture . Frac tures 
cross-cut both the competent c lasts and argillaceous 
matrix and frequently coinc ide with the contac t between 
these material s . These shears formed dur ing a late phase ( s )  
o f  tectonic br i ttle de formation predominantly dur ing epi ­
sodes o f  faulting . The se shears loosen the competent c lasts 
resul ting in a severe reduction of the overal l  strength of 
bedrock outcrops within Wharite Lithotype . 

Geol ogica l hammer i s  O . 28m long . 
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wider variety of l i thologies including red and green argil l i tes . Where 

these flysch-type deposits are thin bedded , the sequence tend s  to be 

arg i l l i te-dominated and , conversely , where thick bedded , sequences tend 

to be sands tone-dominated . Ductile deformation of some of these deposits 

has in  places resul ted i n  sequences of fol iated strata that exhibit a 

range of  de format ional forms ( see 7 . 1 . 2 ) . The se disrupted sequences are 

interstrati f ied wi th uni formly bedded sequences that show none of the 

effects of ductiie de format ion . In general , the argill ite-dominated se­

quences tend to be the mo st severely de formed and the sand stone-dominated 

sequences the least de formed . However , in some places even the thickest 

sandstone beds show obvious signs of  ductile  de formation . These flysch­

type sequences compri se the Fol i ated Lithozones . Al though turbid ite de­

pos i tion predominated , it  wa s periodical ly interrupted either by muddy 

debr i s  f lows compr i sing l ithological l y  diver se pebble- to boulder- sized 

clasts ( Di amictite Li thozon e s )  or sandy debr i s  flows ( Sand stone Lithozone s ) . 

I t  cannot be unequivocally demon strated that the se latter l ithozones are 

in depo s i t ional contac t with the flysch-type sequences or that they con­

stitute part of  a con formable sed imen tary sequence .  Nonetheless , as the 

structural attitude of the se l ithozones is fairly constant throughout 

Whari te Lithotype and as the contacts between these l ithozone s  paral lel 

both internal bedding ( in Graded-Bedded Lithozones )  and fol iat ion ( in 

Fol iated Lithozones ) ,  it  i s  tempting to cons ider such sharp contacts as 

deposi tional even though there may have been movement along them dur ing 

ducti l e  de format ion . 

The di fficulty i n  interpre ting the pr imary nature of contac ts between all  

l ithozones sterns largely from the observation that these contacts occur 

within an arg il laceou s med ium . The ductile nature of this med ium is not 

conducive to the pre servat ion of de format iona l forms typically assoc iated 

with fault ing . Instead , de format ion of the argill ite would tend to result  

in flowage and hence mask the true nature of  the contact . I t  i s  su spected 

that mobil i sation o f  argi l l i te ha s occurred up to and dur ing metamorphi sm ,  

consequently many contac ts o f  initial fault  or igin may have healed and now 

assume the appearance of a sharp but conformable depo s i t ional contact . 

perhaps the mo st s i gnificant and charac teristic aspect o f  Wharite Li thotype 

i s  the complex i nterre lationship between the Vo lcanic Li thozones ( and 

often associated Chert Li tho zones ) and the surround ing c lastic s .  Vol canic 

Li thozones ,  particularly tho se compr i sed of ma ssive volcanic and assoc iated 

chert l ithologies , seem to be stratigraphically restric ted . Other Volcanic 

Litho zones compr i s i ng pil low lava accumulations and red and green arg i l l ite 
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hor i zons also occur in restricted stratigraphic l itho zones but are more 

widespread than are the ma ssive vo lcanics . Al l Vo lcanic Li thozones l ie 

parallel to regional strike but i t  is  not clear whether or not they are 

interl ayered or interl eaved with the surround ing clastic s .  Al l are en­

t irely wi thout connect ive dykes which sugge sts emplacement either by 

gravitational s lid ing or by tectonic interleaving . 

The occurrence of  vol canic and chert l i thologies as clast const ituents of 

pebble- to boulder-size within Diamictite Lithozones has been expla ined in 

terms of a subaqueous debri s f low mechan i sm ,  thus providing a plausible 

explanation for the occurrence of  larger blocks of these lithologies ,  of 

mappable size , within Wharite Lithotype . The alignment of Volcanic Litho­

zones that compri se mas sive volcanics and as soc iated chert along the 

Ruahine Fault Zone which has been active dur ing and/or since the Rangitata 

Orogeny may indicate that these vol canics have been in faulted into the �lysch-

type sequence along this sur face of  movement . Thus fault emplacement of 

the ma ssive volcanics  i s  sugge sted but not dictated by : ( 1 )  the par tial 

alignment of the se vol canics along a maj or fault zone that has been active 

since the Rangitata Orogeny ; and ( 2 )  the high proportion of sheared con­

tac ts with c lastic sed iment s .  Evidence against fault emplacement includes : 

( 1 )  conformable structural attitude with adj acent c lastic sequences ; ( 2 )  

all contac ts are not sheared but in places appear to be gradational in a 

sedimentological sense ; and ( 3 )  not a l l  outcrops of massive vol canic s 

coincide wi th fault zones that have been active since the Rangitata Orogeny . 

In conclus ion , there i s  no unequivocal evidence to sugge st whether the se 

Vol canic Li thozone s have been emplaced by either infaulting or gravitational 

sliding . It is  here sugge sted that Vol canic Lithozones compris ing ma ss ive 

vol canics and c hert may have been emplaced as a sheet-l ike body of l i thi fied 

rock by e ither mechan i sm .  Shearing o f  the volcanic and chert l ithologies 

off the seafloor and incorporation into an accretionary prism is favoured 

by Sporli & Be ll ( 1 9 7 6 ) , Spo!l i  ( 1 97 8 ) , Howe l l  ( 1 98 0 )  and Ro ser ( 1 983 ) . 

Lines of evidence sugge sting that the se Volcanic Lithozones d id not form 

contemporaneously with c l astic sedimentation in the ba sin of deposition 

include : 

( 1 )  Extrus ion o f  submar ine ba salt would have to coinc ide with hiatuses in 

turbidite sedimentation ; 

( 2 )  Basal ts and cherts are o f  probable , though unproven , older age than 

the surrounding c l astic sediments ; 
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( 3 )  Sheets o f  massive vol cani cs and cherts are without connective dykes ; 

( 4 )  There i s  n o  evidence of  other l i thologies character istic of  the 

Ste i nmann Trinity in this area ; and 

( 5 )  Massive vol canics and cherts have been subj ected to more intense and 

a greater number of epi sodes of brittle de formation , than have the 

c l astic l i thologie s ,  thereby sugge sting that they were l ithi f ied prior 

to incorporation within the su ite of clastic sed iments . 

Those Vol canic Lithozones that compr i se : ( 1 )  red and green arg i l l ite as  

interbed s with al ternat ing sand stone and black argi l l ite ; and/or ( 2 )  in­

tact pil low l ava accumul ations that young in the same direc tion a s  the 

surrounding c l astic sediments ,  suggests that they were depos ited in the 

sed imentation bas in . The absence of baked margins between the volcanics 

and surround ing c lastic sediments doe s not nec essari ly negate such an 

interpretation as  the exterior surface of  the pil lows may have cooled 

con siderably prior to coming into contact with the clastic sed iments . Al ­

though many of the contacts between these Volcanic Lithozones and the 

surrounding c l astics are faulted , a mechani sm of fault emplacement is dis-

counted because : ( 1 )  most faulted contac ts are c learly of Quaternary age 

and there fore po st-date empl acement . None show sign s  of  ear l ier movement ; 

( 2 )  not a l l  contacts between these Volcanic Lithozone s and the surround ing 

c lastics are faul ted ; and ( 3 )  where the contac t i s  not faulted , it 

appears to be gradat ional both in a sedimentological and a structural 

sense . These contacts are considered to be largely of pr imary deposi tional 

or igin . 

Pringle ( 1 980 ) has described some unfaulted contacts between basalts and 

the greywacke sui te from Torlesse and Haast Schist terrane s of otago and 

Canterbury . He interpreted these as d i stal flows , from intraplate volcanics  

nearing the subduc t ion zone , that were coeval with turbidite sedimentation . 

Cosedimentation of red and green argil l i tes with clastic sed iments i s  

thought t o  ind icate long hiatuses in  turbidite sed imentat ion . The contacts 

between red and green arg ill ites and the greywacke suite in both the study 

area and in Canterbury ( Sporli  et a l . ,  1974 ; Sporl i  & Lil l ie ,  1 974 ) , show 

hiatuses which were of suffic ient duration to permit the vo lcanic argi l l ites  

to  oxidise . 

Although active volcan i sm has not been descr ibed in modern deposit ional 

environments s imi l ar to' that propo sed for the Torl esse sediments , evidence 

from thi s  area favours a syndeposi tional origin for Vol canic Lithozones 
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compris ing both intact pil low lava structure and/or red and green argill ite 

horizons . However , emplacement of large al lochthonous rock bodies contain­

ing these l i thologies by either a fault or gravitational mechan ism cannot 

be overlooked . S l ide masses of other than volcanic lithologies are also 

l ikely to be present . The most probabl e inc lude large tabular blocks of 

mass ive sandstone compri sing Sandstone Lithozones . They too are structur­

ally conformable to the fol iation in adj acent outcrops but they are usual ly 

terminated abruptly , seemingly truncated by the argi l l ite . 

In summary , a sed imentary origin has been attr ibuted to the bulk of the 

Li thozones that comprise Wharite Li thotype . However , their formation im­

plies tectonic instability in the area dur ing deposition . s igns of  tecton ic 

instabi l ity inc lude the irregul ar ity in bed thickne s s  and the irregularity 

in the frequency of alternate deposit ion of d i f ferent l i thologie s .  These 

feature s contra st markedly with the regu larity of bedding thicknes s  and 

frequent a lternat ion of beds of different l ithology so c haracteristic of  

the distal turbidite deposits compr ising the Tamaki and Western Lithotype s .  

In addition , turbid ite deposition was frequently accompanied by deposition 

of boulder-bearing argil l aceous debr is flow and sandy debris flow depos its 

resul ting from l arge-scale s lumping on the continental rise or s lope . At 

t imes the l evel of tectonic instabil i ty decl ined sufficiently to permit a 

resumpt ion o f  normal di stal turbid ite depo si tion . Period ically c la stic 

sed imentat ion c eased al together for su ffic iently long period s  of  time to 

permit accumul at ion of thin ( 1-5  cm) bed s of chert . A suggestion that 

vol canicm in the vicinity of the depositiona l basin wa s contemporaneous 

with deposition is the presence of intact pil low lava accumulations and 

con formably interbedded red and green arg i l l ites the latter be ing of prob­

abl e but unproven vol canic origin . 

Tectonic Sl iding o f  some Vol canic , Chert and Sandstone Lithozones onto the 

sedimentary pile occurred contemporaneously with sed imentary deposition . 

In conc lusion , the sedimentological and structural analyses reported here 

are interpreted to indicate that the Whar ite Lithotype is a proximal fac ies 

and the Tamaki Lithotype a di stal fac i e s . Furthermore ,  the Whar ite Litho ­

type conta ins var i-s ized allochthonous debr i s  and henc e constitutes a n  

ol istostrome . In addi tion , the Wharite Lithotype shows evidence of  later 

deformat ion and tec tonic remobil isat ion and hence al so con stitutes a 

me lange . Thu s i t  may be regarded as  a tec toni sed o l i sto strome . 
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One of the mo st s i gnificant relat ionships observed in the study area is the 

nature of the contact between Whar ite Li thotype and the structural ly under­

lying Tamaki Li thotype . 

The nature o f  this contact varies according to : ( 1 )  which of  the identi­

fied l ithozone s compr i s ing Whari te Lithotype l ies immed iate ly ad j acent to 

the contact ; and ( 2 )  whether or not the contact i s  faul ted . 

In all  case s where strata compr i sing a Fol iated Lithozone l ie in contact 

with bedded strata ( i . e .  Graded-Bedded Li thozone s )  of  the Tamaki Lithotype , 

the strike o f  the fol iated strata to the we st of  the contac t paral lels  the 

s tr ike o f  bedded strata to the east of the contact . On approaching this 

contact from the east , e . g .  at local i ty T2 3/67 5 2 l 3 , the bedded strata com­

pr i s ing the Tamaki Lithotype show a gradational we stward increa se in the 

intensity of deformation . A transition from non-deformed beds to mildly 

folded beds showing s l i ght pinch-and- swe l l  features occur s within a di st­

ance of between 2 - 5m from the contac t .  To the west o f  the contact strata 

compri sing the Whar ite Lithotype are strongl y deformed and pul l ed apart to 

produce a fol iation . 

Where an Argi l l i te Lithozone l ies on contac t with the underlying Tamaki 

Li thotype , e . g .  at local i ty T2 3 /66l l82 , the bedded strata compr i s ing the 

Tamaki Lithotype are undeformed whi lst  the argi l l ite compr i sing the 

Argill ite Li thozone shows a westward increase in the intensity of cleavage . 

Cleavage paral lels  the strike of bedded strata in the underly ing Tamaki 

Lithotype . 

At each of  the above described local ities the contact between the Whar ite 

and Tamaki Li thotypes i s  interpreted a s  depo s itional . These contacts are 

not faul ted and de format ion is not penetrative for any great di stance into 

strata compr i s ing the underlying Tamaki Li thotype . Thi s  interpretat ion 

does not prec lude the po s s ibility that considerabl e movement occurred along 

thi s contac t pr ior to or dur ing metamorph i sm .  

Sandstone , Volcani c ,  Chert and Diamictite Lithozones have not been found 

ad j acent to the contact with strata compr i s ing the Tamaki Li thotype in this 

area . 

In places the contact between the Tamaki and Whar ite Li thotypes i s  faul ted 

and may be considered to be of two forms . The first d i splay pre-metamorphi sm 
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fault  movement and the second display po st-metamorphism fault movement . 

( 1 )  At locality T24/4 90951 , the presence o f  autoc lastic breccia (after 

Reed , 1 957b) , referred to as mylonite ( Zutel i j a , 1 974 ) , indicates 

that pre-metamorphic movement occurred at the contact between Whar ite 

and Tamaki Li thotype s .  This contact may either repre sent a ma jor 

tectonic break or a depo sitional contact that has been lecal ly strongl y 

disrupted during ductile deformat ion . The style of deformation seen 

at thi s local ity is very simil ar to that witnessed throughout Whar ite 

Li thotype . 

( 2 )  At local i ty T23/65014 1 , a Graded-Bedded Lithozone compr ising Tamaki 

Lithotype occurs in sharp contact with a Fol iated Lithozone compr is ing 

the Whar ite Lithotype . Eastward of the contact the bedded strata of 

Tamaki Lithotype are undeformed even at the contact itsel f .  we stward 

o f  the contact lensed sand stone c l asts occur within a sheared argilla­

ceou s matrix . Both the fol iated sandstone clasts and fracture cleavage 

in the matrix parallel  the str ike of bedded strata in the underlying 

Tamaki Lithotype . Thi s  contact is  marked by a locali sed knife- sharp , 

steeply-d ipping , bedding plane faul t .  The sharp outl ine of the fault  

and the absence o f  deformation of the  uppermost bed s of the Tamaki 

Lithotype ind icate that fault displacement has occurred at this local ­

ity . The pre sence o f  soft c lay-l ike gouge indicates that fault dis­

placement was po st-metamorphic . 

At local ity T2 3/694 2 3 4 , strata compr i s ing both the Tamaki and Whar ite 

Lithotype s are disrupted over a 3 0 0m wide zone . within this zone the 

fol i ated strata compri sing Whar ite Li thotype parallel s bedded strata 

comprisin g  the Tamaki Lithotype . Al l the strata d ip steeply towards 

the east . The structural attitude of the strata within this disrupted 

zone i s  the same as tha t both to the east and we st of this zone . The 

contact between the se two l i thotypes occur s within this zone , d i s­

rupt ion o f  which has been the result o f  Quaternary fault movement 

along the Ruah ine Faul t  Zone . The strike of this steeply incl ined 

fault  zone para l l e l s  the strike of the strata and hence the contact 

between these two Ii thotypes . Fault d i sruption of the strata ha s 

made i t  d iff icul t to locate the contact and imposs ible to determine 

the original nature of the contact . Nonetheless , it is cons idered 

that the parall e l i sm of strata compr ising both l ithotypes across the 

contact and the l ack or evidence of an ear ly phase of fault  displace­

ment at thi s local ity , is  suggest ive of a conformable contact of 

probable depositional origin . 



2 1 5 . 

The occurrence of  high angl e faults that display evidence only of  

Quaternary fault  movement at the contact between the Wharite and Tamaki 

Li thotypes is considered to be largely coincidental . Where observed the 

contact between Whar i te and Tamaki Li thotype s is interpreted to be of de­

po sitional origin because of : ( 1 )  the absence of penetrative deformation 

in the underlying Tamaki Li thotype ; ( 2 )  fol iation patterns in the Wharite 

Lithotype parallel  bedding in the Tamaki Lithotype ; ( 3 )  the contact is 

conformable with the structural attitude of the strata ; ( 4 ) the Wharite 

Li thotype dips eastward beneath the Tamaki Lithotype ; ( 5 )  the contact is  

not faul ted at a l l  local ities ; and (6 )  where faulted , the contact genera l ly 

di splays evidence o f  po st-metamorphic fault di sruption and/or d i splacement , 

there being l i ttle s i gn  o f  earl ier fault movements . 

In summary ,  where loca l d i srupt ion of the uppermo st strata of the Tamaki 

Li thotype has occurred at non- faul ted loca l ities along this contact , dis­

ruption was syndepositional and probabl y occurred as a result o f  rapid 

deposition of sediment by subaqueous mas s  transport processe s . The pre­

sence of  mylonite at the contact is suggestive of a maj or but locali sed 

tectonic break or may simply be the result of  a local intens i f ication of 

ductile deformation . Mobilisat ion o f  argi l l ite prior to and during meta­

morphi sm suggests that at all local ities the contact between these two 

Li thotypes i s  l ikely to have been sub j ected to some degree of  tecton ic 

deformat ion . Where post-metamorphic fault di sruption and d i splac ement has 

occurred along this contact i t  i s  in all  cases cons idered to be coinc i ­

dental . No evidence of  nappe-structures of  large- scale overthrusts occur 

along thi s contac t . 

The nature o f  the contac t between the Whar ite and we stern Lithotype s i s  

a l so interpreted as being depo sitional because : ( 1 )  their is  an absence of  

penetrative de formation in the lowermost bedded strata of the over lying 

Western Li thotype ; ( 2 )  bedd ing patterns in the Western Lithotype parallel  

the fol iation in the underlying Whar ite Lithotype ; ( 3 )  the contact i s  con­

formable wi th the struc tural att itude o f  strata on either side of  the 

contact ;  ( 4 )  the We stern Lithotype dips eastward beneath the Whar ite 

Lithotype ; and ( 5 )  there i s  no evidence of  an ear ly phase of  fault  dis­

placement along thi s contact .  

Al though all  three Li thotypes are of reg ional extent and are broadly dis­

tinguished by differences in l ithology , structure and deformation , they 

cannot be considered as di screte structural units in the sense of the 

" terrane concept " (Jones et ai . , 1 98 1 )  because : ( 1 )  the contacts between 

the Lithotypes are not everywhere faul ted ; ( 2 )  there is l ittle d irect 
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evidence sugge stive o f  l arge d i splacement along the contact ; ( 3 )  the 

Lithotypes are considered to be part of a continuous westward younging , 

overturned , stratigraphic sequence of Late Jurassic age ; and ( 4 ) the 

Li thotypes have experienced the same metamorphic hi story . 

However , should strata compr ising the we stern Lithotype be proven to form 

part o f  an extens ive wes tward- lying terrane of Late Tr iassic age ( see 

Chapter 4 )  then thi s contact can be con sidered a ma j or tectonic break . 

D .  Mechani sm o f  Deformation 

An impo rtant questio n  is whether de formation of the Wharite Lithotype i s  

dominantly the resul t of proce sse s  near the sediment -water interface or o f  

deeper tec tonic origin . The absence o f  intense so ft- sediment deformation 

feature s in the underlying Tamaki Li thotype ind icates that the Wharite 

Li thotype was not emplac ed into the basin of sedimentation as a s ingl e 

o l i s tostromal uni t . Consequently , defo rmation of the Wharite Lithotype 

itse l f  is unl ike ly to be solely the result of gravitational s l id ing . How­

ever , as previous ly outl ined , s l iding may have been locally d i sruptive 

adj acent to some of the Vol canic and Chert Lithozones . 

The absence of de format ion in the over lying We stern Lithotype could ind i­

cate that de formation o f  the Whar ite Lithotype occurred prior to deposition 

of the we stern Li thotype and there fore occurred at the sediment-water inter­

face . Equa lly probable i s  that deformation of tectonic origin occurred at 

depth under an overburden and was con fined to a l inear zone such as a fau l t .  

The structures descr ibed in the preceding sec tions ind icate that de format ion 

of the Whar i te Lithotype took place under confining pressures suffic iently 

high to permit ducti l e  flow o f  the argi l laceous matrix but not suf fic iently 

high to prevent brittle fractur ing of the competent lithologies . Dur ing 

ear ly stage s o f  de format ion mo st of the c lastic sediments may have been 

unl ithi f ied as rare ly do they show any evidence of brecc iation , whereas the 

mass ive vol canic and chert l i thologies frequently show evid ence of breccia­

tion along their margins and in the necked region s between boud ins , indi ­

cating they we re l ithi fied dur ing de format ion . The micritic l ime stone block 

was a lmo st certainly compl etely l i thified prior to deformation . The tecton­

i sm that is requi red to deform l i thified blocks into lens- shaped clasts 

would be sufficien t  to cau se similar effects in partly or completely l ithi­

fied greywacke . Therefore , even though many c lasts may once have been 

unl ithi fied and initia�ly deformed by sur fic ial processes , it seems that 

the ir shapes can be expl a ined equal l y  wel l  as resul ting so lely from tectonic 

de format ion . The t ime lapse between deposition of a particualr bed and its  
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de format ion in a soft-sediment state does not nece s sarily  ind icate that it  

was contemporaneou s or pene-contemporaneous with sed imentation . Ne ither 

does it nece ssarily imply de formation near the sed iment-water interface . 

In some rapidly deposited c l astic materia l s , l i thification may take an 

extremely long time . For exampl e ,  the Miocene sand s of the Gulf Coast 

sedimentary province of Lou i s iana ( Dickinson , 1 95 3 )  occur at a depth of 

about 3 3 00rn and are still  unconsol idated , so that de formation at the 

present t ime would produce structure s wi th a style typical of de forma tion 

in so ft sediment ( Spor l i  & Barter , 1 97 3 ) . 

As mentione9 before , the style of deformation does not reflect mi l l ing , 

grinding or crushing . For the mo st part , large blocks are d i saggregated 

into sma l l er c l asts by boud inaging or fractur ing . On an outcrop scale , 

separat ion between clasts i s , in  general , no greater than I - 2m and averages 

O . lm .  On a map scal e ,  however , the inabi l i ty to trace l arge blocks from 

one catchment to the next may ind i cate that d isplacements have been sub­

stantial and o ften exceeded 0 . 5  krn .  Separation o f  clasts a t  all  scales 

recogn i sed in the study area can be accommodated by both gravitational 

s l id in g  and a te ctonic mechani sm .  

A largely tectonic origin i s  inferred for mos t  Torle sse rocks d i splaying 

s imilar style s  and degree of deformation . Thi s  i s  suggested by both in­

ternal structura l evidence inc luding plastic deformat ion ln the weaker 

mater ials and shear ing , intense boudinage and d isruption in the competent 

lithologies but a l so more convinc ingly by the gradat ional contacts between 

these areas and surrounding relatively intact rock sequences (MacKinnon , 1 9 8 3 ) . 

At some local i ties thi s gradation appears to be demonstrated by an increased 

proportion of stratified rock and a reduction of de formation to fewer and 

thinne r zone s . Thi s  tectonic de formation has been super imposed upon an 

ear l ier locally restric ted de formation re lated to syndeposit ional gravi­

tat ional sliding and to debr i s  flow ac tivity . 

I f  the phase o f  steeply plunging open fold ing i s  mentally subtracted the 

contac t between Whari te and Tamaki Lithotypes is seen to be a relatively 

straight , smooth boundary . As previously mentioned , the absence of pene­

trative de format ion in the underly ing Tarnaki Lithotype and a l so th e absence 

of any form of discon formity between the two l ithotype s is suggested to be 

strong evidence against e i ther gravi tational emplacement along a s l ide 

plane or the te le scoping along a low angl e thrust fault of the Whar ite 

Lithotype onto the Tarnaki Lithotype . In addition , it  i s  unl ikely that 

strata compr i s ing the Tamaki Lithotype is of greatly different age to that 
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compri si ng the Whari te Lithotype ( see Chapter 4 ) . For the se reasons , it 

is considered that thi s contact i s  not a ma jor tectonic break bu t i s  more 

probably a strati graphic contact that has been subj ected to different ial 

deformation . 

E .  Tectoni c s  

The Torle sse o f  the southern Ruahine Range has accumulated a t  a convergent 

plate margin . New Zealand l ies across the boundary between the I nd ian 

Plate to the west and the Pac i f ic Plate to the east . The Pac i fic Plate is 

subducted beneath the North I s land as  a shal low dipping thrust ( 1 20 ) ,  for 

some 2 5 0  kID ,  before it abruptly descend s into the asthenosphere at a dip 

of 50
0

• On the basis o f  sea-floor spreading rate s (Min ster e t  a l . ,  1 97 4 )  

and geodetic data (Walcott , 1978a ) , the Pac ific Plate , compr i sing Creta­

ceous oceanic crust (Molnar & Atwater , 1 9 7 8 ) , is  bel ieved to approach the 

east coast o f  the North I s l and at a rate o f  50  mm/yr . Since the Indian 

Plate boundary is inc l ined at 500 
to the direction of Pac i f ic Plate mot ion , 

the two plates converge obl iquel y . 

At a convergent margin where there i s  active subduction , sea floor sedi ­

ments are e i ther subducted along with the oceanic crust o r  are scraped off 

and accreted to the base of th� overriding plate or both . Evidence from both 

the North and South I s lands where the pre sently accepted regional younging 

direction i s  towards the east , suggests that accretion has been the domin­

ant proce ss . with accretion o f  each new wedge , older wedges are thru st 

upward on reverse faul ts . I f  the most s imple ver s ion of this proce s s  i s  

as sumed , the thrusts wi l l  form in sequence , with the ear l ie st lying o n  the 

l andward s ide and the youngest on the oceanward side . The se thrusts are 

inferred to be sites o f  aseismi c ductile  de formation . Some of the deform-

at ion i s  probably fac i l i tated by high pre ssures in l iquids trapped in the 

arg i l l ite-rich matrix ( Sporl i & Bel l , 1 97 6 ) . The Whar ite Lithotype is 

here po stulated to have formed in assoc iation with one such thrust fault . 

In view o f  the absence of obvious struc tura l d i scordanc e between the 

Wharite Li thotype and ad j acent undeformed l ithotypes (Western and Tamak i  

Lithotype s ) , i t  i s  inferred that this thrust zone was init iated a t  a very 

shal low angle of dip and that the sediment s were deformed whi l s t  in a near 

hori zontal atti tude . Ductile  de formation , co incidental with asymme tric 

folding o f  the competent c l astic s , woul d initiate and fac i l itate the bul k  

rotation o f  the sheets around a subhori zontal axi s  until the bedding is  at 

right angl es to the subhorizontal direction of max imum shortenin g .  At a 

later stage the thrusts  and folds would cease to be active and could be 
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further rotated and pos s ibly complexly refolded owing to increased under­

thrusting towards the we st and accretion of additional sedimentary material . 

At relatively high leve l s  in  the sedimentary pile it i s  po ssible that se­

quences de formed in thi s  way are rotated past the vertical to become com­

pl etely overturned , as i s  the case in the southern Ruahine Range ( Sporl i  & 

Be l l , 1 97 6 ) . Thi s  would a l so explain the pattern of regional eastward 

younging o f  success ive thrust sheets each of which is internally we stward 

young ing . Such a pattern cannot be expl ained in terms o f  a giant nappe . 

Supportive evidence of  imbrication and rotat ion of thrust sheets at contin­

ental subduction margins overseas has been summari sed by Sporl i & Bel l  

( 1 97 6 )  in  which they mention the fol lowing : 

"Exampl es o f  such imbrication assoc iated with subduc tion have been re-

corded from the l andward side o f  the Aleutian trench ( Grow , 1 9 7 3 , 

Fig . 6 ) . The shear zone s dip away from the trench and are spaced 

5 - 1 0  km apart . Pro f i l e s  on the inner s ide of the Nankai trough of 

Japan ( Ingle et a l . ,  1 97 3 )  show a gradual landward rotation of l and ­

ward dipping thrust s l i ces from a 50 dip near the trench to 4 5
0 

d ip 

4 0  km away from the trench . Thickne s s  of  the thrust packets range 

from 8 00m to 2 80 Om .  A fossil  exampl e i s  recorded from the Cretaceous 

trench depo s i ts o f  south eastern Alaska where Moore ( 1 97 3 )  has recog­

n i sed progressive l andward rotat ion of asymmetric folds verg ing into 

the trench . Processes of this type may have cau sed the wide spread 

steep atti tudes in the Torlesse Supergroup of both i sland s ( si c ) . 

I n  example s  o f  recent de format ion at trenches , apparently unde formed 

sed iment i n  the trench is separated from de formed material on the 

inner trench wal l  by the " tectonic front " ( Car son et al . ,  1 974 ) which 

in many trenches migrates outward in di screte j umps governed by the 

decol lement processes in the sequence undergoing subduc tion . "  

(p 444-44 5 )  . 

The Whari te Lithotype i s  only one of  several units that d i splay a s imilar 

de formational s tyle , further exampl es o f  which inc lude those descr ibed from 

the Kaweka Range ( Crippe n , 1 97 7 ) , Kaimanawa Range ( Hegan , 1 9 8 0 ) , Tararua 

Range ( Keller , 1 9 54 ; Reed , 1957a ; Rattenbury , 1 98 2 )  and the Raukumara 

Range ( I saac , 1 97 2 ;  Feary , 1974 ) . 

In some of these areas , e . g . in the Kaweka Range ( Feary , 1 9 74 ) de formation 

has been related to tectoni c sl id ing . S imilarly , deformation of the Esk 

Head melange in north Canterbury ( South I sland ) i s  possibly re lated to 

tec toni c  s lides that occur in the area immed iate ly to the north of thi s  
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mel ange ( Bradshaw , 1 97 2 ) . However , as pointed out by Bradshaw , in some 

respec ts the differences in de formation style between melange and tectonic 

s l ides is one of inten sity rather than kind (p 166) . 

Should strata compri sing the Western Lithotype prove to be of Late Tr iassic 

age then Wharite Li thotype repre sents a mel ange separating two accreted 

thrust sheets with a sheet of Late Tr iassic age lying structurally above 

and to the wes t  of a sheet of Late Jurassic age . The contact between 

Whari te and wes tern Li thotypes is then a ma j or tectonic break of regional 

extent , the mapping of which is  of con siderable geotecton ic signi ficance 

to understanding the evolution o f  the New Zeal and Geosyncl ine . The thick­

ness of melange zones in  the local area is known to be highly variabl e but 

other aspec ts of their geometry such as l ateral continuity , structural 

relationships with ad j acent coherent sequences and age remain unknown . 
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8 . 0  INTRODUCTION 

C H A P  T E R 8 

GEOLOGI CAL H I STORY 

2 2 1 . 

Thi s  c hapter i s  a synthes i s  of the ma j or geological events that have been 

respons ible for many of the characteri stic features of rock s compr i s ing the 

Torlesse terrane . Later epi sodes of Quaternary faulting are outl ined to­

gether with an updated interpretation of the phys iography of the southern 

Ruahine and northern Tararua Ranges and the format ion of the Manawatu Gorge 

is pre sented . 

8 . 1  PRE - LATE CRETACEOUS GEOLOGICAL HISTORY OF THE TORLESSE 

8 . 1 . 1  PROVENANCE 

Sediments compr ising the Torlesse in the study area have been der ived from 

a mixed volcano-plutoni c  source area which i s  thought to have lain to the 

south of New Zealand in the vicinity of the then pos ition of Antarctica . 

The composition of clastic grains suggests that most of the mineral con­

stituents were der ived from a quartzofeldspathic plutonic provenance . 

Detrital grains of vol canic origin i ndicate derivation of a lesser compon­

ent from a provenance compr i sing lavas of basaltic composition with minor 

rhyolitic and andesitic lavas . Sedimentary and vol canic rock fragments 

predominate . Metamorphic and plutoni c  rock fragments form an inconspicuous 

component . Sed imentary and vol canic l ithologies in the conglomerates also 

indicate a mixed source . Both the volcanic fragments in the sandstone s and 

the vol canic pebbles in the conglomerates are of simi lar composition and 

texture to the essentially mas sive volcanics  and pil low lava basalts found 

to outcrop i n  thi s area . The pre sence of volcanic l i thologies ,  both as 

rock fragments within sandstones and as pebbles within conglomerate s ,  i s  

suggestive o f  rapid deposition before breakdown t o  the ir constituent gra ins 

could occur . The pebbl es conta in mineral i sed cracks and veins not present 

in the encompas s ing matrix , indicating derivat ion from older sediments 

that had been buried and indurated prior to upl ift and erosion . In addi­

tion , the wel l -rounded shape of the pebbles is  suggestive of reworking . 

An al lochthonous block of foss i l i ferous l imestone together with blocks o f  

calcareous conglomerates indicate der ivation , a t  least in part , from a 

shal low water marine terrane . 

I t  i s  not known i f  any of these d iverse l ithologies occurred together in 
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the same source terrane or if  they were der ived from mixed source terranes . 

As none o f  the l i thologies are of greater metamorphic grade than the 

sequences wi thin which they are now conta ined it is interpreted that the 

source terrane ( s )  had not been subjected to metamorphi sm of grea ter than 

prehni te-pumpe l lyite grade . In view of the absence in the study area of 

clasts that may be cons idered to be ' exotic ' to the Tor lesse , it follows 

that the reworked mater ials are largely of in traformat ional origin . 

8 . 1 . 2  SEDIMENT TRANSPORT AND DEPOS ITIONAL MECHANI SMS 

Subaqueous sediment transport and deposition of the Torlesse is here 

cons idered to have been dominated by sed iment gravity flow proce s ses with 

ocean bottom currents operating in the latter stages of depo s i tion to pro­

duce or modi fy some o f  the textures and structures observed . In  view of 

the predominance o f :  ( 1 )  very thin- , thin- and thick-bedded regu larly 

al ternating sequences of graded beds with preserved internal s edimentary 

structures ; ( 2 )  the restr icted occurrence of very-thick and thick-bedded 

massive sequences of sandstone ; ( 3 )  the poor development of thin beds of 

fine-grained conglomerates and absence of coar se-grained conglomerates ; 

and ( 4 )  the scarcity of thinly developed fine-grained pebbly mudstone 

deposits , it i s  in terpreted that the flysch-type sequences ( Graded-Bedded 

Li thozones ) compri s ing each of the three Li thotypes ( Tamaki ,  Wharite and 

We stern ) are di stal fac ies deposits essentially emplaced by turbidity 

currents and modified by other sediment gravity flow proce sses . The ab­

sence of bioclastic l ime stone , the paucity of pr imary cal careous matr ix , 

the sparseness of fos s i l s  and the textural immaturity of the arenites are 

al so con s i stent with such a process . 

With the onset o f  precursory tectonic movements in Jurassic t ime that cul­

minated in the main phase o f  the Rangitata Orogeny in the Ear ly Cretaceous 

( Fleming , 1 9 7 5 ) , the source areas are l ikely to have become tecton ical ly 

uns table . In  these areas the trigger ing of mass movements produc ed sedi­

ment gravity flows . S i gns of tectonic instabil ity in the depositional 

basin are i ndicated by the irregularity in bed thickne s s  and the irregular­

i ty in the frequency of alternate deposi tion of di fferent l i thologies that 

now comprise Whar ite Li thotype . Her e , turbidity current depos ition of pre­

dominantly arenaceous materials ( Fol iated Lithozones ) dominated but was 

period ically interrupted by depo si t ion o f  mass ive units of ungraded sand­

stone ( Sandstone Li thozones ) by gra in flow or sandy debr i s  flow processes 

and deposition of unsorted argi l l ite -dominated , boulder-bear ing debr is 

flow deposits ( Diamictite Lithozones ) .  Rarely the depos ition of fine­

grained argi l laceou s materials ( Argi l l ite Lithozone s )  occurred dur ing a 

hiatus in the supply of coarser gra ined arenaceous material s . 
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Both the continental rise as a site o f  f ine-grained argi l l ite and silt 

sedimentation and the continental slope , as  a site of extensive sediment 

accumulation that includes al lochthonous debri s ,  are cons idered l ikely 

source areas . 

Radiol ar ian cherts occur either as thin beds within units of argil laceou s 

material , representing biogenic accumulation during a hiatus in clastic 

sedimentation , or occur in association with vo lcanic l ithologie s .  Sheet­

l ike bodies of massive , altered oceanic basal t and pillow ba salts often 

accompany the chert . Al though unproven , it seems likely that these ma ssive 

vol canics and associated c herts are older than the surrounding clastic 

sed iments . An absence o f  connective dykes favour s this interpretation , that 

these vol cani c s  we re empl aced as sheets onto a sedimentary pile by gravi­

tat ional sliding during c lastic sedimentat ion . Gravitational s l iding of 

non-volcanic rock bod ies i s  also con sidered l ikely but owing to the absence 

of fos s i l s  and distinctive discriminating petrological criteria it has not 

been pos s ible to di stingu i sh them from contemporaneous sediment accumulation . 

Accumulations o f  intact pi l low lava younging in the same d irection as the 

surrounding c l astic sediments strongly suggests contemporaneous vol canism . 

Red and green argi l lite hor i zons , o f  uncertain affin ity , may be distal 

vol canogenic hemipelagic sed iments that accumulated contemporaneously with 

c lastic sedimentation . 

Ma j or and trace element analyses o f  volcanic l i thologies ind icate that they 

are chemically s imi l ar to oceanic ba salts and the ma j ority are cons idered 

to have been erupted in a mid-ocean ridge setting . A minority of samples 

appear to have c hemical affinities with an intraplate setting . None of the 

samples are c hemically consistent wi th der ivation from an i s l and arc . 

8 . 1 . 3  DEPOS ITIONAL ENVIRONMENT 

Sediment deposition i s  here considered to have occurred in a deep-water 

environment of geosyncl inal dimens ions with a tran sportational connective 

route to land , but seaward of a cont inental slope or r i se . 

I f  the deposi tional environment comprises an extens ive area of fine-grained 

pe lagic and hemipe lagic sedimentation together with gravity- flow deposits , 

then sedimentation on a marine fan i s  cons idered the most l ikely setting . 

The absence of slump structures as  wel l  a s  the absence of features 

charac teristic of con tinental rise and upper fan environments ( e . g .  sub­

mar ine canyons and levee bordered val leys ) favour this interpretation . The 

sequence of s trata within the study area are interpreted to have been most 
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l ikely depos ited in c lose proximity to the middle and lower submarine fan 

and basi n  plain regions . 

8 . 1 . 4  AGE 

Sed imentat ion , as  indi cated by the presence of autochthonous fo ssil  spec i­

mens of  Retroceramus (Re troceramus )  haasti ( Hochstetter ) ,  i s  thought to 

have occurred largely within Late Jurassic  (Middle Kimmer idgian ) time and 

probably continued into Early Cretaceous time , at least up until the onset 

of metamorphism of the Torlesse in this region . Sed imentation had definitely 

ceased prior to Late Cre taceous time as  rotation of the strata to its present 

steep attitude predates Late Cre taceous sedimentation in ad j oining regions . 

Blocks o f  al lochthonous origin include fos s i l i ferous l ime stone and cal care­

ous conglomerates of shal low water mar ine origin , the former of whi ch ha s 

been dated as Late Tr iassic ( Early Nor ian )  in age . Thi s  ind i cates tha t  the 

source terrane comprised , in part , rocks of Late Trias s ic age . Ages o f  

radiolarian cherts and fo ss i l i ferous cal careous siltstones were not deter­

mined in thi s study . 

8 . 1 . 5  LI THOSTRATIGRAPHY AND DEFORMATI ON 

Subd ivi sion o f  the essential ly sedimentary sequence into Lithotype s ha s been 

based on l ithology and degree of stratal de formation . Boundaries between 

Li thotypes do not correspond with ma jor tectonic breaks but rather reflect 

a change in the tempo of deposition and/or a change in the depositional 

process . Thi s ,  in turn , i s  o ften refl ected by ei ther a change in l ithology 

or d i f ference s in the internal struc ture of the rock body . The l i thologic 

heterogeneity and , to a large extent , the structural organi sation of the 

Wharite Lithotype can be expl ained in this way . 

Te ctonic in stability i s  recorded by i soc l inal folding of the uppermo st 

strata ( Tamaki Li thotype ) in the depos itional ba s in .  Thi s  phase of  folding 

is thought to predate the deposi tion of the l ithologically d iverse sediments 

that now comprise the Wharite Lithotype but is nonetheless part of  the same 

fold phase represented by i soclinal and subi soc l inal folds in the Whari te 

Li thotype . These folds may have been the re sult of local slumping or 

regional gravi ty s l iding , Thi s  phase o f  folding , together with an increase 

in the tempo of sed imentation , is interpreted as  indicating the onset of 

precur sory tectonic movements to the Rangitata Orogeny . Dur ing the Rangitata 

Orogeny ( Early Cretaceou s )  part of the sed imentary sequence (Whari te 

Lithotype ) was severely de formed , de formation be ing predominantly ductile , 

accompanied by minor br ittle deformation . Ductile deformation took place 
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at relatively low confining pressures and temperatures , during which mech­

anical processes of flow predominated , to result in plastically and perman­

ently de formed rocks . However , this de formation occurred under cond itions of 

conf ining pre ssure sufficient to deform already metamorpho sed blocks of l ime­

stone , so it i s  con sidered l ikely that de formation took place under an over­

burden . As this overburden is l ikely to have been sed iments that now com­

prise the Western Li thotype , which have not suf fered ductile deformation , 

it i s  unlikely that tectonic fl atten ing by the overburden was the mechanism 

resul ting in thi s ductile de formation . Instead , a mechanism involving 

extension of relatively competent material s surrounded by a more ductile  

matrix i s  preferred . Extension appears to  have occurred in all  d irections 

oriented normal to bedding to produce pinch-and- swell structure and eventual 

breakage . The individual clasts def ine a fol iation . Fol iation is observed 

as a strong pre ferred orientation of lenticular clasts of competent l i tho­

logies and by penetrat ive , subparallel , anas tomos ing cl eavage sur faces in 

the surrounding argil laceous matr ix . These c l eavage surface s lie  approx i­

mately paral l e l  to the margins of the competent clasts . Extension fractures 

formed during ductile de formation occur norma l to the d irection o f  clast 

orientation and are only preserved in the competent lithologies where they 

are minera l i sed . Brecciation a l so apparently occurred at this time and is  

seen on both a microscopic and outcrop scale . This brecciation indicates 

that the competent lithologies were l i thif ied at the time of de format ion . 

Cemented breccia , for example along the l i ne of the Ruahine Fault , indi­

cates that thi s fault  was active dur ing this early phase of deformation 

and that brecc iat ion occurred at depth beneath an overburden . Duc tile 

deformation predates metamorphi sm as the c lasts of competent l i thologies , 

the argil lac eou s matr ix and the cementing minerals are all  of the same 

metamorph ic grade . It i s  assumed that the sed imentary pile was metamor­

phosed in a horizontal attitude prior to rotation around an approx imately 

hori zontal axis to attain i ts present steep attitude . The t iming of both 

metamorphism and subsequent rotation in this area is  uncertain but it does 

predate Late Cretaceous sedimentation . Rotation is possibly due to west­

ward underthrusting at a convergent plate margin resulting in imbrication 

and westward rotation o f  thru st sheets , each of which is internal ly west­

ward younging but forms part of a regionally eastward younging success ion . 

Brittle deformation occurred in conjunction with epi sodes of folding and 

faul ting as a re sul t  of the second orogeny , the Kaikoura Orogeny , in 

Quaternary times . Thi s  orogeny is thought to have begun in the Pliocene 
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and active faul ting indicates that i t  i s  continuing today . Brittle frac­

tur ing of the Torlesse bedrock dur ing both the Rangitata and Ka ikoura 

Orogenies i s  not as s i gn i ficant as the duc t i l e  de formation dur ing the 

Rangitata Orogeny . Thi s  is becau se the br ittle fractures are not pene­

trative on a mesoscopic scale and total di splacements are comparatively 

minor . Brittle fractures transect both the competent and incompetent 

l i thologies and are of variable orientation , having been reor i ented dur ing 

later epi sode s o f  foldin g .  Th is i s  a l so true for open joints . 

Two younger phases of po st- i socl inal folding have been recorded . The 

earl ier phase created subhor izontal , open , asymme tric fold s which refold 

both inverted and non- inverted l imbs of the earl ier formed i socl inal folds . 

The later phase created steepl y plunging open folds that refold all  ear l ier 

structures . The age of folding i s  uncertain but most undoubtedly occurred 

during the rotation of the strata past the vertical to become completely 

overturned , however , some folding c l early post-date s the rotation . 

8 . 2  POST-LATE CRETACEOUS GEOLOGICAL HISTORY OF THE SOUTHERN RUAHI NE RANGE 

The Torlesse bedrock compr i si ng the Ruahine Ranges was raised above sea 

leve l  during the Rangi tata Orogeny in Ear ly Cretaceous t ime s (Fleming , 1975 ; 

Kingma , 1 9 5 9 ) . Subsequent peneplanat ion occurred between the Late Creta­

ceou s and Paleocene when a mar ine transgression submerged the southern North 

Is land ( Ki ngma , 1 9 5 9 )  and resul ted in the Cretaceous strata in this area 

being tota l ly str ipped . Tertiary deposits within the study area are 

characteristically di scontinuous and s how marked lateral and verti cal thick­

ness var iations . Unconformi ties are numerous and hence the sequence of 

Tertiary depos i ts i s  incomplete . Part of the incompl eteness can doubtless 

be attr ibuted to subaerial erosion during regre ss ion s ,  mar ine eros ion , non­

deposi tion or reworking of sediments dur ing subsequent transgre ssions . The 

sequence i s  also apparently compres sed due to low rates of sed imentation 

dur ing pe riods of transgress ion . Local tec tonic activity al so influenced 

stratigraphic relationships . 

The lowermost beds o f  Tertiary age belong to the Opoit i an and Waitotaran 

( Upper Pliocene ) stages and were deposited upon an almost hor izontal eroded 

greywacke surface in shallow , current-scoured waters ( Li l l i e , 1 95 3 ) . 

waitotaran sed iments contain greywacke pebbles probably der ived from initial 

exposure of the Torl esse at the ance stral site of the future Range s .  The 

c lose of the waitotaran was marked by widespread shal lowing accompanied by 

upl i ft o f  the greywacke bedrock along the ax i s  of the present-day Ranges .  

Upl i ft along thi s axi s  was di fferential, such that to the north and south o f  
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the Manawatu Saddle emergent greywacke formed a region of low relief hill  

country , whi l st be tween these emergent highs there formed a structural low 

- the "Manawatu Strait " .  Thi s  " S tra i t "  connected the Dannevirke Depression 

on the east with pos s ibly deeper water of the Wanganui Basin to the west of  

the emerging Range . Shal lowing water cond i t ions exi sted in the vicinity 

of this " S trai t "  dur ing Early Nukumaruan t imes as i s  ind icated by the pre­

sence of l imestone on the eastern flank of the Range s near the entrance to 

the Manawatu Gorge . On the western f l ank of the Range a cons iderable 

thickne s s  o f  very coarse gravel poured into the shal low waters of the 

"Manawatu Stra i t "  from the emergent parts of the Ranges . we st of the 

Ranges there was mari ne sedimentation in the deeper water of the Wanganui 

Basin dur ing mo st of the Nukumaruan time ( Li l l ie , 1953) . At the c lose of 

Nukumaruan t ime , s i l tstones , sandstones , l ignites and coarse gravels were 

deposited intermittently. The Ruahine and Tararua Range s were emergent and 

undergoing denudation . Dur ing the Late Nukumaruan and Early Castlec l i ffian 

ti',les d i fferential and pos s ibly pivotal movement continued along the eastern 

flank of the Range s which considerably rai sed the emergent greywacke to the 

north and south of the "Manawatu Stra i t "  ( Li l l ie , 1 95 3 ) . 

By Middle  Castlec l i ff i an t ime , tectonic upli ft forced the sea to retreat 

from the " Manawatu Stra i t "  and wi thdraw from the f l anks of the Ranges .  To 

the east the Dannevirke Depress ion became emergent and the Manawatu River 

establi shed i ts course across the s lowly r i s ing Range , making an initial 

inc i sion i nto the greywacke bedrock . 

The post-Castle c l i f fian ef fects o f  the Kaikoura Orogeny essentially accent­

uated ear l i er movements and brought the period of marine sedimentation to 

a close . The greywacke bedrock of the Ruahine and northern Tararua Range s 

swel led upwards in a s impl e ,  broad , anti c l inal , northeast trending flexure ; 

arching the erosion surface and overly ing Tertiary beds . Concomitant 

fl exuring along east-we st axes occurred to produce the structural sag at 

the s ite of the "Manawatu S trait " .  Here the eros ion sur face is seen to 

ascend both towards the south where it  is preserved in the Tararua Range 

and towards the north across the southern f l ank of the Ruahine Range 

( immedi ately south of Whar i te Tri g . )  before being destroyed by ero sion 

further north . Covering strata were stripped from the higher parts o f  the 

Ranges l eaving the marked summit accordance seen today both in the southern 

Ruahine Range and to the south in the Tararua Range (Wel lman , 1 94 8 ) . The 

anti c l ine was fractured on its eastern l imb by faults which were ini ti­

ated during Nukumaruan time , or earlier . The complete emergence of a l l  

the Pl iocene sediments was fol lowed by a long interval o f  eros ion , re sulting 
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in the present features o f  relief . The l and sur fac e left by the last major 

retreat o f  the sea has , in comparatively recent t imes , been cons iderably 

upl i fted and dis sected dur ing successive episodes of intermittent regional 

upl i ft to produce steep s ided ranges and a youthful , deeply inci sed val ley 

physiography . 

Within Quaternary time much o f  the upl i ft of the Range s has been the result 

of vertical fault di splacement along high angle ,  northeast striking faults 

that bound both the eas tern and we stern flanks of the Ranges .  In some in­

stance s ,  fault  di splacements in Quaternary times have coinc ided with the 

l ine of Early Cretaceou s fault  movements but in other instances subsequent 

epi sodes of fault  displacement have produced new trace s .  The amount of 

vertical d i splacement along active faul ts has not been uni form neither 

along the length of the fault nor through time . Greatest fault  upl ift has 

occurred along the eas tern s ide of the Ranges on the Wel l ington Faul t .  

Here , Early Quaternary vertical fault d isplacements have been greatest in 

the northeast o f  the study area and have resulted in the westward t i lting 

of the surface of erosion preserved on the summit of the Range . In con­

trast , vertical fault d i spl acement has been l east in the vicinity of the 

Manawatu Saddle ( see Section 8 . 3 ) . 

Fault activi ty has continued almost to the pre sent . Much of the Late 

Quaternary vertical component of faul ting has taken place on the Wel l ington 

Fau l t  during pre-Ohakean and Ohakean times . On other faults vertical move­

ment ceased prior to Ohakean time . There i s  no ava i l able evidence for fault 

di spl acements having occurred in hi stor i c  t ime in this area . 

8 . 3  DEFORMED REMNANTS OF THE PRE-OUATERNARY EROS ION S URFACE 

Within the study area there occur remnants of a once extens ive eros ion sur­

face which had been carved across greywac ke bedrock of Tr iassic-Jurassic 

age . To the north of the study area at a local ity west of Lake Waikaremoana , 

Late Cretaceou s rocks l i e  unconformably upon Torle sse bedrock ( Gr indley , 

1 96 0 ) . I f  the eros ion surface preserved in the study area i s  as sumed to 

be a remnant of the same erosion sur faces preserved further to the north , 

then there i s  a strong indication that the formation of this surface pre­

dates Late Cretaceous time . Rocks of Cretaceous age are not found in the 

study area , presumably having been totally str ipped prior to depo s it ion 

of the Tertiary depos its . Near Puketitiri  ( north of the study area) , the 

erosion surface is overlain by Tongaporutuan (Middle Miocene ) s trata 

( Grindl ey , 1 96 0 ) . The oldest known Tertiary deposits found upon this 

ero sion surface in the study area are o f  Late Opo itian age ( Li l l ie , 1 9 53 ) . 
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They occur at the point where the eros ion surface i s  structurally lowest , 

that i s ,  immediately to the north of the Manawatu Gorge within the Manawatu 

Saddl e .  There are no known remnants of Tertiary mater ials upon the erosion 

surface re ferred to here as the ' Delaware Ridge ' in the north of the study 

area . Here the presence of mar ine conglomerates and l ime stone of Early 
Nukumaruan age ( Moore , 1 9 7 5 )  at 7 00m alti tude ( T2 3/65 2222 ) in Pohangina 
Valley suggest that the De laware Ridge was a t  least 400-500 me tres above sea 
level at thi s  time . 

During Pl io-Pleistocene time the erosion surface was warped into " anti­

c l i nal " and , in place s , unfaul ted , elongate , asymmetrical dome s to form 

the Rimutaka , Tararua and Ruahine Ranges . Warping has occurred along both 

northeast trending longitudinal axes and east-west trend ing , transverse 

axes . The latter warps form phys iographic " lows " , e .g .  the sadd le north of 

the Manawatu Gorge that separates the longitud inal dome s of the southern 

Ruah ine and the northern Tararua Ranges .  

We stward of Masterton to the eastern flank of the Tararua Range gravimetric 

data indicate that the erosion surface is gently upwarped to meet the 

domed surface of the Tararua Range , there being no evidence of a tectonic 

scarp bordering the eas tern flank of this section of the Range ( He ine , 

1 962 ) . Such evidence i s  thought to support the interpretation that the 

Tararua-Rimu taka ' antic l i nes ' are drag folds due to tectonic buckl ing as a 

resu l t  of shearing movements a long the l ine of ma j or pr imary faults  ( Heine , 

1 96 2 )  . 

Further to the north , however , the northern tip of the Tararua Range and 

the southern t ip of the Ruahine Range are flanked along their eastern side 

by the high angl e , northeast trending Wel l ington Fault  on which con­

s iderable vertical upl i ft on the west s ide of the trace has taken 

place . The eastern flank of the Ranges may there fore be regarded as 

a tectonic scarp . 

The western flank o f  these Ranges i s  al so bordered by high angle , northeast 

trending faults on whi c h  vertical displacements appear to be predominantly 

of a reverse sense . Upl i ft on these faults  has been less than that which 

has occurred on faults bordering the eastern flank of the Ranges . Thus 

di fferenti al fault displacement has occurred to produce a marked asymmetry 

in the cross-sectional profile of the se Ranges (Fig . 8 . 1 ) . Thi s  asyn�etry 

is suggestive o f  westward ti l ting of a bedrock block and is be st h ighl i ghted 

where remnants o f  the eros ion surface have been pre served , e . g .  in the 

vic inity of the Delaware Ridge ( s ee cros s-section E-F on Fig . 8 . 1 ) . 

Structure s analogous to we stward til ted bedrock blocks occur to the east 

of the Ruahine Range within an asymmetr ical depression f i l led with Tertiary 
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sediments , the deepest  part of the depression ly ing ad j acent to the Ruahine 

Range . Here , numerous parallel  northeast- southwe st trending faults 

traverse the area . Many o f  these appear to be thrust faults , others appear 

to be wrench faults showing r ight lateral movement . A seismic survey in 

thi s  area i ndicated a number of structures , generally with long we stern 

flanks and short steeply dipping eastern flanks , similar to that descr ibed 

from the southern Ruahine Range ( see section 1 . 5 ) . In most cases eastern 

c losure of these structures was dependent on faul ting ( Le s l ie & 

Hol l ingsworth , 197 2 ) . 

" Live " anticl inal structures to the we st of and paral lel to the Ruahine 

kange are also asymmetric with simi larly short , steep eas tern and long , 

gentle we stern limbs ( Te Punga , 1 95 7 ) . The se struc tures are al so l ikely 

to be bounded by faul ts with greatest upl ift occurring on fault s  border ing 

the eastern flank of these s tructures . Thus , in contrast to the southern 

sector of the Tararua Range and the Rimutaka Range , the northern Tararua 

and the southern Ruahine Ranges are not dome-shaped but represent upthrusted , 

fault-bounded , westward-til ted bedrock blocks . Nonetheless , the near 

symmetrical cross-sect ional profile of the southern Ruahine Range , in the 

vicinity of Whar ite Trig . ( see cross-section C-D on Fig . 8 . 1 ) , together 

with the pre servation of a surface of marine erosion that plunges westward , 

southward and eastward a t  this locality c learly defines this sur face where 

it is least deformed . Thi s  s truc ture may reflect an initial warping along 

both north-south and east-west trending axes which was later faul ted along 

i ts eastern l imb . Greater upl i ft along the eastern boundary fault rela-

tive to the we stern boundary fault  has resulted in the tilting of the 

eros ion surface towards the wes t . Upl i ft on the eastern boundary 

fault  has been differential along its length , be ing greate st in the north 

of the study area and least in the vic inity of the Manawatu Saddle . Where 

fault upl i ft has been greatest the alt itude of the Range is  higher and the 

eas tern l imb o f  the Range s�eeper than at local ities where upl i ft has been 

less . As a consequence , fluvial erosion has had its greatest effect in the 

northeast o f  the study area where it has removed all evidence of the eros ion 

surface . Where upl i ft has been minimal , near the Manawatu Saddle , fluvial 

dissection i s  less severe and the surface of eros ion is  we l l  preserved . 

8 . 4  ORIGIN OF THE MANAWATU GORGE AND A LOCAL ANALOGY 

From i ts source on the eastern flank o f  the southern Ruahine Range ( to the 

north of the pre sent study area ) the Manawatu River fol lows a southwesterly 

course for some d i stance before swinging abruptly towards the we st across 

Tertiary and Holocene deposits to fol low an approximate west-northwesterly 
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course through an axial range , where it  i s  inci sed within Torlesse bedrock 

at the Manawatu Gorge . 

The po sition and format ion o f  the Manawatu Gorge have long been the subject 

of con j ecture . The Gorge is found within a phys iographically low saddle , 

known as  the Manawatu Saddle , that forms a phys iographic boundary between 

the northern tip of the Tararua Range and the southern tip of the Ruahine 

Range . Here , the Torlesse bedrock of these Ranges has been warped about 

two axes ; an anticl i nal warp about an ax i s  longitud inal to the Ranges and 

a transverse warp causing the notable sag of the Manawatu Saddle area . The 

Manawatu Saddle  has been a marked structural " low" s ince Miocene t ime s and 

has a sequence of Pl iocene strata �reserved on it that record s the exist­

ence of an anci ent seaway , " The Manawatu Strai t "  of Lil li e  ( 1 9 5 3 ) . The 

longitudinal warping at the Saddl e  involves covering strata of Opoitian to 

Castlec l i ffian age and i s  hence a very l ate feature , formed by the final 

upl i ft of the Range dur ing the Kaikoura Orogeny . The eastern l imb of the 

warp is steeper , due to faulting , than i s  the longer gentler  s loping 

western l imb .  

The position o f  the Manawatu Gorge does not correspond with the max imum de­

press ion of the anticl inal axi s  o f  the Torlesse bedrock , this being some 

3 km to the north of the Gorge . Here the contact between Tor lesse bedrock 

and Pl io-Ple i s tocene marine deposits is only about 2 0 0m  above sea leve l . 

The Manawatu Gorge has long been regarded as  a superposed feature though the 

exact mode o f  formation has been var iously expla ined ( Ong ley , 1 9 3 5 ; Cotton , 

1 94 2 ; Lil l i e , 1 95 3 ) . Al l explanation s , pr ior to 1 9 3 5 , are examined and 

critici sed by Ongley ( 1 9 3 5 ) , from which this br ief table has been prepared : 

PREVIOUS THEORIES ON THE ORIGIN OF THE MANAWATU GORGE 

( 1 )  Before 1 9 0 5  The antecedent theory : H H i l l  ( referred to i n  Marshal l ,  1 9 0 5 )  . 

( 2 )  1905-1912  The Puketoi upl i ft and r iver-p iracy theory : P Marshall . 

( 3 ) 1907 The antecedent theory : D Petr ie . 

( 4 )  1 9 1 1  The earthquake-r i ft , upl i ft and lake theory : H Hi l l .  

( 5 )  1 9 1 4  The ( temporary ) antecedent theory : P G Morgan . 

( 6 )  1 914 The ( techni cal ) antecedent theory : J A Thomson . 

( 7 )  1 9 1 2  The Puketoi upl i ft and l ake spil lover theory : P Marsha l l . 

( 8 )  1 9 2 2  The anteconsequent theory : C A Cotton . 

( 9 )  1 9 3 0  The superpo sed antecedent theory : G L Adkin. 

Ongley h imself propo sed ' The consequent theory ' .  The latest known attempt 

to explain the origin of the Manawatu Gorge i s  that proposed by p iyasin 
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( 1 966) called ' The anteconsequent and lake spil lover theory ' .  

I t  seems reasonable to imag ine that with the or iginal cover o f  marine bed s 

on this country the re was no former obstac le present at the structural 

" hi gh "  at the Gorge , that has been a " l ow" in relat ion to the rest of  the 

Ruahine and Tararua Ranges s ince Miocene time s . During regional upl i ft and 

emergence of the coun try to the east o f  the Ranges , a system of drainage was 

init iated which followed the anc ient "Manawatu stra it"  be ing " . .  guided by 

the f i rst wrinkles o f  the sur face as  i t  emerged from the sea " ( Cotton , 

1 92 2 )  and was there fore consequent upon the " stra it " .  Subsequent down-

cutting through the covering Tertiary strata into the underlying Torlesse 

bedrock gave the Manawatu Rive r a superposed cour se at the Gorge . Thi s  

course wa s antecedent t o  the locali sed tectonic upl i fting of  the Ranges 

along high angl e , northeast strik ing faults . Adkins ' ( 1 9 3 0 )  interpretation 

of the evidence was that "At the Gorge the Manawatu River may thus be des­

cribed as having a superpo sed antecedent course " .  However , as  pointed out 

by Cotton ( 1 922 ) and Ongley ( 1 9 3 5 ) , the formation of the Manawatu River 

be ing consequent on the earl ier and antec edent to the l ater stages of a 

s ingle series of de forming movements i s  strictly termed anteconsequent . 

8 . 4 . 1  THE ANALOGY 

The Ruahine and Tararua Ranges are flanked to the east and we st by high 

angle dextral transcurrent faults at whi ch cons iderable ver t ical d i splace­

ments have occurred wi thin Quaternary t ime ( see Chapter 6 ) . The faulted 

nature of these Range s sugge sts that structurally they comprise a horst 

( Kingma , 1 957b) into which the Manawatu River has inci sed and maintained 

i t s  course despite subsequent epi sode s of upl i ft ,  predominantly by ver ti­

cal fau l t  d i spl acement of the Ranges . Tak ing the above po ints into account 

an analogy is drawn between the fault-bound Ruahine-Tararua hor st and a 

s imi lar but much smaller fault-bound structure formed as  a result of  the 

vertical fault di spl acement of part o f  an extens ive terrace sur face of 

Ple istocene age across the path o f  a previously exi s ting stre am . 

At approximately 4 . 5  km to the south of the entrance to the Manawatu Gorge 

a tilted wedge , compri sing a horst and graben , i s  bounded to the east and 

wes t  by traces of the We l l ington Faul t .  The wedge has formed be tween two 

fault  traces from the po int at which the pr inc ipal trace of Wel lington 

Fault bifurcate s to where the two traces merge 2 km to the nor th ( Inset E ,  

Map 4 ) . The hors t ,  at the southern end o f  the tilted wedge , i s  bound to 

the east and we st by straight and para l l e l  north- str ik ing fault scarps 

along which other features of tectonic origin a l so occur ( T24/026-0 3 1 , see 
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Appendix Va ) . To the we st of the horst a small unnamed stream flows east­

ward across the north- striking hor st into which it has inc i sed a deep , 

narrow channe l .  The stream channel immediately to the east and west of 

the horst drains ac ro ss a f lat lying terrace sur face of Plei stocene age 

into which inci sion has been minimal ( Fig . 6 . 4 ) . It i s  interpreted that 

thi s stream has mainta ined i ts course within the present channel and was 

antecedent to vertical fault upl i ft of the hor st across its pat h .  The rate 

of upl i ft of the horst appears to have been relatively constant , rather 

than in discrete jumps , as the l atter would have resul ted in the drainage 

be ing defl ected either to the north or south along the front of the west­

facing fault scarp . The rate of vertical fault displacement , therefore , 

did not exceed the rate of the downcutting capabi l ity of this stream which 

to date has resulted in the inc ision of a channel acros s the hor st to a 

depth o f  16  metres . A rate of downcutt ing and/or vertical fault displace­

ment has not been establi shed for thi s site as  a more precise age for the 

d i splaced terrace surface is unavai lable . 

The above evidence i s  here considered to re inforce the view that the cour se 

of the Manawatu River , across the Ruahine-Tararua Range s ,  was antecedent to 

the maj or episode s of tectonic upl i f t  of these Range s ,  predominantly by ver­

tical fault  displ acement , during the Kaikoura Orogeny . The Manawatu River 

there fore maintained a rate of downcutting equivalent to that of the rate of 

tectonic upl i ft o f  these Range s .  Both proce sses continued wel l  into Late 

Quaternary t ime , analagous evidence for which occurs a long the trace of 

Wel l ington Faul t  in thi s area today . 
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POTENTIAL RESEARCH 

The c lose proximi ty of the Ruahine-Tararua Ranges to Massey Univer sity 

provides an ideal opportunity for further re search to be carr ied out in 

thi s  area . The poten tial for research topics far exceeds those outl ined 

here and could involve d isciplines other than those based upon the earth 

sciences . The fol lowing l ines of research are considered to be worthy of 

cons ideration as some provide an opportunity for ori ginal research in 

areas where l i ttle knowledge is at present available ,  whi l s t  other l ines 

of research would further extend work carried out in th is study . 

Large tracts o f  these Ranges are unmapped .  I solated geologic studies of 

TOrlesse strata within the se Ranges indicate that me lange terrane is  often 

present . However , the areal d i stribution , stratigraphic relationships and 

nature of the contacts between mel ange and ad j acent terranes , particularly 

in the lowermo st portion o f  the North I s l and , is poorly under stood . I n  

addi tion , the pauc ity o f  fossils  in the se areas severely l imits our inter­

pretation and understanding of the distr ibut ion of Torlesse faunal zones . 

Better defini tion of faunal zones i s  l ikely to ensue from further geological 

research o f  the Torlesse in unmapped sec tors of these Ranges ,  particularly 

in areas where me lange terrane is  present , because melange terrane tends 

to yield a di sproportionate number of fossi l s . The di scovery of new fos s i l  

local ities , together with the mapping o f  melange and ad j acent terranes of 

the Torlesse in the se Ranges , hold the key to our understanding of the 

origin of the Torlesse . 

Mapping the Torlesse and , in particul ar , melange terranes is difficult and 

is further compli cated by the use of a divers ity of terms by d i fferent 

authors to describe outcrops o f  simi lar appearance .  There i s , there fore , 

urgent need for the compi lation o f  a wri tten gu ide speci fical ly des i gned 

to assist with mapping of melange terrane . In order to standardise method s 

of mapping and use of terminology suc h  a guideline should be designed for 

use in a New Zealand context and as a supplement to ' Guide to recording o f  

field observations in sedimentary sequences ' (Andrews , 1 9 7 6 ) . 

Palaeontological studies o f  fossil-bearing calcareous conglomerates , cal­

careous s i l tstones and c herts hold c lues as  to the age of al lochthonous 

l ithologies .  I n  addition , the as sociation of some fos s i l i ferous cherts 

with mas s ive vol c an ic l i thologies provides a means o f  dating the vol canic s ,  

thereby clarifying whetner the volcanics and assoc iated chert s  are o f  
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allochthonous ori gin or were erupted in the basin of sedimentat ion contem­

poraneous ly with c lastic deposition . 

Features of tec ton ic origin , associ ated with faults in the Tararua Range , 

have in the past only been sketchily documented . There is scope for the 

detailed documentation of these features for presentation in the format of 

the ' Late Quaternary Tectonic Map ' ser ies a long the l ines presented on 

Map 4 and in Chapter 6 in  this study for the southern Ruahine Range . 

Within the study area there occur numerous ponds and swamps . Many are 

l ikely to contain po l len and wood bear ing muds . A significant number of 

these ponds and swamps have been created by vertical fault d i splacement in 

Late Quaternary time and may there fore contain evidence suggestive of the 

approximate timing of the initial phases of fault di splacement .  

Al luvial terrace strati graphy in the vic inity of the eastern flank of the 

Ruahine and Tararua Ranges is poorly understood . There exi sts in  this 

area scope for further correlation o f  terraces over a wider area than was 

pos s ible in  this study . Correlation by pedo logical comparisons i s  the re­

commended approach to further work a long the se l ines . The seemingly wide 

di stribution of the Aokautere Ash and the l ikelihood of di scovering further 

s i tes at which wood is preserved enhances the probabil ity that such a l ine 

of research will  prove to be fruitful . 

******************************** 
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